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ABSTRACT 

~he present project was designed to investigate the sources 

of Salmonella infection in broiler breeders, isolate and 

identity Salm. serotypes from broiler breeders, and to improve 

methods for Salmonella isolation and accurate 
"'i 

di,agnos is of 

salmonellosis. other studies included pathogenicity of 

Salmonella isolates and characterization of specific 

pathological lesions in infected birds. Among the control 

measures antibiography, feed supplementation, competitive 

exclusion, elimination of carriers and evaluation of the 

disinfectants. 

During the years 1988-1990, 150 chicken broiler breeder 

flocks (262454) around Islamabad, Rawalpindi and Abbottabad were 

screened for Salmonella by the rapid hemagglutination test. Most 

of the flocks were tested between the age of 21-40 weeks of age, 

a few at a later age. Rapid hemagglutination testing revealed 

112 flocks (12159 birds) positive for Salmonella. The prevalence 

of Salmonella carriers varied in birds reared on various 

commerc ial feeds (69.2-82.2) in chi ckens of d i f ferent breeds 

(100-60.01) in different age group (88.23 77.7) those 

maintained on the varying standards of management (41.66-78.57) 

and in different sex. Possible source of Salmonella infections 

and necessary control measures against avian salmonellosis are 

discussed. 
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~alysis of Salmonella serotypes isolation over the years 

indicated a r elation between our f lock pattern and isolation in 

di f fe r ent months o f the year during 1988 - 1990. Significantly 

isol a tions were made in 1988 as compa r ed to isol a tion in 1989 

and 1990. An overall increasing trends in motile salmonellae was 

observed over the prevalence of non-motile serotypes. Motile 

Salmonella serotypes isolated from 18 various sources were 390 

( 4. 73 %), while, non - motile we r e 325 (3.94 %) . Isolation from 

824 1 samples fr om 18 di ff e r ent sour ces including b r oiler 

breeders, Salmonella was isolated f r om 715 (8.70 %) samples. The 

average i solation prevalence a t random in chicken broiler 

breeders was 5.11 per cent, wh i le in day-o ld b r o iler breed er 

chicks it was 4.1 8 per cen t . Iso l at ion prev alence i n a v ifauna 

birds was 17.83 per c e nt a nd in indigenous chickens it was 5.71 

per cent. 

Isolation and pathological studi e s were conducted in 753 

enlarg ed liver, spleen and intestines of indigenous chickens. 

Salmone l lae were f or the most pa ' t isolated from the intestines 

(9.96 %), then f r om the liver (5.97 %) and the spleen (1.19 %) . 

An overall isolation incidence was 5 . 71 per cent . Salm. 

gallinarum, Salm . pullor um and Salm. typhimur iumwe r e i s olated. 
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~he occurrence of Salmonella in a variety of zoological 

garden birds was investigated. Of 370 rectal swabs examined, 66 

yielded different Salmonella serotypes, which includes Salm. 

typhimurium (30), Salm. gallinarum-pullorum (23), Salm. saint

paul (5), Salm. butantan (5) and Salm. eastbourne (3). Parrots, 

Pigeons, Java sparrows, qua i Is, peacocks, doves and pheasants 

were the common birds positive for Salmonella. 

In most of the birds, salmonellae were isolated from 

intestines (37.08 %), liver (24.07 %), spleen (10.18) and 

ovaries (11.11 %) isolates were also recovered from ceca (5.5~ 

%), lungs (3.70 %), kidneys (1.85%), heart (1.85 %), brain (2.77 

%) and bursa of Fabricius (1.85 %) . Isolations were also 

undertaken from dead in shell (9.39 %), embryos (11.52 %), egg 

shells (4.33 %), egg contents (14.78 %), hatchery fluff (16.19 

%), fecal material (8 . 16 %), cloacal swabs (5.31 %), litter 

sampl es (14.42 %), poultry house dust (4.50 %), drinking water 

(21.08%), poultry feeds (11.89 %), fish meal (21.65 %), meat 

meal (27 .65 %) and rodent feces (9 . 77 %). Higher prevalence of 

Salmonella in the sources is a serious threat for the 

development of our poultry industry. 

"arious antimicrobials, ampicillin, chloramphenicol, 

erythromycin, flumequine, furazolidone, gentamicin, kanamycin, 
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lincomycin, neomycin, streptomycin, Terramycin, Tribirssen and 

vibramycln were antlbiographed against isolated 715 isolates. 

Seventeen ( 2 . 37 %) isolates were res i stant to all the ant i 

bacterials while 427 (59.72 %) were highly sensitive to all 

antibacterial and 103 (14 . 43 %) were intermediately sensitive. 

Flunequine proved to be drug of choice, as 668 ( 93.43 %) 

isolates were sensitive, 30 (4 . 19 %) intermedially susceptible 

and only 2.37 per cent were resistant. Vibramycin stood at 

number two to which only 4.33 per cent resistance was observed. 

Accord ing to the spectrum of susceptibility, maximum resistance 

( 40.27 %) was observed against kanamycin, followed by tribrissen 

( 38.74 %), furazolidone (37.20 %), Terramycin (32.16 %), 

erythromycin (26 . 01 %) and neomycin (22.23 %). Antibiography of 

each serotype was developed . 

I?atho l ogica l studies in infected birds was conducted, the 

salient patho logic changes were observed in liver, intestines, 

spleen, lungs, kidneys, ovaries, heart, ceca, brain and bursa of 

Fabricius. Regardless of the serotypes involved gross, histo and 

ultrastructural pathological lesions were almost same but 

variable in intensity. Most of the liver had bronze 

discol oration, fragility, enlargement, hemorrhage, congestion, 

degenerati on, necrosis, cellular infiltration and hyperplasia of 

kupffer cells. Single cell necrosis, fatt y degene rati on and 
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hyperplasia o f biliary epithelium were the salient changes. 

Almost identical changes were observed in other organs. In 

spleen dark red discoloration, hypertrophy, necrosis, 

friability, congestion, hemorrhages and cellular infiltration in 
j 

all the organs was observed, except capsule thickening was 

salient feature of spleen. In bursa of Fabricius degeneration, 

necrotic changes along with connective tissue proliferation was 

observed. 

tJltrastructurally breakage of nuclear membrane, alteration 

of organellae, exvagination of chromatin, fragmentation of 

chromatin material, necrotic lesions, dystrophic alteration, 

cytoplasmic modification, mitochondrial elongation and 

endoplasmic reticular changes were the salient features. 
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CHAPTER 1 

I NTROI)UCT ION 

Salmonellosis caused by Salmonella species has been 

recognized as a worldwide problem in both man and animals. 

Salmonella infections occur in many kinds of birds and mammals 

(Ga rg a nd Sharma, 1979 ) ; frequently recorded in poultry. It also 

occurs in rats, mice and other rodents, in many reptiles and 

some insects (Sing et al., 1980). Both domestic and wild poultry 

are vulnerable to Salmonella infections (Javed et al., 1990). 

More than 2300 known Salmonella serotypes have so far been 

reported in the world, which suggests a ubiquitous nature of 

Salmonella (Edwards & Ewing, 1989). Poultry and poultry products 

constitute one of the majo r reservoi rs of Salmonella infections 

since more than 50 per cent of the serotypes have been isolated 

from these sources alone (Kohler et al., 1979). Two serotypes 

i.e. Salm. pullorum and Salm. gallinarum, causative agents of 

pullorum disease and fowl typhoid respecti vely, are of great 

economic importance due to high mortal i ty, lowered egg 

production and reduced hatchability (Javed et al., 1992). 

Pullorum disease is characterized by white diarrhoea and high 

mortality in young birds (Javed & Hameed, 1989). 

Salmonellosis in young adult chicken produces fewer 

clinical signs, but localization of Salmonella goes upto 74 per 
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cent in non intestinal tissues among which ovary (13 %) is the 

predilection site. Transovarian transmission in poultry is 

probably the primary means of its spread to the offspring. The 

infected hens mostly laid eggs with contaminated shell and /o r 

contents. However, there is still some contovers over whether, 

in the field most eggs are infected by contamination with 

intestinal contents during passages through the cloaca and/or by 

infection in the ovary (Barrow, 1991). Chicks hatched 

contaminated or infected soon after hatching excrete more 

Salmonella organisms and for a longer per iods than do adul t 

birds . This is attributed to the inhibitory activities of the 

complex microf1ora of the adult ceca ( Barnes and Impey, 1980). 

~he principal reservoir of salmonellae are animal species 

which may infect hu~an being via ingestion of contaminated food 

or direct exposure (Drapeau and Jankov ic, 1977) . Practically all 

animals (Welchman, 1987), domestic aviary (Javed et al., 1990), 

wild birds (Javed et al., 19 92), rodents ( Siddique et al., 

1985a), and insects can host salmonellae (Williams et al., 

1980) . Refuse from hospitals (Lec1erec and Oger, 1974) and 

slaughter houses can contaminate water (Leclerec and Oger, 1975 ) 

which may s upport bacterial multiplication (Wright, 1989). 

Salmonellae rema in viable in sludges, which could be a potential 

contaminant for streams and other water reservoirs . 
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~n5umptlon of salmonella contaminated meats and poultry 

products, resulted in health care cost of $1000 million in the 

United states in 1987 and 9,00,000 £ in the United Kingdom (Yule 

et al., 1988). The incidence of human salm. enteritidis, Salm. 

virchowand Salm. stanley, has risen significantly between 1981 

and 1986. Again poultry remains a major vehicle of disease 

transmission, however, bovines also contribute in cross-species 

infections (Humphrey and Lanning, 1988). Poultry-borne 

salmonellosis is the most common form of food borne infection in 

Scotland (Yule et al., 1988) . 

.s'alm. typhimurium has been described as a facultative 

intracellular parasite that resides within the macrophages. 

However, there is controversy over the major location of Salm. 

typhimurium multiplication in vivo. Blood clearance occurs 

within the first few hours after intravenous injection of Salm. 

typhimurium. The surviving Salm. typhimurium, which accounted 

for approximately 5 per cent of the injected bacter ia became 

localized in liver and spleen (Swanson and O'Brien, 1983). The 

exact localization of Salm. typhimurium within these organs is 

nol known, but the rate of multiplication of the surviving Salm. 

typhimurium is controlled by the locus . ity. Once the salmonellae 

are in the reticulo endothelial system (RES), host killing of 

Salmonella almost ceases, at least after the first 48 hours 
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(Benjamin et al., 1990). The ability of Salmonella within the 

spleen and liver to grow in relative essence of killing suggests 

that the surviving Salmonella have reached a safe-site which is 

probably instrumental in their ability to cause disease. 

However, direct evidence for a cellular location of Salmonella 

during the early stages of enteric fever is missing. It is 

reported that the Salmonella resides in the spleen and liver 

either extracellular or in the non - professional phagocytes 

(Nakoneczna and Hsu, 1980). Vast majority of Salmonella are 

found in the liver and spleen cells within 24 hours post 

ingestion (Dunlap et al., 1991). 

~ key pat hogeni c mechani s m of S a lmonell a i s the i r ability 

to invade the ce lls of the i ntes tina 1 epi the 11 urn. Electron 

microscopic studies of the Salmonella infected animal tissues 

(Takeuchi, 1967) and cultured cells (Kohbata et ai., 1986) have 

shown that these organisms enter epithelial cells after 

transient disruption of their surface microvilli. Bacteria are 

later seen within the endocytes. Instead, it appears that 

Salmonella strains translocate through the epithelial cell in 

membrane bound vesicles to later exit at the basolateral surface 

of epithelium. 
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.Accurate diagnosis is an essential prerequisite in the 

assessment of the true extent of this recently introduced 

infection in the poultry. The detection of Salmonella in flocks 

of laying hens has thus become a public health priority and a 

matter of great concern to egg producers. Test ing for the 

presence of specific serum antibodies in an important aspect of 

proposed progression of identifying Salmonella-positive flocks. 

The National Poultry Improvement Plan authorizes the use of a 

var iety of macro and microagglutination techniques, for the 

detection of Salm. pullorum antibodies in chicken. Paratyphoid 

Salmonella serotypes, such as Salm. enteritidis, generally 

elicit weaker antibodies ~es ponses (Williams and Whittemore, 

1975) . Conventional agglutination tests have not been much 

effective for detecting paratyphoid infections in chickens 

(Olesiuk and Carlson, 1969 and Williams, 1975), perhaps because 

many such infections in mature birds are limited to colonization 

of the al imentary tract. Very young chickens are far more 

susceptible to paratyphoid salmonellae, but the antibody 

response by chicks has been observed to be insufficient for 

serological detection of infection. Serological methods have 

been reported to vary in sensitivity and reliability, but all 

were found to be mo re sensitive than cloacal swab cultures for 

the detection of paratyphoid Salmonella infections in chickens. 

Evidence of systemic infection with Salm. enteritidis suggests 
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enough to permit efficient serological 

Beard, 1990a). 
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antibody titers high 

detection (Gast and 

~urrent practices in poultry production are aimed at 

breaking infection c y c les, such as by producing Salmonella-fr ee 

animal feeds, more stringent control of farm hygiene, treatment 

of processed carcasses a nd increasing public awareness of food 

poisoning hazards (Humphrey et al., 1988). Howeve r , Salmonella 

contamination is st ill a maj or problem in poultry production. 

One solution proposed to reduce the incidence of Salmonella is 

through competitive excl us ion. However, there are i mportant 

differences between field and laboratory trials, and these have 

frustrated the app lication of this treatment. Reports on the 

effect of ant ibiotic additions is limited (Khoshoo et al ., 1989 

and Wray et al., 1991) . Control measures must not only prevent 

infection in the poult ry themselves but must also take into 

account the ext ens i ve cross contami na t i on that occurs dur i ng 

carcasses processing. Some mi cr obiological techniques for 

reducing infection are currently available. However, these have 

only been used in UK and USA in a fragmentary fashion and mos t 

recently in Pak i s t a n . Some control me as ures such as chemotherapy 

have to some extent, been s hown to be useful unde r laboratory 

conditions but have y et to prove themselves in the field. 
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Controlling bacterial infection in the animals by the use of 

bacter i ophages needed to be tes ted in poul try. I n view 0 f the 

renewed interest in salmonellosis, generated by the recent 

epidemic of egg-associated Salmonella infection in the world, it 

is opportune to consider the prospects for control (Kuhl , 1989 

and Mandl et al., 1987). 

Previously a few limited reports on the salmonellosis in 

poultry are available in which extensive studies were lacking on 

the chicken breeders in Pakistan. A little work has been done on 

the isolation and identification of Salmonella in Pakistan. 

Bashir and Barya (1969) isolated Salmonella from 7 . 75 per cent 

of the fecal samples of poultry in and around Faisalabad. Athar 

(1982) studied the incidence of Salmonella in poultry and 

poultry feed during 1976 to 1982 in and around Karachi. Salm. 

pullorum among broiler breeder in Pakistan was extensively 

studied on large scale for the first time (Javed and Hameed, 

1989 and Siddique et al., 1989). Prevalence of Salm. typhimurium 

in pigeons (Siddique et al . , 1985b) and zoolog ical garden birds 

and avifauna for the first time reported in Pakistan (Javed et 

al., 1992). Although there seems high incidence of salmonellosis 

in our breeder flocks but only few limited reports are available 

(Nafees, 1984, Sajid et al., 1986 and Anjum, 1983). These 

studies were so small scaled that you cannot estimate the total 
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population of the chicken broiler breeders. Furthermore, these 

studies utilized small number of birds which may not be true 

indicator of Salmonella problem at total population level in 

broiler breeders. 

~he present project was designed to investigate the 

prevalence of salmonellosis in chicken broiler breeder flocks. 

Spec ific objectives of this study were to: 

1) determine the sources of Salmonella infection in 

broiler breeders. 

2 ) isolate and ident i fy Salmonella serotypes from bro iler 

breeders. 

3 ) improve methods for isolation of Salmonella and 

accurate diagnosis of salmonellosis. 

4) test pathogenicity of Salmonella isolates 

5) characterize Salmonella-specific pathology in infected 

bi rds 

6) to s ugges t measures to eliminate this insidious 

problem of our poultry industry. 

7) study the antibiography of the isolate. 

8) evalua te the different control measures such as 

vaccinat ion, Na EDTA supplementation, competitive 

excl u s ion, carriers elimination, evaluation of the 

disinfectants. 
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b"-"al m. typhimur 1 um is one of the predominant bacter ia 

af fect ing paul try. Transmiss ion through the hatchery egg may 

produce either clinical or subclinical infections in chicken 

younger than 1 week of age (Humphrey et al., 1989b). It has been 

shown that penetration of Salm. typhimurium through the cuticle, 

shell, and shed membranes occurs very rapidly and that bacterial 

penetration is greatly influenced by the presence of moisture on 

the egg shell, either as liquid or as water vapor (Kim et al., 

1989). Much more attention has been given to contamination of 

hatching eggs with moist feces contaminated with salmonellae as 

an important link in the epizootiology of avian salmonellosis 

(Williams et al., 1980) . Most of the bacterial penetration 

studies have been performed using eggs several hours after they 

had been laid (Mario, 1990b). 

~idemiological investigations 

uncooked eggs as the vehicle of 

have implicated raw or 

transmission of Salm. 

enteritidis to c onsumers in a high percentage of outbreaks . 

Contaminated eggs, in some instances, have been traced back to 

cloaca, of laying hens that were culturally or serologically 

positive for Salm. enteritidis (Oast and Beard, 1990c). In 

United Kingdom, human salmonellosis has been associated with the 

consumption of foods contai ning improperly cooked shell eggs 

contaminated with Salm. enteritidis. Isolates from the ovaries 

14 



I' flDDUCfIO' 

of Briti s h laying hens which produces eggs implicated in human 

outbreaks and has also been responsible for significant 

mortality in broiler chicks (Lister, 1988). Epidemiologically 

significant isolates from poultry and humans in the United 

states cause vertically transmissible systemic diseases in 

chickens (Gast and Beard, 1990b and Shivaprasad et al., 1990). 

15 



CHAPTER 2 

REVIEW OF LITERATURE 

2 . 1 . HI STORY AND DISTRIBUTION 

2 . 1.1. HISTORY 

~he name Salmonella resulted from the willingness of Dr. 

Daniel E. Salmon, Director of the Bureau of Animal industry in 

Washington in the late 1800's to allowed his name to be 

associated with the bacterium that Theobold Smith, his otherwise 

brilliant assistant, had mistakenly identified as the cause of 

"hog cholera" (Grady and Keusch, . 1971). It must have been beyond 

their imagination that despite 102 years of study the 

pathogenesis of Salmonella would still remain an enigma to the 

scientists. Salm. typhimurium and related non-typhoid 

salmonellae are among the most common causes of food - borne 

i n fecti ous d iseases a nd t h e economi c i mpa c ts o f Sa lmonella 

outbreaks are also very large. Salmonellae are subd i vided ' by 

biochemical characters into so called s ubgenera o f Kauffmann et 

al. (1960). The subdivisions correspond more closely to species 

or subspecies in other groups of bacter ia which were later 

confirmed by Rohde in 1965 (Baloda, 1987). Kelterborne (1979) 

r ev ised the kauffmann-white scheme in 1983. He listed 2,104 

s pec i e s of Salmonella, compiled from 17 published sources and 

autho r 's own records for 1.5 million European strains. Bacterium 

s anguinarum (Balm. gallinarum) was first to be isolated from 

h e a r t blood of baby chicki in different flocks (Beaudette and 

Br uns wick, 1925). Later Cooper and Niak (1931) reported Salm. 

gal1 i narum isolated from chicks in India. Abdus - Salam and Hag 

(1950) isolated gram negative bacilli (Salmonella) from the 

he a rt blood of chickens died or undiagnosed disease in Pakistan. 

Quddus (1962) reported an outbreak of salmonellosis in 16 weeks 

old bi r ds in Suda n. 
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2.1.2. INCIDENCE 

2.1.2.1. INCIDENCE OF SALMONELLLOSIS 

~almonella infections have b een rep orted in all species of 

domestic poultry and ma ny species of wild bi rds (J a ved & Hameed, 

1989). Infections have a l so been recorded in pigeons (Siddique 

et al., 1985b), parrots, sparrows, cana r i es and many species 

fr om zo ological gardens (Javed et al., 1990, 199 2 ; Sojka and 

Field, 1970 and Bouzouba a nd Nagaraja, 1984). 

Status of Salmonella infection varied from country to 

country. Salmonella was isolated from bi r d s wh ich died or became 

morbid wi thin two weeks o f irnportat i on into Japan fr om the 

Republi c o f Indonesia, the Netherland and India. During 1980 

birds, finches, lorries and parakeets revealed Balm. 

typhimurium. A high infection rate was found in the birds 

imported from Indonesia. The most preval ent primary biotype 

isolated was one wh ich was also isolated from food poisoning 

outbreaks in man (Sawa et al., 1981) . Athar (1982) studied t he 

incidence of salmonellosis in poult r y, poultry feeds and feed 

ingredients during 1976 - 82 in and around Kar a ch i, Pakistan. 

Occurrence of salmonellae after transportation from the 

hatche r ies to the farms is a common prob lem, Tests were 

conducted over a year on 50 batches of chicks. Salmonella were 

recovered from the cardboard containers (Es cober 1982). Three 

thousands cloacal swabs f r om breeding flocks du ring 1980-81, 1 0 

y ielded Sal m. typhimurium, 10 Balm. enteritidi s, 3 Balm. 

paratyph i C a nd 3 Salm. thompson (Sh a hat a et al ., 1983). 

C)ccu rrence of Salmon ella a mong wild bi rds caugh t in Italy, 

Salm. typhlmurlum was recovered fr om cloacal s wabs , i ntesti ne, 

liver or spleen of 3 birds. Out of 229 birds belonging to 30 

species, Salm. bovis-morbiEicans was isola ted in a Turdus 
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mo r ula . In addition , 8 o f 28 gu lls har bo r ed f ive salmonella 

serotypes (Modugno et al., 1986). Salmonella serotypes were 

prevalent in Romania during the year 1971 - 1980. In Romania a 

total of 103 , 803 Salmon e lla strains identified upto 1980. Among 

them 82.88 pe r cent we r e of human origin 8.02 per cent were 

isolated from a nimal s , 6 . 73 per cent from food and food stuffs 

and 2.37 p er cent from various environmental sources (Negut et 

al., 1983) . The f ive mo s t fr e quently isolated serotypes were 

Salm . typhimur i um, Salm. chol esresui s, Salm. typhimur i um var. 

copenhagen , Salm . ana tum, and Salm. heidelberg. The most common 

species of o r igin , in d e c re a s ing order of frequency, were 

cattle, swine, tu r keys and f owls. Salmonella carriers in 

duck 1 ings in Egypt wer e det ect e d f requently (Shahata et al., 

1983 a nd EI - Din et a l . , 1987) . 

I n Swe d e n a total of 1266 outbr e a ks of salmonellosis were 

record e d between 1 9 78 a nd 1982, inc lud ing 6 87 in cattl e , 37 in 

swine , 220 i n poultry and 190 i n wi ld a nimals. Among 78 

diff erent s e r otypes wer e id e nti f i e d , the c ommonest being Salm. 

t yph i mur ium (38 . 5 % ) and Sa lm . d ubl i n (37 %). Twenty five 

ser otypes ha d n e ver b ee n isol a t e d pr e viously in Sweden, 524 

s trains were recove red f r om home-produced feed (Martensson et 

a l . , 1984) . Moitr a a nd Se xe na (1984) r ecovered 18 strains of 7 

s e r otype s f r om 460 cloacal swabs from apparently healthy fowls. 

Inc i dence of Salmon e lla carr iers in broiler flocks in 

Au s t r alia r emai n e d a big p r obl e m. In 20 broiler flocks at time 

of slaughter dur ing a y e ar , the incidence of Salmonella carriers 

was (30 %) in 4 flock s , and a low proportion (1-10 %) in 2 

flock s. No S a lmon e lla was i s olated from 8 flocks. Five 

Salmon e lla serotyp e s we r e i s olated, with Salm. typhimurium the 

commones t. Salmon e lla wa s much less frequently isolated from 

flo c ks r ea r ed on the ol d li tter than on new ll ttr e, (Soe r jadl e t 
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al ., 19 81 ) . In Finland and Denmark between 1970 and 1980 Salm. 

inEantis accounted for 2918 of the 3539 Finnish isolates while 

Salm. typhimurium accounted for 296 isolates; 16 other serotypes 

were isolated in small n umber. A single hatchery was the source 

of Salm. infantis infection . Contaminat ed feed did not seem to 

have been the s ou rce (Vasa, 1984). Between 1980 - 1984 over 150 

strains of Sa l m. typhimurium 

var. copenhagen were recovered fr om outbreaks of infection in 

France (Vaissaire et al., 19 8 4). 

Serological survey of S a lm. pullorum in Zaria and Nigeria, 

480 a ppa r en tly healt hy chickens (160 of local and 320 of exotic 

breeds) from free range, semi intensive and intensive management 

flocks were screened for antibodies to Salm. pullorum (Adesiyun 

et al., 1988). Presence of Salmonella is not out of reach on 

traditional poultry farms in Southern Italy. In a total of 224 

small traditional poultry flocks, Sal m. pullorum-gallinarum was 

isolated from fecal samples in nine (4 %) and Salm. typhimurium 

in one fl ock (0.4 %) (Ianieri, 1984). In Ge:tmany Salmonella 

isolation was undertaken in cattle faeces, feed meals of animal 

origin, poultry wild and aviary birds, domestic and wild animals 

each year from 1977 to 1983. Among 2603 isolates belonging to 50 

serotypes, 53 per cent were Salm. typhimurium, 4.5 per cent 

Salm. typhimur i um var copenhagen, 18.5 per cent Salm. dubl in 

and 7.9 per cent Salm. tennessee (Schellner, 1985). Incidence of 

Salmonella serotypes varied considerably in different broiler 

flocks and decreased with the advancement of age. Serotypes 

originating from the hatchery were less important in the final 

stages than those introduced in poultry house by number of 

contaminated vectors during rearing period (Lahellec and Colin, 

1986). During 1976 - 1984 in England 26219 incidents of 

salmonell osis a mong which poultry involved in 91 per cent cases. 

Among the poultr y birds, Salm. typhimur i um was the commonest 
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serotype in broilers. Bone mea l wa s most frequently contaminated 

with Salm. montevideo, the common serotype (Kirby, 1985). 

I n Assam, India, 28 Salmonella strains were recovered 

from 1 6 (10 .6 6 %) of 150 dead poultry birds of which 12 were 

Salm. chester, 11 S alm. 4, 12: eh and 5 Salm. 4, 5, 12: eh. Most 

of the stra ins were from l1ver (11) and intestine (9), followed 

by s pl een ( 5 ) a nd heart (3) (Saikia and Patgiri, 1986). In New 

Caledonia, 2 0 outbreaks of salmonellosis in poultry have been 

observed si nc e 1981. Salm. typhimurium was isolated in 50 per 

cent of cases, Salm. london in 20 per cent, Salm. muenchen in 20 

pe r cent Salm. arizona in 10 per cent whereas, Salm. gallinarum 

o r Salm. pullorum have never been isolated, Salm. typhimurium 

and Sal m. virchow, were the most common serotypes prevalent 

(Desoutter , 1986). 

Occurrence of Salm. virchow in chicks is panic in Nagaland 

(Indi a ) . A progressive mortality in white leghorn and Rhode 

Island chicks 2-4 weeks o f age occurred in an organized poult ry 

for m in January-March, 1986 (Ghosh, 1987). Salm. gallinarum was 

reported in broiler parent stock for the first time in Tamil 

Nadu. During 1987, the mortality rate was 5 to 10 per cent in 

chicks produced at a hatchery. Fifteen per cent of birds in 3 

breeder flocks (3500 birds) had infective agglutinating titres 

of Salm. gallinarum (Pa1ani sami et al., 1987). Al - Obaidi et al. 

(1987) surveyed a flock of native chickens in Iraq. During 18 

months, Salmonella was isolated from 15 birds and one litter 

samples. Inves t i gation ofa broiler breeder flock which had been 

identified as infected with Salm. enteritidis, as a result of 

tracing from diseas ed i nfected progeny (Lister, 1988). 

Salmonella is prevalent in animals and animal feeds. Over a 

four-year period (1981 -1985 ) , 146342 samples of organs from 

birds, cattle, s hee p and pigs, or of feed, were tested for 
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s a l mon el lae . Among f ort y sev e n ser ot y pes t hat were iden tified , 

the mo s t f requen t were Salm. typhlmur im (18 %), Salm. 

ga l l i anrum- pul l or um (1 6 %) , Sal m. v i r chow (13 %) , Salm. 

c holera es u i s (11 %) Sa lm . en t e r iti d i s (8.5 %)and Salm. 

h e ide lberg (7 %) . Mo re than thr ee t imes as many salmonellae (27 

s t ra ins ) wer e i s ola t ed fro m bird s a s fr om ca ttle or pigs . Salm. 

heide lberg was th e mos t c ommon finding in f eed samples (Topolko 

et a l., 19 8 8) . 

I n Paki s tan, r apid h e maggl utinati on testing of 150 chicken 

b r oil er b reed er f loc k s having 2, 62, 45 4 birds revealed a high 

prev a l e n c e of Sal monell a ser opositive birds. Among these, 12,159 

(4. 63 %) bi r d s we r e screen e d a s car riers from 112 positive 

f locks. Th e prev a l e nce of Sa lmon ell a carriers varied in birds 

reared on va r i ous c ommerci al fee d s in chicken of different 

breeds a nd those ma i ntai n ed on the var ying standard s of 

management ( J a v e d a nd Hameed , 198 9 ) . Th e persistence of 

Sa lmon ell a i n a variety of zo olog i ca l g arden bi r d s was 

i nvest i gated. Among 370 recta l s wabs examined, 66 yielded 

di ffe rent Sa lmonel la serotypes which includes 30 strains of 

Sal m. typh i mur ium, 23 Salm. gallinarum- pullorum. 5 Salm. saint 

pa ul, 5 Sa lm. butan tan and 3 Salm. eastbourne. Parrots, 

pig e ons , J a va s par rows, quai I s, peacocks , do ves and pheasants 

were t he c ommon b ird s pos i ti v e f o r Salmon e ll a (Javed et al., 

1992a). I n Pa k istan, isolat i on a nd pa tho l og i c a l studies were 

conducted i n 7 53 e n la r ged liver s , s pl e e ns . and i ntestines of 

ind igenous c hic ke ns , s al mon e ll ae we r e i s ol a ted mostly from 

intesti n es (9 .96 %), f o l lowe d by l i ve r ( 5. 97 %) and minimum 

( 1 .19 %) in spleen . An overall i solat io n i ncidence wa s 5.71 per 

cent Sal m. ga l li narum-pul l or um a nd Sa lmonel l a of gr oup E were 

th e mos t common iso l ates ( Javed, et· a l ., 199 0) . I ncidence of 

s almonellos i s have b een summa r i z ed in Ta b le la , b ,c ,d,e. 

21 



Table la: Prevalence of Salmonella in Asian Countries 

Geogr aphical area 
& reference 

Abdus Salam & Haq,1950 
Qur eshi et al ., 1981 
Athar, 1982 

Anjum, 1983 

Nafees , 1984 
Tar iq & Anjum, 1984 

Chishti et al ., 1985 

Siddique et al . , 1985 
Sajid et al ., 1986 

Rehman et a l ., 1987 

Anjum et a l ., 1989 

J aved & Hameed, 1989 
Javed et a l ., 1990 

Javed et a l . , 1992 

Source of 
infection 

chicken 
chicken 
feed & feed 
i ngredients 
broiler breeder 

broiler breeders 
fish meal 
meat meal 
tankage meal 
blood meal 
bone meal 
poultry 11 vers 

Serotypes of 
Salmonella isolated 

Salmonella 
pullorum, gallinarum 
gallinarum 
pullorum 
gallinarum 
pullorum 
pullorumrgallinarum 
Salm:mella 

" 
" 
" 
" 

pull or um 
gallinarum 

pigeons typhimurium 
broiler breeder gallinarum 

buffaloes 

cattle feces 

pull or um 
typhimurium 
heidelberg 
saint-paul 
typhimurium 
reading 
chester 
butantan 

broiler breeder Salmonella 
i ndigenous chicken gallinarum 

parrots 

Java sparrows 

quails 

peacocks 

doves 

Pheasants 

22 

pull or um 
typhimurium 
typhimurium 
gallinarum 
saint-paul 
butantan 
eastbourne 
gallinarum 
butantan 
eastbourne 
typhimurium 
gal I inarum-pul lorum 
gallinarumrpullorum 
saint-paul 
typhimurium 
gallinarum-pullorum 
gallinarumrpullorum 

Prevalence 

1 isolate 

13.85 % 
2.99 % 
4.50 % 
0.9 % 
5.64 % 
5.99 % 

28.57 % 
52.00 % 

5.88 % 
38.48 % 
22.00 % 
11.00 % 

5.94 % 
0.14 % 
0.21 % 
2.00 % 
2.2 % 
0.5 % 
0.33 % 
0.16 % 
0.16 % 
0.16 % 
4.63 % 
1.32 % 
2.78 % 
1.59 % 
0.27 % 
2.7 % 
0.81 % 
0.27 % 
0.27 % 
0.27 % 
0.27 % 
0.27 % 
0.54 % 
0.81 % 
0.81 % 
0.27 % 
0.27 % 
0.27 % 
0.81 % 



Geographical area 
& reference 

INDIA. 

Cooper & Niak, 1931 
Garg & Sharma, 1979 
Singh et al., 1980 

Sharma et al., 1980 

Source of 
infection 

Others species 
of birds 

chicks 
calves 
rodents 
shrew 
cockroackes 

ants 
mice 

mynahs, parrots, 
house sparrows, 
swallow, crow, 
grey partridge 

Serotypes of 
Salmonella isolated 

typhimur i urn, 
gallinarurn, pullorurn, 
saint-paul, but ant an 

gallinarum 
Salmonella 
bareilly 
newport, welteverden 
enteritidis, 
typhimurium 
hivitting foss, anaturn 
matopeni, waycross 
paratyphi B. 

saint-paul 
bareilly 
welteverden 
typhimurium, 
El. group 

Moitra and Sexena, 1984 poultry alachus, saint-paul, 
newport, anatum 

Nag and Koley, 1986 poultry carcasses anatum 
welteverden 
binza 
orion 
paratyphi B 
matopeni 

Saikia and Patgiri,1986 poultry birds chester 
4,12, eh 
4,5,12, eh 

Rao et al., 1986 
Ghosh, 1987 

Al- Obaldi et al., 1987 

poultry 
layer chicks 

chicken flocks 
litter 
chicks 

lltter 

23 

indiana 
virchow 

Salmone+la 
Salmonella 
neuikerk 
roontevideo 
java 

Prevalence 

2 . 97 % 

15.52 % 
6.2 % 
10.60 % 
1.11 % 

70.00 % 
10.09 % 

4.00 % 
3.00 % 
2.00 % 
2.00 % 
1.00 % 

3.91 % 

4.3 % 
1.3% 
1.00 % 
0.33 % 
0.33 % 
0.33 % 

24.00 % 
22.00 % 
10.00 % 

26.42 % 

15 birds 
1 sarrple 
26.6 % 
20.00 % 
1 isolate 



Geographical area 
& reference 

Sawa et a l . , 1961 

Venkateswaran 
et al. ,1968 

Source of 
i nfecti on 

chicks 
finches 
lories 
parakeets 

chicken meat 

beef, pork, 
shell fish 

Palanis arrd et al. , 1967 chicks 

USSR (RUSSIA) 

Kotova et al., 1966 chicken 
ducks 
meal processing 

sheep 
shepherds 

farm employees 

74 

Serotypes of 
Salmonel la isolated 

typhimurium 
typhimurium 
typhimurium 
typhimurium 

hadar, typhimurium 
paratyphi B 

gallinarum 

Salmonella 
Sa lmonella 
typhimurium 
newport 
enteritidis 
enteritidis 
typhimur ium, 
enteritidis, Java 
enteritidis, 
typhimurium 
newport, dublin 

Prevalence 

14.5 \ 
16. 00 \ 
27.00 \ 
1.6\ 

56 . 33 \ 

0.00 \ 
0.00 \ 

15.00 % 

16.00 % 
12.00 \ 
50 . 00 \ 
14.1 \ 
7.6 % 
7.6 % 



Table Ib: Prevalence of Salmonella in Europian Countries 

Geographical area 
and reference 

Stefanov et al., 1987 

E2oIGL.l\ND (UK ) 

Sojka and Field, 1970 

Kirby, 1985 

Smyth and Watson, 1987 

Cooper et al., 1989 

Harwood, 1989 

Hosie and Grant, 1990 

Source of 
infection 

Serotypes of 
Salmonella isolated 

poultry 

chicken 

poutry as a 
vector of infection 

hatchery, day-old, 
chicks, egg shell, 
floor 

typhimurium 
oranienberg 
gallinarum 

gallinarum 
pullorum 

typhimurium, 
montevideo 

Infant is, 
typhimurium 
enteritidis 

hatchery attendents typhimurium 

chicks 

rabbit 

Pheasants 

enteritidis 

enteritidis 
typhimurium 

typhimurlum 

enteritidis 

FINL.AND & D~ 

Vasa, 1984 

FRANCE 

Vaissair ie, 1984 

Schellner, 1985 

chickens 

poultry 

cattle feces, · feed, 
poultry, aviary, 
wild animals. 

25 

Infantls 
typhimurium 

typhimurium 

typhimurium 
typhimurium var 
copenhagen 
dublin 
tennessee 

Prevalence 

200 isolates 

80.50 \ 
12.80 \ 

91. 00 \ 

0.5 \ 

52.00 \ 

26.7 

18.16 \ 

82.4 \ 
8.4 \ 

150 isolates 

53.00 \ 
4.5\ 

18.5 \ 
7.9 \ 



Geographical area 
& reference 

Iliadis, 1987 

Jayarao et al., 1989 

IT.AJ:....Y 

Modugno et al., 1986 

Source of 
infection 

Serotypes of 
Salmonella isolated 

Prevalence 

chicken, turkey 

pig 

wild birds 
turd us merula 
gulls 

pullorum, or ion 
typhimurium 

typhimurium 
derby 
bredney 
agona 
infant is 
london 
panama 

36.8 % 
4.3 % 
2.16 % 
1.08 % 
4.8 % 
1.60 % 
1.08 % 

typhimurium 1.31 % 
bovis-morbificans 0.43 % 
Salmonella 3.49 % 

Lodetti and Zavanella, 1990 eggs typhimurium 1.6% 

Netherlands, 1989 poultry egg 

Negut et al . , 1983 animal 

Siddique et al., 1985a chicken 

26 

enteritidis 

gallinarum 
cholerae suis 
enteritidis 
typhimurium 
abortus ovis 
london 
heidelberg 
anatum 
infantis 
agona 
other 31 serotypes 

6 flocks 

21. 76 % 
16.59 % 
16.47 % 
9.99 % 
8.83 % 
3.09 % 
2.39 % 
1.99 % 
1.99 % 
1.67 % 

15.23 % 

typhimlrium 6.01 % 
heidelberg 
block ley, anatum, 
agona, remo, newport, 
bredeney, infantis 



Geographical area 
& reference 

~:EN 

Martensson et al., 1984 

SWITZERL.AND 

Breer, 1985 

Simko, 1985 

Gi rao et a l . , 1985 

Mrden et al ., 1987 

Topolko et al ., 1988 

Source of Serotypes of 
infection Salmonella isolated 

poultry 

feed 

untreated sludge 
sweage disposal 
slurry of cattle 
fecal sample of 
poultry 

broiler farms 

ch icks 

!reat !real 
feather !real 
feed 

l iver of chicks 

broiler breeder, 

cattle, sheep, 

typhimurium 
dublin 
typhimurium, 
dublin 

Salmonella 
Salmonella 
Salmonella 
Salmonella 

typhimurium 
agona 
enteritidis 

pullorum 
gallinar um 
saint paul 
jaffina 
typhimurium 
berta 
Salmonella 
Salmonella 
saint paul 

typhimurium 
virchow 
enteritidis 
heidelberg 
i nfantis 
bredeney 

enteritidis, 
typhimurium 
typh i rmrr ium 

Preva ence 

38.5 % 
37.0 % 

524 cases 

97.00 % 
207 cases 
1.3% 
24.5 % 

28.00 % 
23.00 % 
10.00 % 

2.85 % 
0. 79 % 
0.38 % 
0.26 % 
0.12 % 
0.12 % 
19.6 % 
9.67 % 
7.69 % 

5.15 % 
4.21 % 
2.5 % 
1.4% 
0.56 % 
0.37 % 

8.5 % 

18.0 % 
pigs ga1linarum pullorum 16.00 % 

vi r chow 13.00 % 
choleraesuis 11. 00 % 

feed heidelberg 7.00 % 
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Geographical area Source of Serotypes of Prevalence 
and reference infection Salmonella isolated 

"rden and Glavlclc, 1988 eggs vlrchow 7.1 \ 
embryos vlrchow 7.8 \ 

Novak, 1990 rendering mater ia l typhimurium 0.5 \ 
enteritidis, 

fish meal anatum, agona, 1.9 \ 
harona, senftenberg 

broiler breeder enteritidis, 3.3 \ 
virchow, typhimurium 

breeder hens typhimurium 10.6 \ 
commercial layer typhimurium 8.0 \ 
turkeys typhimurium 20.8 \ 
ducks typhimurium,agona 13.07 \ 
partridges vlrchow 
pheasant pullorum 
indigenous chicken typhimurium, 7.6 \ 

pullorum 
hatching eggs virchow, 4.0 \ 

enteritidis 
table eggs orion, virchow, 2.5 \ 

enteritidis 
poultry li ver virchow, 8.5 \ 

typhimurium, anatum, 
enteritidis, agona, 
heidelberg, munchen, 
livingstone, 

chicken meat virchow, 5.20 \ 
typhimurium, 
living stone, 
senft enberg, 
enteritidis 

Minced meat typhimurium 1.5\ 
salami typhimurium 0.7 \ 
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Table lc: Prevalence of Salmonella in African Countries 

Geographical area Source of Serotypes of Prevalence 
and reference infection Salmonella isolated 

EGYPT 

Shahata et al., 1983 duck breeders typhimurium 0.33 \ 
enteritidis 0.33 \ 
paratyphi C 0.1 \ 
thompson 0.1 \ 

ducklings typhimurium, 1.8-8.4 \ 
enteritidis 

Safwat et al., 1986 ducklings typhimurium 

Hamed et al., 1987 eggs gallinarum 
pullorum 
virchow 

NI~IA 

Adesiyun et al., 1988 sheep colindale, rubisian 4.0 \ 
goat poona, kintambo, 9.5 \ 

sanktgeorg var i, 
stanbyville, hull 

local and pullorum 37.1 \ 
exotic 
chicken 

SUDAN 

Quddus, 1962 chicken gallinarum 2.88 \ 

Yagoub et aI., 1987 chicken mons amek 
uganda 3.89 \ 

't..X2ANDA 

McAnulty, 1958 animals Salmonella 2.0 , 
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Table 1d: Prevalence of Salmonella in North and South American Countr ies 

Geographical area Source of Serotypes of Prevalence 
and reference infection Salmonella isolated 

c:AN'..ADA. 

Swan et al., 1968 poultry pullorum, typhimurium , 0.58 \ 
heidelberg 

Hutalib and Hanson, 1989 pigeons typhimurium 3 outbreaks 
broiler typhimurium 1 outbreaks 
chicks 
mouse mrandaka 

thompson 
:t1E:XI ex::> 

Hario, 1990a broiler gallinarum-pullorum 2.8 \ 
breeder 

typhlmurium 2.8 \ 

USA. 

Bivinl, 1948 poultry pullorum 202 isolates 

Tablante and Lane, 1989 daIry herd dublin 16.8 \ 
mice dublin 103 cases 

Tay, 1989 Sows agona, Java 84. 0 \ 
(lymph node) 

Opengart, 1991 t urkey arizona 33.3 \ 
breeder 
flocks 

salntpaul, heidelberg, 86.36 \ 
berta, hadar 

Waltman, 1991 day-old Salmonella 5.15 \ 
chicks 
carcasses Salmonella 14.2 \ 
reactor Salmonella 13.93 \ 
(breeder) 
hatchery Salmonella 12.8 \ 
fluff 
hatching eggs Salmonella 12.53 \ 
drag swab Salmonella 16.77\ 
litter, nest, Salmonella 14.92 \ 
soil 
dead-In-shell Salmonella 35.48 \ 
water Salmonella 0.71 \ 
feeds Salmonella 0. 71 
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Table Ie: Prevalence of Salmonella in Australian Countries. 

Geographical area Source of Serotypes of Prevalence 
and reference infection Salmonella isolated 

AJJS'TRA"LI.A. 

Soerjadi et al., 1981 chicken typhimurium 0. 30 \ 
broiler 
flocks 

Hurray, 1986 chicken sofia 10217 cases 
man, animal typhimurium 

NEW c::AI:...E:£XlNI.A. 

Desoutter, 1986 poultry typhimurium 50 \ isolates 
london 20 \ 
muenchew 20 \ 
arizona 10 \ 
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2.1.2.2. INCIDENCE OF SALHONELLA SEROTYPES 

~almonella serotypes can be categorized according to the 

fr eq u e ncy of isolation. Kelterbo r n ( 1979) analyzed the incidence 

of Salmonella ser otypes isolated from 109 countries during 1934 -

1978 and divided the various ser otypes i nto quite frt;!quent, 

frequent, rare and quite rare categories. Salm. paratyphi, Salm. 

typhi mur ium, Salm . heidel b erg, Sal m. inEantis, Salm. typhi, 

Sa lm. enteritidis, Salm. dublin, Salm . panama and Salm. anatum 

were categorized as quite co mmon serotypes. Barros and Martins 

(19 84 ) isolated 23 of Sal m. typhimurium, 19 of Salm. typhimurium 

var copenhagen, 26 of Sa lm . enteritidis, 10 of Salm. berta and 

7 of Salm. havana . Among 124 tota l isolates 101 were from 

poultry, Salm . pullorum hav e several serological variants. 

Bivini (1984) isolated 202 strains from birds. Persistence of 

Salmonella strains mo s t frequently isolated from animals was 

recorded in the years 1976-1978 Salm. typhimurium was isolated 

from 222 cases, Salm. dublin 25 0, Salm. choleraesuis 188, Salm. 

enteritidis 61 and Salm. gal linarum - pullorum in 73 cases, 

(Hasz o wski and Truszynski, 1980). Among Salmonella species most 

frequently fou nd in po u ltry farm employees was Salm. typhimurium 

while Salm . newport, Salm. enter itidis and Salm. dublin were 

al so isolated (Kot ova et al., 1988). Girao et al. (1985) 

isolated salmonellae from meat meal, feather meal, hatchery meal 

a nd finished feed. Sal m. saint-paul Salm. senEtenberg, Salm. 

ana tum, Salm . dubl in, Sa lm . inEantis, Sa lm . gallinarum- pullorum, 

Salm. jaE£ina, Salm. typhimurium and Sa l m. berta were the common 

feed c ontami nant (Yaziz and Awa ng, 1985). 

C)ccurrence of 451 s trains of salmonellae belonging to 17 

serovars we re i s ol a t e d from 61 farms .in Slovakia between 1971 

and 1981 . The commonest was Salm . typhimurium, followed by Salm. 

agona and Salm. e n teritidis (Simko, 1985). Salm . worthington was 
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isolated from the meat meal component of the grower ration. 

Salm. infant is, Salm. typhimurium, Salm. heidelberg, Salm. 

schwarzengrund and Salm. albany were other contaminants (Rigby, 

et al., 1980). Salm. enteritidis was isolated from 13 broiler 

breeder birds · (Lister, 1988). Salm. virchow was isolated from 

eggs and embryos. Cultural examination of 350 eggs 385 dead 

embryos from poultry farms in the vojvodina autonomous province 

resulted in the isolation of Salm. virchow from 5 (7.1 %) of the 

70 egg pools and 6 (7.8 %) of the embryo pools (Mrden et al., 

1988) . 

In samples taken at 7 chickens and 2 turkey farms during 

14-58 months, Salm. gallinarum was the most frequently isolated 

of Salmonella species Salm. pullorum, Salm. orion and Salm. 

typhimuriumwere occasionally isolated (Iliadis, 1987). Stefanov 

et al. (1987) isolated 200 strains of Salmonella from stara 

Zagora region o f Bulgari a b e tween 198 2- 1985 , 40 belong to group 

B (mainly Salm. typhimurium) , 61 to group C (including 38 of 

Salm . oranienberg) , 89 to group D (including 57 of Salm. 

ga llinarum) and 8 to Salmonella group E. 89 per cent of strains 

were se nsitive to the bacteriophage, including groups Band E, 

5 9 of g roup C and 69 of group D strains. Multi - resistant strains 

of Sa lmonella from eggs and embryos were isolated. Cultural 

examinati on of 660 eggs yielded 14 Salmonella isolates 5 Salm. 

typh imur ium, 4 Salm. pullorum, 3 Salm. enteritidis and 2 Salm. 

mon t evi d e o . Pr esence of the R. factor in multi-resistant 

Sa l monel l a stra ins isolated from eggs and their significance for 

h uman hea lt h ( Becirevic and Popovic 1 1987). 

Among day- old chicks delivered from hatcheries 

salmonellosi s is quite prevalent. Fifty deliveries of day - old 

chicks, we re examined for Salmonella on arrival as part of 

r outine mi crobiological monitoring . Paper floor inserts and 
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faeces from the transport boxes were immersed in peptone water 

and then cultured in two different enrichment media. Salmonella 

were isolated from six of the 50 samples, one isolated was 

identified as Salm. muenchen and the other f ive as Salm. 

serovar. sieburg (Nicklas, 1987). Twenty three Salmonella 

strains of six serotypes were isolated from 300 samples from 200 

poultry ca r casses (intestines and contents , bile and gall 

bladder). In order of prevalence, t h e ser otypes were Salm. 

ana tum (13), Salm. wel teverden ( 4 ) , Salm. binza (3), Salm. 

or ion, Salm. paratyphi Band Salm. matopeni (1 each) Nag and 

Kaley (1986). Contaminated eggs wi th Sal monell a after I IV or 

oral inoculation of laying he ns. Salm. typhimurium was not 

isolated from ovaries or eggs of 10 hens infected IIV or orally 

(Becirevic et al., 1986 ) . 

~:a lmonella strains 

infections are practically 

domestic a nd wild poultry. 

are well spread in nature 

possible in all the species 

Kel t erborn (1979) analyzed 

and 

of 

the 

incidence o f Sa lmonel l a ser otypes isolated fr om 1 09 countries. 

Intest ines carries the maxi mum number of Salmonella. Among 790 

intestinal content, 20 yielded different Sal monel l a serotypes, 

whi ch inc luded 10 strains of Sa lm . saint-paul, 4 of Salm. 

bareilly, 3 of Salm. weltevreden , 2 o f Salm. typhimuri um and 

one of Salmonella E1 group. Nine mynahs, seven house sparr ows, 

a swallow, a grey partridge, a parrot and a c row were positive 

f or Salmonella (Sharma et al. 198 0 ). Rodents and insects play 

vital role i n th e tr ans miss ion o f Sa lmonell a. In a survey the 

767 rodent, shrew, cockr oaches and ants were examined 767 

samples e xamined, 43 yielded different Salmonella serotypes. 

Salmonellae were is olat ed from 16 of 254 rats, 11 of 109 house 

mice, 11 of 104 shre ws, 3 of 270 cockroaches and 21 of 30 ants. 

the serotypes isolated included Salm. saint-paul, Salm. 

bareilly, Salm. newport, Salm. weltevreden, Sa lm. enteritidis, 
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Salm . typh i muri um, Salm . hvittingfoss, Sa lm . anatum, Salm . 

matopeni, Salm. way cross, Salm. paratyphi, while dual infection 

was detected in three shrews and a rat (S ingh et al. 1980). 

Prevalence of Salmonella serotypes have been tabulated country 

wise in Table la,b,c,d,e. 

2.2. ISOLATION AND IDENTIFICATION 

2.2.1. ISOLATION AND BIOCHEMICAL CHARACTERIZATION OF SALMONELLA 

Salmo nellos i s is usually d i agnosed by using different 

serol ogical tests. However, confi rmatory diagnosis can only be 

made by isolating the disease causing organ ism. Salmonella 

organ isms a r e a e robic or fac u l t ati ve a naer ob ic and grow well on 

o r dinary laborator y c u l ture media. However , e nrichment media is 

necessa r y f or material containing few b a c t eria and sublethally 

inj ured o r gan i s ms ( Zech a et a l ., 1977 ) . Med ia c ommon ly used for 

the growt h o f Salmonella i nclude Eosin Methyle n e Blue (EMB). 

Salmonella-Shigella ( SS ) , Mac-Conkey's (MC ) and De-soxycholate 

( DSA ) Agar. Th ese media Posses i n h ibiting fac to r s f o r the g rowth 

of Gr a m p os it ive and t h e Gram ne g a tive o r g an i sms o ther t han the 

member s o f th e enteroba cteriacea e . I n addition , t h es e media also 

conta i n i ndi c a tor s wh i ch help to di s tingui s h l a c t os e f ermenting 

from non -lactos e f ermenting bacteria (Harvey a nd P r i c e, 1982). 

Ma c -Conkey ' s agar is considered a better medium f or the 

i s o l ation o f salmone l lae (Siddique eL ai., 198 3). Ho weve r, it is 

recommended that for iso lation studies at least two media should 

be employed. Cox and Wi l liams (197 6 ) propos e d th e use of Triple 

Sugar Iron (TSI) agar and lys i ne i r on ag ar (LI A) media alongwith 

s i x fermentation sugar s t o scr een Sal monell a isolates for 

pri mar y bi oche mic a l cha r acteri z a t ion. 

~alm. pull orum is als o aer obic and fa c ultatively anaerobic 

and the opti mum growth takes place at 37°C. On meat extract 

agar, the d i screte colonies appear as smooth, glist e ning, 
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homogeneous, transparent and round to angular in shape. The 

organism p r oduce s acid with or without gas from different 

sugars, salmonellae d estr oye d in old litter due to higher 

c oncentration of ammonia leading to high Ph (Turnbull and 

Snoeyenbos, 1973). Hatchery dust and chick downs are good 

sources for the isolation of Sal monella in hatchery enterprises 

(Sari and Thain, 1984). Balm. pullorum produces acid with gas by 

fermenting dextrose and mannitol but does not ferment sucrose, 

dulcitol and maltose, no H2 S gas is produced in TSI agar medium. 

For routine diagnosis fro m commercial as well as breeder flocks, 

culled birds are the b est s ource for isolation. According to 

other work ers the chicks with evident lesions on liver, spleen 

or ovaries which have not been treated with any antibacterial 

during the last few days are the best sources (Bercea et al., 

1981 a nd Kim et al., 1989). 

b""""alm. gallinarum is aerobic and facultatively anaerobic and 

produces small, grayish, circular and transparent to colorless 

colonies h avi ng entire margins. In broth, these organism gave a 

uniform turbidity and a flocculent sediment. The other 

properties of this organisms include indole negative and 

variable production of H2 S gas. It also produces acid but no gas 

from different sugars (Breed et al., 1974). Balm. gallinarum 

occurs in short rods of 0.3 to 0.6 J..lm length and 0.8-2.6 J..lm 

width with round ends. Gram negative motile and non-motile, non 

spore forming and non capsulated (Edwards and Ewing, 1989). 

Balm. gallinarum produces acid but no gas by fermenting 

dextrose, mannitol, maltose and dulcitol. It mayor may not 

produces H2 S gas on TSI agar medium. 

Balm . typhimurium is viable in different environmental 

co nditions. Balm. typhimurium survived for up to 6 weeks in 

poultry f e ed a nd 2 weeks in litter when kept at 37°C. At room 

36 



IEVIEi 01 £1fEIAfURI 

temperature ( 23 °C) survival was 18-19 months and at 7°C it was 

20 months for both materials (Nashed 1986}. 

In a comparison of various enrichment media for the 

isolation of salmonellae from seagull cloacal swabs, the 

relative efficiency of three selective enrichment broths (Muller 

Kauffmann tetrathionate, Rappaport's and Selenite F) were 

investigated. Rappaport's broth as modified by vassiliadis for 

incubation at 43°C yielded the highest number of positive swabs 

and the widest range of serotypes. It was significantly more 

efficient than other broths (Fricker, 1984) . Use of brilliant 

green agar containing sulphamandelate supplement detected 

Salmonella in each of 96 positive samples and was the most 

efficient medium, Brilliant green agar without supplement was 

the least effective medium. Desoxycholate citrate agar was 

considerably less inhibitory to Salmonella after ageing for four 

days . Ageing of other media had no effect on their ability to 

support the growth of Salmonella (Fricker, 1984). Original 

Rapport's medium (R medium) and Rappaport - vassiliadis medium (RV 

medium) for the isolation of salmonellae from meat products were 

compared. Salmonella was isolated from with at least one 

enrichment medium. RV medium (10 ml) inoculated with buffered 

peptone water pre-enrichment medium (0.1 ml) and incubated at 

43°C was the most efficient (Vas si1iadis, 1983 and Nashed, 

1986) . 

.Among the broths used for Salmonella enr ichments, 

Rappaport's broth plus magnesium chloride was preferred to 

Muller - Kauffmann broth and broth media containing sodium 

selenite with or without brilliant green or strontium chloride 

(Rambach, 1990) . Salm. heidelberg and Salm. montevideo 

artificially inoculated and stored for 7 weeks in dry feed, were 

recovered significantly more samples after pre-enr ichmeIlt with 
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M- 9 o r buffered peptone than with the other procedures such as 

lactose broth with and without Tergito1 and indirect enrichment 

in selenite cyst ine or modified tetrathionate broths (Perales 

and Ana, 1989). 

2.2.2. SEROLOGICAL IDENTIFICATION OF SALHONELLA 

A revised simplified 

Salmonella o rganisms was 

scheme for the identification of 

int roduc ed in 1949 by Kauffmann. 

According to this sch e me, the Salmonella antigens were divided 

into somatic '0' and flagellar "H" type of a ntigens. All the 

members of the genus have an antigenic structure by which they 

can be recognized. On this bas i s those o r gani s m which were found 

positive serologically were considered to belong to genus 

Salmonella even if they d iffered biochemically ( Wilson and 

Miles, 1964 ) . Two modified methods for t he identification of 

Salmon ella somati c and flagellar antigens has been in practice 

recently (Rambach, 1990) . Over a period of 2 years, both 

modified methods were found to be appr oximately three times less 

labor intensive. Furthermore, 43 "0" antisera reacted 

exclusively wit h organisms possessing homologous 0 antigens when 

the modified and two standard methods were used . As the 

antiser um dilutions used H antigen identification, H antisera 

did not react wi th 0 antigen or heterologous H antigens by 

either the modi fied or the standard method. Modified method was 

20 times mo re accurate. In modified method antisera is 100 fold 

more diluted than sta ndard method used for storage ( Naguib et 

al., 1989 and Spears et al., 1990) . 

2 .3. CLINICAL PICTURE 

Salmonellosis is one among the most frequent bacter ial 

infections of poultry. The clinical forms of infection are more 

prevalent during first few weeks after hatching (Barnes and 

Impey, 1979 ) . Non-motile salmonellae may produce high morbidity 
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and morta l ities at all stages of bi rds life span, while the 

infections with motile salmonellae usually results i n 

mortalities during first few weeks of age and in adults 

infection is mostly non clinical. Experi mental infection in day 

old chicks with non motile or motile Sal monella serotypes lead 

to variable high mortali.ty (Siddique , 1985c). Maximum 

susceptibility in ducklings have been reported uptil 10th day 

and in case of goslings upto 3 weeks of age. The frequency of 

infecti o n decreases wi th the advancement of age (Vol inter, 

19 75) . In Salmonella contaminated fertil e eggs embryo may die in 

the eggs or may ha t ch normally, afte r which the disease is 

expressed by anorexia, polydipsia, anemia and immobility. 

Di arr ho ea o f pale, greenish, discoloration and some times 

hemo rr ha gi c. Some b irds s ho w con junctivitis, dyspnoea serous or 

purul ent rhinitis, arthritis and even n.ervous manifestations 

(Bercea, 1981). Presence of other infections, especially 

infectious bursitis, coccidi osis a nd blue c omb virus have been 

re po r t ed to increase the susceptibility (Stephens et al., 1964 

a nd Wyeth, 1975). Myc otoxins have also been reported to increase 

suscept i b i 1 i ty to salmone 11 os is inch ickens ( Boonchuv i t and 

Hamilton, 1975). 

I n Salm. paratyphi infections, mortality has been reported 

uncommon after the age of one month, but pigeons, canaries and 

parrots were exceptions, in which infections are mostly reported 

in adults (Javed et al., 1992). Turkey poults are more 

susceptible during the first 48 days of life (Hofstad et al., 

1984). 

2.3.1. YOUNG BIRDS 

1rhe influence of age and ambient temperature on response 

to Salm. typhimurium endotoxins was studied in chickens. Broiler 

cockerels 1 to 8 weeks o f age received a single I/V injection o f 
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Salm . typhimur i um endotoxins. Rectal temperatures were taken 

over 30 min, for 108 min. In one week - old chicks, a significant 

increase in rectal t e mperature was observed (Jon es, 1983). 

Salm . pullorum inf e cted growing chicks became emaciated, 

ana e mic , a nd unthr ifty. Re tardation of growth, distension of the 

abdomen with fluid and occasionally diarrhoea were the common 

symptoms. Outbr eak in g r owing chicks was attributed to a low 

t empe r atur e in the hatching house before and after hatching (Gao 

e t al ., 1987) . Mort a lity among day-old chicks following oral 

a dmini s t r ation of Salm. typhimurium varied considerably with 

s train a nd wi th b reed depend ing upon the invas i veness of the 

o r ganism . Death probably resulted from anorexia and dehydration 

(B a r r ow e t al ., 1987) . Feed containing 6 million cells of Salm. 

galiinar um st rain 29 6 (Bulgarian field strain), offered to 100 

day- old - ch icks, r es ul ted in 53 per cent death due to septicemia 

wit h in 1 1 days . A lowe r co n c en tr a t ion (1.2 million c ell s pe r 

c hi c k) result e d i n 32 p er cent mor tal i ty (Gyur ov and Vodas, 

19 8 7) . 

~he p r incipa l s ign s of fowl typhoid include somnolence, 

poor growth , loss of appetit e , sudden drop In feed consumption 

and adherence of whit i sh material to the vent (Pomeroy, 1978). 

During subacut e and ch r onic salmonellosis progressive 

emaciation , diarrhoea, a rthr iti s a nd in some cases respiratory 

a nd nervous s ymptoms wer e r e corded (Sojk a et ai., 1977). 

2 . 3 . 2 ADULT BIRDS 

~u1t birds us ua lly do not s how a ny s ymptom, but remain 

c a rr i e r s f or a long time (Be r cea , 1981 a nd Hofstad et ai., 

198 4 ) . I nfec t i ons are f a vored by ma ny fac tors such as low or 

high ambi e nt t e mpera tur es, high humidity, d e ficiency of vitamins 

a nd minerals as we l l as intes tina l par a s it e s. Low protein 
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rations have been repor ted to inc r ease the resistance or birds 

against Salmonella infec tions (Ganovska, 1978, Palanisami et 

al., 1987). Presence of other infections, especially infectious 

bursitis, coccidial in fection and blue comb virus have been 

reported to increase t he susceptibility (Stephens et ai., 1964 

and Wyeth, 1 9 7 5 ) . Myc otoxins have also been reported to lower 

t h e resistance power (Boonchuvit and Hamilton, 1975). A high 

percentage o f yo un g birds which survive of an outbreak become 

carr ie rs . The organism is localized usually in the ovary and a 

hi gh percentage of eggs laid by such carriers is infected and 

produc e the d isease in their progeny (Gordon and Jordan, 1982). 

Principal si gns of fowl typhoid include somnolence, poor growth, 

loss of appetite, sudden drop in feed consumption and adherence 

of whitish material to the vent (Pomeroy 1978 and Siddique et 

ai., 1985b). In subacute and chronic salmonellosis observed 

p r ogressive emaciation, diarrhoea, arthritis and in some cases 

respiratory and ner vous s ymptoms ( Sojka, et al., 1977) . 

2 .4. 

2 .4. 1 

DIAGNOSIS 

SEROLOGICAL DIAGNOSIS 

~he detection of Salmonella in flocks of laying hens has 

thus become a public health priority and a matter of great 

concern to egg producers. Testing for the presence of specific 

serum antibodies in an important aspect of proposed progression 

of ~dentifying Salmonella-positive flocks. The National Poultry 

Improvement Plan authorizes the use 

microagglutination technique, for 

pullorum antibodies in chicken. 

of a variety of macro and 

the detection of Salm. 

Paratyphoid Salmonella 

serotypes, 

antibodies 

such as Salm. enteritidis, . generally elicit weaker 

responses (Williams and Whittemore, 1975). 

Conventional agglutination tests have not been effective for 

detecting paratyphoid infect i ons in c h i ck ens (Olesiuk et al., 

1969 and Wil liams, 1975 ) , perhaps because many such infections 
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in mature bi rds ar e limited t o c o lonization of the alimentary 

tract. Very young chickens are far mo re susceptible to 

paratyphoid salmonellae, but the antibody res ponse by chicks has 

been observed to be insufficient for serol ogical detection of 

infection . Ser o logical meth ods have b een reported to vary in 

sensit i vity and reliabil ity, but a l l were found to be more 

s ensitive than cloacal swab cu lt ures for the detection of 

paratyphoid Salmonell a infections in chickens. Evidence of 

s ystemic infection with Salm . enteri tidis suggests that infected 

hens are li k ely to have antibody titers high enough to permit 

efficient serological detection (Gast and Beard, 1990a). 

On the bas i s 0 f s i mil a r i tie sin soma tic ant i g ens, Sal m . 

enteritidis, Salm. pullorum and Salm. gallinarum are all 

assigned to Salmonella sero group D. Cross reactivity with 

antibodies to shared antigenic determinants, therefore, might 

enable Salm. pullorum antigen preparations t o identify birds 

infected with Salm. enteritidis (Gast and Beard, 1990b). The 

tube agglutination test with the SP antigen have efficiency to 

detect 81 per cent of the samples as positive while the same 

sample were 84 per cent positive with micro agglutination test 

and 86 per cent with whole blood test. Serological testing for 

specific antibodies is an effective and widely used method of 

screening poultry flocks for evidence of infections with many 

common pathogens. Large numbers of samples can be collected and 

processed with great efficiency sensitivity and accuracy of this 

approach compare favorably with other testing optics (Gast and 

Beard, 1990c). 

Serological techniques have been used to diagnose 

Salmonella in f ections. In Salmonella infections antibodies 

appear in the b lo od af t er f ourth month of life and persist with 

little fluctuations during the whole life span of the birds. 
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Highe r values are however, recorded during the pe r iod o f 

production and molting. Agglutination of Salmonella antigen with 

antibodies is based of commonly analyzed serological diagnosis 

of salmonellosis. Schaffer (1931) for the first time developed 

the pullorum stained antigen whole blood test for diagnosis of 

pullorum disease in poultry and claimed it to be rapid and 

accurate. This test was modified using the polyvalent antigen 

called as "K" which contained both the standard and variant type 

strains of Salm. pullorum (Williams and Mac - Donald, 1955). Slide 

agglutination test was performed as a reliable diagnostic tool 

for Salmonella organisms (Silberstein, 1935). In 1951 Williams 

used spot agglutination test for the diagnosis of pullorum 

disease. Salmonellosis in subacute and chronic stages of 

infection can be detected by rapid plate hemagglutination test 

and slow tube agglutination test. 

S e r ological testing o f motil e sa lmone l l ae po l yvale n t 

antigens are used which consist of specific g r oup antigen of 

particular serotype. For the tube agglutination test a titer of 

1:40 or more is considered as positive. Some therapeutic agents 

have ef fect on the ant i body titer and allerg i c response in 

pullorum disease in fowls. Who 1 e blood and tube serum 

agglutination tests together with the allergic skin test using 

0.2 ml of lipopolysaccharide allergen were carried out in 30 

one-year - old hens with naturally acquired high titre of Salm. 

gallinarum-pullorum antibodies (Dimitrov, 1978). 

~ n e w method f o r di a gnosing pullorum disease in breeding 

h e ns was developed . I n gel p rec i p itation test on 827 eggs from 

8 08 he ns, a precipiti n l ine wa s c learly vi sible between the yolk 

of infected he n s and the antigen. ·The results of this test 

agreed with those of rapid whole blood stained antigen 

agglutination test, whole blood gel precipi t ation te s t and 
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bacteriologica l culture (Zhao e t al., 19 81). A test f or 

differential serodiagnosis of Salmonella by detect ion of IgG and 

IgM antibodies in ELISA was developed by. In a comparative 

investigation with 192 pigeon sera, 14.5 per cent were positive 

in the (H+L) chain specific IgG-ELISA, 12 per cent in the tube 

agglutination test and 6.3 per cent in slide aggluti nation test. 

~he peroxidase-antiperoxidase immunoassay was devel oped by 

using Salm. choleraesuis var Kunzend r of, Salm. dublin and Salm. 

typh i murium as test organisms. Strong: specific stai ning with 

correspo nd i ng antiser um was achieved wit h smears of each 

Sa lmon ella ser otype on microscope slides from formalized cell 

s uspens i on , cul t ur e o f liver clinical is olates and tissue 

suspensions from the livers a nd splee n s of experimentally 

infect e d mice. I n a dd i tion Salm. c h oleraesuis var kunzendrof was 

d etected in formal in-fixed and fres h frozen tissues from 

ex perimentally infected pigs. Their r esults indicate that the 

peroxidase ant i peroxidase assay is well suited for the rapid 

identification of Salmonella fr om pure cultures and that the 

technique can be useful for detecting Salmonella in histological 

sections (McRill et al., 1984). Enzyme Linked Immune Sorbent 

Assay (ELISA) is a new and most reliable serological method used 

for the diagnosis of typhoid fever in human beings (Vior, 1984). 

Siddique et al. (1984) used this method for the differential 

diagnosis of Salmonella infections from other confusing 

diseases. Excellent results were obtained for the accurate 

diagnosis as well as for the differentiation of motile and non 

motile salmonellae. 

A direct enzyme 

a n t ibodi es was developed 

immunoassay (E TA ) 

for Salmonella in 

with 

foods 

polyclonal 

and feeds. 

Salmon e ll a ce l ls were attached 

polystyrene microtitrati o n plat es 
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te c hnique . Th e di rec t EIA wa s mo r e sens iti v e than the indirect 

EIA o f pure c ultu r e tec hnique. Th e direct EIA was sensiti ve, 

rapid a nd c ould be automated (Anders on and Ha r tman , 1985) . A 

c ompa r i s on was mad e betwee n a commerciall y a va i labl e e nzyme 

immunoass ay ( ELI SA) a nd v a rious c ultur e proc edur es fo r d et ecting 

Salmon e lla in minced me at contaminat e d with a s tandar d i n oculum. 

To det e ct Salmon e lla by ELI SA. It was n e c ess a r y to modify the 

r e commended base line fo r s p e ct r ophotome t r ic me a s urement to 

avoid raIs e positive results. The incide nc e of false negatives 

was no g r eat e r tha n that with a stand ar d i s ol a tion procedure. 

Both me thods we re a ff ect e d by competing microf~ora (Beckers et 

al., 1988). Bou r hy et al . (1988) conduct e d serological diagnosis 

of Salm . gallinarum pullor um infection and compared the efficacy 

of rapid plate agglutination a nd s low microagglutination tests 

in fowls of different ages. Rapid serum plate and micro 

agglutination t e sts were only s uit a ble for adult laying hens. 

the r ap i d ser um plate t est wa s more accurate. A positive 

respons e with a se rum dilu t ion of 1: 4 should be considered 

indicative of Salm. gallinarum pullorum infection. Specific 

monoclonal antibodies was produced against Salm. typhi flagellin 

and possibly applied to immunodiagnosis of typhoid fever. Four 

murine monoclonal antibodies to Salm. typhi flagellin were 

produced. These monoclonal antibodies did not react with eight 

other enterobacterial strains tested (Sadal lah et al., 1990). 

Detection of Salmonella with fluorescent antibody test is 

possible (Wray and Callow, 1989). 

2.4 . 2. BACTERIOLOGICAL DIAGNOSIS 

[)iagnosis of Salmonella by conventional methods of cultur e 

isolation and identification usually require 2-4 days. To obtain 

earlier diagnosis of salmonellosis, a coagglutation test wa s 

used for rapid detection of Salm . . oranienburg antige n i n 

enrichment broth cultures of fece s specimens from infants. The 

45 



'''Ili 01 Ll1ffA1URI 

overnight enrichment broth cultures of spec imens were als o 

examined by coagglutination slide test with stabilized p rotein 

A-containing staphylococci sensi tized wi th antisera for 

Salmonella anti g ens C1., E and Vi. Sal monel la was specif ically 

d e t ected in cultures within 20 h ours by coagglut ination 

t e chni que. 

L)evelopment of simplified i d entification o f bacteria 

be l ongi ng to t he genus Sa lmon e l la has re ma in ed a problem. A new 

simpl i f i ed p r oced u r e for ident ification o f bacteria belonging to 

the genus Sa lmone l l a h as bee n repo r ted . By this pr ocedure which 

is a new combinat i o n o f wel l known tes ts. Sal monella species are 

easily and reproducibl y dif fe r e nti a ted f r om non Salmonella 

species afte r 6 hours of i n c ubation a t 37°C . Salmonellae were 

detected i n 1 5 of 167 sample s of feed by using the three 

culturing method including culture technique recommended in ISO. 

There wa s no ad v antage in hydrogen s ulphid e treatment befo re 

applying the ISO technique or in using the membrane filter disk 

immobilization technique (Mulder et al., 1989). 

It is noteworthy that the number of reactors among bi rds 

infected orally with various isolates of Salm. enteritidis was 

low in all experiments and some birds did not become positive 

until 30 days post infection. This idea may reflect the low 

sensitivity of the rapid plate test, which is known to be less 

sensitive and less reliable than the tube agglutination test. 

However, it is clear from the work that Salm. enteritidis 

antigen is more sensitive and specific than commercially 

available pullorum antigen for the detection of serum antibody 

to Salm. enteritidis in laying hens (Barrow and Lovell, 1991). 

~onitoring programs for Salmonella have been used in the 

i ndustr y for ma ny year s for the pur pos e of reducing the level of 
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sa lmonel la contamination . It app e ars t hat th e l eve ls of 

Sa lmonella cont a mination in poult ry will have to b e reduc ed in 

order to satisfy publi c concer ns. To ens ur e the effectiveness or 

id enti fy and controlli ng infected flocks, isolation procedures 

mu s t be sufficiently sensitive t o detect Salmonella. 

Conventional isolation media s u c h as tetrathionate or s elenite 

e nrichment and the use of select ive plating media such as 

brilliant green agar or xyl ose-lys ine-deoxyc ho late agar are 

being modi f i e d t o increase their sen s itivity (Milli er and Tate, 

1990) . Other methods are being int r oduced to increase the 

sensi tivity and speed o f d e t ect ing Salmonella such as various 

latex agglu ti nation kits and enzyme-linked immunosorbent assay 

(ELISA) techniques . Recently us e of a v ery sensitive antigen

capture ELISA for detecting Salmonella (Mallinson et ai., 1989). 

To approach the sensitivity of the ELISA, they modified 

conventional Sa lmon e l la isolation procedures by incorporating 

novobiocin into plating me dia and using delayed secondary 

enrichment (DSE). Because o f their reported increase in the 

isolation rate of Salmonella by these two procedures (Waltman et 

al., 1991). The use of novobiocin - supplemented enrichment and 

plating media has been advocated for many years (Bailey et al., 

1988). The use of reducing the level of other bacteria in the 

culture. This antimicrobial is particularly effective at 

preventing the over growth of Proteus spp. (Waltman et al., 

1991). 

Drag-swab (DS) sampl ing and Salmonella ant igen-capture 

immunoassay (SAC) is a current moni tor ing approach in poul try 

farms for Salmonella (Mallinson etal., 1989). DS and SAC 

techniques are efficient enough in detecting Salmonella to be 

useful in extensive epizootiolagical · surveys for Salmonella 

con trol in poul try aperat i ons and pass i b ly oth e r lives tock 

prod uction operations. Use o f this technology in such s u rveys 
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accommodate the evaluation of large numbers of flocks or birds. 

OS-SAC presented several practical advantages. They are a ) ti me 

savi ngs gai ned fr om c o llecting the four u npolled OS samples (0. 5 

to 0 . 7 man h o urs/fl ock VS 2. 7 5 man h o urs/flock fo r c o l lecti ng 

th e subsequentl y pool e d 40 f e a t h e r s a mpl es and 80 fecal 

s amples); b) l a borator y samp le s pr ocessing advant a g e s of DS 

samples over l i t t er a nd dust samp l es; a nd c ) the shortened test 

turn-around time a nd res ul t i ng high e r sampling/testing capacity 

available wi t h SAC (Kingst on , 1981). 

~loaca1 s wabs have been used in the past to isolate and 

monitor Sa lm. arizona prevalence. The fact that infected adult 

breeders are often intermittent shedders made recovery of the 

organism difficult. Consequently, studies using this technique 

have reported poor results (Opengart et al., 1991). Multiple 

swabbings, moreover, may be phys ically and economically 

impractical (Kenn e th et al ., 1991) . Se r olog i c a l t es t s a l s o h a ve 

been employed as monitoring tools but they have lacked 

sensitivity and specificity (Nagaraja et al., 1984). Direct 

litter sampling has been suggested as a practical method of 

Salmonella detection in poultry flocks (Snoeynbos et al., 1969). 

Other researchers have found drag swab to be as sensitive as 

direct litter sampling (Kingston, 1981). others have reported 

that Salm. arizona can survive in poultry house litter for as 

long as 19 weeks (Geissler and Youssef, 1981). Drag swab 

technique may be a sensitive and efficient method of detecting 

and monitoring flocks that are shedding or have shed Salm. 

arizona in the past. 

2 . 5 . ANTIGENIC PROPERTIES 

In Salm. typhimurium, nearly 50 genes are involved in 

flagellar formation and function and constitute at least 13 

d ifferen t operons. F lagellar ope r ons c an b e divid e d into three 
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classes, class I, feh D, class II fig A, fig B, flh B, fli A , 

Eli E Eli F, and Eli L, class III Elg K, Eli D, Ell C, mot A 

(Kutsukake et a1., 1990). 

stud i es of 87 str a i n s of Salm. typhimurium var co p enhage n 

mostly from clinica ll y affected p ige o ns and 7 labo r at ory or 

v a c ci n e strains of Sa lm . t yphi mur i um and Salm. typhi revea led 

many di fferent combinat io ns of lys o type, biotype an t lb l otic 

resi s tance and p l asmi d cont e nt . Howev e r, a l l exc e pt one 

labor a to ry s t r ai n poss e ssed fi mbriae. The fimbriae were mostly 

7 nm i n d iame t er a nd h e l icle s uper s t ructure was demonstrated . 

All fi mbria t ed s t rains p osses s e d mannose-sensitive 

hemagglutinat ion (Gr und et a l ., 19 88 ). L ipopolysaccharide 

alteration was medi a t e d by t he vir u le nce pl a smid of Salmonella. 

All wild - type st r ains had smooth type LPS i . e. LPS with long 0 

specific polysaccha r id e. Th e virulenc e pl a smid - cured s train of 

Sa lm. d ubli n ex h ibi ted a shorter 0 spec i f i c c h a in tha n it s 

parent s t rai n (Kawahara et a 1. , 1989 ) 

Salmonellae were scr e ened for mannose sensitivity and 

mannose - resistance binding p r ope r tie s . Type I fimbriae positive 

strain adhered significantly better than Type 2 fimbriae 

negative strains. Adherence was significantly inhibited by 0 -

mannose, methy1 - a - D- manoside, arabinose and galactose. Adherenc e 

was both time and temperature dependent. The function of the 

receptors is dependent on a mannose mo i ety. Bacter ia adhered 

better to fresh intestine cells than to cells held overnight at 

4°C. Thus, adherence was dependent upon a metabolically active 

host cell (Oyofo et al., 1989). The synthesis of a ve rsatile 

trisaccharide synthon is combination of protecting groups 

suitable for preparing higher oligosaccharides of the sequenc e 

Man - Rha - Gal and for introducing side-chain subsitituents. Thi s 

synt hon was used f or th e s yn t hesis of p r o tect ed tr i sacc har i d es 

49 



UVI" 01 LIfKRAfUII 

and haexasacchar ide fragments of Salmonella polysacchar ides . 

(Chernyak et al., 1989). 

~he study of possibility of detecting the specific 

antigenic feat u res o f Salm. typh i L forms has revealed that out 

o f thr ee dest ructive methods under study (Os mo ticlysi s, 

free zing-thawi n g, sonication) on ly ultrasonic disintegration has 

proved to be e ffective for Salm. typhi L for ms. Three specific 

fractio ns capa b le of i n teract ing only wit h speci fi c antibodies 

to Sal m. t yphi L for ms have been revea led in the course of 

chromatogr aphic separatio n o f t h e so l ubl e antige nic complex of 

Salmonella stable L forms and the subsequent analysis of the 

fractio ns thus obtained in th e enzyme immunoassay (Prozorovskii 

et al ., 1989). A procedure was developed for smooth conversion 

of polyprenyl pyrophosphates into the monophosphates through 

hydrolysis in the presence of 4-dimethyl aminopyridine. The 

polypre nyl phosphate prepared were studied as substrate f or the 

enzymes of Salmonella anatum O. spec if ic polysacchar ide 

biosynthesis. It is concluded that some changes in the position 

of the phosphate group may be permissible without any 

significant loss of substrate properties. Termini of Salmonella 

flagellin are disordered and became organized upon 

polymenization into flagellar filament. The terminal region of 

Salmonella f1agellin is essential for polymerization to form the 

flagellar filament (Danilov et al., 1989) . Cultured mouse 

kupffer cells were incubated the presence of biologically 

tritiated Salm. abortus equi lipopolysaccharide. Uptake of 

lipopolysaccharide increased rapidly during the first 2 hours of 

incubation and then levelled off. Within the first hour of 

incubation 10 6 Kupffer cells were able to ingest upto 18 ~g 

lipopolysaccharide. Kupffer cells metabolized lipopolysaccharide 

and released lipopolysaccharide-related substances, but nei ther 

the cel l - ass ociated lipopolysaccharid e nor the released 
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lipopolysaccharide products were detoxified, as measured by th e 

mouse lethality test (Van et al., 1989). Lipopolysaccharide or 

defined lipopolysaccharide structures induce tumor necrosis 

factor-alpha (Feist et al., 1989). Large scale fractionation of 

S-form lipopolysaccharide from Salm. abortus equi have been 

reported (Galanos et aI, 1988). 

~imited proteolysis of flagellin from Salm. typhimurium by 

s u b t i l isin, t rypsin a nd ther molysin results in h omologous 

degr adat i on patterns. The terminal regions of flagel l i n are very 

sensit ive to proteolysis. These parts are degraded into small 

o li gopeptides at the very early stage of a milk a cidic digestion 

tha t y i e Ids a re lat i ve ly, s t a b le fra gme n t wi th a 1110 lecu lar 

weight of 40,0 0 0 (Vo nd er v isz t et al., 198 9 ). 

~C3lm. typhi have u ni qu e seq uence i n region VI of the 

flage11in gene. The H1 (now renamed fli C ) alleles specif y i ng 

a ntigeni c ally d i ffer ent Sa lmon e l la flage llins are identical at 

thei r end s b ut d iffer g r eatl y t owards th e middl e , where ther e 

are two hyper va r iable segments (region IV and VI) . The 

flagellar antigen d, of Salm. typhi, is found also as pha se-I 

antigen in many other Salmonella species. Four scattered amino 

acid differences and ten adjacent amino acids in the inferred 

s a lm. typhi sequence, all o f which di ff e r fr om the co r responding 

nine amino acids in the other salmonellae. The difference in 

amino acid sequence in segment VI may be responsible for th e 

minor serological differences between antigens d of Salm. typhl 

and antigen d of other salmonellae. Flg B, Flg C, Flg F and Flg 

G are structurally r el a ted proteins in the flagellar bas a l bod y 

of Salm. typhimurium. the flagellar basal body of Salm . 

typhimur ium cons i s ts of four rings surrounding a rod. the ro d 

which is be lieved to transmit motor rotation to th e filame nt, is 

n o t we 11 c haracter i zed in terms 0 fi t s st ructure and 
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composition. Flg G is known to lie within the distal portion of 

the rod, in the region where it is surrounded by the Land P 

rings, just before the rod-hook junction. 

The flagel lar filaments of Salmonella are polymers of a 

s ing le p rote in , flagellin and the large number of flagellar 

antigens (Edward and Ewing, 1989) is a reflection of the wide 

vari e t y of flagellins produced by the group. These proteins 

consist of extremely conserved terminal regions with variable 

control areas (Wei and Joys, 1985). Eight regions of different 

variabilities were recognized, with two regions (IV and VI) 
-' 

being hypervariable. It has been suggested (Newton et al., 

1989), that parts of these hypervariable regions could be 

substituted with known important epitopes so that flagellin 

would act as carrier in a possible vaccine. Attempts at this 

substitution have used a unique restriction site in the 

structural gene for the i antigen flagellin of Salm. typhimurium 

(Newton et al., 1990) and substitution of a 48-6p region between 

two EcoRV restriction sites in the gene of the d flagellin of 

Salmonella muenchen. A range of known epitopes has been 

introduced into these flagellins, but results indicating 

potential vaccine usefulness have been limited (Newton et al., 

1990). The next logical step would be to define the natural 

surface epitopes of one flagellin to identify regions likely to 

be immunopotent if subst i tuted wi th for e ign epi topes. On the 

basis of the previously published amino acid sequence for the d 

flagellin of Salm. muenchen (Wei and Joys, 1985) progressive 

octameric peptides had been synthesized or polyethylene pins 

(Geysen et ai., 1987) contiguous exposed antibody-bind i ng 

regions of the antigen d flagellin of Salm. muenchen were 

identified by using octameric peptides synthesized on 

po lyethyl ene pins. I dent i f icat i on was conf i rmed by th e 

serological activity of immunolobulins recovered from specified 
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pin peptides. Peptides equivalent to four region of t he d 

f lage 11 in reacted wi th three d i f fer ent sera tes ted (Jo ys and 

Schodel, 1991 and Sanderson and Roth, 1988). 

2.6. VIRULENCY 

B ac teri a are exposed to a wide range o f envir onments, in 

whic h t h e mot ility and chemotaxis t o wa r ds favorable environments 

may be impor tant factor s to increase t heir chance of survival. 

Whether mo til it y and ch e motaxis co nstitute one of the virulenc e 

factor h as b een e xamined in s ever al pathogenic bacteria. 

Flagell a and mot ili t y are i mport a n t for the invasive virulence. 

A different result was obtai n ed wit h Balm. typhimurium. Using 

mutants defecti ve 

chemotaxis. Carsioti s 

i n 

e t 

flag e llar synthesis, motility or 

al., (1984) have demonstrated that 

flagella but not motility are important for the virulence of 

Balm. typhimurium. Furthermore, they showed that flagella 

improved the sur v i va 1 a f the pathogen wi th mur i ne macr opha g e 

(Weinste in et al., 1984 and Tsang and Wong, 1989) . Howeve r they 

reported that the attenuated virulence of non -f lagellate mutants 

was associated with the loss of a virulence gene mvi B adjacent 

to the Elg gene and not wi th the non - flagellate phenotype. 

Defects in the motil ity red uce s the ability of Balm. typhimurium 

to invade Henle cells in vitro but does not affect its 

virulence for mice (Lockman and Curt i ss, 1990 and Peng and 

Chang, 1989). 

~he efficiency of invasion of wild - type Balm. typhimurium 

is much higher than that of the isogeneic non-motile mutants. A 

compar ison of i nvas i on between the mot and non- f lage llated 

mutants demonstrated that mot iIi ty per se is important for 

efficient invasion of Balm. typhimurium into He La cells . 

Physical impact caused by bacterial motility enhanced the 

phagocytic activity of mac r ophage. While the simpl e 
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sedimenta t ion o f non - motil e b a c te r i a is enough t o tri g ger the 

internalization of the bacteria (Falsafi et ai., 1 990 and 

Lockman and Curtiss, 1990). 

6~lm. typhimurium is not only motile but also chemotactic. 

I n the wi Id type s tra in, the ce Ils swim by rotat i ng there 

flagella with an occasional change in their swi mm i ng direction 

b y reversing the fla g el l ar rotation. A chemotacti c response is 

manifes t ed by modulating the frequ ency of reversal of the 

s wi mm ing d ir e ction. If the ce l ls swim t owa rds a favorable 

st i mulus, the rev ersal is re pressed; if they s wim towards a non

f avo r a ble s t imu 1 us, t h e reversal is increased. In chemotact i c 

mutants, regulat ion o f the reversa l is de fective. Therefore, 

t h ese mutan ts s ho w abe rran t swi mm ing behav ior. Mutants defective 

in che A, che W, cheY and c he R swim a head wi thout any reversal 

o f t he swimming d irection. Mutants defective in che Band che Z 

change continuously thei r swimming dir ec t ion e xc e p t when they 

rec e i ve str ong c h e mo t a ctic sti mu li which causes smooth swimming 

behav io r . Th e r ates o f i nvasion of the smooth swimming 

chemot a c t ic mutants (ch e A, c he W,che Y, and che R) is higher 

than the wild - typ e in th e conventional assay, but approximately 

equal to the wild-type in the vertical assay. Chemotactic 

ability of Salmonella is not necessary for efficient invasion 

into He La cells but rather interfered with invasion under some 

experimental condition (Falsafi et al., 1990). 

The cys PTWA operons of E. coli and Salm. typhimurium 

encode components of periplasmic transport system for sulfate 

and thiosulfate and are regulated as part of the cyste i ne 

reg u Ion s . I n vi t rot ran s c rip t ion i nit i at ion fro m the c ys P 

promoter was shown to require both ·cys B protein and either 0-

acetyl - L- serine or N-acetyl-L - s e r i ne , which ac t as ind uc e rs , and 

wa s inhibit e d by the a n t i-ind ucer sulfi d e . Th iosulfate was found 
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to be even more potent than sulfide as an anti -inducer . Dnase I 

protection experiments showed two discrete binding site fo r cys 

B pr otein in the presence of N-acetyl-L-ser ine. CBS-PI is 

l ocated between positions -85 a nd -41 relative to t h e ma jor 

trans c r ipti on star t si t e a nd CBS-P 2 i s l oc a t e d b e t ween posit ions 

-19 a nd t25 . Wi t hou t N- a c etyl-L-ser i n e , t h e cys B pr otein 

pr ot ected t h e reg i on betwee n p ositi o ns - 6 3 and -11, which was 

d e si g na te CBS - P3. In gel mo bil i ty shift assays, t he mo bility of 

cys B p r o tei n cys P promoter comp l e x e s wa s i ncreased by 0 -

acety l - L- s eri ne. N- a cetyl- L- se r i ne had no effect in gel shift 

experime nts, pr e s umabl y b ecaus e i s anionic charge results in its 

rapid r e moval from the c o mp le x during electrophoresis. 

Comparison of DNA fragme n ts differing with respect to binding 

site position indicated t hat complexes with cys B protein 

contain DNA that is bent some where between CBS - Pl and CBS - P2 

and that O'acetyl - L- serin decreases DNA b e nding. Binding s tudies 

with fr agme nt s c ontai n i ng e ither CBS - P2 a long, CBS - P] al o n e , or 

the entire cys P promoter region sugge s t a model in which th e 

complex o f bent DNA obse r ved in th e abs ence o f O- ac e tyl - L- se r ine 

contains a single cys B protein molecul e s bound to CBS - P3. At 

relatively low cys B protein concentrations, O- acetyl - L- serine 

would cause a single cys B protein molecule to bind tightly to 

CBS - Pl, rather than to CBS - P3, thereby decreasing DNA bending 

and increasing complex electrophoretic mobility. At higher cys 

B protein concentrations, O- acetyl - L- serine would cause a second 

molecule to bind at CBS - P2, giving a more slowly migrating 
\ 

complex (Hryniewicz and Kredich, 1991). 

A o s imilatory s ulfate reduction i s S alm. typhimurium 

commences with the uptake of extra cellular sulfate, a proces s 

requiring a peripl a smic t ra n s po r t s y s t e m t er me d the s ul fat e 

permease system (Dreyfuss, 1964). All but one of the comp o ne nt s 

of t h e su l fa t e p e rmea s e sys t e m ar e e ncod e d by c on tigu o us genes 
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located at 52 min. on the E. coli (Karbonowska et al., 197 7) a nd 

at 49 mi n on the Salm. typhimur i um map (Dreyfuss and Monty , 

1963) which in Salm. typhimurium were originally designated cys 

Aa, cys Ab a nd cys Ac. This genetic region has recently be en 

cloned and sequ enc ed in E. co l i and fo u nd to c ontain five o pen 

reading frames, which beginning furthest upstream, were 

d e signated cys P, cys T, cys W, cys A and cys M (Si r ko et al., 

1 990) . cys M e nc odes O-acetyl-serine (thiol ) - l yase B, which 

catalyzes the s yn thesis of L- cystine f rom O- ace tyl -L-serine and 

sulfid e and also t he syn th e s i s of S-sulf ocys t i n e f r o m O-acetyl 

L-seri ne and t h i osu l fa t e (Nakamura et al., 1984). Sulfate and 

thiosu lfat e t r an s port acti vit i es va r y according to the 

availabi li t y of L-c y stei n e a nd reduced s ulfide and are presumed 

to be regul ated, tog e ther wi th ot h e r a ctivities required for L

cyst e ine biosynthesis , at the gene level as part of the cysteine 

regu lon ( Hryn ie wic z a nd Kredi c h, 1991 and Gulig and Curti ss , 

198 7 ) . 

~ost sta i n s o f S a lmonel la se r ova r typhimurium harbor a 90 

Kb virulence plasmid, whose involve ment in th e virulence of the 

host had been well established ( Gulig and Curtiss, 1988), 

further, some virulence genes on th e plasmid ha ve been mapped 

and elucidation of their functions and products has begun (Gulig 

and Curtiss, 1989 ) . In each of these experiments, however, only 

one or two strains or plasmids have generally been used . 

Therefore, we asked whether or not there are strain difference s 

in respect of the virulence of the plasmid or its effect on the 

virulence of the bacterial host. It appears that whereas th e 

v i rulence function of the plas mid · is intact in all strains, 

there are differences in the virulence of the bacterial host . 

Among six strains of Salm . typhimur ·ium tested for their mou se 

virulence, four were highly virulent with an LD ~ o of t en o t h er 

5 0 bacteria . Th e high v i ru l e n ce of these four required t h e 
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p r es ence of th e 90 Kb plas mi d s ince wh e n t h e plasmid was 

removed, th e virul e nce d e cr e ased , and wh e n th e plasmi d was 

r ega in e d , t h e vi r ul e n ce l e v e l wa s res tored . In c ont ras t, the 

r e maining two we r e not aff ec t e d by th e p rese n ce or ab s ence of 

th e 90 Kb pl as mid i n th e i r ex pres s i on of vi r ul e nc e, f or the 

cu r ing or the r e int r oduction of t h e plas mid f a il e d to influence 

thei r l e v e l of vi r ul e nce. The pl asmids r e tain e d th e ir virulence 

function no mat te r how ma ny passag es th e pl as mid s made. Thus, 

th e 90 Kb plasmid r e quir es an a ppropriat e ho s t to support a high 

leve l of virul e nc e (Ou a nd Baron, 1991) . Transfer of 

pho s pholipid a nd prot e in into t h e e nv e lQP of Salmonella is 

possibl e (St e phen et al ., 1989). 

~her e a r e a numb er of chromosomal d et erminants related to 

the expres s ion of virul e nc e of S alm. typhimurium (Sanderson and 

Roth , 1988) . A virul e nc e d e t e rminant, termed mvi A, located 

between trp D a nd s up D on t he Salm. typhimurium chromosomal 

map. Ther e is also a r eport that showed a virulence gene linked 

to the flg gene at about 23.5 min. on the chromosomal map. It is 

not known whether these genes require the plasmid for the 

virulence expression (Ou and Baron, 1991). The psonizing ligand 

on Salm. typhimurium influences incorpo:ration of specific but 

not azurophil, granule constituents into neutrophil phagosomes 

(Jiner, 1989). 

2.7. PATHOGENESIS 

Salmonellae those cause invasive disease in man and animals 

do so by virtue of their ability to multiply extensively in the 

tissues, 

None of 

particularly in the reticuloendothelial system (RES) . 

the conventional labo:ratory rodents is naturall y 

susceptible to Salm. typhi; the cause of human typhoid feve r I 

and extensive use has been made of the laboratory mouse in wh ich 

orga ni s ms such a s S a lm . typhimurium and S a lm. ent er i t idis cause 
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invasive disease believed to h a v e ma ny point s in common with th e 

human infection. Salmonellae are generally accepted to be 

facultative intracellular pathogens which can proliferate inside 

macrophage (Collins, 1974) and this has been shown clearly in 

vitro models using cultured mous e macrophage . Infection of 

macrophage in vitro has also been used to isolate non virulent 

mutants for genetic Qnalysis of virulence mechanism in 

sa l monellae. Natural killer ce lls play a vital role in 

salmonellosis (Smith et al., 198 9). 

~owever, the intracellular location of salmonellae in vivo 

has been less easy to demonstra te because of the low numbers of 

o rganisms presen t in the tiss ues during the early stages of the 

infec t ion, so t hat inves t i g ators have had to inoculate large 

n u mbers of sa l mone l lae in or der to be able to visualize them by 

light a nd electron microscopy (H s u, 1989). Thes e s tudie s s uggest 

t ha t salmonellae may multiply e x t ens ivel y extrace llul ar l y rat h er 

than i n tr a cellular l y. Administr ation of a large number of dead 

bact eria theref ore cau sed an accelerated net b a cterial growth 

rate in the RES in ver y early s tages of infection (Hormaeche, 

1990) . Acce l e ra tion o f earl y net growth rate caused by dead 

bacte r i a ma y b e part l y due t o the endotoxin conten t of the dead 

salmonel lae, rath er t h an b y th e s h eer numb e r of the orga nisms 

admini s t ered. 

Endotoxi n causes as mul t i pli c ity o f bi o logical effec ts , 

many of them through th e re l eas e o f mediato rs (Morrison, 1 98 3). 

The mechanism by which e nd otoxin can acc e lerate a Sal monella 

infection is not clear. It has · long been known t ha t the 

administration of de a d s almon e llae or thei r end o to xin will 

produce a b i phas ic e ffect o n t h e ·p h a gocyt i c ca pac i ty 0 f the 

re t iculoend ot h el i a l system as measure by the clearance of 

colloidal car bo n from the circulation, causing a ra pid ( 2 4 
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hours) depression in clearance followed by an increase of 4 - 5 

days. This endotoxin-medicated depression of phagocytosis could 

be expected to modify the course of an infection wi th an 

intracellular parasite. Th e acceleration of in vivo sal monellae 

net growt h rat e caused b y e nd otoxi n s similar to that caused by 

t h e a dm inistrati on o f si lica (O'Brien et al., 1990), which 

interferes with macr ophage functio n causing a marked reduction 

in their phagocytic capacity and also a marked acceleration of 

early i n vivo Sa lmon ella n et growth rates in th e RES (Hormaeche, 

1990 and Fo rrest, 19 88 ). 

~atever th e preci s e nat ur e o f the mechanism by which a 

large bolus o f dead organism or e ndo to xin exert their effect, it 

is clear tha t they cause marked acc el eration in the cause of a 

Salmonella infection in mice. The possibility that these large 

doses may be hindering macrophage function suggests that 

specul at ions on wh et h er salmonellae are or are not facultative 

intracellular parasites, derived from observations on their 

intracellular or extracellular location to the tissues following 

inoculation of large numbers of organisms may need to be 

considered with some caution (Hsu, 1989 and Hormaeche, 1990). 

~he progression of salmonellosis can be divided into 

different phases, and the types of host defense that control the 

infection vary between the phases. Blood clearance occurs with 

in the first few hours after intravenous injection of Salm. 

typhimurium. The surviving Salmonella, which account for 

approximately 5 per cent of injected bacteria, become localized 

to the liver and spleen (Benjamin'et al., 1986). The exact 

location of Salmonella within these organs is not known, but th e 

rate of multiplication of the surviving Salmonella is controll ed 

by the ity locus (Benjamin et al., 1990). Once in the 

reticuloendothelial system (RES), host killing o f salmonell ae 
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almost c e ases, at l e a s t during th e first 48 hours. Th e abi lity 

o f Sal mo n e ll a wi t h i n t h e s pIe e n a nd I i ve r tog r ow i n the 

re lat i v e essence of killing suggests that th e surv iving 

Salmonella have reac h e d a " s af e-s it e " which i s pr obably 

instrumental in their a bilit y to cause di sease (Dunlap et a1., 

1991) . 

Various s Ubstances may interact in vivo and in vitro with 

eithe r microorga ni s m o r an imal c ell s urfaces and thereby 

i nf 1 uenc e th e attachment of th e mi c r oorgan i sm to suscept i bl e 

cell s and their subsequent internalizat ion. Both small molecules 

and biological macromolecule can interfere with the binding of 

bacteria and viruses by competing for ce.llular receptors, 

whereas polyelectrolytes can act on charged molecules on the 

cell surface and modify early events in the interaction between 

microorganisms and animal cell s (Christensen et a1., 1985). 

Bacteria and most eukaryotic cells have a net negative charge 

(Wicken, 1985). Lipopolysaccharides on the surface of Gram

negative bacteria contains several ionic groups, including 

acidic phosphate and carboxyl, moieties, all of which are 

sources of electrostatic negative charge (Luderitz et al., 

1982). The presence of polyions in the environment can modify 

bacterial surfaces. Polycations such as polylysine and protamine 

can act as outer membrane perturbing agents of enteric bacteria 

and polycationic antibiotics are known to bind to 

lipopolysaccharide (Freudenberg et al., 1991). 

Within the enteroba·cteriaceae family, many species are 

capable of entering human epithelial cells. Bacteria belonging 

to Yersinia species cross the intestinal epithelium and 

replicate within the underlying tis::;ues. A chromo s omal region 

from Yersinia pseudotuberculosis, containing the inv gene has 

been cloned in E. coli HB 101 (I s berg and Falkow, 1985). This 
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genetic determinant allows the normally non - invasive E. coli HB 

10 1 t o invade cultured human epithe l ia l cells, but is unable to 

i ndu c e intrace l lu l ar r e p lication. The peculiar b ehavior of this 

bacter ial s tra i n has made it possib l e to s t udy th e entry 

mech a nism of en t eroinvasi ve b a c te ri a i n a su i t able cell mod el. 

Various pol ycat i ons (DEAE - d ex tr an, hist one, p o 1 y -L-Lysine, 

protamin e and protami n e su l p h a t e ) and a n i ons (mucin, hepar a n 

sulphate, t r yps in inh i b i tor a nd d ex tr an s u l phate ) were either 

added during th e e a rl y phases of i n f ect i on or preincubated with 

the bacter i a . I t wa s obs e r v e d that invas ion was only slightly 

influenced by po l y a nions whereas all polycations str o ngl y 

en h a nced bacteria e n try; this activity was exerted during the 

attachment step . Balm . typhimurium induce fluid secretion b y 

making a c omplex with leuKocytes ( Wallis, 1990). 

In order to establish which phase of infection by E. coli 

HB 101 (Pr 1203) was affect e d by th e poly c ationic agent s , the 

infection was synchronized by a temperature shift. He La cell 

mono1ayers were preincubated at 4°C for 30 min. Bacteria were 

then added to monolayers and allowed to bind at 4°C for 30 

minutes. After removal of the unbound bacteria by washing, the 

bound bacteria were allowed to penetrate by raising the 

temperature to 37°C for 30 min. In these assays, polycations 

were used at the minimal doses that in the previous experiments 

had given the highest values of invaSion, and added under for 

alternative schedules ( Conte et al., 199 0) to the cell 

monolayers for 30 minutes prior to infection by E. coli; the 

tissue cultures were washed before the infection; during the 

bacterial attachment step at 4°C; they were t h en removed by 

washing together with the bacterial inoculum; during the 

penetration step (for 30 minutes at 37°C ( Pedersen, 1980 ) 

preincubated wi th the bacteria at for 30 minutes' . , the 

bacte r ia we r e t hen washed and resuspended in MEM be f ore additio n 
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to th e He La cell monolayers (Cont e et al., 1990) . The inva s ion 

of th e ho s t tis s u es by e nt e ropathoge nic bacte r ia i s a complex 

p r oces s whi c h involves many fa c tor s. 

2.8. PATHOLOGICAL STUDIES 

2 . 8.1. GROSS PATHOLOGICAL STUDIES 

~ong postmortem les ions in pullo r um di s ease, yellow color 

of liver, conges tion a nd c a seous nodules in the lungs were the 

salient features . The organs usually affected include ovaries, 

spleen, liver, gall bladder and kidneys (Doyle, 1925). Mottling 

and enlargeme nt of li v er and kidneys, distension of gallbladder, 

conges t ion 0 f the i ntes tina 1 mucosa wer e common gross 

al terat ions observed (Athar , 1982). Enlargement of 1 i ver and 

spleen, petechiation and whitish foci on their surfaces were 

common macroscopic lesions in experimental infection with Balm. 

gallinarum. The characteristic greenish discoloration of the 

liver frequently observable (Khan, 1982) . Pathological study of 

pullorum disease is characterized by synovitis in replacement 

breeder flocks, along with swelling of the hock joint and/or 

sternal synovial bursae, exudative synovitis, with mononuclear 

infiltration of the synovial and fibrous layers (Xu et al., 

1987) . 

~iver and spleen showed the most constant lesions in young 

birds affected by fowl typhoid. Liver usually enlarged 2 to 3 

times, however, typical bronze discoloration, splenomegaly 

accompanied by mottling in most of the cases was observed. Mild 

to severe enteritis, pericarditis and enlargement of the heart 

were also recorded in many infect·ed birds. In laying birds 

ovarian follicles appeared pedunculated, misshapen and in many 

instances discolored (Siddique et a)., 1987). 
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~lm. typhimurium produced typical pathological changes in 

experimentally infected chicken embryos and day-old chicks. SPF 

chick embryos were infected on 6th day and on 14th day of 

incubation with Salm. typhimurium. Salmonellae primarily dama ged 

chorio-allantoic membrane (CAM), resulted in 10- 4 0 per cent 

embryonic mortality. Birds died in acute stage showed atrophy of 

lymphoi d organs, bursa of Fabricius and thymus. Depletion of 

lymphocytes and necrosis are the characteristic fea tures, while 

the lymphoid organs of chicks held in th e s ubacute stage 

developed hyperp lastic changes. Two weeks-ol d chicks affected 

with Sa lm . enteritidi s showed a toxic i ndurated yolk-sac 

remanent , rarely pericarditis at the time of slaughter (O'Brien, 

1988). 

In broiler b re eder f lock s infec ted with Salm. 

birds i n full lay had n o gross abnormalities. 

enteritidis 

Birds with 

i nact ive ovaries had misshapen, shrunken 

conges ted ova. Yolk profus ion was abundant 

cavity (Lister, 1988). Birds died on the 

di sc olo red and 

in the abdominal 

farm with Salm. 

enteritidis ha d ovarian infection. The ovules were congested and 

misshapen. Egg peritonitis was common in these cases (Hopper and 

Mawer, 1988). Pathological changes in indigenous chickens showed 

enlargement of liver with necrotic foci and hemorrhage on the 

surface. Intestines were commonly affected while spleen had 

least tendency of alterations. Livers were bronze metallic sheen 

color and fragile in consistency (Javed et ai., 1990). Gross 

pathologic studies in Australian parrots, pigeons and peacocks 

were observed frequently. Liver, lungs, spleen and kidneys were 

invariably enlarged, congested and friable with necrotic foci . 

Lungs appeared hepatized with exudate (Javed et ai . , 1992). 
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2.8.2. HISTOPATHOLOGICAL STUDI ES 

H istopathologi c c hanges of s a l monellosis in c hi c ken and 

adult h ens c omprised of foca l e ndoth e lial prolif eration of 

live r, accompani ed with focal n ecr o s i s of my ocardium, catarrhal 

br onchiti s and e nteritis ( Suganuma, 19 6 0 and Pomer oy, 1978) 

obs er v e d swe lling of liver, s pl ee n and ki dn eys. Other changes 

included grayis h whit e milia ry foci in myocardium but rarely in 

th e lungs a nd gi zzar d of you ng chi cks. P e r icarditis and 

enteriti s were a lso recorded. The h ear t s howed sub-pericardial 

hemorrhages, the liver s howe d maximum dil at i o n of the veins and 

sinusoidal capillar i es, on renal sect ion presence of numerous 

granulocyte (J ave d e t ai ., 1991) . In the spleen apart from the 

hype remic blood vessel s, the re was ma rk ed proliferation of the 

endothe 1 i a l ce lls o f the sinus, and an incr eased number of 

gr a nul ocyte at germinat ion ce nters (Ahmad , 1982 a nd Khan, 1982). 

Purulent me ningo ence phali ti s caused by Salm. pullorum in chicks, 

pullorum di sease affec t e d 160. 000 chicks from the total of 

400,000 . Meni ngoencephalitis developed in some 1000 of the 

affected chicks (Coelho et al., 1983). 

Pathological changes of liver and spleen in avian 

salmonellosis due to Salm. pullorum in the liver showed 

hemorrhages (16 %) and necrotic foci (11 %) , while in th e 

spleen, hemorrhages ( 13 %) and necrotic foci (25 %) were also 

found. Histopathological alterations in the liver showe d 

thickening of capsule, congestion, degenerative and necrotic 

changes, while the spleen showed similar changes in addition to 

hemorrhages. Birds infected with Salm. gallinarum showed liver 

with bronze discoloration, mottling and hemorrhages. In spleen 

there was mottling, hemorrhages and necrotic foci were the 

common lesions. The histopathological alterations in the li ver 

and s pl een were similar to those in Sal m. pullor um in fections, 
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but fatty chang e was al s o obse rved (Chi s hti et al., 198 5; Javed 

e t al., 1990 and Javed et al . , 199 2 ) . 

~ist opathological alt erations induced by dif fe r e nt motile 

a nd non-motile s almon e llae i n SP F c hick s were thickened hepatic 

c apsule with a f ibrinous exudate c ontaini ng a few leukocytes and 

fat dropl e t s. Th e blood vesse l s of t h e c apsul es were congested, 

liver cells in the center o f th e lobul e s were necrotic but those 

around th e edges were in a d vanc ed stages along wi th 

parenchymatous deg e n era tion . Th e capillaries contained large 

number of leukocytes a nd red blood corpuscles. A number of small 

veins were surrounded by dense masses of polymorph leukocytes. 

Congestion of the large arteries was marked. Some hemorrhages in 

the tissue elements was present. However, a few d iff er ences 

regard i ng the spec i es d iff erences were observed (S idd i que e t 

al., 1985c). Histopathological examination of the thymus and 

cloacal bursa of Fabricius from vaccinated chickens s howed an 

expansion of the medullary zone and a narrowing of the cortical 

zone, with migration of thymocytes to the medullary zone. These 

changes were more pronounced in vaccinated birds (Purdnikov , 

1987 and Gao et al., 1987). 

2.8.3. ELECTRON MICROSCOPIC STUDIES 

Analysis of the transmission electron-microscopic images 

(TEM) showed, severe nucleocytoplasmic modifications, 

irrespective of the organ (tissue ) and motile Salmonella 

serotypes involved. In nucleus fragmented nuclear chromatin with 

frequent exvagatination towards the cytoplasm and breakage of 

the nuclear membrane were the main features. All the cytoplasmic 

organellae were altered. Scanning electron - microscopy (SEM) 

performed on tissue from all the organs of the chicks 

experimentally infected with both motile salmonellae and Salm . 

gal linarum, showed that appreciable ult ras tructural lesions we r e 
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generally induced only by Salm. typhimur i um. Except for the 

bursa of Fabricius, there were severe inflammatory lesions in 

all the investigated organs, i.e., liver, spleen, kidney, heart 

and i n testinal wal l . Th e presence of necro t ic and necr obiotic 

z ones in the parenchyma, dystr ophic alterations. An appr eciable 

reduction in the number of reticular cel l s and c hos e of the 

ma cr ophagic system of the "B" and "T" lymphocytes i n lymphoid 

o rgans was observed (Sidd)que et al., 198 5c). 

P e n e tr at i o n o f Salm . Thompson a nd Sa lm . e n ter it i dis thr ough 

ch i c k i l e oceca l mucosa wa s observed. En try of bacteria into the 

epitheli a l c e l ls was a ss oci ated wi t h a series of pathological 

changes. Beg i n ning wi t h the appea rance of acti ve Golgi apparatus 

and th e produ c t ion of v ari ety o f l y s os omal vesicles. No lesion 

was obse r ved i n l amina p r opr ia unt i 1 transported macrophage. 

Scanni ng el ec t ron micr o s copy revealed adher ing bacter ia 

incr eased wit h the age of the ch ick, that the morphological and 

quantitative cha nges o f t h e caecal microflora are completed by 

about 15 d a ys of age and t hat a complete bacterial colonization 

of the caecal wall of a newly hatched chick occur only 24 hours 

after treatment with an adult caecal microf1ora (Humbert et ai., 

1989). 

2 . 9. ANTIBIOGRAPHY 

The i ncreas i ng use of ant i bacter ials for pr ophy1act i c , 

therapeutic and nutritive purposes in agriculture and medicin e 

creates a potentially powerful selective pressure for the 

spread of antibiotic resistance in bacteria (Duck et ai., 1978 

and Lofont et al., 1981). As many authors pointed out, the 

spreading of mu1tidrug resistance strains determined peculiar 

aspect of gravity in the outbreak ~volution, serious economic 

involvement including loss of work, cost of therapy, expensi ve 

laborat ory investigations and antiep izooti c mea s u r e s (Barb our 
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and Nabbut, 1982; McGarr et al., 1980 and Hirsh et a l . , 1983 and 

Kawara, 1990). 

~tibiotic sensitivity of Sal mon e ll a stra ins re v ea led that 

a mpi c illin , g e ntamicin , kanamycin, neomycin a nd str eptomycin 

were th e most ef fectiv e against mo t il e as we ll as non motile 

sa lmon e ll a e . A remarkable resis tanc e to tetracycli ne, tylosin, 

bi septol and furazol idone was observed. Some s uscept i bi 1 i ty 

dif ferences to polymyxi n, n e omyc in and strep tomycin were noticed 

in motil e salmon el lae (Siddique . et al., 198 5 ). Salm. gallinarum 

i sol ated f r om outbreaks of inf e ction in pou ltry in Greece (15) 

Amman ( 3 ) Kenya (2)L e banon (1) a nd Yemen (1). Among them 20 were 

more r es i s t ant to f u razolidone in vitr o than 6 strains that had 

been i s ol ated in the UK. Th e minimum inhibitory concentration of 

furazo 1 idone was appr ox i ma te ly 0 .3 )lg/ml for the sens it i ve 

stra ins and 1.3 or 2.5 )lg/ml for the mo re res istant strains. 

Chloramphenicol, trimethoprim and s ul fadiazine or mixtures of 

the latter two wer e the best a ntibacterial for treating these 

in f e c t ion s ( S mit h eta 1 . , 19 8 1 ) . An tim i c rob i a 1 d rug 

susceptibility of Salmonella from ducks, rabbits, fowls, mice 

and guinea pig we re tested. Four strains were resistant to 

ampicillin, cephalothin, chloramphenicol, sulfonamides, 6 per 

cent were resistant to neomycin and about 5 per cent to 

streptomycin and tetracycline. Most strains were resistant to 

kanamycin and penicillin (Yoon et al., 1985). 

~picillin at 0.6 )lg/lit, chloramphenicol, gentamicin and 

streptomycin at 2 )lg/lit and colistin at 6 )lg/ml wer e 

bacteriostatic against Salmonella strains isolated from turkey 

embryos. Neomycin, oxytetracycline and tylosin were less 

effective. The minimum bactericidal concentration of ampicill in 

was 2 )lg/ml. The strains were resi s tant to penicillin , 

erythr omycin, sulf amer azin e and s ul fachlorpyrazine. 
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Antimicrobial drugs resistance in 261 Salmonella strains 

revealed resistance to tetracycline (44 %) at 8 ~g/ml, 

a mp ic i llin (3 .8 %) at 8 ~g/ml and chl oramph eni col (9. 2 %) at 12 

~g. Ba cit r acin fo ll owed by chlorte t racyc line , t etrac ycline, 

polymyxin B, oxytetracycline, erythromycin, streptomycin and 

neomycin have maximum re s i stance. Sensitivity to chloramphenicol 

and nitrofuraltadone was d etected in 99.78 per cent and 97.6 % 

of the Salmonel la strains, respectively. the strains were 

isolated from horses, poultry, guinea pig, frogs and ground 

lizards (Gupta and Mallick, 1976). 

~alm. typhimurium, Salm. saint-paul, Salm. eimsbuettel and 

Salm. arizona of chicken breeder origin were tested against 10 

antibacterial drugs. Gentamicin, ampicillin, kanamycin and 

polymyxin was sensitive streptomycin, chloramphenicol, nalidixic 

acid oxytetracycline and sulfadiazine were resistant at 

concentrations of 2 or 5 ~g/ml, and to nitrofurazone at 5 or 10 

~g/ml . One strain of Salm. typhimurium was resistant to 

nitrofurazone at 20 ~g/ml (Silva et ai., 1981). Sensitivity to 

eight antibacterial drugs was tested in 12,903 Salmonella 

strains isolated from animals and environment during the three 

year period of 1979 to 1981. A total of 2.834 (21.9 %) strains 

were sensitive to all eight antibacterial drugs (Sojka et al., 

1984). Salm. gallinarum, Salm pullorum and motile salmonellae, 

isolated during 1975-1982 from several species of birds were 

sensitive to the nitrofurans, chlortetracycline, neomycin and 

streptomycin. Salm. pullorum was very sensitive to 

chloramphenicol while the motile salmonellae were quite 

sensitive to ampicillin (Gitthkopoulos, 1984). 

SuI fa1ene and suI fachloramphene. at respect i ve concentrat i on 

of 6.25-12. 5 ~g/ml and 6. 25-25 ~g/ml showed in vi tro 

bacteriostatic activity against six strains of Salm. gallinarum-
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pullorum (Bondarenko et al., 1984). Neomycin sulphate 200 g/to n 

and or oxytetracycline 200 g/ton for 16 days reduce th e 

i nfection. The inci d ence of salmonellosis was l owest in ch ick e n 

fed or the comb ined a n tibiotics and there were fewer viab le 

Ba lm . t yphimuri um in fe c es t han in c hicken r e c eiving onl y one 

a ntib iot i c ( Wi ll iams et al., 1984 ) . Nine ser otypes from poultry 

i n Ghan a were isolated f o r t he first t ime. All serotypes tested 

we re s ensitive to furazo l idone, all but one to chloramphenicol 

and n e omyc i n but half were resistant to oxytetracycline, 

chlo r t e tr a cycline and s t rep t o myci n (Boachie, 1985) . 

.Among Ba l m. t yphimurium strains antibiographed 250 were 

Salm. dubl i n , 1988 Balm. choleraesuis, 61 Salm. enteritidis and 

73 gallinarum - pullorum was determined to streptomycin, 

chloramphenicol, colistin, neomycin, ampicillin, nitrofurantoin 

and sulfathi a zole . Compr i s ing with ea r lier work , an increas ingly 

hi gh percentage o f strai n s s howe d res i stance to se v eral a g e nt s 

suggesting the p r obability of new dete r minant s of r es i stanc e 

being acquired. Most of th e organi s ms we r e sensitive to 

chloramphenicol. Balm. choleraesuis was susceptible to 

streptomycin and Salm. enteritidis and Salm. gallinarum - pullorum 

to colistin and neomycin. Many st r ains were sensitive to 

streptomycin but a few to ampicillin (Hoszowski and Truszynski, 

1980). The sensitivity of apramycin treatment against fowl 

typhoid and Balm. gallinarum was of value (Demirozu, 1982) . 

Field trials with furazolidone at 100 g/ton and chloramphenicol 

at 100 g/ton gave good results against Salmonellae All s trains 

we r e highly sensitive in vitro to nitrofuran, chloramphenico l 

a nd gentamicin, but completely resistant to benzylpenicillin and 

neomycin erythromycin, ampicillin and sul f amethoxazole (Shahata 

et al., 1983) . 
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In 1287 str ain of Salmonella r esistance was fo und to 

strep tomyc i n in 2 86 i s olat es and to tetracycline in 282 

isolates . Resis tance to other anti mic r obial drugs was low and 

was unrelated to th e s ource. 1 73 isolates showed multiple 

resistance to two or more a ntimic r obi a l age nts with resistance 

to streptomycin and tetracycline b e ing th e most common (Murray 

et al. , 198 6 ) . Minimum inhibi t ory c oncentr ation 16 ~g/10 ml of 

cefoxitin sodium a g a inst avian Salmon e lla was sensitive. In an 

outbreak of Salm . indiana , was se n s i tive to oxytetracycline 

pathogen wa s r es istant to p e nicillin, chloramphenicol, 

ampicillin a nd sulfonamides (Rao et al., 1986). Salm. 

typhimurium, Salm. pullorum, Salm. enteritidis and Salm. 

montevideo were resistant to oxytetracycline, ampicillin, 

sulfonamide, streptomycin chloramphenicol (Becirevic and 

Popovic, 1987). Kanamycin administration was associated with a 

significant increase in the frequency of isolation of drug

resistant transconjungant Salm. typhimurium from the livers of 

poults inoculated with multiple drug - resistant E. coli and drug 

sensitive Salm. typhimurium. Kanamycin administration reduced 

the spread of drug - sensitive Salm. typhimurium (Gast, 1991c). 

Balm. gall inarum- pull orum, Salm. virchow and Salm. newport 

against eleven antibiotics revealed that the isolates were 

sensitive to f1umequine and chloramphenicol (70-80 %) , 

moderately sensitive to nitrofuration, ampicillin and neomycin 

(38 - 57 %) and weakly sensitive to lincomycin and streptomycin 

(15 - 18 %), but completely resistant to erythromycin, penicillin, 

tetracycline and trimethoprim. In vivo flumeguine and 

chloramphenicol decreased mortality and carrier rates. Efficacy 

of sulphadiazine-trimethoprim combination against Salm. 

gallinarum is effective (Reddy et al., 1987) Apramycin is of 

value against Salm. pullor um in chickens. Apramycin given at 225 
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mg/l i ttre for 5 days in dr ink ing water prevents d eaths a nd 

reduces bacterial excretions in Salmonella infect ed chicks 

(Tacc oni et al., 1987). The feed given to young broil er chickens 

wa s co n taminated artificially with Sal m. kedougou. 

added to t he fee d at either 2.5 or 10 ppm ( mg/k g), 

Avilamycin, 

favored the 

colon iza t ion of t h e in t estinal tract of the birds with Salm. 

kedougou when they were challenged with thi s organism in the 

feed (H i nton , 1988). There are se t requ i r ement to evaluate the 

activity of a nt i bacterials i n field (L ewin and Amyes, 1989). 

2 . 10. CONTROL MEASURES 

Disseminati on of salmo nellosis in chicken operations cannot 

be controll e d wi thou t kn o wi ng the sources and spread of the 

organism at the h atchery, breeding and commercial farms as well 

as processing plants (Javed and Hameed, 1989). A better 

understanding o f this process would help in development of 

monito ri ng system for in for mul ating effective contro l programs. 

(Bhati a and Nabb, 1980). In spite of a high prevalence of 

salmonellosis in breeder flocks, only a few limited steps have 

been taken to eradicate thi s insidious problem of our poultry 

industry. Import of Salmonella free day - old parent chicks, 

feeding Salmonella free feed and uncontaminated drinking water 

a r e necessary control measures. Restriction on visitors, 

improving sani tary and managemental condi tions are of great 

value. Competitive exclusion, addition of antibacterial drugs 

and vaccination is recent intervention to break the cycle (Javed 

and Hameed, 1989). Attempt with oral immunobiotherapy and 

immunochemotherapy is of value for the elimination of Salmonella 

in carriers (Munnich and Dalmi, 1989). 

2.10.1. PARENT STOCK AND HATCHERY 

13acteria, including Salmonella, can penetrate an egg s he ll 

is as s oon as 30 minut es after laying. Bacter ial penetrat ion 
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through shell pores is facilitated in the first fe w minutes 

after lay due to the cooling of a warm and moist egg. Most 

breeder farms in Georgia do not have an on-farm progr am for the 

disinfecting of hatching eggs. Conditions during incubation 

(temper ature and humidity) are favorable for the ra pid growth of 

b a cterial popu lation. Invading bacteria usua ll y do not cause 

extensive decomposition of the egg and, as a result, chicks are 

often hatched from contaminated eggs. There a re numerous factors 

that can af f ect the suscept i bility of ch ickens to Salmonella, 

o ne of the mos t important is the age o f t he animal. Milner and 

Shaffer (1952 ) found that day-ol d chicks could be infected with 

l es s t han five Sa l monell a organisms. Later, when chicks were 

older f much hi g her doses o f Sal mon el la were required, even to 

achi eve irregul ar infec t i on. Ne wl y hatched chicks could be 

infect ed b y a single Salmon e ll a organisms. Therefore, the 

prese nce, persis t e nce and abundance of Sa lmon e lla contamination 

in the commercial hatchery sugges t tha t t h e v ulnerabl e d ay- o f

ha tch c h ick may be a t a grea te r rich of coloni za tion during the 

hatching p r o c e s s t h a n du r i ng g r ow- out . A chick that becomes 

co Ion i zed in the hatchery c a n s ubs equent ly spread Salmonell a 

contamination to other chicks in the hatchery and to flock mates 

during grow- out. When such a f l ock reaches the processing plant, 

Salmonella contaminat i on both inter i or and exter i or can be 

released into the processing facility and contaminate the final 

product from this and subsequently processed flocks. 

Contamination and penetration of the shell of fresh and 

incubating hatching eggs cons titute an early important critical 

control point in the transmi s sion of Salmonella to young birds 

and perhaps, eventually to the consumer (Mauldin, 1990). 

Ozone and formald e hyde wer e compa r ed as poultry hatchery 

disinfectants in poultry and evaluated for their effective ness. 

Oz on e ( 1. 41 to 1.68 % w/w) res u lted i n significan t bacter ial 
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reductions of > 4 log~o. In the event that formaldehyde c a n no 

longer be used in the hatchery, an effective alternative may be 

ozone (Whistler and Sheldon, 1989). Salm. enteritidis was 

transmitted vertically to clinically affected progeny flocks. 

The i n fected b reeder flocks were slaughtered a nd the infection 

th rough o ut the organizati on was controlled and s ubsequently 

erad icat ed. Preventi o n of Salmonella by vertical or 

re i n t roduction of infection is only possibly checked by avoiding 

th e en t ry o f infected personnel, o t her a n ima l species, fomites 

o r t ra nsm i ssion thr o ugh feed. All f eed was heated to minimum 

7 0° C f o r 12 minutes i mmediately before it was pelleted and 

subsequently trans port e d to th e fl oc ks through a dedicated 

system of c onve yo r bel t s, bins and lo r ries (McIlroy et al., 

1 989 ) . 

2 . 1 0.2. CHEMICAL DISINFECTION 

~eat samples were treated wit h v ar ious l e v e l s o f chlori n e 

dioxid e (CI 0 2 ) i n l a r ge s pi n t y p e chille r in poult r y proce s sing 

plants. CI0 2 f r om 0 to 1.39 mg/litt r e re s ulted in reducing the 

bacter i al count to t h e po i nt wher e sa lmone llae cou ld not be 

isolated from the chilled water o r the chilled broile r 

carcasses. Sensory panel ists reported no bad flavors for any 

CI0 2 concentration but rated broiler skin as being slightly 

lighter in color compared to control carcasses at all 

concentrations of CI0 2 treatment. Dip disinfection of Salmonella 

infected hatching eggs concerned with hatchability. Dipping eggs 

in 56°C hot water for 2 minutes or 60°C for 1 minute had no 

adverse effect on hatchability, nor did dipping in H2 0, o r 

disinfectants af f ect hatchibility. Hatchability wa s 

s ignificantly reduced by dipping in an iodophorphosphoric aci d 

preparation or by combined 60°C wat e r and 1 per cent formal in 

treatment. Contamination of egg s with Salm. senftenber g led t o 

hi g h re i s ol ati on rates o n the 7th, 9th , 13th, 1 5th a nd 1 9th days 
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o f incubatio n . No adver se eff ec t wa s det ec t e d on hat ch i b ility 

wi t h l ays o v e t a nd wate r o f 6 0 ° C at ro om t e mper atur e f or 5 

mi n ute s (Ma nd l, 1985 ) . 

~ys o zyme a nd e t hylen e di amin e t e tra a c e ti c ac id h a ve effect 

on Salmonel la on b r o il e r par ts. A dip s y s t e m, consisting of 

l y s o z y me (1 mg / ml ) a nd ac e tic a ci d (ETDA 5 mg/ml), gave a 

s i gn if ic a n t red ucti on in the numb e r of viable S a lmonella . In a 

trypt i c a s e - s o y b r oth s olution, Salmon ella growth was inhibited 

by EDTA, whi le l ys o z yme had little effect (Samuelson et al., 

1985) . Tot a l plat e c ount s o f Salmonella f or washed duck eggs 

were l e ss than 3D/shel l du r ing the winter, 1982. Clean unwa s hed 

eggs h a d count s less than 9 x 10 4 /shell whereas dirty unwashed 

eggs had c o u n ts as high as 9 x lO ~ /shell . Washing with chlorine 

disinfectant was highly effective in reducing bacterial counts 

on egg she Il s , pro long e d s to r a g e red uc e d bact er i a 1 co un t s on 

clean eggs . Bac t er i a l loa d s on washed and clean du ck e g gs fr om 

s ix different breeder farms were low whe re as di r ty e ggs h a d 

he a vi ly contaminated wi t h S a lmonell a. Sa lm. enter it i dis was 

detected on dirty egg shells in an many f a rms. Bacterial load s 

on washed and nest clean eggs from the same b r e e d er f a r ms 

(nonconfined) was less. Salm. enteritidis and Salm . h adar were 

recovered from washed, nest clean and dirty eggs. Proper egg 

washing and confinement of breeder ducks should minimize the 

p r oblem of salmonellosis in ducklings (Baker and Goff, 1982). 

The thermal inactivation of Salm . thomps on was accelerated by 

the addition of sodium isoascorbate (1 Mm) to phosphate buffer. 

The lethal effect of i s oas corbate was nullified by he a ting under 

anaerobic conditions o r by the addition of catalase. The 

mannitol and fo r mate were not protective whe r eas histidine was . 

Hi s tidine may hav e protec t e d by s lowing th e r ate of isoas co r ba t e 

auto - oxidation, a property common to the other amino acid s 

te s t ed. Th e b ac t eri cid d l e f fect of mi l d heat pl u s is o ascorba t e 

74 



"VI,r 01 LIrERArURE 

or dehydroascorbic acid both apparently depend on oxidat ive 

process related to their respective rate of oxygen consumpti on 

or per oxide produc t ion (Mackey and Seymour, 1989 ) . 

I? r evention o f Salm. typhimurium colonization of b r o il ers 

wi th D-man n ose is a re c en t approac h. D- mannose blocks S alm. 

typ h i muri um ad h erence to chicken in t estine i n vitr o . Certain 

ca rbohydrates may provi d e a mean to reduce Salm . typh imur i um 

contami nati o n i n br o ilers (Oyo fo et al. , 198 9) . 

2.10.3. COMPETITI VE EXCLUS I ON 

~ompetiti ve exclus ion i n p reven t i ng S alm . typhimurium 

i n f e c tion of b ro iler chi c k e n s ha s b e en o bser ved with a 

lyoph i l i z e d ex t r a c t o f b r e e d er flo c k lit ter, an anaerobic 

culture o f ad u lt fo wl fae c es . Old li tter extract and anaerobic 

cu lt u re in comb inati o n were p lac ed on l itt e r , e x po s ed at 3 days 

of age t o Sa l m. typhimurium in drinking water . Int estines o f all 

chick s i nd ic a ted a l ower i n ci d enc e of i nfection at 708 weeks in 

treated chick s ( Rigby a nd P e t tit , 1980) . Chick s t r eated with 

avian s train of Lac t o - bacilli wer e s ub s equently infected wi t h 

ei t he r S a lm. typhimur ium or S a lm . enter itidis. The Lacto 

bacilli reduced the number of Salmonella adhering to the crop 

muco s a but not on the caecal muco s a, nor did it reduce shedding 

o f S a lmone l la (Soerjadi et al., 1981). A defined mixture of 

bacterial isolates from the ca e cal mi c roflora of an adult bird s 

showed competitive exclusion against salmonellae. Colonization 

of the caeca of newly hatched chick s by Salm . typhimurium was 

prevented by the oral admini s tration of a mixture of cultures 

comprising 48 different b a ct er ial strains e xcept S almon e lla from 

an adu l t bi r d (Impey et a l., 1984 a nd Popiel and Turnbul l, 

1985) . 
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.Axenic chickens were given diluted suspension of adult 

birds feces and exposed to the salmonellae. Exclusio n was dose 

dependent, a large inoculum of the salmonellae (10 7 viable 

organism per bird) leading to colonization in treated chicks 

(Lofont et al., 1981). A defined mixture of 48 bacteria isolated 

from the chicken cecum and undefined anaerobic cu ltures of the 

contents of t he caecum of both chicken and turkey were compared 

fo r their ability to prevent intestinal coloniza tion of newly 

hat ch ed chicks and turkey poults of Salm. kedougou or Salm. 

typhimurium. Th e defined bacteria mixtu r e prot ected chicks but 

no t poults even when a further 17 strains of different caecal 

bact e r ia were incorporat e d in the mixture. The undefined culture 

from chicken was less protective for poults than the 

c o rresponding t u rkey culture (I mpey et al., 1984 and Hinton et 

al., 1990). A furt her passage culture of adult chicken caecal 

c ontents protected against c hallenge wi th Salm. typhimurium 

reared on wood-shavings poultry littre. Competitive exclusion 

o f Sa lm . typhimuri um b y lactobacilli in chickens showed prompt 

effect Gleeson et al., 19 89). Dur ing a 5 - years period, a 

bacteri a l flora f r om caecum of ad ult birds was given to broiler 

chick ens in order to control Sa lmonella infection. Culture has 

a Sal monella contaminatio n - preventing effect under field 

conditions (Wierup et al., 1988 and Impey et al., 1987). Poultry 

feed was contaminated artificially with either Salm. kedougou 

or Salm. livingstone. Salm. kedougou was the most efficient 

colonizer although for both serotypes infection rates varied in 

different groups of birds those were given feed containing 

similar number of salmonellae (Hinton, 1988c and Schneitz et 

al., 1989). 

2.10.4. FEED TREATMENTS 

~almonella is a common co mp onent of the commensal f lo ra of 

t he intes ti nal tracts of a n imals. Howe ver, some spec ies of the 
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microorganism can be quite pathogenic. The disease they cause in 

poultry can have severe adverse effects on the economy of the 

poultry industry (Williams et al., 1984). A combi nation of 

techniques has been utilized to achieve significant control of 

Salmonella infection of chickens (Bryan et al., 19 79) and to 

pr oduce a raise to maturity, for a limited peri od of time, 

turkeys that were free of Salmonella (Zec:ha et al., 1977) . 

Failure to eliminate Salmonella, or to maintain a permanent 

Sal monella-free status in these projects, was ascribed largely 

to an inability to eliminate Salmonella, o r to maintain a 

permanent Salmonella-free s t atus in these projects, was ascribed 

lar ge ly to an inaQility to eliminate t he organi sm from feed. 

Conta minated feed is a major source of infection for poultry 

(Ga ngarosa, 1978 ) . 

2.10.4.1. ADDITION OF ANTIMICROBIALS 

~esistance is more serious t hreat in anima l origi n 

Salmon e l la which is l ess likely t o be in human origi n Salmonella 

(Pontello et a l. , 1982) . The inc l usio n o f penicillin in the diet 

was a s soc ia ted with an incr ease in Salmonella shedding, 

particu larly in the f ir st hal f of the reari ng period, but did 

not influence t he lactobaci l lary c ount in the crop or the Ph of 

the contents of the cr o p , gizzard and caecum. Furazol idone 

medicat i o n (150 mg/kg f eed) for the first 10 days had no effect 

on Salmonella carriage at the time of slaughter (Hinton et al., 

1986 and Ekperigin et al., 1983). Administration of nosiheptide 

(20 g/ton) for 33 days against Salm. typhimurium var copenhagen 

has been found quite effective. The effect of feeding 

halofuginone at 3 and 6 mg/kg of feed on the excretion of Salm. 

typhimurium by experimentally infected chickens was studied . 

Halofuginone at 3 mg/kg showed no significant increase i n 

excretion rate. The group fed 6 mg/kg showed a slight incre ase 

in excretion which wa s stati st ical l y signif icant (Barrow et al . , 
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1988a and Zabel et al., 1989). It is well documented t hat prior 

antimicrobial exposure decreases resistance to in fection by 

antimicrobial sensitive Salmonella (Pavia et al., 1990). 

2. 10.4. 2 . CHEMICAL TREATMENT 

~ontro l o f Sa lmonel la infect i ons in br oi ler chickens by the 

acid tr eatment of t heir fee d is an efficien t method. In three 

experi me n t s a solut ion o f formi c a c i d WqS added to feed 

"naturall y" co n t a minat e d wi th sal mo n el lae. In two of them no 

Salmon e lla infec t i ons were demonst ra ted in broiler chickens 

given feed containing 0 . 6 % (w/ w) o f the formic acid solution 

for seven wee ks and in th e third th e infection rate was reduced 

consider ab l y. The treatment of th e feed with formic acid plus 

propionic a cid mixt u re one wee k before the addition of the 

salmonel la e prevented the establishment of infection in chicks 

given the treated feed (Hinton and Linton, 1988b). Feed given to 

laying hens with 0.5 per cent formic acid reduced significantly 

the isolation rate of salmonellae and was associated with a 

reduction in the incidence of infection in newly hatched chicks. 

Formic acid treatment of chicken feed could have important 

benefits for the public health (Humphrey and Lanning, 1988a). 

Chemical treatment of poultry feed reduced the chances of 

survival of Salmonella. After treatment with a chemical 

preservative (Myco - Curb) at 0.25,0.5,0.75 or 1 per cent, 

decontaminate commercial poultry feed. The number of faecal and 

intestinal samples positive for Salmonella was reduced, 

demonstrating elimination of Salmonella in the feed by the use 

of the feed preservative (Rouse et al., 1988). 

2 . 10 .4. 3 . ADDITION OF SUGARS 

Drug resistant Salmonella are in abundance in USA where 

chemical treatment is good drugs are 

approach 

not 

(Cohen 

free 

and 

in market, 

Tauxe, 1989). 
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response of Salm. typhimur i um have been detec t ed (F os ter and 

Hall, 1990) . The susceptibility of broiler chicks to Salmonella 

colonizat i on is greates t during the first few days of life, 

aft er whi c h resistance increases d u e to g ro wt h of normal 

intestinal flora (Barnes, 1979). Resis t ance to colonization 

pr ovided by normal flora has been reported t o be dependent on 

the level of Salmonel l a challenge and may be overcome by 

con tinuous or severe r e challeng ed (Pivnick and Nurmi, 1982). It 

h as been reported that l actose ad d ed to the dr ink ing water 

inhib ited Salm. t yphimurium co l o nizat ion in 10-day-old broiler 

chicks (Oyo f o et al., 198 9 ) . 

I?roposed mechan is ms b y which normal intestinal flora 

prevent coloniza t ion by invading enteropathogens include: 

competition fo r limi t ed nutrients (Freter, 1962); competition 

for attachment sites on the intestinal mucosa (Loyd et al., 

1977); and the p rod uction of short - chain, bacteriostatic VFAs, 

particularly acet i c, propionic, and butyric acids, by anaerobic 

bacteria present in the ceca and colon (Rolfe , 1984). VFAs 

produced by anaerobic bacteria were reported to inhibit 

salmonellae growth and colonization in mice and in poultry. The 

bacteriostatic action of VFAs is Ph dependent and is exerted 

only when the acids are present in th e undissociated lipophilic 

state. The concentrations of acetic, propionic and butyric acids 

present in the undissociat e d bacteriostatic state progressively 

increase as the Ph of the enviro nment decreases and approaches 

the specific dissociation constant (pKa) of each fatty acid 

(Cor rier et al., 1990b). 

~almon ella colonization in broiler chickens has affected 

by certain carbohydrates in the diets of chickens (Dyofo et a l., 

1989). Mannose ( 2.5 % in water) reduced the over all c eca l 

concentration of Balm. typhimurium by at least two orders of 
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magn itude. Based on in v itro studies wit h manno se , indicate tha t 

it interferes with the adherence of Salm . typhimur ium t o chicke n 

i ntesti nal ep ithelium cells (Mc Han et al., 1989). An o ther 

c ar bohydra te lactose, was s hown to reduce t h e Salm. typhimur ium 

concentration in chick e n ceca by two to three order s of 

magn i tude. However, th e mec h an i sm 0 fac t i on 0 f 1actos e and 

manno s e are brough t to b e differ e nt. Lactose probably acts 

through p romo ting g r o wt h of lactose-fermenting bacteria that 

produce s ubs tances toxic to Sa lmonell a ( De Loach et al., 1990 ) . 

Pr ovi s ion 0 f normal i ntest i na1 f lora to newly hatched 

chicks to prevent e nteropat hogen cecal colonization is known as 

the Nurmi concept of competitive exclusion and has been shown to 

effectively decrease cecal colonization by a number of 

Salmonella species. Effect of anaerobic cecal microflora and 

dietary lactose on colonization resistance of layer chicks to 

invasive Salm. enteritidis h as proven of valu e (Richa r d et a l ., 

1990) . 

~alm. enteritidis has been reported to penetrate the cecal 

epithelium and pass into the lamina properia of newly hatched 

layer chicks enclosed wi thin membrane bound vesicles and by 

capture and transport wi th i n hos t macr ophage. D i f fer ences in 

invasive activity between virulent and avirulent strains of 

Salmonella were not observed by some researchers, and it was 

suggested that d i f ferences in i nvas i veness may be assoc i at ed 

with a variety of factors, including the ability of Salmonella 

strains to multiply and colonize the ileocecal region of the 

gut . The nor rna 1 i n t est ina 1 flo r a inc rea sec 0 Ion i z a t ion 

resistance against a variety of Salmonella serotypes. The normal 

intestinal flora and lactose in the feed decrease the Salmonella 

colonization (Richard et al., 1990 ) .The Eh and volatile fatty 

acids in the normal gut flora play antimicrobial role (Meynell, 
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1963). 

2.10.4.4. HEAT TREATMENT 

~ long as salmonellae are constantly introduced into farms 

in the feed, nothing sUbstantial can be done about the 

situation. The only way to tackle Salmonella is at the s ource; 

feed. I f cereals and other feed raw mater ials are i nvol ved as 

well as animal proteins, they will have to be i ncluded. Heat 

treatment is simple, cheap and effect i ve (Grisedale, 1990). 

2.10.4.5. PELLETING 

~ttempts have been made to eliminate Salmonella from 

poultry feed ei ther b y pelleting (Bryan et al., 1979) or by 

steri l izing feed comp onents of ani mal ori gin before their 

incorpo ra tio n into feed (Mart h eda l , 1977 ) . At best, such 

attempts have resulted only in significant reductions in levels 

of contamination. Sterilizing only certa in component s of feed 

ign ored the pr obability of contaminat ion from one or more of 

th e o t he r c omp on e n ts ( Marthed a l , 197 7). Pelleting should have 

been more e ff ect i v e, si nc e it i nvo l ved treating the whole feed. 

Howeve r, t he pe l l e ting p r oc ess is weighted heavily in favor of 

product i on of good quality pellets, and the conditions favoring 

the production of good quality pellets are unfortunately not 

always the same as those who ma ke difficult to the survival of 

Salmonella. Mash is pelleted by forcing it through die openings, 

the producers being facilitated by treatment of mash with steam 

(conditioning) for about 20 seconds before compression. Under 

current pellet-production practices, steam generated in a 

broiler is the only medium through which the heat energy of fu el 

can be transferred to mash . This heat transference i s 

accompan i ed by cond ensat i on 0 f the s team and a cor res p ond i ng 

increase in moi sture content of mas h being heated . It h as been 

esti mated that t h e moistu re level increases by 1.0 per cent for 
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every 11.1°C rise in temperature. For the relatively colder fe ed 

generally availab l e during winter in cold climates, this me ans 

that in order to raise mash temperature to a leve l high en ough 

to kill Sal mone l la, the moisture content of the mash would have 

to be allowed to i n c r ease beyond the c h o ke p oi nt of the pellet 

mi 11. I n other words, the mash' would become to o mo i s t for 

pe ll eting ( McCap es et al., 1989). 

~ecently, an e quipment c o nfiguration called the anaerobic 

p a s teurizing condi t i on ing system is in troduced to the feed 

industry (Bea umont, 1986) . It is clai med to be capable of 

permi t ting the atta inmen t of high mash temperatures without 

causing mash t o become to o mo i st . Fuel is ignited and combined 

directly with wa ter the vapo r ator resulting in the production of 

steam, nitrogen, a nd other hot gases (CO ~ , CO), which are 

c hannel ed into the conditioner to heat mash. The direct 

u ti l ization of all the hot product s of this combustion is said 

to mak e i t poss ible to control temperature independent of 

moistur e levels. 

~he susceptibility of microorganisms to the lethal effects 

of heat is influenced by genetic and environmental factors. For 

instance Salm. senftenberg is less susceptible to heat than most 

other salmonellae. Naked strains of microorganisms, on the other 

hand, are generally more susceptible than encapsulated or 

sporulated forms. Susceptibility is also influenced by size of 

population of the microorganism as well as by changes in 

temperature, heating time, moisture, acidity, and compo si tion of 

the medium in which the organism is being heated (Bryan et al., 

1979). Optimum conditions of temperature, heating time, and 

moisture (optimum TTM) that will kill Salmonella is 87.8°C for 

1.5 minutes, 89.4°C for 0.5 minutes at 15 per cent moisture ( ~iu 

et al., 1969). Conventional pelleting is the most effect i ve 
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anti-Salmonella feed processing technique currently available. 

However, it only reduces the level of Salmonella in feed 

(Marthed a l , 19 77) . More r e ductions in the lev el of Sal monella 

contamina ti o n o f feed ca nn o t b e useful in a Salmonella 

elimination program, b ecause onl y as fe w as on e colony forming 

un ito f Sal mo nell ape r g r a m 0 f fee dis r e qui red to i nit i ate 

infection (Gangarosa, 197 8). If the obs erved elimination of 

Salmon e ll a from feed in the present st udy is real, the new 

pell et i n g proc ess could be regarded as pr ov id i ng the mi ss ing 

link in the chain of technol o gy needed to eliminate the organism 

from poultry (McCapes et al . , 1989 ) . 

2.10 . 5. MICROBICIDAL EFFECTS OF VARIOUS DISINFECTANTS 

The membrane disruptive and antimicrobial activities of 

cationic surfactants are well recognized. These agents are often 

active against a broad range of bacteria and other cells and can 

also inactive certain vi r uses (Hugo and Russel, 1982). Because 

of their high affinity for biological membranes, these agents 

s how a low s e I e c t i v i t y and can bed a rna gin g to a va r i e t y 0 f 

mammalian cells ( Pinnaduwage et al., 1989). Since the time 

needed to kill microorganisms with cationic surfactants is 

usually short, it could be expected that side effects in the 

host might be decreased by the use of substances that are 

subject to hydrolytic degradation. However, the life-time of the 

compounds must be sufficiently long to allow proper inactivation 

of the undesired microorganisms. The products obtained in the 

degradation steps should also be significantly less toxic than 

the original compounds and should ideally constitute normal 

metabolites of the host (Lindstedt et a1. 1990 ) . To explore the 

possible use of degradable cationic surfactants, a series of 

amphophilic betaine esters have bee~ studied. The interaction 

between cationic surfactants and microbial cells is not 

understood in detail. It seems generally accepted, however, that 
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lipid bilayer structures of cell membranes are principal targets 

for this class of compound s. In the process of bindings, the 

hydro c a rbo n tail of the cationic amphophilic substance bec omes 

i nterca lated i nt o h yd r oph ob ic i nt er i o r 0 f th e micr ob i a 1 

membrane , a nd t he c ation ic polar head g rou p parti c ipates in 

charge i nterac t ions with neighbo ri ng surface s tructures (Jawetz 

e t a l .19 89) . 

~ for stable q uat er n a r y a mmon ium compounds, the initial 

sit e of i nt eract i on of t he betai n e esters is probably the lipid 

bi layer of the out er membra n e . .. Fur thermore, these substances 

caus e lea kag e o f cytopl as mi c compounds, indicating that the 

plasma membrane is also affected (Hugo, 1982). The phospholipids 

of both types of membranes contain fatty acids, mainly C~s and 

C~e (Cronan and Rock, 1987), and there is a rapid exchange 

between the pho s pholipids of the outer and inner membranes. In 

t h e 1 i p opo lysacchar id e o f S a lmon e ll a stra i n s , t h e 3 - hyd r oxy

te tradecano ic ac id res idues, wh i c h a r e a mid e link ed to the 

glucosamine moieties of lipid A, are 3 - 0 acylated by C~ ~ and Cl s 

saturated fatty acids, allowing a hydrocarbon chain length in 

the outer cell membrane of at least 18 carbon atoms. Thus, the 

high bactericidal activity of the C~6 and C~e betaine esters 

may be due to the facts that both the outer and the plasma 

membrane lipid bilayers may accommodate the entire hydrocarbon 

chain length of these betaine esters and that longer hydrophobic 

chains have a greater hydrophobic effect (Tanford, 1980). Change 

interactions 

esters and 

between quaternary nitrogen 

phosphate groups in 

groups in betaine 

phospholipids and 

1 ipopolysacchar ide may contr ibute · to complex format i on. The 

higher antibacterial activity of octadecyl quaternary ammonium 

compounds was shown the earlier comparative tests of series of 

substances with different hydrocarbon chain lengths and other 

chemical structures adjacent to the quaternary nitrogen 
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(Linfield, 19 70 ) . Be c a u s e t h e ti me n eede d for ~i cr obial kill i n g 

i s s ho r t, a reduct i o n of the li f eti me o f the e ster s by 

h ydrolysi s s hould al low ef f ect ive d i s inf e ction a nd an t i s e p s i s 

with reduced toxic eff e c t s . 

2 .1 0 . 6 . WATER TREATMENT 

~he drinking wa t er p r ovi d e d t o poult r y can be a pot e n t ia l 

source 0 f d i seas e caus i n g o rg a n is ms . However, th is f a ct is 

sometimes overlooked by poultry farme r s and a loophole is left 

in their hygiene programs. There are three main point which have 

to he considered. First, attention to the entire s ystem as part 

of the terminal cleaning program . Secondly, the quality of the 

actual supply and regular sanitizing of it, when necessary. 

Finally, the prevention of transmission of disease causing 

o r ganisms via the drinking wa t er at times of high risk. 

~o gain the f ull po t ential fr om wa t er san it i zing, as with 

a n y othe r aspect of di s in f ection , it is vital t o follow the 

correct p r ocedures and to sel e ct the mo s t suitable and cost 

effective product. Traditionally, terminal disinf e ction of the 

water system and water sanitization, when carried out, was done 

with one of a number of chemicals. All have some limitations in 

activity and, occaSionally, there is risk of toxicity to stock 

if care is not taken . Example s a re the quaternary ammonia 

compounds, the iodine based products and hypochlorite. A 

recently developed synergised acid peroxide disinfectant, virkon 

S, provides a safe and effective answer to all aspects of water 

saniti za tion. The product is a solid formula~ion that is readily 

soluble in water. It is a balanced ster ili z ed blend of peroxygen 

compounds, sur factants, organ ic ac id s and an i norgan i c bu f f er 

system (Woodge r , 1990). 
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2.10.7. VACCINATION 

Trial of fowl typhoid live vaccine prepared from S alm. 

gall i narum s tra in 9 R sugges t e d that this vaccine was u nsui table 

f o r disease contr 01 o r er ad icat i on pro g r a ms because 0 f the 

spread o f in fe c ti o n among birds in co ntact with vaccinated 

birds, and bec ause o f the posit i ve sero l ogi c al reactions that it 

induced ( Ki r sche, 1 9 8 6 and Lee, 1 986). Salm. gallinarum 9R 

vaccin e was mo re e ff ecti ve than Sal m. enteritidis E20 live 

vaccine . Bot h vaccines mor e ef f ecti v e with Freund's complete 

adjuvant vaccine (Padmanaba n e t a l ., 19 81). Antibodies to whole 

bacter i al ce lIs and 1 i popo lysaccha r ide were detected in the 

serum and bile of all chick s from day 24. Cell mediated immunity 

to Salmonella antigens was also present in chicks that had 

acquired the infection naturally (Lee, 1989). Polymer flagellin 

prepared by acid hydrolysis was given by mouth as aqueous 

suspension or by intramuscular inject i on a s wa te r oil emul s ion. 

On ly par ent a l immun i za t i on c onf e r red p r otec t i on aga i n s t o ra 1 

challenge against Salmonella (Matsui, 1989). Purified 

lipopolys accharide s (LPS) and - a - antigenic polys accharides (0 -

PS) f r om Salm . typpimurium type 0, 1, 4, 5, 12 incorporated into 

negatively- charged multiamellar liposomes showed a high affinity 

for macrophage and other f ixed reticulo - endothelial cells in 

vivo. Immunization of mice with liposome associated O- PS induced 

a specific cellular response to the 0, 1, 4, 5, 12 antigen as 

determi ned by delayed type hyper - s ens it i v i ty react i on. th i s 

vaccine was ineffective in generating a specific cellular 

response (Desidero and Campbell, 1985). 

~alm. gallinarum 9R s t r ain was used as immunogenic support 

against fowl typhoid. To each of four live 9R vaccines 

containing 1 x 10~ micro - organism/ml were added one of th e 

adjutants 25 per cent Al (OH) 3 , levami s ole at 25 mg/ml, 5 per 

c e nt saponin, o r 5 0 per cen t i ncomp l ete Fre u nd a d juvant . Gr oups 
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of 4-week old chicks were vaccinated SIC wi th 0 .5 ml of a 

vaccine, then half of each group was revacci nated when 8 weeks 

old. The birds were challen ged at 4, 12 or 20 weeks after the 

second vacc ination. Pro t ection a t 28 weeks of age was only found 

in b irds vaccinated twice with the vaccines containing AL (OH) ~ 

or i ncomplete Freund adjuvant (Kahraman and Ozcan, 1985). 

Immunizat ion of pigeons was performed with subunit vaccines 

ag a i n s t Sal m. typhimurium. Extracts of Salm. gallinarum prepared 

by acid hydr o l ysis protected pigeons from Salm. typhimurium when 

given by mo uth, bu t not when inoculated parenterally. Outer 

membrane protein was is ol ated f rom Salm. gallinarum by urea 

extraction . Chi ckens were vaccinated at 8 and 12 weeks of age 

wit h the protein extract at levels of 50, 100, 200, 400 Mg/100 

gm live body weight. Pro t ein extracts were in aqueous suspension 

or wi th a mineral oil adjuvant, formalin - killed whole cell 

bacter in of the same organism. Chickens were challenged at 15 

wee ks of age with liv~ Salm. gallinarum. Chickens in all groups 

showed a po s i t i ve s er oconvers i on wi th an anamnes tic r espons e 

after the second injection but titres among the groups did not 

differ significantly (Bouzouba et al., 1987). Multi doses of 

TY21 a live oral typhoid vaccine proven good with enteric coated 

capsules (Ferreccio et al., 1989). 

~accination with a rough mutant strain referred to as 9R 

for the control of Fowl typhoid has been reported. However, the 

protection provided by 9R vaccine in highly susceptible chickens 

exposed to virulent field strains of Salm. gallinarum has been 

minimal and has not limited the egg transmission of FT (Silva et 

al., 1981). One limitation of both 9R and protein extracts for 

the control of fowl typhoid is that many vaccinated birds 

develop antibodies that produce reactions in serological t es ts 

f or pull orum-typho id. However, these react ions r esul t e d fr om 

antibodies to contaminating lipopolysaccharides (LPS), because 
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the accurrence of low levels of LPS cannot be prevented in 

protein preparations from the bacterial cell wall (Bouzoubaa, et 

al., 198 9 and Udhayakumar and Muthukkaruppan, 1987). Ora l killed 

typho id vacc i n e in field proven ineffective (Chu ttani et al., 

1973) 

Day-old chicks treated with defined mixt ure s c ontaining 50, 

40, 25 or 10 bac t e rial is o la t es, adminis tered orally and 

challenged 2 days later with 10 4
, 1 0 5 or 1 0 6 cfu of nalidixic 

ac id r es is t an t Sa lm. typhimurium. Th e mixtur e of 50 bacterial 

i s o la t es gave protection aga i ns t salmonellosis comparable to 

that obtained with fecal or cecal cul tur es of unknown bacterial 

composition. Less p ro tection was given by mixtures containing 

fewer cultur es . Th e i n itial vaccination programs involved the 

use of killed (Aitken et al., 1982) or rough mutants (Wr ay et 

al., 1977) and there have been conflicting reports on the 

efficacy of these vaccines (Smith et al., 1980). Gal - E mutants 

of Salm. typhimurium ( rough mutants) have been used in 

vaccination program to protect chickens against salmonellosis. 

Oral administration of these mutants was reported to reduce the 

shed of virulent Salm. typhimurium in feces of chicken 

challenged wi th the virulent organisms. However, the lack of 

detectable serological responses in these investigations and the 

potential pathogenicity of Gal-E mutants ((Wray et al., 1977) 

calls into question their usefulness as vaccines. Hoiseth and 

Stocker (1981) reported on the use of aromatic vitamin-dependent 

(Aro -A-) avirulent Salm. typhimurium. These Aro - A- strains have 

been further improved and shown to protect the animals against 

challenge wi th virulent Salm. typhimur i um. More recently 

protection against experimental salmonellosis after immunization 

wi th aromat ic dependent Sa.1m. typhimur i um. Vi tamin dependent 

Salmonella spp. have been preferred in vaccine programs becaus e 

they are invasive when provided with a source of the vitamin( s ) 
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that they depend on for growth. However, fOllowing invasion, t he 

organism quickly exhausts its supply of the vitamin(s) and is 

eliminated from the host. These features mean the organism is in 

contact with the host's immune system long enough to enable to 

strong immune response to be mounted before the orga nism is 

eliminated, without detrimental effects to the host. However, 

much work is still needed to determine the exten t and type of 

immune res ponse el ici ted by these Aro- strains when they are 

introduced into selected animals. Recent work on salmonellosis 

in chickens has not involved vaccination us ing an avirulent 

Salm. typhimurium. Th e work has concentrat ed an other aspects of 

s almonellosis c ontro l, such as the effects of drug treatment 

( Barrow et a l ., 198 8) and pre-coloni zat i on of the al imentary 

trac t wi t h avirulen t Salm. typhi mur i um mutants, and on the ir 

effect on the excretion and co l oni zat ion of virulent Salm. 

typhimurium (Alderton et al., 1991). 

~ive attenuated sal mo nellae are believed to give greater 

protection than killed vacci nes due to a sustained antigenic 

stimulus and the deve lopment of cell - mediated immunity. 

Immunization of adult hens with live Balm. gallinarum 9R vaccine 

caused a significant reduction of ovarian infection with wild 

type Salm. enteritidis PT4 (Mestecky, 1987). 

~ecently use of peripheral blood antibody secreting cell 

(ASC) assay as a measure of the immunogenici ty of an oral 

vaccine. Circulatory ASC have been demonstrated in humans after 

oral vaccination with both live and killed microorganisms . 

Circulating ASC are also fo·und after parenteral vaccination 

(Kantele et al., 1991). Comparison of the ASC responses after 

oral and parenteral immunization suggests qualitative 

differences between the routes. However, these studies have been 

carried out using different antigens and some what dif ferent 
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methods of investigations. Protective immunity can be induced by 

outer membr ane pr oteins o f Salm. typh imurium ( Ud hayakumar and 

Muthukkaruppan, 1987) . 

2 . 11. PUBLIC HEALTH SIGNIFICANCE 

Salmonellosis, a common human intestinal disorder primarily 

caused by Salmonella contaminated meats and poultry was 

estimated to cost Americans around $1000 million in 1987. 

Control of salmonellosis in animals, is a key objective of 

regulatory program in reducing human salmonellosis (Roberts, 

1988 and Ward and Palmer, 1989». Salm. typhimurium is 

persistent in dairy animals. Milk filters were positive (35.62 

%) for Salmonella associated with three human disease incidents. 

Cows may have been excreting the organism intermittently from 

the udder for 2-5 years (Giles et al., 1989). An outbreak of 

Salm. typhimurium infection affecting 101 people was reported 

in England. German sal a mi stick as the vehicle of infection and , 
the product was withdrawn f r om sale. the epidemiological 

investigation highlighted the occurrence of a long incubation 

period, bloody diarrhea (Klonin et al., 1989 and Lam et al., 

1985) . 

~alm. paratyphi B infection in the U. K. was associated 

with the fish and chips shops. The sour ce of infection for the 

first handler who was infected overseas 6 years earl ier. A 

second household contact of the proprietor also became a faecal 

excreter 2 months later. Food handlers living in house holds or 

in intimate contact with cases or carriers of Salm. paratyphi B. 

(Francis et al., 1989). Food poisoning in a worker's camp in 

Saudi Arabia was cauped by Salm. minnesota. Acute 

gastroenteritis with diarrhea, vomiting, abdominal pain, and low 

grade fever were the common complaints. the outbreak was 

confined to those who ate from a single kitchen. One of the 27 
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cooks was positive for the organism (AI-Ghamdi et al., 1989). 

Salm. -typhimur i um were the highest isolates in blood, stools and 

cerebrospinal fluid the. The infection WqS nosocomial in nature 

h ence the re is a need for coordination between the laboratory 

and clinical s t aff to prev ent t h e spill-ov er o f i n fec tion (M irza 

and Wamola, 198 5). 

The vaccination route, infectivity, thioglycol a te broth 

administrat ion and effect o f li ve vac c in e ef ficacy of Salm . 

choleraesuis. were eva luat ed . An ar omatic-dependent, non 

virulent , der ivative o f mouse v irulent strain of Salm . 

choleraesuis prev i o usl y showed not to be effective as live 

vaccine wh e n given 

intraper i tonea ll y o r 

i ntraperitoneally. 

by feeding did not 

Two doses 

protect 

intraperitoneal or oral challenge (Dragunsky et al., 

given 

against 

1989 and 

Nnalue et al., 1989) . Three unusual presentation of Salmonella 

infection in Asian infants in Nepal have been reported . 

Salmonella infections should be considered in the differential 

diagnos is of acute illness of obscure etiology, especially in 

Salmonella-endemic areas (Klonin , 1989). Salm. typhimurium is 

always associated with severe diarrhea in infants and young 

children. The organism showed multiple drug resistance. All 

patients received antibiotics for 10-14 days which was followed 

by rapid improvement in clinical signs. Antibiotic therapy may 

benef i t chi ldren wi th Salm. typhimur i um assoc iated severe 

protracted diarrhea and rapid progress in weight loss (Khoshoo 

et a1., 1990). Outbreaks of Salm. enteritidis associated eggs 

from over seas are still a havoc to human beings ( stevens et 

a1., 1989). 

91 



CHAPTER 3 

MATERIALS AND METHODS 

C)ne .hu nd red a nd fifty chick en broil er b re e d e r flocks aro und 

Ra walpind i, I s lamabad and Abbot tabad ( 90 % of the total breeder 

popul ati on of Pakis t an) were sc r eened f or pullorum. Laying 

chick e n broiler br e e d er f ound seropositi ve were confirmed by 

yol k agar pr e c ipitin , and t ub e a gg lutina tion tests. Isolation 

studies were car r ied out fr om t h e ser opositive and seronegative 

birds, eggs, dead in she ll embr yos, litter, water, faeces, 

hatchery fluff, feed as well as from feed ingredients and 

poul try houses all i ed sources. Salmon.e llae were conf i rmed by 

biochemical and serological tests. Experimental studies on 

vir ul e ncy fact ors, competitive exclusion, chemical inactivation 

of Salmonella in feed, drug susceptibility, and gross as well as 

histopathological studies were also undertaken in naturally and 

experimentally challenged birds. Ultrastructural alterations 

were studied to determine any changes in visceral 

birds infected with Salmonella. Various steps 

investigations are described as under . 

3 .1. SEROLOGICAL STUDIES 

3 . 1 . 1 . RAPID BLOOD AGGLUTI NATI ON TEST 

organs of 

for these 

I?ullorum stained antigen K polyvalent (Salsbury Inc. 

Charles city, Iowa, USA) was used to identify seropositive birds 
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from 150 chicken broiler breeder f locks (2,62,454 birds). spot 

agglutination test was performed on an illuminated wooden square 

box with glass toping at 70 to 80°F temperature. Blood samples 

In 0.02 ml volume were mixed with 0.05 ml of antigen i n one em 

area. Assay was r e ad af t er 30 seconds. The d e velopme n t of blue 

color~d cl usters sur round ed by clea r s paces wa s considered as 

posi t ive tes t for Salmonella. 

3. 1. 2 . TUBE AGGLUTINATION TEST 

Tube agglutination test \>Ias performed to monitor the anti

pullorum antibodies i n t hos e birds which were delayed o r slow 

reactors in spot agglutination test. Ten fold seria l dilution s 

(0 . 5 ml) of the test serum were mixed with 0. 5 ml volume of 1 : 25 

diluted unstai ned antigen in normal s aline at Ph 8.2. After 20 

hours of incubation at 37°C in 65 per cent humidIty , the tubes 

were examined against a dark background. A button formation by 

t he unused antigen at the bottom of the tu be was considered as 

negative and Lh c t ubes wi t h a gglutinatIon of antigen was 

co nsidered as positive for sa l monella antibodies . 

3 . 1.3 . YOLK AGAR PRECIPITIN TEST 

~olks from seropositive laying birds were tested for the 

presence of anti-Salmonella antibodies follo wing the method of 

Zhao et al. (1981) . This test was used as a tool to detect 

salmonella carriers in breeder flock. FIfteen ml of melted noble 

agaz: was poured into clear sterile Petri dishes (9 cm) and 
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stored at 4°C. Four wells of 6.S mm in diameter each were cut in 

a circle for sample and fifth in the c enter for antigen. The 

i nner edges o f th e outer wells were 5 mm ap a r ted f rom the 

circumference of th e centr a l well. The cen t ral well wa s fi lled 

with 2-3 drops o f washed polyvalent unstained antigen of 

Salmone l l a and 3 surround i ng wells were filled with diluted yolk 

(1: 1 0 with d i stilled , demineralized sterile water) and forth 

with phosphate buffer saline (PBS) of Ph 7.2 as negative 

control. Plates wer e kept in a humid i £ i ed conta i ner, at room 

temperature and observed for the development of the precipitin 

bands after 24, 48 and 72 hours. 

3 . 2 . BACTER I OLOGI CAL. STUDIES 

3.2 . 1 . ISOLATION 

Liver, lungs, heart, spleen, intestines, caeca, ovary, 

testis, kidneys, bursa of fabricius and brain 2,114 of each were 

randomly collected from broiler breeders. Eggs (1029) , cloacal 

swabs (527), litter samples (21 5), water (147), house dust 

(111), dead in shell embryos (1007), hatchery fluff (10 5 ), feed 

(185), feed ingredients (144) and rodent faeces (215) were also 

collected from seropositive flocks and houses. The samples were 

subjected to bacteriological analysis to determine the 

prevalence of Salmonella species. Isolation was also undertaken 

from intestines, liver and spleen 251 of each organ from 

indigenous chickens. Three hundred and seventy cloacal swab from 
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various species of avifauna was also attempted. 

3 .2.1. 1 . ISOLATION FROM VISCERAL ORGANS OF BIRDS 

~he surface of th e v isceral organs was seared with red hot 

spatula. Material was s uc ked wi th sterile pas ture pipette and 

inocul a ted in sel enite, Mac-Conkey's and tetrathionate broths . 

Th e inoculated br oths were i ncubated at 37°c for 24 hours and 

subsequent ly s t re aked on Mac-Conk ey' s (MC), Salmonella-Shigella 

(88) and Eos in Bril l iant Green (EBG) agars. The inoculated 

plates were incubated at 37°C f or 24 hours had examined for the 

presence of smooth transparent dew drop like colonies (Edward & 

Ewing, 1989) . 

3.2.1.2. ISOLATION FROM CLOACAL SWABS 

Since young birds lack sufficient circulating anti

Salmonella antibodies to allow rapid detection by serum, cloacal 

isolation for Salmonella was performed. Cloacal swabs (527) were 

obtained from broiler breeder upto 18 weeks of age and 370 

cloacal swabs were taken from var ious birds of avi fauna. A 

sterile glycerine moistened cotton plug was inserted by gentle 

rotation into cloaca. The swab was then partially inserted into 

a tube containing 10 ml of selenite broth and incubated at 37°C 

for 24 hours. Afterwards, the bacter ial growth in broth was 

streaked on MC, 8S and EBG media. 
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3.2.1.3. ISOLATION FROM EGG SHELL AND MEMBRANES 

~ggs (508) of seropositive birds were monitored for the 

interior and/or exterior contamination with Salmone l la. Intact 

eggs were dipped in sterile plastic bags containing 40 ml o f 

selenite broth to isolate the shel l contaminants. Th e bags wer e 

incubat ed in the rotary shaker for 20 minutes and the broths 

were poured in t he ster i le test tubes f or incubati on. I sol ation 

was conducted by s t reaking the broths on the above mentioned 

solid media. 

3 .2. 1 .4. ISOLATION FROM EGG YOLKS 

In carr ie r bi rds ov ary is the predi l ection site of the 

Salmonella. To evaluate the true transovar ian transmi ssi on and 

e xcludi ng t he possi b ility o f false co n tamination of eggs with 

faecal mat e ri a l at the c l oaca, isolation from yolk were carried 

out . Intact (521) eggs were dipped in 2 per cent tincture of 

iodine and then fumigated in close chamber with formaldehyde gas 

to excl ude the exter ior contaminants. Yolks were removed by 

cutting the shell of the eggs and whole yolk was poured into the 

flask containing selt::ni te broth and ster i I e glass beads to 

homogenize the yolk in the broth. Flasks were incLlbated and 

isolations were conducted as described earlier. 

96 



IAflRIJLS AID llfBODS 

3 . 2 . 1 .5. ISOLATION FROM DEAD IN SHELL EMBRYOS 

~ggs of seroposi t ive flock s we r e moni t ored in the 

hatcher i es to t r ac e th e trans ova r i a n trans mi tt e d Salmonel la. 

Th ese isolations wer e car ri e d out to e valuate the pres enc e of 

sp e cific Salmon e lla s er otypes in e mbryos as a source of 

infection to th e hat c h e d chick s. Eggs we r e dissected and a 

composit e s ampl e of v i s c eral organ s and yolk contents was 

incubated for isolation s tudies . 

3.2.1 . 6 . ISOLATION FROM LITTER 

~andom litter sampl es f r om ser opos itive flocks were 

co llected i n ster il e pl as ti c bags. Th e c omposite samples were 

mixed with s e lenite broth in the r ota r y shaker for 24 hours. The 

broth was then transferred to a test tube and incubated for the 

isolation On the solid media. 

3.2.1.7. ISOLATION FROM WATER 

1ro evaluate the pospible role of the contaminated drinking 

water in the spread of infection in the broiler breeders, the 

water samples from the discharge point of water source, drinkers 

and from the main storage tanks were also collected. Ten ml of 

each water sample was dispensed in selenite broth and incubated 

for isolation of Salmonella serotypes. 
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3.2.1.8. ISOLATION FROM FECES 

Sterile drag swabs were drawn through fresh dropping unde r 

roosters, near water troughs, and on the nest tops. The swabs 

were put into 15-20 ml of selenite broth and stirred to max imize 

the Salmonella isolation in feces. The broths were incubated for 

isolation of salmunellae shedded in the feces. 

3.2.1.9. ISOLATION FROM HATCHERY FLUFF 

Hatchery fluff samples were collected at the hatching time. 

Test tubes were selenite broth were. filled half the way with the 

fluff and dust from t he separate hatchers. The s amples were 

incubated for isolation on solid media. 

3.2.1.10. ISOLATION FROM FEED AND FEED INGREDIENTS 

Feed ingred ients par t icularly animal or igin protein sources 

and finished feed samples (upto 10 0 gm/sample) were collected 

from d if f er ent s e ropos it i ve farms and feed mi lIs. Dupl icate 

Samples ( 50 gm ) were inoc ula t ed in the se lenite broth and set in 

the shaking i ncubat ors at 37°C f or 6 hours before shifting to 

bacteriological incuba to r. Samples exhibiting bacterial growth 

were streaked on s ol id medi a f or f urther characterization. 

3 . 2 . 1 . 11 . ISOLATION FROM RODENT FECES 

~odents playa vital role in t h e spread of S a lmonella by 

c ontaminating the feed under poo r storage c onditi ons as well as 
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water. Rodent feces from the seropositive flocks allied feed 

stores were collected in plastic bags. The feces were inoculated 

in selenite broth and later streaked on so l id media, a s 

described abov e. 

3.2.2. IDENTIFICATION 

3 .2.2. 1 . BIOCHEMI CAL TESTS 

Typical lactose negative c o lonies were cultured on the 

Triple Sugar Iron ( TSI) agar to confirm Salmonella strains 

bioc h e mical l y (Edwa rds & Ewing, 19 89 ). The me dium composed of 

thre e s ugars, lac t ose, gl uc ose, s uc rose and ferrous sulphate to 

det e rmine H2S p r oduct ion and ph e nol red as an indicator. The 

isolates with positive glucose and nega t i v e l act ose and s ucr os e 

fer mentati on along wi t h +/ - H2 S a nd/o r gas production, were 

suspected as Salmonella. Ot he r b i ochemical tests were performed 

with sel f developed kit l ike API-20E system, modified in the 96 

well plate for the biochemical and sugar fermentation tests. 

Sugar fermentation tests included adonitol, dulcitol, sorbitol, 

arabinose, xylose, rhamnose, maltose, inositol, lactose, 

sucrose, manni tol, glucose and galactose. Bi ochemical tests 

included indole, H2S, NH 4 glucose, NH 4 citrate, KN0 3 ,Voges 

Pros kauer , methyl r ed, urea, cit r ate, mucate, tartrate and KeN 

tests. 
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3.2.2.2. SEROLOGICAL IDENTIFICATION 

Isolates giving typical biochemical reactions of Salmonel la 

were confirmed and typed serologically with standard Salmone lla 

somatic (0) polyvalent and group antisera, obtained from 

Salmonella reference laboratories Cantaczino insti tute, 

Bucharest, Romania. These antisera, PO (1:5), AO (1: 8 ) , BO 

(1:14 ) , CO (1:8), DO (1:14): etc were d i luted by 0.1 % 

phenolized normal saline (0.85 %) as rec ommend ed by the 

re f erence laboratory. Co lonies of or ganisms were mixed with a 

dr op o f polyvalent "0" a n tisera and aggl uti n a ti n g isolates were 

c ons idered to be Salmonel l a. Further serotyp ing was done by 

mixi ng a loopfu1 of culture with a drop of group antisera of AO, 

BO, CO, DO, EO separate l y (Edward and Ewing, 1989, Javed et al., 

1990 and J a v e d et a l ., 1 992a) . 

~he isolates, c onfirme d upto group level by slide 

agglutination, we r e further con f irmed by tube agglutination with 

flagellar antisera (Ha, Hb, Hc, Hd, Hr, Hi, Hgst, Ht, Hlv, Hy, 

Hz etc) respective to the somatic groups. Five ml of 18th hours 

old motile Salmonella cultures in nutrient broth were mixed 

with = 300 ~l of formalin (37 , v/vin saline ) to prepare the 

flagellar antig e n of the bacteria for agglutination and 

denaturing the formalin sensitive 0 and K antigens. Half ml of 

the formali zed culture was added in 0. 5 ml o f the diluted 
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respective flagellar antiserum fraction. The tubes were 

incubated at 56°C for 2 hours in water bath and cooled to room 

temperature without disturbing. Agglutination was read at t he 

bottom of the tube with gentle shaking towards light source. The 

intensity of positive agglutination in term of surface area was 

scored as +, ++,+++, ++++. This criterion allowed appropriate 

Salmon ella strain identification based on flagellar f raction. In 

case of similar flagellar agglutination, intensities with one 

an t is erum f or two Salmonella variants, the serotyp e distinction 

was ob tained by sugar a nd biochemi ca l reac tion res ults based on 

Ka u ffmann s che~e (Kauffmann, 1960 a nd Edward and Ewing, 1989). 

3.3 EXPERIMENTAL STUDIES 

3.3.1. EGG SHELL PENETRATION 

To inves t i g a te the e x t en t o f S almonella penetration through 

th e egg she l l , e gg wer e d i p ped in red and green aqueous bland 

food color solution for the detection of positive penetration 

test areas. Eggs were soaked in the red solution for 3 minutes, 

and in green solution for 6 minutes be fore being washed wi th 

sterile water. Af ter candling, an area of 1 cm in diameter was 

marked on the egg shell. Sterilized steel cylinders (1 cm in 

diameter and height) were attached on the egg shell around the 

marked points by seal ing their outer boundar ies 

paraffin under aseptic conditions. The cylinders 

with th e t est strain o f sa lmonel l ae and upper 
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cylinder was sealed with the parafilm and eggs were incubated 

f o r 1 8 hours. Eggs were opened under aseptic conditions and 

iso lation of p enetrated Salmonel la was a t tempted from t he 

stained spots on the s h e ll membrane to confirm the positive 

penetration . 

3 .3. 2 . CHICK EMBRYO INOCULATION 

<3roups o f 10 embryos wer e exposed by injecting 0.2 ml o f 

10- 7 dilutions of 1 8 to 20 hours broth cultures of selected 

Salmonella strains on day 2 of incubation into the albumen from 

the small end of the egg ( Snoeyenbos et al., 1969 ) . These low 

infecting dose (100 cells) usually allowed a few infected 

embryos to survive and hatch. One isolate from each group of 

salmonellae was studied by this method. Gross and 

histopathological studies of the embryos were undertaken to 

characterize the specific lesions at tissue and cellular level 

in visceral organs. 

3.3.3. CHICK INOCULATION 

For each selected serotypes of Salmonella isolate, 0.5 ml 

bacterial culture (~cfu/O.S ml) was injected i.p. into 10 day 

old chicks obtained from seronegative Salmonella parent flock. 

Chicks were monitor ed for clinical symptoms. Dead birds were 

necropsied for gross lesions and tissues from visceral organs 

were subjected to h istopathology. 

102 



,jfIRIALS AID meODS 

3.3.4. COMPETITIVE EXCLUSI ON 

~he crop and the cecum are the major sites of Salmonella 

c o lonization. The role of lactobacilli in competitive exclusion 

of Salmonella was invest i gated. Three repl icate groups of 15 

chicks per replicate were administered for 3 days with 

l actobacilli in drinking water, t hree days later, birds in three 

replicates were challenged wi t h 2 x 10~ cfu with Salm. 

ga l llnarum, Salm. pullorum and Salm. typhimurium, res p ectively. 

A f ourth group of chicks served as c ontrol whic h received no 

l actobaci lli but Sa l monella a l one. Five chi c ks fr om each group 

were e uthanized at 4, 8, and 12 days of age. , Cr o p a nd ceca were 

cultured for Salmonel l a. 

3. 3 .5. FEED SUPPLEMENTATION 

~o c heck t he i n f l uence of feed a ddi ti ve on Salmonel:f,a 

carri age i n ch icken, sod i um ethylene d iamine t etra acetic acid 

(Na EDTA ) was used in thi s tri al. F ive groups of 10 chicks per 

treatmen t we re fed EDTA a t a d osage level of 5 and 10 gm per 50 

kg of feed for 7 and 14 days to the respective treatments. The 

five treatments w~re des ignated as, Tl. (control, on normal 

diet), T2 (5 g Na EDTA/50 kg of feed for 7 days), T3 (5 g Na 

EDTA/50 kg of feed for 14 days), T. (10 g Na EDTA/50 kg of feed 

for 7 days) and T~ (10 g Na EDTA/50 kg of feed for 14 days) . 

During the feeding trial, birds were given Salm. typhimurium in 

drink i ng wa t er a t a ra t e o f 2 000 c f u/ml. Intesti n e s of th e birds 
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were monitored at the end o f the experiment for the presence of 

local i zed salmonellae. Shedd ing of Salmonella in the faecal 

mater ial was used as an indicator o f the effects of Na EDTA 

supplementation on the incidence of Salmonella. 

3.3.6. VACCINATION TRIAL 

Sal m. gallinarum 9R strain was used as a vaccine strain for 

fowl typhoid. Twenty chicks in each group were vaccinated with 

1 x 10 9 cfu/ml, sub cutaneously, orally and intramuscularly at 

8 week of age. Blood samples were collected at 7, 14, 28 and 70 

days to check anti-Salmonella antibody levels in each group. 

3.4. DRUG SENSITIVITY STUDIES 

3.4.1. ANTIBIOGRAH 

~tibiogram of the various isolated Sa lmonella serotypes 

was pe rformed. Strength of ampicillin (A), chlo ramphenicol (e), 

erythromycin (E), flumequine (AR ) , furaz olidone (F), 

tetracycline (T), Kanamycin (K), lincomycin (L), neomycin (N) 

was 30 ~g/disk, streptomycin (S), 50 ~g/disk while , vibramycin 

(V) and gentamicin (G) were 10 ~g/disk. Tribriss en (TS) 25 

~g/disk was 

met hoxazole. 

a combination 

Penicillin was 

o f 

50 

trimethoprim a nd sulpha 

IU/disk. Sensitivity was 

c onducted on the Iso- sensitivity media as previously descr ibed 

(Siddique et al., 1985). 
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3.4.2. SENSITIVITY OF DIFFERENT DISINFECTANTS 

Sensitivity of various isolates of Salmonella to vari ous 

disinfectants was determined. Two commercial disinfectants 

included Belaron (eiba Giegy), Virkon (Antec lnternati on) . 

Microbicidal effects (ME) of both disinfectant was established 

at 20 c C for 5, 15 and 30 minutes exposure basis. 

M.E. 

Where 

NC = 

ND = 

= 

T = 

= CC/T - log NC - log ND 

The number of cfu/ml wi thout the 

disinfectant. 

The n umber of cf u lml e valua ti on after the 

disinfectant has taken ef fect. 

Temperature in CC during eva l uati on. 

Ti me of expos u re of d isi nfectant in minute s 

~elve ml o f sterile 5 per cent y eas t suspension was added 

to 4 ml of sterile water and 2 ml o f the disinfectant in 10 

times c oncen trat ion recomme nd e d f or routine use. This suspension 

was shaken af t er e very 10 minutes for 45 minutes. Two ml of 24 

hour s broth cul t ure of the test organi s m of each group we re 

added to the disinfectant suspension . "After 5, 15 and 30 minut es 

o f addition of culture to the disinfectant suspension, 0.2 ml 

mixture was plpett e d out into 1.8 ml of sterile neutraliz er 

solution to i nactivate the disinfectan t . Neutr a li zed 

disin f e c tant mixtur e (obtained f r um TNO - ClVO institutes, 

Holland) representing 5, 15 and 30 minutes treatments p ipetted 
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out 0 . 0 2 ml a nd s t r e a ked on the SS a gar plates for incubation. 

Colony forming units were counted to evaluate the efficacy of 

disinfectant. 

3 . 5 . STUDIES ON THE VIRULENCY FACTORS 

3 . 5 . 1. ENTEROPATHOGENICITY AND ENTEROTOXIGENICITY 

~abbit intestinal loop assay was performed for the 

detection of Salmonella enterotoxins in concentrated Salmonella 

cel l-free culture supernatants . E ight to ten cm long isolated 

intestinal loops were made by l igat i ng the ileum starting from 

the d i stal e nd. Each loop was 4 cm aparted. Individual loops 

were injec ted with 1 ml o f culture filtra te. After 18 hours the 

loops were removed and a mount for flui d a cc umulated p e r uni t 

length (cm) of ileal loop was calculated. A ra tio of > 0.7 was 

cons idered a s positive test (Gonzalez et al., 1989 ) 

P ositive samples were in j ected intraderma11y in rabbit skin 

to perform skin permeability test. Three-cm2 areas were marked 

on the belly region and injected with 0.1 ml t rial filtrate. 

After 18 hours, Evan's blue 1.2 5 per cent was i njected iv and 2 

h ours later rabb i ts were euthanized with overdosing anesthesia 

(Ba rb itol sod ium). Results were rec orded as i nduration, blueing, 

necrosis and b lanch ing of skin in positive cases. 
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3.6. PATHOLOGICAL STUDIES 

3 . 6 .1. GROSS PATHOLOGICAL STUDIES 

L)ifferent visceral or gans from Salmonella positive birds, 

embryos · and chicks were examined for the presence of gross 

abnormalities in term of size, consistency, changes in color, 

hemorrhages, congestion and necrotic changes. 

3.6 . 2. HISTOPATHOLOGICAL STUDIES 

Selected pieces of 5-6 mm size from morbid organs showing 

gross abnormalities were removed for histopathological studi~s. 

These tissues were fixed in 10 per cent formalin solution. The 

fixed tissue pieces were dehydrated through ascending grades of 

ethyl alcohol and xylol for clearing. Samples were infiltrated 

in mel ted paraf fin at 58°C f or 6-12 hours depend i ng upon the 

tissue. The tissues were then embedded in paraffin and tissue 

blocks were prepared. Sections of < 5 ~m thickness wer e cut with 

the rotary microtome as previously described Sabri et a l., 1986. 

~he slides were deparaffinized in two successive steps in 

xylol for two minutes each and then brought to ascending grades 

of ethyl alcohol. Staining was done with routine hematoxylin and 

eosin stain. Selected tissue sections were als o stained with 

oil-red-O, Congo red, trichrome and periodic acid schiff to 

detect the presence of fatty change, amyloi d, smooth muscle 

proliferation, hyaline, fibrin, colloid and integrity of 
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cacodylate buffer (Ph 7 .2 ) f or 15 minut es each time. Tis s ues 

were placed in 1 per cent osmium tetraoxide until they turned 

black in about 1 hour. Osmicated tissues were aga in washed 3 

times wi th the phosphate buf fer. Washed tissues were pass ed 

through ascending concentrations of ethanol (50, 75, 9 5 % and 

twice in 100 %). these tissues were infiltrated 2 time s i n 1:1 

and 1 :3 propylene oxide:epoxy plastic, for 30 minutes each t i me 

and kept in pure epoxy at least 2 hours. the capsuli zed block s 

were polymerized at 9 0 0 e overnight in a histodryer. thick 

sections (0.5 }..lm) were stained with toluene b lu e and basic 

fU5 c hin to target the areas wi th major changes, then thin 

sections (60-90 nm) were prepared from the target a rea and 

stained with uranyl acetate and lead citrate to enhance their 

ultrastructural visibility under JEOL 100-eX tra ns missi on EM 

(Javed et al., 1992b) 

3.7. STATISTICAL ANALYS I S 

Data was analy zed for intratreatment and i n tertreatment 

diffe r ences within each s t ud y . Significant of differenc es were 

a nalyz ed at the level o f P < 0. 01 throug h P< 0 . 05 leve l using the 

chi square, ANOVA and Dunnet double s i ded test s a mong the 

u n i variates and mult ivariates (Javed et al., 199 2b) . 
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CHAPTER 4 

RESULT S 

IJuring the years 1988-1990 chick e n broiler breeder 

flocks around Islamabad, Rawalpindi and Abbottabad were 

screened for Salmonella by the rapid hemagglutination test 

using Salsbury's stained pu1lorum antigen. Most of the flocks 

were tested between the age of 21 to 40 weeks, a few at a 

later age, while on some farms the birds were tested and the 

carriers were removed. A complete history of the flocks, 

including the number of birds, the breed of the parent flock, 

the type of feed on which the birds were reared and the age of 

the birds was recorded. Details about the management of the 

farms were noted and categorized as excellent, good, 

satisfactory, and poor. The data thus obt a i n e d we r e analyzed 

statistically to see the effect of the feed, breed, age and 

management on the prevalence of Salmonella seropositive . 

4.1 . PREVALENCE OF SALHONELLA I N BROILER BREEDERS 

~apid hemagglutination testing of 150 chicken broiler 

breeder flocks showed that 112 (74.7 %) flocks were positive 

for Salmonella and only 38 flocks were 

breeder farms 2,62,454 birds (2,28,583 

negative. On theRe 

females and 33,871 

males) 12,159 were recorded to be carriers thus indicating a 

prevalence of 4.63 per cent. Data on the prevalence of 

Salmonella seropos itive were analyzed according to various 

feeds to rule out the possible role of the feed in the spread 

of the pathogen. Birds in these 1.50 flocks were reared on 

eight different feeds and form the commercial point of view 
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they were designated F~ to Fa (Table 2). 

4.1.1. FEED WISE PREVALENCE 

I?revalence of Salmonella carriers varied greatly among 

birds fed on various commercial feeds. Rega r ding the flocks on 

most of the feeds, the prevalence varied from 69.2 to 82.2 per 

cent, ranging from 50 to 100 per cent on flock basis (Table 

2). On one of the feeds, birds showed the prevalence as high 

as 11.33 per cent in one flock on bird basis. 

4.1.2. BREED WISE PREVALENCE 

The br 0 i 1 er br eeders inc 1 uded in the pres ent stud i es 

belonged to live various breeds and from the commercial point 

of view they were designated from B~ to B ~ (Table 3). Breed B4 

showed the maximum prevalence (5 .87 %) of salmonellosis 

followed by B~ (5.13 %) and B2 (4 .27 %). Significant low level 

of prevalence was noted in 83 (0 .073 %) and 85 0 .45 per cent 

(Fig . 1). In Pakistan parent flocks are imported from 

techn i ca lly advanced coun tr i es and ther e seems to be 1 ess 

chance of get t i ng Salmonell a from gr and parents, we wer e 

astonished to see the Salm. gallinarum-pullorum organisms were 

sometimes isolated from one - day old parent flock chicks. 

Strict measures for the import of Salmonella-free parent 

flocks would be a basic step for the elimination of 

salmonellosis and for the real development of our poultry 

industry. 

4. 1.3. AGE WISE PREVALENCE 

~ost of the flOCKS were tested between the age of 21 to 

40 weeks but many flocks also at later stages and .some of the 

birds were retested. The prevalence of Salmonella carriers 
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RESULTS 

Table a. Prevalence of Salmonella seroposi ti ves among broiler breeders 
fed different commercial feeds 

No. of 
Birds positive 

No. of birds tested Flocks 
Feed flocks posit ive Female Male Total 

tested Female Male Total 
No . q.o No. 9-'0 No. ~u No. 0, 0 

Fl 90 112636 17261 129 897 74 82.2 4965 4.4 375 2.17 5340 4.11 
F: 21 39697 5325 45022 10 47 .6 4982 12.5 122 2.29 5 104 11.33 
F3 13 29540 4 264 33804 9 69 .2 '172 3.3 81 1.9 1 053 3.11 
F, 8 10800 2363 13 163 5 62.5 135 1.3 3 0.13 138 1.05 
F. 6 13 260 1952 15212 5 83.3 229 1.7 33 1.69 262 1.72 
F. 6 12650 962 13 612 4 66.67 71 0.56 22 2.27 93 4.63 
F. 4 5000 1070 6070 + 100.0 160 3.2 5 0.46 165 2.72 
Fs 2 5000 674 5674 50 .0 3 0 .6 0.15 4 0.07 

Total 150 228583 33871 262454 112 74 .7 11 517 5.04 642 1.89 12 159 4 .63 

Table 3. Prevalence of Salmonella seroposi t i \'es among broilc.' breeders of 
various breeds 

Birds p ositive 
No. of Nu. or birds tcslcd Fl oc ks 

Bn.:cd flocks pOsil in! fcmaks Males To tal 
ll!S tl: c1 

Fcmales Males Total No. o· No . lJi) No. ~ -o No. % . ~ 

Bl 82 133 552 18 791 152 343 55 67 .07 7 576 5 .67 244 1.29 7 820 5.13 
B~ 58 72 001 12705 84706 50 86 .21 3282 4 .55 338 2 .66 3620 4.27 

Bs 5 10 900 1 381 12281 3 60.0 4 0.04 5 0 .36 9 0.073 
Bl 4 11 130 873 12003 3 75.0 651 5 .84 54 6.1 8 705 5.87 
B. 1 I 000 121 1 121 1 100.0 4 0.4 1 0 .83 5 0 .45 

Total 150 228 583 33871 262 454 112 74.7 .11517 5 .04 642 1.89 12 159 4.63 
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varied widely in birds of different ages (Table 4). 'l'he 

maximum number of flocks (84.82 %) were affected during 51 to 

50 weeks of age (88.23 96). The highest number of carr iers 

(16.75 %) were detected in birds tested during 41-50 weeks 

followed by 31-40 weeks (82.35 %),41-50 weeks (81.81 %). 

During 21-30 weeks and over 60 weeks of age increasing and 

decreasing trend ~ were comparable 68.23 per cent (21 -30 weeks) 

and 66.7 per cent (over 60 weeks) (Fig. 2 ). There was an 

exception that no male positive over 60 weeks. of age. The 

reason being that in our poultry industry usually blood tested 

young males were introduced in old flocks to improve the 

hatchability. 

4 . 1 . 4 . MANAGEMENT WISE PREVALENCE 

T he management of a farm has a direct bearing on the 

spread of infections. A simi lar pattern was also observed 

during the present investigations of Salmonella carriers 

(Table 5). Regarding the prevalence of Salmonella carriers, a 

significant difference were recorded in flocks as well as in 

birds maintained under various managemental conditions. 

Maximum prevalence (78 .57 %) was observed in flocks under poor 

management, followed by flocks under a satisfactory management 

(77.47 %) and the minimum prevalence was found in birds kept 

in excellent farming conditions (41.66 %). Similarly, maximum 

number (9.47 %) of carriers were detected in birds kept under 

the poor management, followed by breeders under satisfactory 

conditions and the minimum in birds with excellent farming 

practices. A strong correlation has been observed between the 

degree of contamination of the floor litter and the spread of 
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RESULTS 

Ta~le4· Prevalence of Salmonella seroposi ti yes among broiler breeders of 

vanous age groups 

Birds positive 
Age No. of No. of birds tested Flocks 
group flock" positivL: Females Males Total 
(weeks) t~sted Tota) 

-----
Females Males No. % No. 'H. No. g(1 No. (!to 

21-30 85 127 391 · 21618 149009 58 68.23 7 190 5.64 282 1.31 7474 5.01 

31-40 34 57057 6749 63806 28 82.35 2301 4.03 209 3.09 2510 3.93 

41-50 11 21028 2545 23 573 9 81.81 1 462 6.95 131 S.15 1 593 6 .75 

51-<>0 17 18 050 2 348 20398 15 88 .23 415 2.3 18 0.77 433 2.12 

Over 60 3 5 057 611 5668 2 66.7 149 2.95 149 2.63 

Total: 150 228583 33871 262454 112 74 .7 11 517 5.04 642 1.89 12 159 4 .63 

Table !1. Prevalence of Salmonella seroposi ti ves among broiler breeders 
maintained under various managements 

No. of No. of birds tested Flocks 
Birds positive 

Manage- flocks posltive Females Males Total 
ment tes(t.d 

Females Males Total No. o,~ No. % No . 91. No. q,u 

Poor 14 18320 3672 21992 11 78 .57 1 914 10.45 169 4.60 2 083 9.47 
Satis-
factory 61 97 186 14789 111 975 47 77.04 747 7 .97 316 2.14 8063 7.20 
Good 63 89 967 11 262 101 229 49 77 .77 I 677 1.86 147 1.31 1 824 1.80 
Excellent 12 23110 4 148 27 258 5 41.66 179 0 .77 10 0.24 189 0.69 

Total 150 228583 33871 262454 112 74 .7 11 517 5.04 642 1.89 12 159 4.63 
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salmonellae through a flock. It is the usual practice that 

af ter blood tes t i ng the reactor s ar e removed and the non

reactors are left in the same infected litter. In this way the 

potential source of infection remains and there is every 

chance of reinfection of the healthy birds. It is recommended 

that the negative birds should be left in clean premises with 

a fresh uncontaminated litter. 

4.1.5. SEX WISE PREVALENCE 

Regard i ng the sex the pr eva lence var i ed in d iff er ent 

br eeds, feeds and managemen ta 1 cond i t ions. Al though avera 11 

incidence was 5.15 per cent in 81 birds while only 1.29 per 

cent males were positive as compared to the B ~ where overall 

prevalence in total flocks was 5.87 per cent, while only 6.18 

per cent mal es were involved. In B2 overall prevalence was 

4.27 per cent with 2.66 per cent of male and 4.55 per cent of 

females. In B3 (0.36 %) and B~ (0.83 %) the higher percentage 

of males were positive and compared to females B3 (0.04 %) and 

B5 (0.4 %). Analysis of the data on bird basis gave a strong 

corre lat i on of higher percentage 0 f f emal es d i r ectly 

proportional to the birds positivity. In case of exception 

higher percentage of male indicate introduction of new males 

or in a stage to spread the infection to females. 

4.2. COMPARATIVE EFFICACY OF DIFFERENT DIAGNOSTIC TESTS 

A number of tests were compare to check the reliability 

of these diagnostic and carrier birds monitoring tests, Rapid 

blood agglutination test (RBAT), Tube agglutination test 

(TAT) , Yolk agar precipitin test ( YAPT ) and cloacal swab (eS) 
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isolation test were compared in th e known 200 Salmonella 

carrier female birds. Th e 2 00 (100 %) bird s positive in RBAT 

were also comparatively confirmed by TAT in 98 .5 0 per cent 

cases. YAPT was effective 

cloacal swab method where 

po s itive for Salmonella. 

in 97.50 

87.00 per 

per cent followed by 

cent were confirmed 

RBAT was reliable with some field problems as the E. 

coli shares some of the antigen with Salmonella so cross 

reaction indicate pseudo carriers, which can be detected by 

TAT. The effectiveness of cloacal s wab was of value in Sirds 

under 18 weeks. The effici e nc y of this test is influenced by 

the intermittent sheders of salmonellae. The yolk agar ppt 

test ( YAPT ) was good tool to monitor the birds for primary 

indications of the carrier s t a te through eggs without 

disturbing the flock or in those condition where flock and 

hatcheries are well aparted. 

4.3. ISOLATION 

4.3.1. MORPHOLOGICAL OBSERVATIONS 

~icroscopic examination of di s crete colonie s with Gram's 

staining showed that bacteria were Gram negative ( G- ), short 

rods or coccobacilli of different sizes. The sizes varied with 

the advancement in the age of culture. However, the average 

dimensions were 0.4 to 0.6 x 1 to 3 Mm. Single or short chains 

were the common forms observed. Non of the Salmonella showed 

capsule with staining, while motile salmon e llae had flagella 

( Fig.3 ) . Ultrastructurally motile salmonellae h a d flagella 

while non - motile were flagella free. The morphology of motile 

and non motile salmonell ae however, was identical (Fig.4). 
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4.3.2. EFFICACY OF DIFFERENT CULTURE MEDIA 

.Among the 715 serotypes of Salmonella isolated from 

various sources selenite broth was proven 100 per cent 

effective followed by tetrathionate broth (95.8 %) and Mac

Conkey's broth (90 .06 %). Among the solid laboratory isolation 

media Mac-Conkey's agar (MC) was the most effective as all the 

stains were isolated on Mac-Conkey's (97.20 %) followed by 

salmonella-shigella agar (88.40 %) and Eosin Brilliant Green 

(EBG) agar (86.01 %). An overall isolation regimen was best 

through selenite broth enrichment and isolation on Mac ~ 

Conkey's media give almost all the isolates from various 

sources. 

4 . 3 . 3 . BIOCHEMICAL REACTIONS 

~he biochemical characteristics of Salm. pullorum and 

Balm. gall i narum wer e found to be almos t simi lar in many 

biochemical pathways but some of the critical differences 

regarding their biochemical fermentation are presented. 

~~lm. pullorum isolates produced acid by fermentation of 

glucose at the butt of Triple Sugar Iron (TSI) agar and 

produced alkalinity at the slant surface. In contrast all the 

Balm. pullorum isolates did not ferment lactose and sucrose 

nor produce black coloration of H2 S on TSI. All the isolates 

of Salm. pullorum produced acid with gas by fermenting 

dextrose, mannitol and dulcitol. Salm. gallinarum produced 

acid without gas by fermenting dextrose, mannitol, dulcitol 

but non of the strains fermented lactose and sucrose. 

Biochemical reactions of all the 19 serotypes isolated. 
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4.3.4. SEROLOGICAL IDENTIFICATION 

Isolates giving typical biochemical reactions of 

Salmonella were confirmed and typed serologically with 

standard Salmonella somatic (0) polyvalent and group antisera. 

The isolates were confirmed upto group level with slide 

agglutination. Each group was fUrther processed for flagellar 

antigens through tube agglutination. All the isolates showed 

agglutination with polyvalent antisera and their respective 

group and flagellar antisera. 

4.3.5. YEAR WISE ISOLATION PREVALENCE 

Analysis of Salmonella serotypes isolation over the 

years indicated a relation between our flock pattern and 

isolation in different months of the year (Table 9). As it is 

ev ident in Pak is tan we have seasona 1 flock sys tem, so the 

flock raised/reared in December-January- March season come to 

production in July-August. Hence incidence increases in this 

period. In 1988 there were 

(211) isolates (Table 9). 

more non-motile (192) 

Highly significant 

and motile 

(P( 0.01) 

isolations were made in 1988 as compared to isolation 1989 and 

1990. In 1969, isolation ,of non-motile serotypes was 

significantly (P(0.05) higher than isolation of non-motile 

salmonellae in 1990, while isolation prevalence of motile 

salmonellae in 1989 and 1990 was non-significant (Table 9). 

4.4. ISOLATION PREVALENCE OF SALMONELLA 

~ong 8241 samples from 18 different sources including 

broiler breeder birds, Salmonella was isolated from 715 (8.7 

%) samples. The average isolation prevalence at random in 
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chicken broiler breeder was 5.11 per cent. While in day- old

broiler breeder chicks it was 4.18 per cent. Isolation 

prevalence in avifauna birds was 17.83 per cent and in 

indigenous chicken it was 5.71 per cent (Table 6). Maximum 

isolation prevalence (27.65 %) was noted in meat meal samples, 

followed by fish meal (21.65 %), drinking water (21.08 %), 

hatchery fluff (16.19 %), eggs from carrier birds (14.78 %) 

and litter (14.42 %). A range of Salmonella isolation was 4.50 

to 27.65 per cent in various allied sources of positive 

flocks. 

4.4.1 MOTILE AND NON-MOTILE SALMONELLA 

~ overall increasing trends in motile salmonellae was 

observed over the prevalence of non-motile serotypes . Motile 

Salmonella serotypes isolated from 18 various sources were 390 

(4.73 %), while, non-motile were 325 (3.94 %). Among non 

motile (325), Salm. qallinarum was isolated from 181 samples, 

followed by 144 (44.31 %) of Salm. pullorum. Among motile 

(390) Salmonella group, Salm. typhimurium was the most 

prevalent contaminant (19.23 %) followed by Salm. aqona (10 %) 

Salm. saint-paul (7.95 %) and Salm. butantan 7.95 per cent 

(Table 7). 

4.4.2 BROILER BREEDERS 

~egarding the isolation of various Salmonella serotypes 

in broiler breeders at random, a relatively higher prevalence 

of non - motile salmonellae wer e recorded. Salm. qallinarum was 

recorded in 23.14 per cent, followed by Salm. pullorum (14.81 

%). Among the motile salmonellae isolation in broiler 
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Table 6: Isolation of salmonellae from different sources. 

Source No. of Samples Tested Salmonella isolated 

No (' ) 

Broiler breeders 2114 108 5.11 

Day-old a.breeders 502 21 L18 

Indegnious chicken 753 43 5.71 

Avifauna birds 370 66 17.83 

Dead In shell 511 48 9.39 

Elbryos 1007 116 11.52 

Egg (shells) 508 22 4. 33 

Egg (Contents) 521 77 14.78 

Hatchery fluff 105 17 16.19 

Fecal Materials 306 25 8.16 

Cloacal swabs 527 28 5.31 

Litter samples 215 31 14.42 

Poultry house dust III 5 4.50 

Drinking water 147 31 21.08 

Poultry feeds 185 22 11. 89 

Fish Ileal 97 21 21.65 

Heat Ileal 47 13 27.65 

Rodent feces 215 21 9.77 

Total 8241 715 8.70 



Table 7: Isolation frequency of motile and non-motile salmonellae 
from broiler breeders and allied sources . 

SOU lce tested Type of $a1.00r11a Isola ted 

lon-l otUe Mot lIe fotal Isola tes 

10. \ 10. , 10. , 
Broiler breeders 41 1.H 61 3.16 108 5.11 a 

Day-old B.breeders 17 3.38 0.19 21 4.18 e 

IDdeglloDs chlcke. 31 f.ll 12 1. 59 43 5.71a 

1vl faUDii birds 23 6.21 43 11.62 66 17.83 f 

Dead In shell H 5.67 19 3.72 48 9.39" 

Elbryos 52 5.16 64 6.35 116 11. 52 C 

E99 (Shells) 12 2.36 10 1.97 22 4.33 e 

E99 (Contents) 33 6.33 44 8.44 17 14.71 9 
Hatchery fluff 12 11. 42 5 4. 76 17 16.19 h 

Fecal laterlal 12 l.H 13 4.25 25 8.16 i 

Cloacal swabs 15 2. .5 13 2.41 28 5.31 a 

Litter ailpleS 11 5.11 20 '.30 31 14.42 , 

P.boQSe dust 5 4.50 0.00 5 4.50e 

Dr Ink IDg vater 10 6.80 21 14.28 31 21.08 d 

Poultry feeds 5 2.70 11 9.19 22 11.89 c 

Fish leal 10 10.34 11 11. 34 21 21.6Sd 

lIeat leal 2.13 12 25.53 13 27.65d 

Rodents feces , 
2. " 15 6." 21 9.77 b 

Total 325 3.94 390 4.73 115 U) 

4-,t : Values wltb sililir superscripts do not differ statistically, wbile values 11m different 
saperscr ipts differ significantly (P< 0.01 to 0.05) 
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breeders, Balm. typhimurium was isolated in 9.26 per cent, 

followed by Balm. heidelberg (6.48 %) and Balm. butantan (5.55 

%). Balm. eastbourne, salm. saint-paul, Balm. remo and Balm. 

agona have 4.63 per cent isolation prevalence each. Isolation 

prevalence of other isolates is given in Table 8. Considering 

the incidence of Balm. gallinarum and Balm. pullorum in adult 

broiler breeders the Balm. gallinarum is increasing over Balm. 

pullorum. 

4.4.3 VISCERAL ORGANS OF BROILER BREEDERS 

In most of the birds, salmonellae were isolated from 

intestines, liver, spleen and ovary. Isolates were also 

obtained from caeca, lungs, kidney, heart, brain and bursa of 

Fabricius (Table 10). A higher number of isolates were 

obtained from intestines (37.08 %) than the liver (24.07 %) 

and spleen (10.18 %). 

~ximum isolation of non-motile salmonellae were 

observed in intestines (10.18 %), liver (9.26 %), ovary (4.63 

%), caeca (2.78 %), spleen (2.78 %) and brain (2.78 %). 

Isolation of the motile salmonellae in intestines (26.85 %), 

liver (14.81 %), spleen (7.40 %), ovary (6.48 %) and lungs 

(1.85 %) were the common organs. Among 108 isolates from 

various organs, Balm. typhimuriumwas isolated from intestines 

(3.70 %), liver (1.85 %), ovary (1.85 %), spleen 0.92 %) and 

lungs ( 0.92 %). Balm. eas tbourne was isolated fr om 

intestines, liver, spleen and ovary. All the serotypes were 

isolated from intestines except Balm. paratyphi A, which was 

only isolated from liver. In ceca, Balm. gallinarum, Balm. 
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Table 8: Intensity (no) of isolation of various serotypes of Sallonella frol chicken broiler breeders and allied sources 

Source gallinarul pullorul typhiluriul east- saint- butantan java reading chester relo heidel- anatul hadar orion ridge aqona lission give p.typhi-A Total 
bourne paul berg Ro. (%) 

Broiler breeders 25 16 10 4 3 1 108 5.11 
Day old B. breeders 10 1 21 4.18 
Indegnious chicken 10 21 12 43 5.11 
Avifauna birds 13 10 30 3 5 66 11.83 
Dead in shell 11 12 2 2 3 2 3 1 2 48 9.39 
Elbryo$ 30 22 5 3 2 4 13 3 116 11.52 
Egg (shells) 5 1 2 22 4.33 
Egg (contents) 18 15 4 4 11 14.18 
Hatchery fluff 7 5 2 1 11 16.19 
Fecal late rials 8 4 3 2 25 8.16 
Clocal ·swabs 8 1 . 28 5.31 
Litter salples 1 4 31 14.42 
Poultry bouse dust 4 5 4.50 
Drinking water 3 3 31 21.68 
Poultry feeds 3 2 1 2 2 22 11.89 
Fish leal 1 3 2 21 21.65 
Heat leal 1 13 27.65 
Rodent feces 4 2 21 9.17 

(25.31) (20.13) (10.49) (3.91) (4.33) (4.33) (2.52) (2.10) (2 .52) (3.35) (2.52) (1.95) (1.95) (1.54) (0.98) (5.45) .(1.12) 3.78 1.68 100.00 

Total (%) 181 144 15 28 31 31 18 15 18 24 18 14 14 11 39 8 21 12 715 8.10 



Table 9: Isolation (No.) of salmonellae in different months of the 
year during 1988 through 1990. 

Months of 
t he Year 1988 1989 1990 Total 

Ho. (\) 
Non- Motile Non- Motile Non- Motile 
lIotUe .otile Motile 

January 17 7 1 3 28 3.91 

February 13 3 3 12 5 36 5.03 

March 8 5 2 17 3 11 46 6.43 

April 11 21 12 11 21 76 10.62 

May 1 23 2 21 13 60 8.39 

June 2 31 1 3 24 61 8.53 

July 32 34 1 3 5 11 86 12.m 

August 51 37 23 1 4 3 119 16.64 

Septellber 43 51 21 4 2 2 123 17.Jl 

October 3 2 15 11 1 32 4.47 

Movellber 5 1 7 21 34 4. 75 

Decellber 6 3 5 14 1.95 

Total No. (\> 192 211 84 85 49 94 715 (8.)) 



Table 10: Organ wise isolation of var ious Salmonella serotypes from 
chicken broiler breeders. 

Si~lelltl ORGMS POSlfI VI 
serotype! Intes- Liver Spleen ceca LIID<JS Udneys OVar- Heart Bu lD Bursa Total 

tiDes ies (\ ) 

pallon l 5 3 2 1 16 
(lUI ) 

gam.illa , 7 2 2 3 2 25 
m.w 

typhllllIlul 2 2 it 
(9.15) 

eastbourDe 2 1 5 
(4062 ) 

salDt-paul 1 5 
(4062) 

IMltantaD 2 2 , 
(5.55) 

' ava 2 f 
(3.10) 

reading 3 
(2. 77) 

cbester 2 2 f 
(3.10) 

real 2 1 5 
(4062) 

beidelberg f 2 1 
(6.48) 

aDatua 2 1 f 
(3.10) 

hadar 1 1 
(0.92) 

ollon 2 
(US) 

ridge 1 1 
(0.92) 

jlJODa 2 5 
(4062 ) 

lission 1 1 3 
(2 .17) 

give 1 
(0.92) 

para typ/li. A. 1 
(0.92) 

Total (\ ) 40 2' 11 6 4 2 12 2 3 2 111 
m.o,) (24.07) (10.18) (5.55) (3.70) (1.85) (11.11) (1.15) (2.71) (1.85) (10' ) 
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pullorum, Salm. saint - paul, Balm. butantan and Balm. agona 

were the common contaminants. Lungs were infected only with 

Balm. pullorum, Balm. gallinarum, Balm. typhimurium and Balm. 

saint-paul. Only Balm. gallinarum and Balm. pullorum were 

isolated from kidneys. Ovary was predilection site for Balm. 

gallinarum, Balm. pullorum, Balm. typhimurium, Balm. 

eastbourne, Balm. remo, Balm. heidelberg and Balm. agona. 

Heart and brain had only positive on isolation with Balm. 

qallinarum and Balm. pullorum. Salm. remo and Salm. aqona were 

isolates from bursa of Fabricius (Table 10). 

4.4.4. DAY-OLD BROILER BREEDERS 

~ong the day-old broiler breeder chicks, a total of 21 

(4.18 %) salmonellae were isolated. Balm. qallinarum was 

isolated from 10 (47.61 %), followed by Balm. pullorum, 7 

(33.33 %), Balm. typhimurium 1 (4.76 %) and Salm. paratyphi A, 

4.76 per cent (Table 7,8). These isolations were attempted 

from the composite samples of yolks, liver, intestine, lungs 

and spleen of birds died during transportation from abroad. 

4.4.5. INDIGENOUS CHICKEN 

Seven hundred and fifty-three enlarged livers, spleens 

and intestines (251 each) of apparently healthy desi poultry 

birds were collected from the local market. After sear ing 

their surface with a red hot spatula, a loopful of the tissue 

mater ial was inoculated in the broths for enr ichment. The 

growth in the selenite, Mac-Conkey's and Tetrathionate broths 

was transferred to S. S., EMB and Mac-Conkey's agar to study 

the cultural characteristics of the suspected Salmonella. Out 
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of 753 samples of livers, intestines of spl e ens (251 each), 43 

were positive for Salmonella. Isolation of Salmonella was 

successfully attempted from 25 (9.96 %) intestines, 15 (5.97 

%) livers and 3 (1.19 %) spleens. Out of 43 isolates, 22 

isolates were isolated on S. S agar and 21 on Mac-Conkey' s 

agar. Organwise isolation of Salmonella on different media is 

given in Table 11. 

Among the 43 pas it i ve organs belong ing to 31 birds. 

Salmonella could be isolated from 2 birds from the liver, 

spleens and intestines, in 8 birds from the livers and 

intestines, while 21 birds proved to be intestinal carriers 

only. the maximum localization was in the intestine (9.96 %) 

followed by the liver (5 . 97 %) and the spleen (1.19 %). A 

higher percentage of intestinal carriers is also a serious 

threat to our commercial poultry. Out of 43 isolates, 10 

(23.25 %) were of Salm. gallinarum and 21 (48.84 %) Salm. 

Pullorum while 12 (27.91 %) were Salm. typhimurium. 

4.4.6. ISOLATION OF SALHONELLA IN AVIFAUNA 

Three hundred and seventy rectal swabs were collected 

from various species of avifauna from zoological garden birds, 

mainly love, birds, Tena parrots, Australian parrots, peacock, 

Java sparrows, pigeons, cockatoos, doves, canary, silky, 

quails, pheasants, partridges, nightingale and wood-pecker. 

Among 370 birds of various species from different household 

units, Salmonella was isolated from 66 birds, indicating an 

overall prevalence of 17.83 per cent. Salmonella serotypes 

were isolated from 15 (14.85 %) Australian parrots, 22 (22 %) 
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11. Organwise isolation of Salmonella on different media 

Organs No. of organs 
. Media used Total 

S.S. Me No. 0/0 

Intestines '''""1 _::J 12 13 25 9.96 
Livers 251 7 8 15 5.97 
Spleens 251 3 3 1.19 

Total/Average* 753 22 21 43 5.71* 
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pigeons, 3 (6.67 %) Java sparrows, 5 (12.50 %) quails, 4 

(26.67 %) peacocks, 3 (17.65 %) doves, 3 (30.00 %) pheasants 

and 11 species of other birds (26.19 %). Isolation of 

Balmonella serotypes like Salm. typhimurium, Balm. saint-Paul, 

Salm. butantan and Balm. eas t -bourne (Tab1 e 12), wh i ch ar e 

known for their association with disease condition in man and 

animals is of animal industry as well as public health 

significance. Salm. typhimurium was isolated from 30 (45.45 %) 

rectal swabs, Salm. gallinarum-pullorum was confirmed in 23 

(34.84 %) cases etc. (Table 13). 

4.4.7. DEAD IN SHELL 

~omposite samples of the dead in shell embryos a~d egg 

res idual contents were tak en by tr ac i ng back the his tor y 

record of the egg contents with sero-positive flocks. From a 

total of 511 composite samples cultured, 48 (9.39 %) gave 

isolates of Salmonella. Among 48 isolates, 29 (60.41 %) were 

Salm. gallinarum and Salm. pullorum. Salm. butantan (6.25 %), 

Salm. agona (6.25 %), Salm. typhimurium (4.16 %), Balm. saint

paul (4.16 %), Salm. heidelberg (4.16 %) and Salm. para typh i 

A (4.16 %) were other motile contaminents. Balm. eastbourne, 

Salm. Java, Salm. reading and Balm. remo were isolated one in 

each case (Table 6,7,8). 

4.4.8. EMBRYOS 

Isolation was undertaken from 1007 full termed embryos 

by separating the embryos from egg contents and internal 

organs were composite aseptically by washing the abdominal 

area with iodine solution. Among 1007 embryos, 116 (11.52 %) 
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Table IZ : Pr evalence of Salmonella in various species of birds. 

S. No. Species of birds No. o f birds Birds positive 
test ed No . % 

1- Australian parrots 101 15 14.85 
(Pslttacldae , budgeree gah) 

2. Pigeons 100 22 22.00 
(Columba li vi a ) 

3 . Java sparrows 45 3 6.67 
(Ploceldae) 

4 . Quails 40 5 12.50 
(Cyrtonyx mountezumae) 

5. Peacocks 15 4 26 . 67 
(Pavo crlstatus) 

6 . Doves 17 3 17.65 
(Zenaldura macroura) 

7 . Pheasants 10 3 30 . 00 
(Phasl anldae ) 

8 . other species 42 11 26 . 19 

Total/Average'" 370 66 17.83* 



Table 13. Salmonella strains isolated from various species of 

zoological garden birds. 

Total SEROTYPES OF SALMONELLA ISOLATED 
Species Isolates 

typhi- gallic saint b ut- east-
murium Pull orum Pa u l antan bourne 

Australian 15 1 10 3 1 1 
Parrots 

Pigeons 22 20 1 1 

Java 3 1 1 1 
Sparrows 

Quails 5 2 3 

Peacocks 4 3 1 

Doves 3 1 1 

Pheasants 3 3 

Other Spps. 11 6 2 1 2 

Total/Average 66 30 23 5 5 3 
45.45 \ 34.84\ 7.57\ 7.57\ 4 . 54 \ 
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were positive for Salmonella. Fifty two (5 . 16 %) embryos were 

positive for non-motile Salmonella and 64 (6.35 %) had motile 

Salmonella. Among non - motile salmonellae, Salm. gallinarum 

(25.86 %) and Salm. pullorum (18.96 %) were isolated. Salm. 

agona was the major (11.20 %) contaminant in motile group. 

Most of the Salmon e lla wer e isolated except Salm. ridge, Salm. 

mission, and Salm. paratyphi A (Table 6,7,8). 

4.4.9. HATCHING EGGS 

External or false contami nat ions wi th ). i tter in floor 

laying or vent contamination were assessed in 22 (4.33 %) 

cases among 508 total hatching eggs. Intact egg washing was 

contaminated with 22 isolates of Salmonella, among which 12 

(2 . 36 %) wer e non - motile salmon e llae and 10 (1.97 %) we r e 

motile salmonellae . Major external contaminants of hatching 

eggs were Salm. pullorum (31.8 %), Salm. give (22.72 %), Salm. 

gallinarum (22.72 %) and Salm. typhimurium (9.09 %) while 

Salm. reading, Salm. remo and Salm. anatum had identical 

isolation prevalence of 4.55 per cent (Table 6,7,8). Salm. 

give among the motile salmonellae was the common contaminant 

which was also isolated from litter samples with almost same 

frequency (12.90 %) as that of external egg contamination. 

In 521 internal egg contents, salmonellae were isolated 

in 77 (14.78 %) hatching egg contents. Thirty three (6. 33 %) 

isolates were non-motile salmonellae and 44 (8.44 %) were 

motile salmonellae. In comparison with the external 

contamination where non-motile isolation wa s maximum in case 

of inte r nal c ontents higher percentage (8.44 %) wa s isolated . 
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Ovary was contaminated with 6.48 per cent motile salmonellae 

as compared to non-motile (4.63 %). Major contaminants of 

internally hatching eggs are given in Table 6,7,8. 

4.4.10. HATCHERY FLUFF 

Hatchery fluff is a good monitoring material to check 

the ch ick contami nat i on upto hatchery. Among 105 compos i te 

samples from individual hatchers of different hatcheries, 17 

(16.19 %) were positive for different serotypes of 

salmonellae. Non - motile salmonellae were confirmed in 12 

(11.42 %), followed by 5 (4.76 %) of mot i le group. Balm. 

gallinarum (41.17 %), followed by 5 (4.76 %) of motile group. 

Salm. gallinarum, (41.17 %), Salm. pullorum (29 . 41 %) and 

Salm. typhimur i um (11. 76 %) were the frequent contaminants 

while Salm. remo, S~lm. heidelberg and Salm. anatum were also 

isolated one of each (Table 6,7,8). 

4.4.11. FECAL MATERIAL 

~ a result of biochemical and serological reactions it 

was revealed that 25 (8.16 'I fecal samples were positive for 

Salmonella. Among 306 fecal samples, Salmonella shedding was 

confirmed in 8.16 per cent cases. Salm. gallinarum (32.00 'I, 
Salm. pullorum (16.00 %), Salm. typhimurium (12.00 %) were the 

most prevalent salmonellae. Among motile salmonella, the main 

serotypes isolated were Salm. eastbourne, Salm. saint-paul, 

Salm. butantan, Balm. Java, Salm. Chester and Balm. agona 

(Table 6,7,8). 
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4.4.12. CLOACAL BWABB 

~l (527) the cloacal swabs samples were taken from the 

serologically unknown birds and 18 weeks of age revealed 28 

(5 .31 %) isolates of Balmonella. Higher percentage (2.85 %) of 

non-motile salmonellae were isolated followed by motile 

salmonellae (2.47 %). Balm. gallinarum (28 . 00 % ) and Balm. 

pullorum (28.57 %) were the major contaminants while Salm. 

typhimurium (7 .14 %), Balm. eastbourne, Balm. reading, Balm. 

orion, Balm. ridge, Balm. agona, Salm. paratyphi A and Salm. 

give each 3.57 per cent was isolated (Table 6,7,8). 

4.4.13. LITTER SAMPLES 

Sal monell a was recover ed fr om 31 (14.42 %) sampl es by 

composite method. Balm. gallinarum was isolated from 7 ( 22.5 8 

%) and Balm. pullorum in 4 (1 2.9 0 %) samples of litter. Other 

11 serotypes isolated were motile salmonellae. Among motile 

salmonellae, higher isolation was revealed of Balm. give 

(12.90 %), followed by Salm. agona (9.67 %). Salmonella 

eastbourne, Balm. saint - paul, Balm. butantan and Balm. remo 

had similar isolation percentage ( 6.45 %). In 215 litter 

samples taken from seropositive flocks give Balm. typhirourium, 

Balm. Java, Balm. re ,'lding, Salm. heidelberg and Balm. hadar 

one isolate of each (Table 6,7,8). 

4.4.14. POULTRY HOUSE DUST 

Salmonella could be an airborne infection as the dried 

fecal material spread in the air in form of dust. The 

contaminated house dust is one of the vehicle to transport 

infection to the penmat e and poultry houses in the vi cinity of 
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the farm. A total of 111 hou se dust samples were collected and 

only 5 (4 .5 %) samples were positive for salmonellae. All of 

the isolates were non-motile group . Salm. gallinarum was 

isolated 4 (80.00 %) and Balm. pullorum in 1 (20.00 %) dust 

samples (Table 6,7,8). 

4.4.15. DRINKING WATER 

Drinking water is an important vector of pathogen's 

transmission by contamination in house or outside the house. 

In poultry houses, 147 water samples were collected among 

these 31 (21.08 %) were positive for Salmonella. Water had 

heavy contamination of motile salmonellae as 21 (14.28 %) were 

motile salmonellae and only 10 (6 .8 0 %) were non-motile 

salmonellae. Balm. gallina;rum and Salm. pullorum had identical 

isolation prevalence (16.12 %) as it was identical in case of 

Balm. typhimurium and Salm. orion (9 .67 %) . Salm. eastbourne, 

Balm. remo, Salm. agona and Salm. give had similar isolation 

number 2 (6.45 %) in each case. Salm. saint-paul, Salm. 

butantan, Salm. Java, Salm. chester, Balm. anatum, Salm. hadar 

and Balm. ridge only 1 (3. 22 %) isolate for each (Table 

6,7,8). 

4 .4. 16 . POULTRY FEEDS 

~eed samples were collected from the flocks with history 

of salmonell osis. Among a total of 185 feed samples, 22 (11.89 

%) were positive for Salmonella. Among tot a l, 22 isolates from 

feed 5 (2 .70 %) were non - motile salmonellae and 17 (9 . 19 %) 

were motile salmonellae. Balm. qallinarum (13 .64 %), Salm. 

pullorum (9.09 %) were the non-motile isolates while Salm. 
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agon a (13.64 %). Balm. typhimur i um, Balm. p ara typhi A a nd 

Salm. give have identical isolation prevalence ( 9 .09 %). Balm. 

eastbourne, Balm. saint - pau.Z, Balm. butantan, Balm. remo, 

Balm. heidelberg, Balm. orion, Salm . ridge and Salm. mission 

was isolated 1 (4.54 %) of each (T a ble 6,7,8). 

4.4.17. FISH MEAL AND MEJI.T HEAL 

The average recovery rate from the total 97 fish meal 

samples was 21.65 per cent. Among the 21 isolates of 

salmonellae, 10 (10 .3 0 %) were non-motile and 11 (11.34 %) 

we re motil e sa lmonella e (Table 6,7 ,8). salm. qalllna:nlJll was 

isolated from 7 (33.33 %), followed by Balm. pullor um 3 (14.28 

%), Salm. typhimurium 2 (9.5 2 %) and Salm. Java 2 (9.5 2 %). 

Balm. butantan, Salm. reading, Ba lm. remo , Ba lm. orion, Balm. 

mi ssion, Sa lm. paratyphi A a nd Sal m. give were i s ol ated 1 

(4.76 %) of each (Tabl e 8). 

~ong 47 meat meal samples, 13 (27.65 %) were positive 

for Salmonella. Among 13 isolates, only 1 (7.69 %) was non 

motile Balm. gallinarum. Othe r contaminants of motil e group 

were Salm. typhimurium (1), Salm. saint - paul ( 2 ), Salm. 

butantan (1), Balm. reading (1), Salm. rema (1), Salm. 

heidelberg (1), Salm. hadar (1), salm. ridge (1), Salm. agona 

(1) and Salm. paratyphi A (2). 

4.4.18. RODENT FECES 

Rodents ar e good vecto r 0 f transmi tt i ng the dis ease 

organism to the feed store or spreading to the other farms. 

The contaminated rodent feces are mixed i n t he feed a nd 
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u 1 t i rna tel y the ins i d i 0 u s rna t e ria 1 rea c he d tot h e b i r d s. A 

total of 215 comp osite rodent fecal samples were collec ted and 

Salmonella i sola tion was co nf irmed i n 21 (9. 77 % ) samples. 

Among 2.79 per cen t no n - mo ti l e Salmonel l a , 19.01 per cent was 

Salm . gallin a rum f o ll owed by Sal m . pullor um ( 9.52 %). Among 

motile group Salm. agona (19.04 %), Salm. sa int - paul (14.28 %) 

and Salm. give (9 .52 %) were isolated, while Salm. 

typhimurium/ Sa.lm. Java/ Salm. reading/ Salm. ridge/ Salm. 

mission and Salm. paratyphi A each of the i s olate was 

attempted at same frequency of 4.76 per cent (Table 6,7,8). 

4 . 5 . ANTIBIOGRAPHY OF SALMONELLA ISOLATES 

'7arious antimicrobial agents more commonly used against 

salmonellosis were evaluated by disc method against the 

isolated Salmonella strains. The antimicrobials u sed were 

ampicillin, chloramphenicol, erythromycin, flumequine, 

furazolidone, gentamicin, kanamycin, lincomycin, n e omycin, 

streptomycin, . Terramycin, Tribri sse n and vibramycin. On the 

average, 66 .33 per cent o f the isolates were highly 

susceptible to various antimicrobials, 14.43 per cent 

intermediately s U3ceptible, while 19.26 per cent of the 

isolates were resistant (Table 14). 

F'lumequine proved to be the drug of choice, as 668 

(93.43 %) isolates we re sensitive, 30 (4.19 %) intermediately 

susceptible and only 17 ( 2.37 %) were resistant. Vibramycin 

stood at number two, to which 568 (79.44 %) isolat es were 

sensitive and 116 (16 .22 %) were intermediately susceptible, 

while 31 (4.33 %) isolates were resistent. According to the 
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Table 14: susceptibility of 715 isolates of Salmonella serotypes to 
different antimicrobials. 

Ant i microbials Susceptibil i ty 
tested 

High Intermed iate Resistant 
No. % No. % No. % 

Arrpicill1n (A) 544 76.08 68 9.51 103 14.40 a. 

Chlorar/'()henicol ( C) 605 84.61 45 6.29 65 9.09 b 

Erythromycin (E ) 368 51.47 161 22.52 186 26.m. C 

Flwrequine (AR) 668 93.43 30 4.19 17 2.37 cL 

Furazolidone (F) 335 46.85 114 15.94 266 37.'XJ e 
Gentamicin (G) 625 87.41 54 7.55 36 5.03 f 
Kanamycin (K) 351 49.09 76 10.62 288 40.27 ~ 
Lincomycin (L) 499 69.79 130 18.18 86 12.02 ~ 

Neomycin (N) 412 57 . 62 144 20.14 159 22.23 C. . 
s treptomycin (S) 537 75. 10 132 18.46 46 6.43 L 

Terramycin (T) 319 44 . 61 166 23.21 230 32.16 e 

Tribrissen (TS) 332 46.43 106 14.82 277 38.74 e 

Vibr amycin (V) 568 79.44 116 16.22 31 4.33 f 

Total/Aver age 474 66.33 103 14.43 138 19.28 

• 
cz. - L = Values with sindlar super scripts do not diff er statistically, 

while values with different superscripts differ significantly 
(P< 0.01 to 0.05) 

Terramycin = Tetracycline 
Tribrissen = Sulphadlazine + Trimethoprim 
Vibramycin = Doxycycline 



RESULTS 

spectrum of susceptibility, maximum resistance (40 .27 %) was 

observed against kanamycin, followed by Tribrissen ( 38. 74 %) , 

furazolidone ( 37.20 %) , Terramycin ( 32.16 %), erythromycin 

( 2 6.01 %) and neomycin ( 22.23 %). Seventeen (2.37 %) isolates 

were resistant to all the antibacterials, while 427 ( 59.72 %) 

were sensitive to all the antibacterials, while 103 ( 14.43 %) 

were intermediately sens itive. 

4 . 5 . 1 . SUSCEPTIBILITY IN MOTILE VS NON MOTILE 

~ong total of 715 isolates of salmonella, 390 ( 54.55 %) 

were motile and 3 25 ( 45.45 %) non-motile. The distribution of 

resistance in both the groups was statistica lly ( P<0.05 ) non 

significant in most of the cases. An overall trend of 

sensitivity was more in motil e group in case of almost all the 

antibacterials as compared to non-motile group where the 

isolates were facing more resistance to antibacterials (Table 

15) . 

4.5.2. TEMPORAL SUSCEPTIBILITY 

~ong non-motile group of Salmonella, a variable trend 

in antimicrobials were noted. Ampicillin resistance was more 

during 1988 and 1989, while resistance increased from 11.98 to 

14.28 per cent in 1990. Increase in resistance from 10.41 to 

2 0 .41 per cent was noted in chloramphenicol, 24.4 7 to 28.5 7 

per cent in erythromycin, 3 0 .20 to 48.97 per cent in 

kanamycin, 16.14 to 26.53 per cent in n eomycin 24.47 to 32.65 

per cent in Tribrissen. (Table 16). Rest of the antibact e rials 

had fluctuating trend par ticularly resistance against 

Terramycin risen from 20.31 per cent to 34.52 per cent in 1989 
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Table 15: Susceptibility (%) of 715 Salmonella serotypes to 
different antimicrobials. 

Non-motile Hoti1e 

Antiaicrobia1s Sensitive Intermediate Resistant Sensitive Intermediated Reslstart 
No. (' ) No. (') No. (') No. (' ) No. (') No. (' ) 

Ampicillin 251 31 43 292 37 60 
(35.10) (4.33) (6.01) (40.97) (5.17) (8.39) 

Chlora.- 282 2 41 323 43 24 
phenicol (39.44) (0.28) (5.73) (45.17) (6.01) (3.35) 

Erythroaycin 168 73 84 200 88 102 
(23.49) (10.20) (11. 74) (27.97) (12.30) (14.26) 

Flumequine 308 14 3 360 16 14 
(43.07) (1.95) (0.42) (50.34) (2.23) (1. 96) 

Furazolidone 151 52 122 184 62 144 
(21.11) (1.27) (17.06) (25.73) (8.67) (20.13) 

Gentaaicin 287 27 11 338 27 25 
(40.13) (3.77) (1. 53) (47.27) (3.77) (3.49) 

Kana. ycin 175 33 117 176 43 171 
(24.47) (4.61) (16.36) (24.61) (6.01) (23.91) 

Lincollycin 239 57 29 260 73 57 
(33.42) (7.97) (4.05) (36.36) (10.20) (7.97) 

Neomycin 202 62 61 210 82 98 
(28.25) (8.67) (8.53) (29.37) (11.47) n3.l) 

streptomycin 261 51 13 276 81 33 
(36.50) (7.13) (1. 81) (38.60) (11.32) (4.61) 

Terrallycin 170 74 81 149 92 149 
(23.77) (10.35) (11.32) (20.83) (12.86) (20.83) 

'l'ribrissen 183 48 94 149 58 183 
(25.59) (6.71) (13.14) (20.83) (8.11 ) (25.!B) 

Vi bramyc in 261 55 9 307 61 22 
(36.50) (7.69) (1. 26) (42.93) (8.53) (3.07) 



able 16: Susceptibilites (\) of different serotypes of Sal.onella to various anti.icrobials 

--------------------------------------------------------
lhonella fotal ANTIBACfERIALS rEST ED 
!rotypes isolates --------

tes ted A C E AR f G K L H S r TS V 
---------- ------- -------------------------------------------------------------------------------------------------------
,stbourne 28 100.00 100.00 71. ~2 100.00 71. 42 100.00 71. 42 100.00 42.85 100.00 85.71 42.85 100.00 
int-Paul 31 87.09 100.00 64.51 100.00 80 .6 4 100.00 80.64 100.00 38.70 87,'09 80.64 64.51 87.09 
tan tan 31 93.54 100.00 83.87 100.00 67. 74 96.74 38.70 83.87 83.87 100.00 90.32 48.38 100.00 
va 18 88.86 94.44 61.11 100.00 61.11 94.44 55.55 83.33 88.88 94.44 27.77 44.44 94.44 
adinq 15 66.66 86.66 66.66 100.00 86.66 86.66 86.66 100.00 40.00 100.00 93.33 66.66 100.00 
ester 18 33.33 94.44 88.88 94.44 27.77 94.44 22.22 77. 77 33.33 33.33 5.55 27. 77 88.88 
10 24 83.33 91.66 54.16 87.50 45.83 79. 16 29 .16 79. 16 83.33 95.83 50.00 41. 66 91.66 
idelberq 18 94.44 88.88 83.33 94.44 61. 11 94.44 55.55 83.33 88.88 94.44 27.77 44.44 94.44 
3tUI 14 78.57 92.85 64.28 92.85 64.28 78.57 64 .88 78.57 85.71 78.57 35.71 64.28 78.57 
lar 14 78. 57 85.71 42.85 92.85 50.00 100.00 42.85 92.85 85. 71 92. ~5 14.28 42.85 92.85 
ion 11 90.90 90.90 81.81 100.00 18.18 100.00 54.54 63.63 72.72 81.81 27.27 36.36 90.90 
Jge 7 71. 42 71. 42 28.57 85.71 28.57 85.71 28. 57 57.14 71. 42 88. 71 42.85 28.57 71. 42 
Ina 39 89.74 94.87 66.66 94.87 53.84 92.36 30. 76 82.05 87.71 94.87 89.74 38.41 97.43 
:sion 8 100.00 100.00 62.50 100.00 37.50 100.00 50.00 87.50 50.00 100.00 50.00 50.00 87.50 
:ypbi. A 12 100.00 100.00 91. 66 100.00 83.33 100.00 50.00 91. 66 100.00 100.00 41. 66 25.00 100.00 
°e 27 81. 48 92.59 81. 48 100.00 37.03 92.59 55.55 81.48 85.18 92.59 40.74 48. 14 96.29 
biluriul 75 84.00 92.00 89.33 94.66 86.66 93.33 77. 33 84.00 90.66 96.00 78.66 84.00 97.33 
-------------------------------------------------------------------------------------------------------------------------
al 390 330 366 288 376 246 365 219 333 292 357 241 207 368 
iles (84.61) (93 . 84 ) (73.84) (96.41 ) (63.07) (93. 58) ( 56. 15 ) (85.38) (74.87) (91.53) (61.79) (53.07) (94.35) 
-------------------------------------------------------------------------------------------------------------------------
linarul 181 94.47 95.02 79.00 98.89 58.01 96. 13 66.85 96. 13 80.11 97 . 79 81.21 81.21 96.68 
lorul 144 77. 08 77.77 68.05 99.30 68.05 97.22 60.41 84.72 82.63 93.75 67.36 o 58.33 97.91 
-------------------------------------------------------------------------------------------------------------------------
il 325 (282) (284) (241 ) ( 322) (203) (314 ) (208) ( 296 ) ( 264 ) ( 312) (244) ( 231 ) (316 ) 
"Iotiles 
-------------------------------------------------------------------------------------------------------------------------
Ital 715 612 650 529 698 449 679 427 629 556 669 485 438 684 
) 100 85.59 90.90 73.90 97.62 62.80 94.96 59.72 87.97 77.76 93.56 67.83 61.25 95.66 
------------------------------------------------------------------------------------------------------------------------
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and decreased to 18.36 per cent in 1 990. 

In motile Salmonella, trend in resistance was relatively 

faster as compared to the non-motile salmonellae (Ta ble 17). 

Significant rise in resistance against Tribrissen was noted 

where the resistance increased f rom 39.33 per cent (1 988 ) to 

69.14 per cent (1990), followed by k anamycin from 40.28 to 

55.32 per cent, erythromycin 16.58 to 47.87 per cent, 

Terramycin 36.96 to 45.74 per cent and neomycin from 22.27 per 

cent in 1988 to 31.91 per cent in 1990. A temporal 

relationship in resistance against traditional antibacterials 

were noted (Tabl e 18). 

4 . 5 . 3 . GLOBAL ANTIBIOGRAMS OF S ALMONELLAE 

In toto 715 isolates were screened for antimicrobial 

sensitivity. Sensitivity to all the antibacterial under trial 

was observed only in 427 (59.72 %) isolates of Salmonella. Of 

which 11 (1.54 %) were sensitive to all except kanamycin to 

which resistance was created by Salmonella serotypcs against, 

while another 11 (1 .54 %) created resi s tance to Tribri s sen in 

addition to kanamycin. Seventeen (2.37 %) isolates were only 

sensitive to chloramphenicol, f1uruequine, gentamicin, 

lincomycin, streptomycin and vibramycin. Five (0.70 %) 

isolates were s ens itive only to flumequine and vibramycin, 

wh i Ie 14 (1. 95 % ) 

(2.37 %) isolates 

tested (Fig . 5). 

were sensitive to f1umequine. Seventeen 

were resistant to all the antibacterials 
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Table 17: Sensitivity of 325 non-motile Salmonella serotypes 
(isolated during 1988-1990) to different antImIcrobials,. 

;>-

Antimicrobials 1988 1989 1990 
tested SusceptIbIlity (\) SusceptibIlIty (\) Susceptibility (\ ). SensitIve 

S I R S I R S I R Total No . (\ ) 

Ampicillin 79.16 8.85 11. 98 73.80 10.71 15.47 75.51 10.20 14.28 282 a. 
(86.76) 

Chloram- 89.06 0.52 10.41 85. 71 1.19 13.09 65.30 0.00 20.41 284 Q. 

phenicol (87.38) 
Erythromycin 57. 81 17.70 24 .47 41. 66 30 . 95 27.38 44.89 26.53 28.57 241 a 

(74.15) 
Flullequi ne 95 .• 31 3.64 1.04 92 . 85 5.95 1.19 95.91 4. 08 0.00 322 b 

(99.07) 
Furazolidone 47 . 39 15.10 37.50 44. 04 17.85 38.09 46.93 16.32 36.73 203 c 

(62.46) 
Gentamicin 87. 49 8.85 3.64 89 .28 8.33 2.38 89.79 6.12 4.08 314 b 

(96.61) 
Kanaaycin 58.85 10.93 30.20 48.80 9.52 41.66 42.85 8.16 48.97 208 c 

(64.00) 
Lincomycin 71.08 15.10 7.81 67.85 21. 42 10.71 69.38 20.41 10.20 296 b 

(91.07) 
Neomycin 65.62 18.23 16.14 58.33 21. 42 20.23 55.10 18.36 26.53 264 0.-

(81.23) 
streptomycin 81.71 14.58 3.64 79.76 15.47 4. 76 75 .51 20.41 4. 08 312 .b 

(96.00) 
Terramycin 57.29 22.39 20.31 40. 47 24.99 34.52 53 .06 28.57 18 .36 244 a.. 

(75.07) 
Tribrissen 62. 49 13.02 24.47 46.42 16.66 36.90 48.97 18.36 32.65 231 a.. 

(71.07) 
Vibramycin 82.29 15.10 2.60 76.19 20.23 3.57 79 . 59 18.36 2.04 316 .b 

ct.. - c = Values with similar superscripts do not differ statistically, while values with 
dIfferent superscripts dIffer significantly (P( 0.01 to 0.05) 

S = SensItIve 
I = Intermediately sensitive 
R = ResIstant 



Table 18: 

Antimicrobials 
tested 

AIlp icillin 

ChloralD-
phenicol 

Erythroaycin 

Flumequlne 

Furazolidone 

Gentamicin 

Kanamyc in 

LincoJlycin 

Neomycin 

streptomycin 

Terramycin 

Tribrissen 

Vi br allYc1 n 

S 
I 
R 

= 
= 
= 

sensitivity of 390 motile Salmonella serotypes (Isolated 
during 1988 - 1990) to different antimicrobials. 

1988 1989 
Susceptibility (\) Susceptibility (\) 
S I R S 

75.82 9.47 14.69 69.41 

89.09 6. 16 4. 73 83.52 

60 .66 22 .74 16 .58 50.58 

90.99 3.79 5. 21 91. 76 

46. 44 16.11 37. 44 44. 70 

87 .20 7.58 5.21 82 . 35 

49.28 10. 42 40.28 45.88 

69.66 18.01 12.32 67.05 

57.34 20.37 22.27 54.11 

74.88 18.48 6.63 71. 76 

39.81 23.22 36.96 42.31 

45 .97 14. 69 39.33 44. 70 

79.15 16.11 4.73 76.47 

Sensitive 
Intermediately sensitive 
Res istant 

I R 

9.41 21.17 

7. 05 9.41 

23 .52 25.88 

4.70 3.53 

17.64 37 .64 

9.41 8.23 

14.11 40.00 

18.82 14.11 

21.17 24. 70 

18.82 9.41 

24. 70 32.94 

14.11 41.17 

16.47 7;05 

1990 
Susceptibility (\) Sensitive 
S I R Total Ho.(\) 

78.72 8.51 12.76 330 
(84.61) 

68 .08 25 . 53 6. 38 366 
(93.84) 

30. 85 21. 27 47.87 288 
(73 .84 ) 

95 .74 3.19 1.06 376 
(96 .41 ) 

51.06 13 .82 35.10 246 
(63.07) 

89.36 3.19 7.45 365 
(93.58) 

35.10 9.57 55.32 219 
(56 .15 ) 

59.57 20.21 20.21 333 
(85.381 

45.74 22.34 31. 91 292 
(91.53 ) 

60.63 27.65 11. 70 357 
(91. 53 ) 

30.85 23.40 45 .74 241 
(61.79 ) 

14.89 15.95 69.14 207 
(53.07) 

79.78 13.82 6.38 368 
(9 4.35 ) 

=>-
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RESULfS 

4.5.3.1. SALHONELLA GALLINARUH 

~alm. gallinarum was observed more over the Salm. 

pullorum in the previous few years. Among non-motile group the 

higher percentage was isolated by Salm. gallinarum. In a total 

of 181 Salm. gallinarum, 105 (58.01 %) isolates were sensitive 

to all the antibacterials in trial, another 16 (8.83 %) were 

sensitive to all except fur a zolidone to which resistance was 

observed (Fig. 6 ) . Twenty two ( 12.15 %) isolates were 

sensitive to 

Ampicillin, 

all except ~ r azo idone and 

chloramphenicol, flumequine, 

kanamycin. 

gentamicin, 

lincomycin, streptomycin and vibramycin were only sensitive in 

24 ( 13.26 %) isolates. Two (1.10 %) isolates were only 

sensitive to flumequine, while another 2 ( 1.10 % ) isolates 

were resistant to all the isolates. 

4 • 5 • 3 • 2 • SALHONELLA PULLORUH 

~ong non-motile a total of 144 Salm. pullorum isolates 

were attempted f or ant i bi ography. Res i stance aga ins t non

motile salmonellae was more serious as the non - motile group 

was more prevalent in our broiler breeders. Eighty four (58.33 

%) isolates were sensitive to all the antimicrobials tested. 

Resistance aga ins t Tribrissen was the f irst resistance 

indicator in 3 (2.08 %) isolates, while these isolates were 

sensitive to all the other antibacterials. Generally higher 

problem of resistance was critically with erythromycin, 

furazolidone, kanamycin, neomycin, Terramycin and Tribrissen. 

Twelve (8.33 %) isolates were only sensitive to flumequine, 

gentamicin, streptomycin and vibr amyc in, while another 6 (4.16 

%) lost sensitivi ty to streptomyc i n in addition. Two ( 1.38 %) 
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isolates were only sensitive to flumequine, while 1 (0.69 %) 

isolate was resistant to all the antibacterials (Fig. 7). 

4.5.3.3. SALHONELLA TYPHIHURIUH 

~ong the motile salmonellae group Salm. typhimuriumwas 

isolated with the highest prevalence. Among total 75 isolates 

50 (66.66 %) were sensi t ive to all the antibacterial included 

in sensitivity test. Five (6.66 '- ) isolates were resistant 

only to kanamycin. Resistance against furazolidone and 

kanamycin was observed in 4 (5.33 %) isolates, while another 

4 (5.33 %) lost sensitivity to Terramycin in addition. Mostly, 

furazolidone, kanamycin and Terramycin have fairly high 

resistance. One (1.33 %) isolate was only sensitive to 

streptomycin and vibramycin, while anoth e r 1 (1.33 %) was 

sensitive to vibramycin only . Two ( 2. 6 6 % ) is olates we re 

resistant to all the antibacterial$ (Fig. 8). 

4.5. 3 .4. SALHQ. FLLA EASTBOURNE 

~ong the Sa lm. eastbourne tested against various 

antibacterials 12 (42.86 %) were sensitive to all the 

antibacterials used . Eight ( 28.57 %) serotypes were resistant 

to neomycin and Tribrissen, while ano t her 4 (14 .28 %) 

serotypes were resistant to erythromycin, furazolidone, 

kanamycin, neomycin and Tribrissen. Among t he antibiography 4 

(4 . 28 %). Salm. eastbourne isolates were only sensitive to 

ampicillin, chloramphenicol, flumequin, gentamicin, 

lincomycin, streptomycin and vibramycin. Generally Salm . 

eas tbourne was resistant to erythromycin, furazolidone, 

kanamycin, neomy 'n and Tribrissen at most (Fig. 9). 
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· Fig . 8 Antlbloqram of 75 salmonella typhlluriuJI 

No. of 
isolates Antibacterial a gents 

50 o::J CD [I] [ill CIJm CD mDJ OJ OJ [ill OJ 
5 OJ m OJ [ill CD OJ OJ OJ [ .] LIJ [ill OJ 
4 Lu LO W [Ai[] [TI [ ' U [NJ [1J IT] OD CD 
4 mIT] IT] [ill OJ mDJ OJ [ rsJ OJ 
4 CD CO [ill [TI OJ OJ OJ 
1 QJ I AU OJ OJ CO 
1 IT] [ill [TJ OJ OJ 
1 [ill [TI L.U [LI 

[A-I] Ii] Dl 
1 LLl CD 
1 Lv] 
2 

Flg .g Antlblogram of 2-1 Salmonella eastbour ne 

No. of 
isolates I Antibacterial agents 

12 o::J IT] [I] [ill CO OJ CD OJ m OJ OJ [ill OJ 
8 OJ QJ OJ [ill CD OJ OJ OJ OJ LIJ OJ 
4 UJ W [Ai[] [TI L LJ [.0 OJ CD 
4 OJm [ill OJ OJ OJ OJ 
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... 5.3.5. SALHONELLA SAIN T-PAUL 

~ong the total 31 isolates of Salm. saint-paul tested 

12 (38 . 70 % ) were sensitive to all the antibacteria~s in 

trials. Only 8 ( 25.81 %) showed resistance ~ gainst neomycin, 

while another 5 (16.12 %) have tendency to survive in the 

presence of erythromycin, neomycin and Tribrissen. Two (6.45 

% ) salm. saint-paul were sensitive to ampicillin, 

chloramphenicol, f1umequine, gentamicin, lincomycin, 

streptomycin and vibramycin. Sensitivity against 4 isolates 

(12.96 % ) of Salm. saint-paul diminishes to the extent of 

chloramphenicol, flumequine, gentamicin and lincomycin (Fig. 

10) . 

.. • 5. 3 . 6 . SALHONELLA BUTANTAN 

A total o f 31 isolates were tested against vari ous 

antibacterials unde r trial. Salm. butantan 12 ( 38.70 %) 

serotypes showed sensitivity to all the tested antimicrobials. 

Three (9.67 %) isolates were only resistant to kanamycin, 

while another 6 ( 19.35 %) showed resistance to Tr ibrissen in 

addition. Resistance again s t furazolidone, kanamycin and 

Tribrissen was observed in 5 (16.12 % ) isolates of Salm. 

butantan. None o f the isolate was resistant to all the 

antibacterials, while some 

chloramphenicol, flumequine, 

vibramycin (Fig. 11) . 

.. • 5 • 3 . 7 . SALHONELLA JA :A 

have the sensitivity only to 

gentamicin, streptomycin and 

~alm. java was isolated on 18 occasions from different 

sources. Salm. java was sensitive to all the tested 
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Fig .10 Antlblograrn of 31 salmonella uint-paul 
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antimicrobials for 5 (27.77 %) isolates. Three (16.66 %) 

isolates were resistant only to Terramycin, while another 2 

(11 .11 %) were resistent to Tribrissen in addition. Only one 

(5.55 %) isolate of Balm. java was sensiti ve to only 

flumequine, while another was sensitive to only 

chloramphenicol, flumequine, gentamicin, streptomycin and 

vibramycin (Fig. 12). 

4.5.3.8. SALMONELLA READING 

Balm. reading was mostly sensitive to all the 

antimicrobials tested. Among total 15 isolates 6 (40.0 %) were 

sensitive to all the antibacterial tested and another 4 (26.66 

%) were sensitive to all antibacterials except neomycin where 

there showed resistance. As the resistance spectra extended to 

other antibacterials 3 (20.0 %) isolates showe d resistance to 

ampicillin, erythromycin, neomycin and Tribrissen, only one 

(6.66 %) isolate was resistant to ampicillin, chloramphenicol, 

erythromycin, furazolidone, gentamicin, kanamycin, neomycin 

and Tribrissen (Fig. 13). One (6.66 %) serotype of Balm. 

reading was only sensitive to flumequine, lincomycin, 

streptomycin and vibramycin. 

4.5.3.9. SAI,MO~ELLA CHESTER 

Balm. chester responded only 22.22 per cent to the all 

antibacterial under trial except Terramycin. One (5 .55 %) 

Balm. chester was resistant to kanamycin and Terramycin, 

another one (5.55 %) showed the resistant against furazolidone 

and Tr ibr i ssen alongwi th the pr evi ous ant i b a cter i als, 

Resistance was developed in 9 ( 50.0 %) against ampicillin, 
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furazolidone, kanamycin, neomycin, Terramycin and Tribrissen. 

One (5.55 %) isolate of Salm. chester was resistant to all the 

spectrum of antibacterials under trial (Fig. 14). 

4.5.3.10. SALHONELLA REHO 

~ong the total 24 isolates of Salm. remo only 7 ( 29.16 

% ) were sensitive to all the tested antimicr obials. Three 

(12.50 % ) isolates were resistant to kanamycin only the 

variable resistance was noted in another 3 isolates. Six (25.0 

%) isolates of Salm. remo were sens it i ve to all except 

erythromycin, furazolidone, 

Tribrissen. Most of the 

kanamycin, 

isolat es were 

Terramycin 

sensitive 

and 

to 

chloramphenicol, flumequine, vibramycin, s treptomycin (Fig. 

15) . One (4.16 %) isolates was resistant to all the 

antibacterial tested. 

4 . 5.3.11 . SALHONELLA HEIDELBERG 

A total of 18 isolates of Salm. heidelberg were detected 

among these 5 were sensitive to all the antibacterials. Three 

( 16.66 %) isolates wer e sensitive to all the antimicrobials 

except Terramycin against which resistance observed another 2 

(11.11 %) isolate lost sensitivity against Tr ibrissen in 

addition. Kanamycin, Terramycin and Tribrissen resistance was 

observed in only one ( 5.55 %) isolate. Ge nerally the 

resistance was observed against erythromycin, furazolidone, 

kanamycin, Terramycin and Tribrissen. One ( 5.55 % ) isolates 

was resistant to all the antibacterials tested (Fig. 16). 
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4.5.3.12. SALHONELLA ANATUH 

Five (35.71 %) of the total 

anatum were sensitive to all the 

RESULfS 

(14 isolates of Balm. 

tested antibacterials. 

Resistance was observed against Terramycin in 4 (28.57 %) 

cases. Further addition of resistance was observed in 2 (14 .28 

%) isolates against erythromycin, furazoli~one, kanamycin and 

Terramycin, only one (7.14 %) Balm. anatum isolate was 

sensitive to chloramphenicol, flumequine and neomycin, while 

another lost sensitivity to neomycin in addition (Fig . 17). 

4.5.3.13. SALHONELLA HADAR 

To the all antibacter ials tested only 2 (14 .28 %) 

serotypes of Salm. hadar were sensitive, while only 1 (7.14 ) 

was sensitive only to gentamicin. Four (28.57 %) is olates were 

resistant to erythromycin, furazolidone, kanamycin, Te rramycin 

and Tribrissen. One (7 .14 %) was only sensitive to 

chloramphenicol, flumequine, gentamicin, lincomycin, neomycin, 

streptomycin and vibramycin, while another one (7.14 %) have 

the same sensitivity except it created resistance against 

chloramphenicol and neomycin (Fig. 18). 

4.5.3.14. SALHONELLA ORION 

Eleven isolates of Balm. orion were tested to check 

their response to the antibacterials in use, 2 (18.18 %) 

isolates were sensitive to all the spectra. Only one (9.09 %) 

isolate was sensitive to flumequine and gentamicin. Resistance 

was observed aga inst flumequine, kanamycin, 

neomycin, Terramycin and Tribrissen (Fig . 19). 
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4 . 5 . 3.15 . SALHONELLA RIDGE 

Salm. ridge was isolated from 7 samples among these 

isolates 2 (28.57 %) were sensitive to all the antibacterials . 

One (14.28 %) isolate was resistant to all the spectrum. Other 

4 serotypes l ost their sensitivity gradually and develop 

resistent to erythromycin, furazolidone, k an amycin, 

lincomycin, Terramycin and Tribrissen in general (Fig. 20). 

4. 5 . 3 . 16 . SALHONELLA AGONA 

T hirty nine Salmonella isolates were of Salm. agona, 

wh erea s, only 12 (30 . 76 %) wer e sensitive to the 

antimicrobials t~nder trial. Three (7.69 %) isolates lost 

sensitivity to kanamycin. Tribrissen was the next 

antibacterial against which resistant was observed alongwith 

kanamyc i n in 6 ( 15.3 8 %) i so l ates of Sal m. agon a . Res i s t a nce 

against f uraz olidone, kanamycin and Tribri s sen was observed in 

5 (12 . 82 %) isolates. Six (15.38 %) were resistant to 

fu r azolidone, erythromycin, kanamycin and Tr ibrissen. One 

(2.56 %) isolate was only sensitive to vibr a mycin, while one 

(2 . 56 %) isolate was r esi s tant to al l the antimicrobial under 

trial (Fig. 21) 

4.5. 3 .17 . SALHONELLA HISSION 

~ong the total of 8 isolates of Salm. mission 3 (37 . 5 

%) were sensitive to all the drugs tested in these studies. 

One (12 . 50 

furazolidone, 

%) isolate lost 

while another one 

its sensitivity against 

lost its sensitivity to 

kanamycin, neomycin , Ter r amycin and Tribrissen in addition . 

One ( 12 . 5 0 %) isolate was onl y sensiti v e to a mpicill i n, 
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chloramphenicol, flumequine, gentamicin and streptomycin. Two 

isolates ( 25. 0 0 %) developed resistance against erythromycin, 

furazolidone, kanamycin, neomy~in, Terramycin and Tribrissen 

( Fig.22). 

4.5.3.18. SALMONELLA GIVE 

~almonella give was isolated on 2 7 occasions from 

different s o urces. Balm. give was sensitive to all the 

antimicrobials under tr ial in only 10 (37. 0 3 % ) cases. One 

(3.70 %) isolate was resistant only to the furazolidone, while 

another 2 (7.40 %) lost sensitivity against 'l'erramycin in 

addition. Generally Terramycin, Tribrissen and furazolidone 

lost the effectiveness due to resistant bacteria. One ( 3.70 %) 

isolate was only sensitive to flumequine and vibramycin, while 

another one (3.70 %) create resistance against vibramycin 

( Fig. 23 ) . 

4 . 5 . 3 . 19 . SALMONELLA PARATYPHI-A 

~tibiogram of Balm. paratyphi A indicated that among 

the 12 isolates tested 3 (25.00 %) were sensitive to all the 

antimicrobials. Resistance against only Tribrissen was 

observed in 2 ( 16.66 % ) isolates, while resistance against 

Terramycin in addition was observed in 1 ( 8.33 %) isolate. 

Four (33.33 %) isolates showed resistance to kanamycin, 

Terramycin and Tribrissen, while one ( 8.33 ) isolate showed 

resistance to furazolidone in addition (Fig. 24). 
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4.6. MACRO-MICRO AND ULTRASTRUCTURAL PATHOLOGICAL STUDIES 

Pathological lesions were almost identical in all the 

affected birds at organ and cellular level but intensity was 

variable with different serotypes of Salmonella involved 

(Table 19,20). 

4.6.1. LIVER 

~iver was the main target organ of Salmonella serotypes 

in 83 per cent cases among 108 bacteriological positive birds. 

Liver affected with remarked enlargement along with soft 

consistency, hemorrhages and congestion were the primary gross 

abnormalities leading to severe metallic sheen and bronze 

discoloration. Toxic induration, necrotic foci, petechial or 

ecchymotic hemorrhage and severe atrophic changes were the 

more prominp.nt lesions in Salm. gallinarum, Salm. pullor um, 

Salm. typhimurium and Salm . heidelberg. While other serovars 

affected the liver milk to moderately (Table 21). The capsule 

was thick but tissues were friable and crisper in almost all 

the cases, however, the intensity varied with the serotypes 

incriminated. These changes were more pronounced at the 

margins than central areas of the lobes. The size of necrotic 

foci scattered allover the surface of the liver varied from 

millet seed to that of a pea. 

r1istopathologically the most salient lesions found in 

the liver were congestion, fatty degeneration, thickening of 

capsule, cloudy swelling along wi th pyknotic nu c] p us and 

degenerative changes were seen in 65 per cent cases (Fig. 25). 

Di ff use cirrhosis and amyloid deposition in degenerated areas 
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Table 19: Frequency (% ) of involvement of various organs in 
differen t Salmonella serotypes. 

SillODtlli Total 
serotypes positive Liver Intestines Spleen Lungs Udneys (}varies Heart Ceca Brain ~ 

PUllOIDI 16 83 76 61 54 H 93 25 82 13 58 

ga ll iDarul 2S 80 13 61 44 45 98 23 . 84 15 61 

typbiluriDi 10 92 81 12 64 61 93 33 91 21 76 

eastbour Ae 5 54 44 38 C1 38 12 13 47 10 13 

sa in t-paul 5 ~8 H 39 42 31 58 12 42 11 

blltantan , 61 43 41 45 H 53 13 43 10 13 

java 4 51 H 38 42 37 51 12 40 11 

read ing 3 73 65 69 54 41 83 21 77 12 n 

cbester 4 H 63 68 53 39 78 18 13 10 H 

relo 5 71 68 63 51 38 71 15 68 42 

he idelberg 7 12 61 63 51 42 81 21 75 11 42 

allatul 4 61 58 5' 50 41 72 18 70 10 38 

badar 1 73 64 58 53 38 77 20 67 11 39 

ollon 2 67 58 43 51 38 51 13 67 10 28 

ridge 1 63 52 47 50 37 53 12 65 21 

aqona 5 61 62 H 51 38 72 18 71 12 42 

IIs510n 3 61 U 53 54 H 70 13 10 12 40 

give 1 57 49 58 61 38 73 15 13 11 n 

para typbi A. 76 65 U 62 39 74 19 U 13 43 



!o: Ultrastructure cbanges of various visceral tissues in different Salmonella serotypes 
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21: Frequency of involvelent of liver witb different serotypes of Salmonella 

-------------------------------------------------------------------------------------------
GROSS PATHOLOGY HISTOPATHOLOGY 

--------- --------.-- ----------------------------------------------------------
ella rotal Helo- Necrotic- Bronze Fragility Enlarg- Conqes- De qenra- Necrosis Cellular Hyp erplasia 
?es iso- rrbaqes foci co lou ration lent tion t ion infiltration of Kup ffer 

lates cells 
---------------------------------------------------------------------------------------------------------------------
II 16 +++ (12) H+(14) H( 16) H+(15) +++( 16) H+( 16) +++ (16) +++(i4) H+(14) +++ (13) 

H(4 ) H (2) H( 1) H( 2) t+ (2) t+ (3) 
IrUI 25 +++(21 ) +++(2 2) H+( 14) +++( 15) +++(22) H+ (25) +++ (25) H+(22) H+( 25 ) +++ (1 3) 

ttl 4) H( 3) ++( 11 ) +H ( 10 ) H( 3) ++ (3) ++ (12) 
,riul 10 +++( 10 ) +H(8 ) H+ (10) +t+( 10) +++ (10 ) +H( 10) +++ (10) H+( 10) H+( 10) +++ (10) 

H (2) 
roe + (5) H (4} + (5) H( 5} + (5 ) H (5) H(4) H (5) H( 5} H(5) 

+ ( 1) + ( 1 ) 
aul H(5) H( 5} + (5) H( 5) + (5 ) t+ (5) H(5) H( 5} H( 5} H(5) 

n H ( 5) H( 5) + (6) H ( 4) + (6) H ( 4} H( 5) + (6) H( 6} H( 4} 
+( 1) + ( 1 ) +(2 ) + (2 ) + (I) + (2) 

4 H( 4} +(4) + (4) + (4 ) + (4) + (4) ++ (3) + (4) ++ (2) + (4) 
+ ( 1 ) + (2) 

+ (3) H( 3) + (3 ) H (3) +(3) H (3) +H (2) H (3) H+ (I) + (3) 
++( I) ++ (2) 

+ (4) H( 4} + (4) H (4 ) +(4) ++ (4) H+ (2) H( 2) H+ (4) +( 4) 
H( 2) + ( 2) 

H ( 5) ++( 5) ++( 5) H( 5) ++( 5) +++( 3) H+ (4) tt (4) H+ (2) + (5 ) 
H(2 ) +( 1) +( 1) H(3) 

rq ++ ( 7) tt +( 4) tt ( 1) H(3 ) tt ( 5) +H (3) +++ (5) ++( 3) +++ (3) + (7) 
H ( 3) H +(4) + (2 ) H(4) ++( 2) + (4) H (4) 

tt( 3) ++( 4) +( 4) ++ (4) H (4) tt +( 4) ++ (4) +H(3) H(3) ++ (4) 
+ (1) +( 1) 

H ( 1) + (1) + ( 1 ) H( I} +( 1) ++ (I ) H( 1) ++ ( I) +( I) ++(1 ) 
+ (2) +( 2) + (2) tt l 2} + (2) + (2 ) + ( 2) + (2 ) + (I) + (1) 
+ ( 1 ) + (I) + ( 1 ) +( I ) + (1 ) + ( 1 ) + (1) + ( 1 ) + ( I) +( 1) 

++( 4) H(3} tt( 5} H(5) tt( 5} ++ (5) H(5 } + ( 5 ) + ( 5 ) tt (5) 
+ ( 1 ) +(2) 

3 + (3) +( 3) + (3) +(3) + (3) + (3) + ( 3) tt (3) tt( 2) + (3) 
+ ( 1 ) 

tt ( 1) + ( 1 ) + ( 1 ) +( I) +(1) + (1) + (1) . + ( I ) + (I) +(1) 
+ (I) + (1) H( 1) ++( I) +( I) + (1) ++( 1) ++( 1) ++(1 ) ++( 1) 

------------------------------------------------------------------------------------------------------------------------
·ere . 
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hemorrhagic - necrotic 

birds and serotype 

involved was seen with variable intensities. Mono nuclear 

cellular infiltration was seen replacing the degenerated or 

necrotic foci in 32 per cent cases (Fig. 26). Perivascular 

areas showed hemorrhages and lymphocytic hyperplasia of 

pseudoaci n i, were the frequent 1 es ions. All the affected 

sinusoidal spaces and blood vessels were dilated and filled 

with blood elements. Biliary spaces and ducts have desquamated 

epithelium along with distension of disse spaces (Fig. 27). 

LJltrastructural changes in hepatocytes included 

cytoplasmi c and nuc 1 ear en largemen t . There were th ick ened 

membranes of the smooth endoplasmic reticulum (SER) and 

dilation of the rough endoplasmic reticulum (RER) with loss of 

ribosomes (Fig. 28). Some hepatocytes contained vacuolated or 

deformed mitochondria with a tendency to aggregate near the 

cell membrane. Dilated bile canaliculi had reduced numbers of 

microvilli and many were shortened and flattened. There was 

granular and/or fibrillar degeneration of nucleoli. In severe 

cases hepatocytes had more degenerative changes with increased 

numbers of polysomes, lysosomes and bile deposits. Thy cytosol 

of hepatocytes was electron lucent, edematous and contained 

increased numbern of fat vacuoles (Fig. 29). Desmonsomes were 

detached, thickened and irregular at the cell boundar les. 

Cytoplasmic hydropic degeneration caused scattering of 

organellae and enlargement of affected cells, causing 

compression and atrophy of neighboring cells (Fig . 3D, 31). 
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Fig. 27. Liver from Salmonella infected· bird 
having several bile ducts lined by 
epithelial cells with loss of cell 
polarity, variation in shape and size 
with indistinct cell borders ( )i note 
small indistinct poorly-delineated 
lumena. H&E 400 X. 
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Fig. 29. Normal hepatocytes (A) adjacent to a 
shrunken necrotic cell (N) and other 
hepatocytes with indistinct cell borders 
arrows indicate visible portions of cell 
membrane, dispersed organellae with 
intracellular hydropic degeneration (D) 
and increased fat vacuoles (F) 6270 X. 
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Fig. 30. Single cell necrosis with higher 
magnification of hepatocytes, dispersed 
organellae with intracellular hydropic 
degeneration (D) and increased fat 
vacuoles (F) 6270 X. 
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4. 6 . 2 . INTESTINES 

Among 108 randomly selected bacteriological positive 

intest ines 76 per cent were af fected wi th var iable damages 

with different serotypes grossly. Most of the intestines 

particularly from chicks contained cheesy core of caseative 

material and in some cases tinged with blood in young chicks. 

Intestinal walls was thickened and had hemorrhages pin head 

size to brush types in almost all the cases along wi th 

catarrhal inflammation (20 %). Salm. typhimurium, Salm. 

gallinarum and Salm. pullorum affected adversely, while other 

serotypes ranged from mild to moderate in lesion production 

(Table 22). 

~he most salient histopathological lesions in the 

i n t e s t i nes we re thi c kening of the muscular mucosa along with 

lymphocytic infiltration. Hemorrhagic exudate was also seen in 

sections from intestines of 72 per cent cases. There were 

broken villi, degeneration of intestinal glands and thickening 

of muscular is mucosae were the les ions in common. Severe 

hemorrhages and leukocytic infiltration were more frequently 

in the lamina properia. Hypertrophy of glandular cells, cloudy 

swelling of degenerated glandular cells and occluded lumen of 

glands (Fig. 32,33). 

LJltrastructurally necrobiosis in some intestina l cells 

at the nuclear and cytoplasmic level was observed. Cytoplasmic 

fragmentation with cytovacuolation blabbing of the cell 

membrane were the salient features in intestinal cells. 

Necr otic c ells i n th e lume nal mucosae with sloug hing of the 
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Table 22: Frequency of involve me nt of intestines in different Salmonel la serotypes 

----------------------------------------------- ------------------------------------------------
GROSS PATHOLOGY HISTO PATHOLOGY 

----------------------------------
Degenra t ion of 

-------------------
Sa honella Th ickening Helorrbages Cattarrhal He mo rrhagic H.Hucosae glands 
serotypes of intest inal entritis eotr i ti5 

vall 
-----------------------------------------------------------------

pu llo ru l 16 H+(16 ) +H(16) +H( 10) +H (6) H+ (10) +tt (10) 
ttl 6) H( 10) tt (6) ttl 6) 

gall ina rul 25 H+( 22) tt +(2 5) H+ ( 2) +H( 5) +H(20) tt+(25) 
+( 3) H ( 23) H ( 20) H( 5) 

typhi l uriu l 10 H+(1 0) H+( 10) tt+(10) ttt( 10) +tt (10) H+( 10) 

eas tbo urne H ( 5) H t ( 1) ttl 4) ttt(3) ++ +(5) tt (5) 
H( 4) t ( 1) H ( 2) 

sai nt-pau l tt(5 ) tt(3) H( 4) H (4) H( 5) H( 5) 
+ (2) +( 1) t ( 1 ) 

bu tantan H(6 ) H{ 6) H( 6) H+ (I ) H+ (4) H( 6) 
tt (5) H (2) 

java 4 + (4) + (4) + (4 ) H( 4) ttl 3) H (4) 
t ( 1 ) 

re ad ing H+( 2) H (3) tt(3) ttl 3) H(3) + (3) 
ttl 1) 

chester tt+( 2) +H ( 2) H( 4) H ( 4) ttl 4) + (4) 
tt( 2) H( 2) 

re lo +H (2) H + (2) H{ 5) H ( 5) t (5) H ( 5) 
H (3) H( 3) 

heidelberg tt+( 4) ttl 7) tt (7) +tt( 3) H(7) tt (7) 
H( 3) tt ( 4) 

aoatul H (4) ttl 4) + (4) +( 4) H ( 4) tt+ ( 2) 
H( 2) 

hadar H (1) ttl 1) tt (l ) ttl 1) H( 1) tt+(1) 

orion t (2) + (2 ) t (2) t ( 2) t (2 ) H ( 2) 

ridge +( 1) + (1) t (1) + (1 ) + (1) +( 1) 

agooa H( 5) H+( 1) t ( 5 ) + (5 ) t ( 5 ) + ( 5 ) 
tt (4) 

l i55ion + (3) + (3) + (3) + (3) + (3) + ( 3) 

gi ve + (1) +( 1) t (1) + (1) + (1) + ( 1 ) 
• 

P.typhi -A Ht (1) H (1) H( 1) ttl 1) +tt (1) ttt (1) 
-----------------------------------------------------------------------------------------------
tt+ Severe 
H Hode rate 
+ Mild 



. Fig. 32. Intestine with thickened mucosa and 
degeneration of the glands H&E 400 x. 

Fig. 33. Intestine showing hypertrophy of · 
glandular cells H&E 400 X. 
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cells while integrated cells lost microvilli and cilia. The 

shal?es and sizes of the microvilli were inconsistent. The 

missing microvilli give place to the adjacent microvilli to 

reduce the length and becomes rounded in abund~nce. In goblet 

cells numerous secretory droplets were crowded together where 

they ha v e been del?osited from the s u rrounding cytoplasm. The 

goblets have variable degeneration. 

4 • 6 .3. SPLEEN 

Spleen was involved in 77 per cent cases with variable 

intensities related to the serotypes involved, sl?leens were 

friable in consistency ( 75 %) and the normal mahogany color 

was changed to dark I?lum color (25 %). The capsules w~re over 

stretched and the consistency of the affected spleens were 

friable. Pinl?oint hemorrhages, necrotic foci scattered all 

over the surface of the spleen (12 %). These changes were more 

pronounced in Salm. pullorum, Salm. gallinarum, Salm. 

typhimurium Salm. remo and Salm. heidelberg, while the other 

serotypes affected the spleen mild to moderately ( Table 23 ) . 

Mottling of spleens having a mixture of hemorrhages and 

necrotic foci were observed in almost all the cases. 

~icroscopically splenic capsules along with its 

trabeculae was thickened, edematous and detached at various 

sites (74 %). Splenic nodules lost their normal architect (53 

%). Congestion, hemorrhages and thickened vascular endothelium 

were also seen in 42 per cent organs (Fig. 34). Marked 

proliferation of the endothelial cells of the sinus and 

increase in number of granUlocytes at germination centers were 
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lIe 231 frequency of involvelent of spleen in various Sallonella serotypes 

--------------
GROSS PATHOLOGY HISTOPATHOLOGY 

-------------
i allone l la dark red byper n~crosis friability congestion belorr- tbickening Detacb.ent Tbicke ning Cellular 
lerotypes disc olou r- tro pby bages of capsu le of caps ule of endothe- inti It -

at ion li us ration 
-------------------

llo rUi 16 +++ ( 4) +++( 4) +++( 10 ) ++ +( S) +++(11) +++ (16 ) H+(16 ) +H(16 ) ttt(16) ttt( 16) 
H(12) tt (2 ) tt l 6) H( l1) H(S ) 

llinarul 2S W(2S ) +++(2 5) +++( 25) +++ (2 5) w( 25) +++( 25 ) +H(25) +++(25 ) tH(25 ) Ht( 25) 

pbi luriul 10 w( 10) +H( 10 ) tt+( 10) +tt( 10) +++( 10) +++( 10) +++(1 0 ) H+(1 0 ) H+( 10) H+(10) 

stbourne H(5 ) +(5 ) H(5) +( S) H( 3) H ( S) H (3) +( 5) ttl 5) H( S) 
+ (2 ) +(2) 

int-paul H(S) H( S) . + (5) H( 3) H(4) H ( 5) H( 5) H(5) H(5) H( 5) 
+ (2) +( 1) 

tan tan H (5 ) ++(6) tt l 6) H(6 ) + (6) H (6) H ( S) +( 6) +(6) H( 6) 
+(1) +( 1) 

va H (4 ) +(4) + ( 4) H ( 4) H ( 4) H (3) H(4 ) +(4) H( 4) H( 4) 
+(1) 

adi ng 3 H(2 ) H(3) tt (3 ) H(3) ++(3) H(3) +++ (3) H (3 ) H ( 3) +tt (3) 
+(1 ) +(1) 

.este r ttl 4) +++ (4 ) ttl 4) H ( 3) tt+( 4) H ( 3) +tt(3 ) H(4) ttt( 4) +H( 4) 
t(l) +( 1) + (1) 

.1 0 +++(5 ) w(l) H(5) w(S) H (5) tt( S) H(5) tH(S) tt+( 4) H( 5) 
H(4) + ( 1 ) 

:idelberg H+(7) w( 5) tt+( 6) H+(5) w(5) H(5) W(5) W(6) tH(7) Ht(7) 
H(2) H(1 ) ttl 2) H(2) + (2) H(2) +( 1) 

latul H( 4) H(4) H(4) H(4) H(4) H(4) H(4) tt+(3 ) H(4) w( 3) 
+( 1) + ( 1) 

Idar tt(1 ) ttl 1) H(I) +(1) + ( 1) H (1) H( 1) H(I) H(l) H(I) 

:ion tt( 2) + (2) +(2) + (2) + (2) ttl 2) +(2) H(2) H( 2) ttl 2) 

idqe +( 1) +( 1) + (1) +( 1) +( 1) t (1) +( 1) +(1) H(l) H( 1) 

Jona H(5 ) ttl S) ttl S) H(S) H(4) ttl 5) + (S) ttl 4) H(5) +H( S) 
+( 1) 

iss ion tt(3 ) +(3) +(3) + (3) + (3) +(3) +(3) + (3) +( 3) H(2) 
+(1) 

i ve H(1 ) +(1) H(1) + (1) +( 1) + (1) ttl 1) +( 1) +(1) H(I) 

ara.typbi A. H( 1) H( I) H(1 ) H(1) ttl 1) ttl 1) ++(1 ) +( 1) H( 1) +t+( 1) 

-------------------------------------------------------------------------------------------------------------
++ = Severe 
++ = Koderate 
+ = Kild 
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the common lesions. Hyperplastic splenitis irrespective of the 

age and s erotypes i nvo 1 ved was observed. Degenera t i on or 

deorganization of primary follicles, severe hemorrhages in the 

medullary region were also seen. Infiltration of lymphocytes 

along with abnormal number of mononucl~ar cells were observed 

infiltrating in the splenic tissues. Blood vessels of splenic 

nodules were engorged wi th blood in 48 per cent cases and 

thickening of the walls in 37 per cent cases ( Fig. 35). 

C)n cellular level spleen showed proliferation of 

reticular cells along with acentric nuclei with necrobiotic 

changes. Cytoplasm increased translucent tendency. 

Proliferating reticular cells have cell membrane 

irregularities. Fragmentation of nuclear material along with 

degenerated organellae were the common features in almost all 

the cases with variable intensity. Lymphocytic invasion was in 

abundant especially lymphocyte T. Splenic cells showed 

variable degree of degeneration along with necrotic cells. On 

majority cases regions of cell degeneration which varied from 

nucl ear vacuolat i on and marg i nat i on 0 f the heterol ucent to 

karyorrhexis. In addition, there was a high incidence of 

he numerous heterophi Is 

nal i ty. The cytoplasmic 

iable size. Cytoplasmic 

)bserved. 
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4.6.4. LUNGS 

~croscopically in many cases, the lungs appeared normal 

in size, shape, color and consistency. However, in 53 per cent 

affected birds the lungs were congested and pneumonic changes 

along with necrotic foci were recorded. Among the affected 

lungs, caseous nodules and catarrhal bronchitis were the most 

common changes in Balm. pullorum, Balm. gallinarum Balm. 

typhimur i um, Salm. reading, Salm. chester and Salm. heidelberg 

infection. Miliary foci were rare in lungs with other 

serotypes, while pullorum nodules were after on margin with 

Salm. pullorum in young chicks (Table 24). 

~emorrhages and/or lympho histiocytic bronchopneumonia 

accompanied by hyperplastic nodular foci in chicken infected 

wi th di fferent serovars of salmonellae was observed. There 

were areas of hemorrhages in 72 per cent lungs. Small 

caplilar les and blood vessels were engorged wi th blood and 

RBCs were also seen in the intra-alveolar areas (Fig. 36). 

Focal areas of fibrosis along with extensive connective tissue 

proliferation and pneumonic changes were also seen in 54 per 

cent lungs. In some zones, the aiveoli were collapsed showing 

atelectasis, whereas alveoli in other zones were dilated 

showing compensatory emphysema. These were atelectasis of the 

alveolar septa with hemorrhages and infiltration of 

inflammatory cells. Excessive extravascular congestion in the 

form of hemorrhagic areas was observed in 51 per cent cases. 

Mono nuclear cell infiltration was also seen in 68 per cent 

lungs. Bronchiole had epithelial necrosis surrounded by 

hemorrhages, catarrhal bronchitis and nodular lymphocytic 
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fa ble 241 Frequency of involve . ent of lungs in various Sal lonella serotypes 

-------------------------------------------------------------------------------------------------------
GROSS PAfHOLOGY HISfO -PATHOLOGY 

---------------------------------------------- ----------------------------------------------------------
Sahonella pneulonia bepati- congestion en largeae nt fibrosis atelectasis eapbysela nodules necros is 
serotypes zation fonation 

----------------------------------------------------------------------------------------------
pullorul 16 +++(1 0) H+(10) +++( 16) + (16) H+(6) +H(6) ++(16) +++ ( 2) H+(10) 

tt( 6 ) H( 6) H (10) ++(10) H( 4) H(6 ) 
ga i linarul 25 H +( 20) ++ +(10 ) +tt(25) + (25) H(15) H (25) H(25) ++ (25 ) 

++ ( 5) H ( 15 ) H+( 10) 
typhituriu l 10 +++ (1 0 ) +H( 10 ) +++(10 ) + (10 ) H( 5) H(5) H(5) H( 10) 

+++( 5) + ( 5) + (5) 
eastbou rne ++(5 ) H( 5) H (5) + (5) H( 5) H( 5) H( 5) ttl 5) 
saint-paul H ( 5) tt(5 ) ttl 4) +( 5) H( 5) H( 5) tt( 5) +( 1) 

+(1) tt (4) 
butantan 6 H( 6) tt( 6) H( 6) + (6 ) H( 6) H( 6) H( 6) H(6 ) 
java 4 +(4) +(4) H ( 4) + ( 4) +(4 ) + (4) + ( 4) + (4) 
readi ng tt( 1) H ( 3) H ( 3) +(3) ttl 3) H( 3) H( 3) H(3 ) 

++ +(2 ) 
cbe ste r 4 H( 2) H( 4) H(4 ) +(4 ) tt( 4) H( 4) H( 4) H( 4) 

+H( 2) 
re . o H(5 ) tt ( 5) ++( 5) +( 5) H( 5) H( 5) ttl 5) H( 5) 
beide lberg +H( 4) H( 4) H( 7 ) +(1 ) tt( 3) H (1 ) H (7) H(3 ) 

H(3) H+(3) H+ ( 4) tt t( 4) 
anatUi H( 4) H( 4) H( 4) +(4) H(2 ) H( 4) H( 4) H( 4) 

H+( 2) 
badar 1 +(1 ) +(1) +(1) +(1) +(1) +(1) +(1 ) H(1 ) 
orion 2 H( 2) +( 2) +( 2) + (2) +(2 ) + (2) +( 21 + (2) 
ridge 1 +(1) H(1 ) +( 1) + ( 1) +( 1) +(1 ) +(1) + (1 ) 
agona 5 H (5 ) H( 5) H( 5) +( 5) H( 5) H( 5) H( 5) H( 5) 
l is sion 3 t( 3) +(3) +(3 ) +(3) +(3 ) H( 3) t (3) +(3 ) 
gi ve +(1 ) +( 1) + ( 1) +(1) +(1) + (1) +( 1) +(1) 
para-typbi -! H (1 ) ttl 1) H (I ) +(1 ) + (1 ) +( 1) + ( 1) +( 1) 

--------

+H • Seve re. 
++ • Kode rate 
+ • Kild 



Table 21: Frequency of ilVolvel ent of kidoeys io various Salaooella serotypes. 

GROSS PATHOLOGY HISTOPArHOLOGY 
... ... -_ .. -_ .............. ---- --_ .. .... .... .. .. .. -_ .. _ .. - .. --_ .... .. .. -_ .... .. - -- -- -_ ................. -_ ...................................... ... ... .... ... 

Sahonella To tal Oi5 - Bnlargl ent lriability Helorrbages co ogestion Hypmia Cloudy swelling Tubular Recrosis Cellular 
serotypes Positive colouration degenration infiltration 

pullom 16 +H (16 ) H+(16) H+( I4 ) +H(16) +H(14) +H(14) +H(16) +H(16) +H(16) +H(66) 
H(2) H(2) +(2 ) 

gallinarul 25 +H12S) +H (20 ) +H( 18) H+(2S) +H(2S) +H(2 S) +H(25) +H12S) +H(2S) +H(2S) 
H( S) H(7) 

typbiuriul 10 +H( 10 ) +H( 10) +H(10) tH (10) +H(10) Ht ll0) tHll0) Ht(10) +H(10) +++ (10) 

eastbourne H (I ) H(S) +H( S) Ht(S) H+IS) HtIS) H(S) H(S) H(S) HIS) 

saint -paul H(S) HIS) H( 5) tH13) H(S) H(S) H(S) HIS) HlS) +++(3) 
H12) H(2) 

butantan H(6) H( 6) H(6) Ht14) tH14) tH(2) H(6) H(6) H(6) +++(2) 
H(2) H12) HI4) H14) 

java t( 4) Hit) +( 4) +( t) t( 4) t( 4) tl t ) +( t) H(2) ++t(I) 
t( 2) t ( 3) 

reading H(3) Ht( 2) H(l) H+ll) +H(I) H12) ++t(3) H+13) Ht(3) +++( 3) 
H( I ) t( 1) H(2) H12) +11 ) 

cbester H( 4) tH( 2) H1 2) m13) H13) Ht13) ++t12) Ht(2) tH(2) Ht(3) 
H(2) +( 2) +(1) t( 1) +(1) +(2) H12) H(2) t( 1) 

relo H+(3) H+( 3) tH(4) H+(3) H( 5) ++t(2) HIS) ++t(3) HIS) Ht(3) 
H1 2) H( 2) H(I) t12) t(3) H( 2) H(2) 

beidelberg tHI S) w1 3) H(7) H(7) H+13) w(4) m(S) H(7) H+IS) Ht12) 
H(2) H( 4) H(t) H(3) H12) H12) H(S) 

aDatul +H (4 ) H (4) H(4) Hit) H14) H(4) H(4) H(2) H(t) H+(I) 

badar H( I ) t( 1) t( 1) t( 1) t( 1) H(I) H(I) H(I) Hll) +tt(1) 

orior +( 2) t1 2) t(2) +( 2) +( 2) t( 2) +( 2) t12) +( 2) ++(2) 

ri dge +1 2) t( 2) t(2 ) tl2 ) t(2) t(2) t( 2) +12) ++(2) H12) 

agoDa H( S) H(S) HIS) H(S) H(S) H(S) Ht(2) tH(J) H(S) +tt(4) 
H(3) H(2) H(I) 

l ission H(3 ) +( 3) t 13 ) H13) H13) H( 3) H(3) til) +13) t++(l) 
H(2) 

gire +( 1) t( 1) t( 1) til) t( 1) t(l ) +( 1) +( 1) til) H(l) 

P. tfpbi-1 H (1) H(l) tt( l ) H(l) H (l) H(l) H(l) tH(l ) H(l) +H( l ) 

Ht • Se ver 
++ • lo derate 

• Uld 



Fig. 36. Lung from Salmonella infected bird having 
hemorrhage into tertiary bronchus, atria 
and air capillaries (H) and atrial air 
capillaries containing mononuclear 
inflammatory cells (a) and edema fluid 
(F); note that some inflammatory cells 
are shrunken and have pyknotic nuclei 

H&E 40 0 
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Fig. 39. Lung showing connective tissue 
proliferation with intercellular edema X 
23000. 
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well as tubules showed very marked cloudy swelling. In many 

(65 %) cases tubular epithelium showed parenchymatous 

degeneration leading to necrosis. Blood vessels were engorged 

with blood in some areas along with cellular infiltration. 

Among the total kidneys affected wi th salmonellae, tubules 

were swollen along with cellular infiltration were seen in 57 

per cent cases (Fig. 42). Congestion, fatty degeneration and 

edematous fluid was also seen in 54 per cent organ ( Fig. 43 ) . 

Ultrastructurally, tubular epithelial cells were 

necrotic or in various stages of degeneration. The 

mitochondria were misshapen, their cristae were widely 

separated initially, and in later stages degenerated into a 

uniform homogeneous mass (Fig. 44,45). RER appeared to be a 

primary target of degeneration . Those RER still intact had 

scanty ribosomes, but many ribosomes were aggregated in the 

cytoplasm. Tubular lumens were narrowed but the brush borders 

were intact. Some of the tubular cells were so enlarged by 

hydropic degeneration that their membranes were hardly 

discernable and several cells appeared as a single cell. 

Glomerular basement membrane podocyte foot processes were 

detached, thickened, misshapen and elongated. Bowman's spaces 

were widened (Fig. 46,47 ) . 

4.6.6. OVARIES 

Ovaries were affected in 81 per cent carrier laying 

birds. The most characteristic changes seen in the· positive 

ovaries were flaccid, discolored and misshapen ova. Many of 

the misshapen ova when cut showed cheesy material with 
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Fig. 45. Glomerular tuft from Salmonella infected 
bird hay i ng widened Bowman's space (S) 
and detached (D), thickened (T), 
elongated (C) and misshapen podocyte foot 
processes. 4940 X. 
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Fig. 47. Renocytes showing hydropic degeneration 
and mitochondrial destruction 28000 X. 
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blackish tinge to tar color. Ovarian follicles were attached 

to the ovary with pedunculated stalk. These all changes were 

common with all the serotypes with variable intensity except 

Salm. Java, Salm. ridge, Salm. mission and Salm. give which 

produced slight congestion and hemorrhages in the yolks of ova 

at tached to the o var y. However, changes and patho I og ica I 

conditions were not age dependent ( Table 26 ) . 

~icroscopically capsules of ovaries were thickened due 

to infiltration of chronic inflammatory cells. The cortex 

contained some nor mal and atretic follicles at different 

places and were also infiltrated with lymphocytes. The 

cortical tissue showed evidence of congestion, the follicles 

were distorted and blood vessels were thickened due to 

proliferation of tunica media and tunica adventitia. The 

medullary areas showed excessive proliferation of connective 

tissue and cellular infiltration, particularly with 

lymphocytes. 

4.6.7. HEART 

C;rossly heart was the target organ in only 33 per cent 

cases. Affected hearts were congested and slightly enlarged. 

Excessive amount of fat was observed in between epicardium and 

myocardium extending from the coronary grove towards the apex. 

A tiny areas of ecchymosis were seen in the auricles, while 

coronary arteries appeared to be normal. Grayish white foci in 

myocardium were observed less frequently. In few cases, serous 

fluid in the pericardial sac and hemorrhages in the 

subpericardium were seen. Necrotic nodules in myocardium were 
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Table 26: Frequency o f involvement of ovaries in var iaus Salmonella 
serotypes. 

Sa 1 IlIOn ell a Total Gross Pathology Histopathology 
Serotypes isolates His- Dlscolou- Peduncula- Ateratic Fibro- Cellular 

shapen ration of tion of ova follicle blastic infiltra-
ova ova proli ferat ion ti on 

pullorull 16 H+(16 ) +H(16) H+(16) H+(16 ) H+(16) +H(16) 

gallinarull 25 +++(25) +++ (25) +++(25) +++(25) +++(25) +++(25) 

typhimur iull 10 +++(10) H+(10) +++(10) +++(10) +++(10) +++(10) 

eastbourne 5 ++(5) ++(5) ++(5) ++(5) H(5) +++(5) 

sa int-paul 5 ++(5) ++(5) ++(5) ++(5) ++(5) +++( 5) 

butantan 6 ++(6) t+(6) ++(6) ++(6) ++(6 ) +++(6 ) 

java 4 +(4) +(4) +(4) +(4) +( 4) +++(2) 
++ (2) 

reading 3 H+(l) ++(3) H(2) H+(l) ++(l ) +H(2) 
++ (2) +(1) ++(2) +(2) H(2) 

chester 4 +++(3 ) ++(3 ) H (3) ++ ( 4) ++ ( 4 ) +H ( 4) 
++(1) +( 1) +(1 ) 

remo 5 ++ +(1) H ( 4) H(4) H+(l) H(21 +++(l) 
+( 4) +(1) +(1) +(4) +(3) ++ ( 4) 

heidelberg 7 +++(2) H(7 ) ++ (7 ) +++ (1) +++(1) +++(1) 
++(5) ++(6 ) ++(6) +(6) 

anatum 4 ++(4 ) H(4) ++(2) H(2 ) ++ (2) +++(1) 
+(2) +(2 ) +(2) +(3) 

hadar 1 ++(l) +(1) +(1) +(1) +( 1) ++(1 ) 

orion 2 ++( 2) +( 2) +(2) +(2) +(2 ) ++(2) 

ridge 1 +(1) +(1) +(I) +(1) +(1) ++(l ) 

agona 5 ++(3) H(S) ++(5 ) ++(5 ) ++ (5 ) +++(1) 
+ (2) ++(4) 

mission 3 + (3) +(3) +(3) +(3) +(3 ) +++(1 ) 
++(2) 

give 1 +(1) +( 1) +(1 ) +(1) +(1 ) ++(l ) 

para typhl A. 1 ++(1) ++(1 ) ++(1) ++ ( 1) ++(1) +++(1) 

++ + = Severe 
H = Hoderate 
+ = Hild 
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also seen in Salm. typhimur i um, Balm. gall inarum and Salm. 

pullorum infection. 

~istopathologically myocardial fibers showed kinky 

pattern along with severe hemorrhages throughout the heart 

muscles (Fig. 48). Subpericardial hemorrhages were observed 

frequently. Focal areas of necrosis leading to large areas of 

coagulative necrosis. Grayish white miliary foci in myocardium 

along with pericarditis. Acidophilic necrosis of Zenker's type 

were mostly encountered (Fig. 49). Some cases showed edema and 

infiltration of mononuclear leukocytes in between the cardiac 

muscle fibers. There was also thickening of the blood vessels 

(Fig . 50,51). 

Ultrastructural changes included extensive f r agmentation 

of muscle fibers, destruction of the Z, H and I bands along 

wi th a haphazard mi xtur e of degenerated mi tochondr i a and 

myofibril (Fig . 52). The Z bands were changed to a wavy 

pattern. There was detachment and dissolution of myofibril. 

RER and mi tochondr ial changes were the same as descr ibed 

above. Intercellular junctions had a wavy pattern and frequent 

loss of desmosomal attachments (Fig. 53). 

4.6.8. CECA 

C;rossly typhlitis along with lumen filled with brownish 

oily feces were the common findings in all the affected ceca. 

~icroscopically ceca among lOR bacteriological positive 

birds were affected in 91 per cent cases, irrespective of the 
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Fl . a 
having myofiber vacuolation {V 
disorientation, fragmentation and 
infiltrate of heterophils, macrophages 
and lymphocytes ( A) H&E 400 X. 

Fig. 49. Heart from Salmonella infected birds 
having epicardium thickened by edema 
fluid (E) and containing dilated 
lymphatic channels (L), macrophages and 
lymphocyte~; the myocardium contains foci 
of heterophil s and macrophages (') H&E 
400 x. 

202 

lI1U£U 



Fig . 50 

Fig. 51. 

Heart muscles showing heavy degenerative 
changes with leukocytic infiltration . 
H&E 400 x. 

Necrosed area 
Infl1atratlon H&E 

alongwlth 
400 x. 
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Fig . 52 . Heart muscles showing fragmentation 
alongwith leukocytic infiltration 12500 
x. 
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Fig . 53. Heart from Salmonella infected bird 
having detachment and dissolution of 
myofibrils (D) with vacuolation of 
sarcoplasm (V), destruction ofZ, I and H 
bands; and mitochondrial swe lling and 
membrane dissolution (M) . 38000 x. 
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strain involved. Lesions were recorded in almost all the 

cases. Salm. gallinarum, Salm. pullorum, Salm. typhimuriumand 

Salm. heidelberg affected most adversely. Eroded surface of 

cecal lumen, necrot ic foc i, zona 1 necr os is and hemor rhages 

were the salient gross pathological lesions. 

4.6.9. BRAIN 

C;rossly the brain invariably showed changes in color and 

consistency. The cerebrum had extensive edema, hemorrhages and 

an increased presence of astrocytes and oligodendroglia cells 

around neuronal cell bodies (satellitosis). The cerebellum 

contained increased numbers of microglial and gitter cells in 

the granular layer. There was also multifocal purkinje cell 

degeneration (Fig. 54,55). 

lJltrastructurally, there was cytovacuolation and 

intracellular hydropic degeneration. Mitochondrial and RER 

changes were prominent in neuronal cells (Fig. 56,57). 

4.6.10. BURSA OF FIBRICIUS 

Bursa of Fabricius in 

contained thick white, grumous 

consistency. There was severe 

lymphocytes in the medulla. 

Salmonella effected birds 

material along with hard 

depletion and necrosis of 

The cortical mantles were 

thickened by connective tissue, resulting in the compaction o f 

parenchymal cells, and lymphoid follicles were small and 

variable in size (Fig. 58). 
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Fig. 54. Brain from Salmonella infected bird 
having satellitosis (t). H&E 400 x. 

Fig. 55. Brain from Salmonella infected bird 
having neuronal degeneration, reduced 
cellularity, astrocyte proliferation ( t ) 
and cytovacuolation ( e ). H&E 400 X. 
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Fig. 56. Brain from Salmonella infected bird 
having satellitosis (oligodendrocyte (0) 
adjacent to neuronal cell, cytoplasm (B) 
and nucleus (N): note cytovacuolation 
(V), and mytochrondrial degeneration. 
9500 X. 
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Fig. 57. Brain cells showing satellitosis with 
diffusing neucleous 9500 x. 
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Fig. 58. Bursa of Fabricusshowing connective 
tissue proliferation and necrosis of 
lymphocytes H&E 400 X. 
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LJltrastructurally, lymphocytes had cytoplasmic and 

nuclear enlargement. There were thickened and connective 

tissue proliferated in the cortical mantles resulting in the 

compaction of the neighboring cells to change their 

morphology. Cytoplasmic vacuolation along with nuclear 

fragmentation was in abundance. Variable sizes of lymphocytes 

were noted. Cytoplasmic membrane morphology was inconsistent 

with variable fragmentation and foldings. Cellular intensity 

decreased while connective tissue proliferation was in 

abundant. 

4.7. EXPERIMENTAL STUDIES 

4.7.1. ENTEROPATHOGENICITY AND ENTEROTOXIGENICITY 

~almonella serotypes were proven to be invariably 

enteropathogenic and enterotoxigenic (Tabl e 27). Congo red 

binding and rabbit ileal loop system showed 100 per cent 

serotypes positive for enteropathogenicity, while ileal loop 

system and skin toxigenicity was variable ranging from 20-100 

per cent (Table 27,28). 

~he occurrence of gross and microscopic lesions in the 

rabbit ileal loops exposed to enteropathogenic and 

enterotoxigenic Salmonella serotypes were studied. The most 

severe lesions were produced after 24 hours, the loops were 

distended and filled with an abundant fluid, containing mucus 

and blood (Table 28). Varying degree of histopathological 

alterations were demonstrated in the intestine were congestion 

and edematous fluid was the consistent findings. The 

enterotoxigenic serotypes produce degenerative and 
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Table 27: Comparison of pathogenicity and Enterotoxigenicity of 
Salmonella serotypes . 

Salmonella PATHOGENICITY 
serotypes 'Ibxigenicity 

Tested Ch emically* Biologically** on skin 

pullorum 10 10 + 10 + 5 + 
gallinarum 10 10 + 10 + 10 + 
t yph i murium 10 10 + 10 + 10 + 
eastbourne 5 5 + 5 + 3 + 
saint paul 5 5 + 5 + 5 + 
butantan 5 5 + 5 + 4 + 
j ave 5 5 + 5 + 2 + 
r eadi ng 5 5 + 5 + 3 + 
chester 5 5 + 5 + 2 + 
r emo 5 5 + 5 + 3 + 
heidelberg 5 5 + 5 + 1 + 
anatum 5 5 + 5 + 3 + 
hadar 5 5 + 5 + 4 + 
orion 5 5 + 5 + 2 + 
ridge 5 5 + 5 + 1 + 
agona 5 5 + 5 + 4 + 
miss ion 5 5 + 5 + 2 + 
give 5 5 + 5 + 1 + 
para typhi. A 5 5 + 5 + 3 + 

* = Posit ive ( + ) or negati ve ( - ) for congo red binding 

** = Positive ( + ) in lesion produc t ion in rabbit ileal loop 



Table 28: Comparative Pathogenicity of Salmonella serotypes by 
Chemical and Rabbit Ileal Loop Inoculation. 

Salmonella 
serotypes Tested Congo red Ileal Loop 

binding* Pathogenicity( a) 

pullorum 10 + ++++ 
gallinarum 10 + ++++ 
typhimurium 10 + ++++ 
eastbourne 5 + +++ 
saint paul 5 + +++ 
butantan 5 + ++++ 
jave 5 + ++ 
read ing 5 + ++ 
ches ter 5 + ++ 
remo 5 + ++ 
he idelberg 5 + ++++ 
a natum 5 + +++ 
hadar 5 + ++ 
orion 5 + +++ 
ridge 5 + +++ 
agona 5 + ++ 
mission 5 + ++++ 
give 5 + ++ 
para typhi. A 5 + ++++ 

* = 

a = 

Positive (+) or negative ( - ) for cong red binding. 

Intensity of pathology, mild (+), moderate (++), severe 
(+++) and extremely severe (++++) 
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in f lammato x y changes but no hemor r hages was obser ved in all 

the cases of enterotoxigenic serotypes inoculated in rabbit 

ileal loops. 

4 . 7 . 2. 

To 

through 

EGG SHELL PENETRATION 

investigate 

the egg 

the extend of 

shell membrane, 

Salmonella penetrat i on 

eggs were dipped in 

red(group A) and green (group B) aqueous bland food color 

solutions for the detection of positive penetration areas. In 

group A (20) eggs were soaked in the red solution for 3 

minutes where as same number of eggs in group B were dipped in 

green color for 6 minutes. Highly significant (P< 0.01) green 

spots were detected with candler as compared to red spots in 

group A after 3 minutes exposure . The long exposure of the 

colored solutions have more tendency to expo s e the po s itive 

penetration point. The higher spot number have direct strong 

correlation with the bacterial penetration. Those points 

developed afte r 3 minutes exposure had more potential points 

of easy penetration as compared to all the points developed 

after 6 minutes exposure. Food color penetration through the 

shells detect open areas in the shell surface of chicken eggs. 

The surface of the eggs give a true reflection of penetration 

points. This method is good non - microbiological marker for the 

confirmation of its potential to microbial invasion. 

I?enetration patterns of tested salmonellae through the 

ou ter s tructur es 0 f the eggs. Among tota I 190 eggs (950 

points) maximum (30.00 %) penetration was in area III, where 

s a lmonellae invaded through cuticle, s hell, inne r and oute r 
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shell membranes followed by area II (14.77 %) and area I (4.6 0 

%). It was very well evident that penetration of salmonellae 

t o t h e contents o f e ggs wa s ma xi mum , wh ile in area I I t he 

pen e tr a t i on was up t o outer s hel l me mbr a n e a nd in leas t c as es 

through t h e cut icle and s h e l l . Pene tr ation in a rea I i s not 

significa n t a nd to s ome e xte nt in ar e a II a s well, while 

invasion in th e are III i s h igh l y significant as the high 

(30.00 %) n umber of isolation wa s undertaken in area III. Most 

recently egg architecture needs lot consideration to prevent 

the pseudocontamination of the pathogens. 

Motile salmonellae have quite bit higher tendency of 

penetration deep into egg contents through shell as Salm. 

typhimurium and Salm. hadar penetrated in 28 per cent points 

in area III. Among other motile serotypes Salm. reading 

penetrated through 22 per cent shells to area III followed by 

Salm. anatum (20 %), Salm. remo and Salm. agona (18 %), Salm. 

chester and Salm. mission (16 %) and Salm. heidelberg (1 4 %). 

Non-motile salmonellae were poorly penetrated through area I, 

II, and III as Salm. gallinarum and Salm. pullorum have only 

2 per cent penetration intensity (Table 29). 

4.7.3. EMBRYO INOCULATION 

One hundred and ninety fertile eggs (Hubbard) were 

assigned to 19 groups of 10 eggs each inoculated on day 2nd of 

incubation with one serotype of each selected from 19 

serotypes isolated. Gross pathological changes were identical 

in almost all the embryos exposed to var lous serotypes of 

salmonellae. Hemorrhages we r e no t ed on the surface of feed, 
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Table 29: Percentage of salmonella penetration in various areas of 
the egg. 

Salaollellae 10. of MeaD per cent of penetratiol into 
tested lsolates/eqq Area I Area II Area III 

(Cuticle' Shell) (Cutlcle,sbe ll , (Alea II , Inner shell 
aelbrane) l elbrane) 

pullorul lOt 0.00 2. 00 2.00 

qalllurul 10 0.00 2. 00 2.00 

t ypb Ilur lui 10 2. 00 12.00 28.00 

ea·s tbourne 10 2.00 1.00 16.00 

salnt-palll 10 4. 00 6.00 12.00 

butantan 10 4.80 ' .00 1. 00 

java 10 2. 00 6.00 10.00 

readIDq 10 4,00 10.00 22.00 

cbester 10 4.00 6.00 16 .00 

relo 10 4.00 8.00 18.00 

be idelber9 10 0. 00 14.00 14 .00 

autul 10 2.00 4. 00 20.00 

badar 10 0.00 14.00 28 .00 

orion 10 0.00 l.00 4, 00 

ridge 5 4. 00 8.00 16.00 

aqona 10 4. 00 8.00 18 .00 

115510n 5 4000 6.00 16 .00 

qlve 10 0.00 6.00 8.00 

para typhl A. 10 2.00 4.00 12.00 

Total/Average 180 42 133 278 
900 ( 4,6 \ ' (14.71\) (30 .00 \ ) 

t : On eacb egg 5 cyliDders vere attacbed (10. of eq9 I Mo . of cyl inders) ve re consider for percentaqe 
calculation . 
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legs, breast, neck and skull. Enlargement of the poster ior 

part of the skull was also noted in all the embryos. The 

intensi ty was more pronounced in embryos exposed to Salm. 

gallinarum, Salm. pullorum and Salm. typhimurium. In the later 

stages of development embryos had incomplete closure of the 

umbilicus, hemorrhages in the egg membranes and yolk sacs, and 

increase viscosity of yolks. The yolk become a faded yellow in 

case of Salm. gallinarum and Salm. pullorum while blackish in 

case of motile salmonellae especially with Salm. typhimurium. 

The yolk become solid coagulum while the albumin lost its 

viscosity. The surviving chicks were weak, under developed and 

unable to break the shell. The toe nails and beaks of the 

salmonellae exposed chicks were softer than those of normal 

chicks . The surviving embryos that hatched had metallic or 

rust colored features, as compared to the normal pale or 

sulfur yellow color. 

<3ross lesions in internal organs were more pronounced 

with Salm. gallinarum, Salm. pullorum, Salm. typhimurium and 

Salm. saint paul. Liver were yellow, friable and crumbly. 

Kidneys were pale with focal hemorrhages. Hearts had 

myocardial petechiae with opaque and thickened pericardial 

sac. Lungs were congested, firm and plum colored. Intestines 

had thickened walls and severe hemorrhages in the lamina 

propria and muscularis mucosae. Breast muscles had whitish 

coloration. 

~icroscopically hepatocytes 

necrosis with disrupted hepatic 
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fibrils were of variable sizes nuclei, including pyknotic 

forms. The renal tubu lar ep i the 1 i urn ce lIs were intact and 

forms tubules along with dissociated, individualized and 

sloughed into lumen. These cells were recorded, irregular in 

shape and usually had irregular fimbriated cell margins. 

4.7.4. CHICK INOCULATION 

~ong the various serotypes selected at random from the 

total isolated serotypes were inoculated intra peritoneally in 

day-old chicks. Acute mortalities were observed in case of 

Salm. pullorum (100 %), Salm. gallinarum (100 %), Salm. 

typhimurium (100 %). In case of Salm. hadar, Salm. orion and 

Salm. agona mortality was 100 per cent but pattern was not 

acute. Death · time range was 4 to 5 days in case of Salm . 

gall i narum, Salm. pullorum, Salm. typhimur i um Salm. orion, 

Salm. agona, Salm. give, Salm. ridge, Salm. anatum, Salm. 

reading and Salm. Java. Whi Ie other salmone llae inoculated 

chickens showed mortality range up to day 8. Survived chicks 

remained alive upto day 14 at the end of experiment. In chicks 

inoculated with different serotypes of Salmonella highly 

significant (P< 0.01) mortalities were observed as compared to 

control, where no mortality was observed. Mortality pattern 

varied with different serotypes. The differences between Salm. 

gallinarum, Salm. pullorum, Salm. typhimur i um Salm. saint 

paul, Salm. reading, Salm. chester, Salm. anatum, Salm. hadar, 

Salm. orion, Salm. ridge, Salm. agona and Salm. paratyphi A, 

where mortality ranged from 90-100 per cent. Mortality with 

these serotypes was significantly (P( 0.01) less where chicks 

were exposed to Salm . eastbourne, Salm. butantan, Salm. java, 
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Salm. remo, Salm . heidelberg, Salm. missi on and Salm. give 

(Table 30). 

4.7.5. COMPETITIVE EXCLUSION 

It has been reported that the normal anaerobic flora of 

the ceca of adult chickens produces short-chained VFAs that 

inhibit the growth of Salmonella. The antibacterial activity 

of VFAs increases as the pH and oxidation reduction (redox) 

potent i al (Eh) decreases. The Ph e f f ects the ant i bacter i al 

activity of the VFAs by altering the amount of dissociation of 

the acid. 

~ompetitive exclusion is a physical and chemical 

overcome of non-pathogenic lactobacilli over the pathogenic 

salmonellae by compet it i ve excl us i on . Lactobac ill i compete 

with the salmonellae on receptors to discourage the Salmonella 

colonization. Salmonella isolation were undertaken on day 4, 

8 and 12 post lactobacilli treatment from crop and ceca in all 

the treatment groups Salm. gallinarum, Salm. pullorum and 

Salm. typhimurium colonization was discouraged significantly 

(P< 0.05) by lactobacilli in T2, T3 and T4. Five chicks from 

each treatment groups were slaughtered on day 4, 8 and 12 and 

homogenate as well as washing of crop and ceca were cultured 

for the mean log Salmonella count. The mean log Salmonella 

count in control (T1) group increased in crop on day 4, 8 and 

12 in homogenate samples while there was d~creasing trend in 

washing samples from crop on day 8 and 12 as compared to day 

4. The Salmonella count increased in cecum on day 8 and 12 as 

compared to day 4 in control group (Tl) among homogenate 

samples, while there was marked decrease on day 8 and 12 in 

washing samples. As compared with typical trend in control 
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Table ·30: Mortality pattern of day-old chicks inoculated wi t h 
different serotypes of Salmonella. 

Sil.Olltlli "ortality (" days post Inoculation lIortall ty 
serotYPe! 1 2 3 4 5 , 7 • 9 10 1/ 14 10. (' ) 

pallolll. 2 4 3 1 10 (100 I 

qalliaarul 3 2 10 (l 00 ) 

typhllur lui 2 3 4 1 10 (1 00 ) 

eastbourne 3 (70) 

sa int-paul 2 3 , (90 ) 

bl taDtaa 2 (' 0) 

java 1 1 3 2 (' 0) 

readlDq 2 3 3 (90 ) 

cbester 1 2 1 10 (l00 ) 

reiD 2 ('0 ) 

beldelberq 1 2 1 1 (6O) 

natal 2 3 2 (90) 

hadar 2 10 (l OO, 

orion 3 10 (lOO ) 

rldqe 2 2 3 9 (90) 

aqona 2 10 (100) 

11s510B 1 1 2 8 (80 1 

qlve 2 2 7 (70 ) 

para typbl A - 3 2 9 ('0 ) 

Total 10. (' ) 10 27 40 46 27 7 I 2 167 (17.89 ) 
5.26 14.21 21. 05 24.21 14021 3,68 4021 1.05 - 87.1' 
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group salmonellae count in T2 where Salm. gallinarum was 

challenged the count in homogenate samples were increased upt o 

day 8 and t hen decreased on d ay 12. Almost identical trend was 

no t ed i n the T3 and T4 gro u ps where Sal m. pu llorum and Sa lm. 

typhimur i um were chal l e nged respect ively. In treatment groups 

lactobac ill i reduced th e colonizat io n ra te that was the reason 

of reduced mean log Salmonella count in homogenate samples 

and washi ng on day 12. The increased Sa lmonella count in 

control is due to colonization and shedding of salmonellae in 

the organ's lum~n. A significant reduction was noted in cecum 

and crop where lactobacilli were administered (Table 31). 

4.7.6. FEED SUPPLEMENTATION 

C ompared wi th controls, the mean log number of 

Salmonella shedding decreased significantly (P < 0 . 05) with 

the addi tion of Na EDTA in all the treatment groups. In 

treatment groups T2 and T4 where the Ma EDTA we r e amended in 

the diet @ rate of 5 g and 10 g/50 kg of feed for 7 days 

respectively reduced intestinal colonization and fecal 

shedding significantly (P < 0.05) as compared to control 

treatment group (Table 32). The reduction in the shedding and 

colonization was significantly less in T4 vs T2 . The groups 
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Table 31: Mean log number of variou s Salmonell a s e r otypes in cecum 
and crop of birds given Lactobacilli in drinking water. 

fIeat
lents 

.Bi rds 
chall
enged 
with 

Saaples 
Description 

Culture results (Days-Post-freatlent) in Kean log nUlber 
Days-Post-Inoculation 

8 12 
Crop Cecul Cr op Cecal Crop Cecul 

fl HOlogenate 1. 86±0. 52 6. 21!1. 04 6.53±1. 14 7.18±0.93 7.71±0.50 a.. 7.15!0.93 CL 

Untreated Wash ing 6.10t l .30 4.86!0 .H 3. 19!0.63 2.19!0.71 0.H!0.56 b 1.54t1.01 b 

f2 SG HOlogenate 1.5 4±0.75 3.51±0 .46 2.50±0 .57 1.90±0.70 1. 70±1.01 c 1.50!1.01 b 

Lactobacilli Wa shing 0.95tO .31 4. 28tO . 36 4.10t1.51 2.38tO.27 1.03t1.34 c. 0.8hO.3I e 

f3 SP HOJlogena te 1.45±0 .65 3.60±0 .54 2.40tO.67 1.93±0.65 1.aO±0.88 c 1.45tO.95 b 

Lactobacilli Was hing 0.8810.28 4.32!0 .31 4.13!0.65 2.2HO.31 1.O1!1.25 c 0.77±0.22 c. 

f4 Sf HOlogenate 1. 40!0.66 3.42±0. 26 2.2 0tO.82 1. 70tO.65 1.80tO. S7 ~ 1.47±1.22 ~ 

Lactobacilli Washing O. '3!0. 42 4.50!0.47 4.18±0 .88 2.40!0.31 
c. C 

1.22±1.35 0.8hO.31 

a. - Co = Values with s111lar superscripts do not differ statistically, while values with different 
superscripts differ significantly (PC 0.01 to 0.05) 

SG 
SP 
ST = 

Sal •• gallinaru. 
Sal • . pUIIOIU. 

Sal •. typbil uriul 



Table 32: Ef fect of EDTA on colonization of Salmonella. 

Treatment 
Groups 

T1 

T2 

T3 

T4 

T5 

* 
a - c 

= 

= 

No. of 
chicks 

10 

10 

10 

10 

10 

Na EDTA 
(g/50 kg 
feed) 

Control diet 

5 

5 

10 

10 

Days of 
Exposure 

1-14 days 

1-7 days 

1-14 days 

1-7 days 

1-14 days 

Mean log No. of Salmonella (CFU) 
per gm on l~th day 

Fecal material* Intestine* 

7.31 ± 0.62a 2.21 ± 0.29a 

3.07 ± 0.51b 1.02 ± 0.17b 

1.88 ± 0.62c 0.62 ± 0.20c 

2.21 ! O.77c 0.87 ± 0.27c 

1.51 ± 0.65c 0.53 ± 0.23c 

24 hours composite sample on weight basis on day 1~. 

Values with similar superscripts do not differ statistically, while values 

with different superscr ipts differ significantly (P< 0.01 to 0.05) 
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offered Na EDTA for 14 days in T3 and T5 at a dosage level of 

5 and 10 g/50 kg of feed significantly (P< 0.01) reduced the 

salmonella colonization in intestine and fecal shedding as 

compared to the control group (T1). The use of Na EDTA at a 

dosage level of 5 g/50 kg feed for 7 days in treatment T2 

reduced significantly colonization and shedding, however, the 

same level (T4) for 14 days reduced the colonization and 

shedding as compared to control and T2. The treatment groups 

where the dosage level was 10 g/50 kg feed for 7 days (T3) and 

14 days (T5) were ideally depressed the colonization in 

intestine and shedding of salmonellae in feces. However, the 

differences between 7 days (T3) and 1 4 d a ys (T5) medication 

were non significant between these two groups as well as with 

T3. There was a good temporal correlation was observed with 

different dosage level of Na EDTA medication. Either the high 

dosage or the prolong use, sigpificantly reduce the 

colonization of Salmonella and shedding in the feces. 

4.7.7. VACCINATION TRIAL 

~accination through different routes was tried to 

attempt the suitable route of administration. There was non

significant differences were observed on the 0,7,14,28 and 70 

days post vaccination. Routes of administration were of no 
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value in case of vaccination with Salm. gallinarum 9R strain 

vaccine. Th e humo ral i mmu ne respo nse was of mod er a te type 

(Table 33) . 

4.7.8. MICROBICIDAL EFFECT OF DISINFECTANTS 

~he most desirable means of disease prevention is to be 

in an area where certain diseases do not exist. This is 

accomplished by excluding diseases from theses areas through 

a system of strict isolation, sanitation and regulation. 

Virkon and Beloran two disinfectants were tried to chick their 

killkinetic in vitro. Virkon and Beloran proven to be the best 

choice of disinfectants against salmonellae. Virkon have a 

little more effective than Beloran but the differences were 

nonsignificant (P( 0.05). There was good temporal response 

among both the disinfectant. There was a strong correlation 

between time and microbicidal effect of Virkon and Beloran. 

Standard microbicidal effect index is > 6.0 according to this 

standardization at 20°C with one per cent concentration for 5 

minutes exposure. Virkon and Beloran was effective 100 per 

cent against all the isolates of salmonellae except Salm. 

gallinarum where it was not effective 100 per cent for 5 

minutes exposure . . Be1oran was effective to all the isolates 

tested whereas it was not effective 100 per cent against Salm. 

gallinarum and Salm. typhimurium at 5 minutes exposure. 

Beloran kill 100 per cent Salm. gallinarum at 30 minutes 
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Table 33: Humoral immune response in broilers vaccinated through 
various routes. 

freatlent Days HI Titres GilT 
Groups Post 
(Route of Vacc i -
vaccinat i OD) nation 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 

VI 0 

7 

14 

2. 

control 70 

V2 0 

7 5 0.9424 ct 

14 2 6 5 7 1.1589 a. 

2. 2 8 2 1.0837 Cl 

(Sub/cut) 70 5 2 1. 3094 a. 

V3 0 

7 2 5 7 6 0.8558 a 

H 1 6 5 7 0.9178 a. 

28 7 0.9933 ct 

(Oully) 70 2 7 1.18'0 a 

V4 0 

7 8 0.9783 a 

14 3 5 6 1.1890 a 

28 7 1.2492 ex. 

II/I) 70 3 5 3 1.3696 a. 

ex. = Valoes lIith similar superscripts do not differ statistically, while values with different 
superscripts differ significantly (P< O.Oi to 0.05) 
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exposure and Salm. typhimurium at 15 minutes exposure (Table 

34) • 

~irkon was more efficient as compared to Beloran, while 

the both disinfectants were ideal for in farm ' or poultry 

house-ware disinfectants. Both the disinfectant were 100 per 

cent effective to kill the isolates in vitro at 20°C in 5 

minutes except Salm. gallinarum where it needs 15-30 minutes 

exposure. As a control measure one per cent solution of 

disinfectants is 10 time more as recommended level so farm 

spray will be effective at 0.1 per cent level. 
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Table 34: Mean microbicida l effect of di'sinfectants (at 20°C with 
1 % concentration) at different time exposure intervals 
( in minutes). 

Salmonellae No. of 
tested isolates VIRKON BELORAN Standard 

tested 5 15 30 5 15 30 M. E. 

pullorum 5 6.02 7.23 7.34 5.98 6.58 7.21 >6.0 

gall inalum 5 5.96 6.05 6.58 5.91 5.96 6.45 >6.0 

typhimur iulR 4 6. 05 6.95 7.25 5.98 6.21 7.13 >6.0 

eastbourne 2 7. 21 7.53 8.12 7.15 7.22 7.59 >6.0 

saint -paul 2 6.51 6.93 7.25 6.21 6.54 7.11 >6.0 

butantan 3 7.39 7. 81 8.15 6.89 7.52 8.12 >6.0 

java 4 7.12 7.53 8. 11 7.11 7.42 7.95 >6.0 

readi ng 5 6. 95 7. 54 8.52 6.73 7.43 8.19 >6.0 

ches ter 6 6.88 7.12 7.93 6.49 7.11 7. 88 >6 .0 

remo 2 7.93 8.11 8.53 7.51 7.81 8.22 >6.0 

heidelberg 2 6.57 7.31 8.11 6.27 7.11 7.98 >6.0 

anatum 5 7.13 7.51 8.10 6.98 7.43 7.95 >6.0 

hadar 5 6.93 7.22 7.35 6.21 6.98 7.31 >6. 0 

orion 5 7.13 7. 18 7.21 7.11 7.15 7.1 >6.0 

rldge 5 7.91 7.93 8.21 7.73 7. 89 8. 11 >6.0 

agona 5 6.95 7.15 7.54 6. 81 7.11 7.43 >6.0 

mission 5 7.91 7.99 8.11 7.88 7.93 8.05 >6.0 

give 5 6.93 7.12 7.56 6.61 6.96 7.34 >6.0 

para typhi A 3 6.53 7.11 7.53 6.41 6.98 7.11 >6.0 



CHAPTER 5 

DISCUSSION 

Salmone l l osis caused by Sal mone lla s p e ci e s has been 

recognized - as a wor l d wide problem in bot h ma n a nd ani mals. 

Salmonell a i nfections occur in many kinds of birds and mamma ls; 

frequentl y recorded i n poultry. It also occurs in rats, mic e and 

other- rodents, in many rept i l es and some insects (Barnes and 

Impey, 1980). Both domestic and wild poultry are vulnerable to 

Salmonella infections (Javed et al., 1990). More than 2300 known 

Salmonella serotypes have s o far been reported in the world 

which suggests a ubiquitous nature of Salmonella (Edwards & 

Ewing, 1989). Poultry and poultry products constitute one of the 

major reservoirs of Salmonella infections since more than 50 per 

cent of the serotypes have been isolated from these sources 

alone (Kohler et al., 1979). Two serotypes i.e. Salm. pullorum 

and Salm. gallinarum, causative agents of pullorum disease and 

fowl typhoid respectively, are of great economic importance due 

to high mortal i ty, lowered egg product i on and reduced 

hatchability (Javed et al., 1992). Pullorum disease is 

characterized by white diarrhea and high mortality in young 

birds (Javed & Hameed, 1989). 

~he principal reservoir of salmonellae are animal species 

which may infect humanbeing via ingestion of contaminated food 

or direct exposure (Drapeau and Jankovic, 1977). Practically all 

animals (Welchman, 1987), domestic aviary (Javed et al., 1990), 

wild birds (Javed et al., 1992), rodents (Siddique et al., 

1985), and insects can host salmonellae (Williams et al., 1980) . 
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Ref use from hospitals (Leclerec and Oger, 1974) and slaughter 

houses c a n c ont a mi na t e wat e r (Lecle re c and Oger, 1 9 75 ) which may 

support bacterial multiplication (Wright, 1989). Salmonellae 

remain viable in sludge, which could be a potential contaminant 

for streams and other water reservoirs. 

Consumption of Salmonella contaminated meat and poultry 

products, resulted in health care cost of $1000 million in the 

United states in 1987 and 9,00,000 £ in the United Kingdom (Yule 

et al., 1987). The incidence of human Salm. enteritidis, Salm. 

virchowand Salm. stanley, has risen significantly between 1981 

and 1986. Again poultry remains a major vehicle of disease 

transmission, however, bovines also contribute in cross-species 

infections (Humphrey and Lanning, 1988) . Poultry- borne 

salmonellosis is the most common f o r m of food bo rn e i nfect i on i n 

Scotland (Yule et al., 1988). 

. . 
Rapid hemagglutinati on testing of 150 chicken broiler 

breeder flocks showed that 112 (74.7 %) flocks were positive for 

Salmonella and only 38 flocks were negative. On these breeder 

farms 2,62,454 birds (2,28,583 females and 33,871 males) 12,159 

were recorded to be carriers thus indicating a prevalence of 

4.63 per cent. Data on the prevalence of Salmonella seropositive 

were analyzed according to various feeds to rule out the 

possible role of ' the feed in the spread of the pathogen. The 

prevalence of Salmonella carriers varied greatly among birds fed 

on various commercial feeds. Regarding the flocks on most of the 

feeds, the prevalence varied from 69.2 to 82.2 per cent, ranging 

from 50 to 100 pe r cent. On on e o f th e fe ed s , bi r d s s howed th e 
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prevalence as high as 11.33 per cent. Feed as an important 

sour c e of Salmonell a infections 'has been indicated by a number 

o f r e search workers . (Zecha et al., 1 97 7). Ma ny ti mes feed 

i ng r edients o f ani mals or i gin a re the potenti al s ources . Pr oper 

sanitary me a sures duri ng the procur e ment a nd proces s ing o f fe e d 

ingredien t s c a n g r eatl y help to avoid f eed contaminations . 

Although many o f the orga nism ar e kill e d during the pelleting of 

feed, car e should always b e taken dur ing transportation and 

particularly dur i ng storage , as the presence of rodents, such a s 

mice and lizards which are usually carriers and active spread e rs 

of Salmonella, may reinfect the feed (Lahellec et al., 1986). 

~he five breeds of broiler breeders were included in the 

present studies from the commercial point of view these were 

designated from B1 to B5. Breed No.4 showed the maximum 

prevalence of salmonellosis and it varied significantly from B2 

and B3. Transovarian transmission is the most important route of 

Salmonella infections. Although in Pakistan parent flocks are 

imported from technically advanced countries and there seems to 

be less chance of getting Salmonella from gr a nd parents, we wer e 

astonished to see that Salmonella-free parent flocks would be a 

basic step for the elimination of salmonellosis and for the real 

development of our poultry industry. 

~ost of the flocks were tested between the age of 21 to 40 

weeks but many flocks also at later st.ages and some of. the birds 

were retested. The prevalence of Salmonella carr i ers var i ed 

widely in birds of different ages. The maximum number of flocks 

were affected during 51 to 60 weeks of age (88.23 %), followed 
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by birds of 31 to 50 weeks of age and other groups. The highest 

n umber of c a rr i ers (6 . 75 %) were detected in b i r d s tested d u ring 

41 -5 0 wee ks, f ollowe d by 21 - 3 0 we e ks ( 5 . 01 % ) a nd at other 

stages. Th e antibody titre in Salmonella c a r r ier birds starts at 

an early age, rises with the advancement of age and is usually 

detectable by the hemagglutination test after the age of 20 

weeks. This titre has also a direct correlation with the 

production of the birds and the maximum titre is recorded during 

the peak production periods. Considering these factors, the 

rapid hemagglutination test is recommended after the age of 22 

weeks when the egg production rises up to 5 - 10 per cent (Hofstad 

et al., 1984) . 

~ direct cor r elation was recorded b e tween the age of the 

breeders a nd inc id e n c e of s a lmonellosi s . Max imum (6.75 %) 

inc idence was recorded in . adul t birds dur ing 41 to 50 weeks 

while, in the young es t flocks it was maximum (5.01 %) between 21 

to 30 weeks. This may be due to fact that infection mostly 

remain localized in the carrier birds, but occasionally they 

secrete the organism in their secretions . and excretion 

contaminating the environment, feed, water, egg nest, litter 

etc., and remain a permanent source of infection for their 

penmates. This may be a probable factor for higher incidence in 

older age group (Mario, 1991). 

~he management of a fa r m has a direc t bearing on the s pread 

of infections. A similar pattern was also observed during the 

present investigations of Salmonella carr iers. Regarding the 

pr e v a lenc e of Salmon el l a carriers, a h i gh l y signi f icant 
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diff e rence was recorded in flocks as well as i n bird s maintained 

under various c ondi t ions of management. The maximum pr eva lence 

(78.57 %) was observed in flocks under the poor management, 

followed by flocks under a satisfactory management (77.04 %) and 

the minimum prevalence was found in birds kept in excellent 

farming conditions (41.66 %). Similarly, the maximum number 

(9.47 %) of carriers were detected in birds kept under the poor 

management, followed by breeders under satisfactory conditions 

and the minimum in birds with excellent farming practices. 

There are numerous sources of salmonellae in a contaminated 

poultry flock, once a flock becomes infected, the organisms may 

be transmitted from chicken to chicken through several pathways 

and the floor litter can harbor salmonellae for long periods. 

However, most of the organisms are destroyed in the deep litter 

system due to a high concentration of ammonia (Bhatia and Nabb, 

1980). Oral infection is generally considered a likely pathway 

for a natural infection but percloacal infection is also 

possible in chickens reared on litter (Moitra and Saxena, 1984). 

A strong correlation has been observed between the degree of 

contamination of the floor litter and the spread of salmonellae 

through a flock. It is the usual practice that after blood 

testing the reactors are removed and the non-reactors are left 

in the same infected litter. In this way the potential source of 

infection remains and there is every chance of reinfection of 

the healthy birds. It is recommended · that the negative birds 

should be left in clean premises with a fresh uncontaminated 

litter (Javed and Hameed, 1989). 
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I?oor managemental conditions on the breeder farm may 

therefore help in the spread of organisms. Maximum incidence was 

record e d in t h e flock maintained under poor managemental 

conditions such as i nadequate space, di rty drinkers , dumpy 

litter, i mproper vent i lati on and unhygienic drinking water. The 

incidence was lowes t in a flo c k kept under good managementa l 

conditions and where regu lar s creening was conducted. This 

underlines the importance o f managemental practices for th e 

control of Salmonella infections. However, the possibilities of 

reinfection from infected feed and water cannot be eliminated. 

~egarding the sex the prevalence varied in different 

breeds, feeds and managemental conditions. Although overall 

incidence was 5.15 per cent in B1 birds while only 1.29 per cent 

males we re positive as compared to the B. where overall 

prevalence in total flocks was 5.87 per cent, while only 6.18 

per cent males were involved. In B2 overall prevalence was 4.27 

per cent with 2.66 per cent of male and 4.55 per cent of 

females. In B3 (0.36 %) and Be (0.83 %) the higher percentage 

of males were positive and compared to females B3 (0.04 %) and 

B5 (0.4 %). Analysis of the data on bird basis gave a strong 

correlation of higher percentage of females directly 

proportional to the birds positivity. In case of exception 

higher percentage of male indicate introduction of new males or 

in a stage to spread the infection to females. 

A number of tests were compare to check the reliability of 

these diagnostic and carrier birds monitoring tests. Rapid blood 

agglutination test (RBAT ), Tube agglutination test (TAT), Yolk 
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agar precipitin test (YAPT) and cloacal swab (CS) isolation t est 

were compared in the known 200 Salmonel la car r ier female birds. 

The 200 (100 %) birds positive i n RBAT were a ls o comparatively 

con firmed by TAT in 98 .5 0 per c ent cas es . YAPT was effective in 

97.50 per cent f o ll owed by cloa cal swab me thod where 87.0 0 per 

cent we r e conf irmed pos i ti v e for Salmonella. 

~BAT was r el i ab l e with some field problems as the E. coli 

shares some of the an t igen wi th Salmonella so cross reaction 

indicate pseudocarriers, which can be detected by TAT. The 

effectiveness of cloacal swab was of value in bi r ds under 18 

weeks. The efficiency of this test is influenced by the 

intermi ttent sheders of salmonellae. The yolk agar ppt test 

(YAPT) was good tool to monitor the birds for primary 

indi c ations of the carrier state through eggs without disturbing 

the flock or in those condition where flock and hatcheries are 

well aparted (Siddique et al., 1989). spot agglutination test 

is not cons idered to be 100 per cent accurate as many false 

negatives as wel l as false positives have been reported (Sajid 

et al., 1986). 

~he detection of Salmonella in flocks of laying hens has 

thus become a · publ ic heal th pr ior i ty and a matter of great 

concern to egg producers. Testing for the presence of specific 

serum antibodies in an important aspect of proposed progression 

of identifying Salmonella-positive flocks. The National Poultry 

Improvement Plan authorizes the use of a variety of macro and 

microagglutination technique, for the detection of Salm. 

pullor um antibodies in chicken. Paratyphoid Salmonella 
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serotypes, such as Salm. enteritidis, generally elicit weaker 

ant i bodies respo nses (W i lliams and Whi t temore, 1 97 5 ) . 

Conve ntional agglutination t es ts h a v e not b een e f fectiv e fo r 

detecting paratyphoid infections in chickens (Olesiuk et ai. , 

1969 and Williams, 1975), perhaps because many such infections 

in mature birds are limited to colonization of the alimentar y 

tract. Very young chickens are far more susceptible to 

paratyphoid salmonellae, put the antibody response by chicks has 

been observed to be insufficient for serological de tection of 

infection. Serological methods ha ve been reported to vary in 

sensitivity and reliability, but all were found to be more 

sensitive than cloacal swab cultures for the detection of 

paratyphoid Salmonella infections in chickens. Evidence of 

systemic inf e ction with Saim . enteritidis suggests that in f ected 

hens are lik e ly t o ha v e a ntibody titers h i gh enough to pe r mi t 

efficient serological detection (Gast and Beard, 1990). 

~ new method for diagnosing pullorum disease in breeding 

hens was developed. The results of this test agreed with those 

of rapid whole blood stained antigen agglutination test, whole 

blood gel precipitation test and bacterio1ogi~al culture (Zhao 

et al., 1981). A test for differential serodiagnosis of 

Salmonella by detection of IgG and IgM antibodies in ELISA was 

developed . In a compar ative investigat i on with 192 pigeon sera, 

14.5 per cent were positive in the (H+L) chain specific IgG 

ELISA, 12 per cent in the tube agglutination test and 6.3 per 

cent in slide agglutination test. 
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~e peroxidase-antiperoxidase immunoassay was developed by 

usi ng Salm . cho l e raesuis var Kunze nd r of , Sa lm. dub lin a nd Salm . 

typhimurium as test organisms. st r ong spec if i c s taining wi th 

correspond i ng antiserum was achieved with smears of each 

Salmonella serotype on microscope slides from formalized cell 

suspension, culture of liver clinical isolates and tissue 

suspensions from the livers and spleens of experimentally 

infected mice. In addition Salm. choleraesuis var kunzendrof was 

detected in formalin-fixed and fresh frozen tissues from 

experimentally infected pigs. Their results indicate that the 

peroxidase antiperoxidase assay is well sui ted for the rapid 

identification of Salmonella from pure cultures and that the 

technique can be useful for detecting Salmonella in histological 

sections (McRill et a1., 1984). Enzyme Linked Immune Sorbent 

Assay (ELISA) is a new and most r eliable serological method used 

for the diagnosis of typhoid fever in human beings (Vior, 1984). 

Siddique (1985a) used this method for the differential diagnosis 

of Salmonella infections from other confusing diseases. 

In Pakistan, rapid hemagglutination testing of 150 chicken 

broiler breeder flocks having 2,62,454 birds revealed a high 

prevalence of Salmonella seropositive birds. Among these, 12,159 

(4.63 %) birds were screened as carriers from 112 positive 

flocks. The prevalence of Salmonella carriers varied in birds 

reared on various commercial feeds in chickens of different 

breeds and those maintained on the varying standards of 

management (Javed and Hameed, 1989). The persistence of 

Salmonella in a variety of zoolo~ical garden birds was 

investigated. Of 370 r ectal swabs examined, 66 yielded different 
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Salmone l la serotypes which includes 3 0 strains of Salm. 

typhimur ium, 23 S alm. galli narum-pullorum. 5 Salm . s a int - paul , 

5 Salm. butantan and 3 Salm. eastbourne. Parrots, pigeons, Java 

sparrows, quails, peacocks, doves and pheasants were the common 

birds positive for Salmonella (Javed et al., 1992). In Pakistan, 

isolation and pathological studies were conducted in 753 

enlarged livers, spleens and intestines of indigenous chickens, 

salmonellae were isolated mostly from intestines (9 .96 %), 

followed by liver (5.97 %) and minimum (1.19 %) in spleen. An 

overall isolation incidence was 5.71 per cent Salm. gal1inarum

pullorum and Salmonella of group E were the most common isolates 

(Javed, et al., 1991). This variation might have been due to the 

difference in the number of the birds studied, the types of 

cases recorded and the husbandry and managementa'l co ndi tions 

prevailing at the farm. Other reasons which could be advocated 

were the breeds involved, the genetic resistance of the birds, 

geographical and seasonal variation and use of preventive 

medicine for the control of diseases particularly in breeding 

flocks . 

.Among the 715 serotypes of Salmonella iso at ed from var ious 

sources selenite broth was proven 100 per cent of effective 

followed by tetrathionate broth (95.8 %) and Mac-Conkey's broth 

(90.06 %). Among the solid laboratory isolation media Mac

Conkey's agar (MC) was the most effective as all the stains were 

isolated on Mac-Conkey's (97.20 %) followed by Salmonella 

shigella agar (88.40 %) and Eosin Brilliant Green (EBG) agar 

(86.01 %). An overall isol a tion regimen was best through 

selenite b r oth enrichment and isolation on Mac-Conkey's media 
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from various sources. The 

Sa lm . pullorum and Sa lm. 

gallinarum were found to be almost similar in many biochemical 

pathways b~t some of the critical differences regarding their 

biochemical fermentation were noted. 

~alysis of Salmonella serotypes isolation over the years 

indicated a relation between our flock pattern and isolation in 

different months of the year. As it is evident in Pakistan we 

have seasonal flock system, so the flock r.aised/reared in 

December-January-March season come to production in July

August. Hence incidence increases in this period. In 1988 there 

were more non-motile (192) and motile (211) isolates. Highly 

s ignificant isolations were made in 1988 as compared to 

isolation 1989 and 1990. In 1989, isolation of non-moti l e 

serotypes was significantly higher than isolation of non-motile 

salmonellae in 1990, while isolation prevalence of motile 

salmonellae in 1989 and 1990 was non-significant. 

~egarding the isolation of various Salmonella serotypes in 

broiler breeders at random, a relatively higher prevalence of 

non-motile salmonellae were recorded. Salm. gallinarum was 

recorded in 23.14 per cent, followed by Salm. pullorum (14.81 

%). Among the motile salmonellae isolation in broiler breed e rs, 

Salm. typhimur i um was isolated in 9.26 per cent, followed by 

Salm. heidelber g (6.48 %) and Salm . . butantan (5.55 %). Salm. 

eastbourne, Salm. saint - paul, Salm. remo and Salm. agona have 

4.63 per cent isolation prevalence each. Isolation prevalence of 

other i s ol a tes is g iven in Table . Considering t he incidence of 
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Salm. gallinarum and Salm. pullorum in adult broiler breeders 

the Sa lm . gallinarum is inc reasing over Salm. pullorum. 

In most of th e b irds , s a lmonellae were isolat ed f rom 

intestines, liver, spleen and ovary. Isolates were also obtained 

from caeca, lungs, kidney, heart, brain and bursa of Fabricius . 

A higher number of isolates were obtained from intestines (37.08 

%) than the liver (24.07 %) and spleen (10.18 %). 

Incidence of Salmonella serotypes isolated from 109 

countries during 1934-1978 and divided the various serotypes 

into quite frequent, frequent, rare and quite rare categories. 

Salm. paratyphi, Salm. typhimurium, Salm. heidelberg, Salm. 

inEanti s , Salm. typhi, Sa l m. enteritidis, Salm. dublin, Salm. 

panama and Salm. anatum were categorized by Kelterborn (1979) as 

quite common serotypes. Barrow et ale (1988b) isolated 23 of 

Salm. typhimurium, 19 of Salm. typhimurium var copenhagen, 26 of 

Salm. enteritidis, 10 of Salm. berta and 7 of Salm. havana. 

Among 124 total isolates 101 were from poultry, Salm. pul10rum 

have several serological variants. Bivini (1984) isolated 202 

strains from birds. Persistence of Salmonella . strains most 

frequent ly isolated from animals was recorded in the years 1976-

1978 Salm. typhimurium was i solated from 222 cases, Sa lm. dub l in 

250, Salm. choleraesuis 188, Salm. enteritidis 61 and Salm. 

gallinarum-pullorum in 73 cases, (Haszowski and Trus zynski, 

1980). Among Salmonella species most frequently found in poultry 

farm employees was Sa lm. typhimurium while Salm. newport, Salm 

enteritidis and Salm. dublin were also isolated (Kotova et al., 

1988). Girao et a le (1985) isolated salmonellae f rom meat meal, 
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feather meal, hatchery meal and finished feed. Salm. saint-paul 

Senftenberg, anatum, dublin, infantis, gallinarum-pul l orum, 

jaffina, typhimurium and berta were t h e common feed contaminant 

(Yaziz a nd Awang, 1985). 

~egard i ng the iso lati on o f various Sa lmonell a serotypes i n 

broiler breeder s at r a nd om, a re l ati vely higher prevalenc e of 

non-motil e sa lmone l l ae were rec or ded. Salm. gallinarum was 

recorded in 23.14 per cent, f ollowed by Salm. pullorum (14.8 1 

%). Among the motile salmone l lae isolation in broiler breeders, 

Salm. typhimurium was isolated in 9 .26 per ~ent, followed by 

Sa1m. heidelberg (6 . 48 %) and Salm. butan t an (5.55 %). Salm. 

eastbourne, Salm. saint-paul, Salm. remo and Salm. agona have 

4.63 per cent isolation preva l e nce e a ch . Isolation prevalence of 

other isol a t es i s given in Ta bl e . Cons idering the incidence of 

Salm. gallinarum and Salm. pullorum in a dult broiler breeders 

the Salm. galllnarum is increasing over Salm. pullorum. 

~ong the day-old broiler breeder chicks, a total o f 21 

(4.18 %) salmonellae were isolated. Salm. gallinarum was 

isolated from 10 (47.61 %), followed by Salm. pullorum, 7 (33.33 

%), Salm. typhlmurlum 1 (4.76 %) and Salm. paratyphl A, 4.76 per 

cent. These isolations were attempted from the composite samples 

of yolks, liver, intestine, lungs and spleen of birds died 

during transportation from abroad. 

Salmone1los is is one of the most important zoonot i c problem 

throughout the world. Domestic chickens are close inhabitants of 

our huma n populati on , particul ar ly in rural areas . Ther e a r e 
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therefore fair chances of transmission of Salmonella infection 

from chickens to h uman beings and vice versa (Siddique et al., 

1985 ). Th e present s tudi es were designed to exa mi n e the presence 

of Salmon e l la amo ng rural ch i c k ens. The incide nc e of Sa lmonel l a 

would help und e r s t a nd the ro l e of d esi (indigenous ) bi r d s as a 

potenti al hea lth hazard fo r the human population and also f o r 

commercial poultry (Adesiyun et al., 1988). 

Domestic poultry are reported to be the largest singl e 

reservoir of Salmonella and the principal source of Salmonell a 

infection in man. Eggs infected by direct ovarian transmission 

and tissues from the affected poultry are of importance. The 

foremost role in the epidemiology of the disease in man is 

played by egg shells contaminated during laying and by poultry 

car casses contaminated during slaughter. Inapparent intestinal 

carriers are common in poultry flocks, and both the egg-shells 

and carcasses may be contaminated by feces from these inapparent 

carriers. Programs aimed at eliminating this source of infection 

will therefore depend on information on the factors influencing 

both the initiation o f inapparent intestinal infection .and 

shedding of the organi ~m in the feces (Sadler et al., 1969). The 

obj ect i ves of the present stud i es were to know the status 9 f 

Salmonella infection in desi chickens. 

There have been numerous reports on the factors that 

influence the shed pattern of Salmotiella and its localization in 

different visceral organs. As our desi birds roam about in dirty 

places and sewages and always get their feed from contaminated 

sour ces, this leads them t owar ds c arr iers o f pat hog e ns . The 
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localization of Salmonella in the intestines , liver and spleen 

has also been repo ted by Siddique et al. (1985c). A higher 

percentage of intestinal carriers is also a serious t hreat to 

our commercial poultry. Out of 43 isolates, 31 (72.09 %) were of 

Sa lmon e l la gallinarum-pullorum and 12 ( 27.91 %) we re motile 

Salmonellae. Al l t he paratyph o id organ isms bel ong t o group E. 

Sharma et a l. ( 1 980) isolates 20 d if fere n t Sa lmon el la serotypes 

out of 79 0 i n tes tinal contents, wh i ch included 10 strains of 

Salmonella saint pau l, 4 S a lmon e ll a bareilly, and 6 Salmonella 

of group E ~. This wor k is in li n e with our findings. 

This higher prev a l e nc e o f sa lmonellos is in these 

domesticated birds posses a serious threat to human health, as 

these birds live qu ite cl ose to human , particularly the children 

(Sharma et al., 1980 ) . Sal mon e lla carrier birds commonly excrete 

these organisms through faeces (Impey et al., 1984) and 

ultimately may infect human mostly through dust borne infections 

(Breer, 1985). F or the control of human salmonellosis apart from 

other hygienic measures, elimination of important reservoirs in 

domestic and wild birds would be of paramount importance. 

Isolation of Salmonella serotypes like Salm. typhimurium, 

Salm. saint-Paul, S<;ilm. butantan and Salm. east-bourne, which 

are known for their associa t ion with disease conditions in man 

and animals is of animal industry as well as public healt h 

s igni f iCi;lnce. Salm. typhimur i um and. Salm. saint -paul were 

recovered from goats having diarrhoea (Singh et al., 1981). 

Isolation of Salm. typhimurium from pigeons has earlier been 

reported by Siddique et al., (19 85 ). Salm. typhimurium was 
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isol a ted f r om 30 (45 . 45 % ) rectal s wa bs, Sa lm . ga llinar um -

pullorum was confirmed in 23 (34.84 %) cases etc. 

Salmonella could be an airborne infection as the d r ied 

fecal material spread in t he air in form of dust. The 

contaminated house dust is one o f the vehicle to t r ansport 

infection to the penmate and sheds in the vicinity of the farm. 

A total of 11 house dust samples were collected and only in 5 

(4.5 %) cases salmonellae we re i s olated. All of the isolates 

were non-motile group . Salm. gallinarum was isolated 4 ( 80.00 %) 

and Sa l m. pullorum in 1 (20.00 %) dus t samples. 

L)rinking water is an i mp ortant vector of pathogen's 

transmission by contaminati on in house or outs id e t he house. In 

poultry houses, 14 7 wa t er samples were co llected a mon g t h ese 31 

(21.0 8 %) were positive for Salmonel la. Water had h ea vy 

contamination of motile salmonellae as 21 (1 4 .28 %) we r e motile 

Salmonella and only 10 (6.80 %) were non-motile salmon e llae. 

Salm. ga l linarum and Salm. pullorum had ident ical isolation 

preva lence (16.12 %) as it was identical in case of Balm. 

typh lmur i um and Salm. orion ( 9 .67 %). Salm. eastbour ne, Salm . 

remo, Balm. agona and Salm. give had similar isolati o n n umber 2 

( 6 .45 %) i n each case. Salm . saint-paul, Sa l m. b utan t an, Salm . 

Java, Sal m. chester, Salm. anatum, Salm. hadar a nd Sal m. r idge 

o n ly 1 ( 3.22 %) isolate for ea6h. 

~odent s are good vector of transmitting the dise a s e 

organism to the feed store or spreading to the other far ms . The 

contaminated rodent feces are mixed in the feed and u ltimately 
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the insidious material reached to the birds. A total of 215 

compos i t:e rodent fecal samples were co 11 ected and Salmonell a 

isolation was confirmed in 21 (9.77 %) samples. Among 2.79 per 

cent non-motile Salmonella, 19.04 per cent was Salm. gallinarum 

followed by Salm. pullorum (9.52 %). Among motile group Salm. 

agona (19.04 %), Salm. saint - paul (14.28 %) and Salm. give (9.52 

%) were isolated, whi Ie Salm. typhimur i um, Salm. Java, Salm. 

reading, Salm. r :dge, Salm. mission and Salm. paratyphi A 1 

(4.76 %) each of the isolate was attempted. 

Various antimicrobial agents more commonly used against 

salmonellosis were evaluated by disc method against the isolated 

Salmonella strains. The antimicrobials used were ampicillin, 

chloramphenicol, erythromycin, flum€ quin e , furazolidon e , 

gentamicin, kanamyc i n, lincomycin, neomycin, streptomycin, 

Terramycin, Tribrissen and vibramycin. On the average, 66.33 per 

cent of the isolates were highly susceptible to various 

antimicrobials, 14.43 per cent intermediately susceptible, while 

19.26 per cent of the isolates were resistant. 

~lumequine proved to be the drug of choice, as 668 (93.43 

%) isolates were sensitive, 30 (4.19 %) intermediately 

susceptible and only 17 (2.37 %) were resistant. Vibramycin 

stood at number two, to wh ich 568 (79.44 %) isolates were 

sensitive and 116 (16.22 %) were intermediately susceptible, 

while 31 (4.33 %) isolates were resistent. According to the 

spectrum of susceptibility, maximum resistance (40.27 %) was 

observed against kanamycin, followed by Tribrissen (38.74 %), 

furazolidone (37 . 20 %), Terramycin (32.16 %), erythr omycin 
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(26.01 %) and neomycin (22.23 %). Seventeen (2.37 %) isolates 

were resistant to all the antibacterials, while 427 (59.72 %) 

were sensitive to a ll the antibacterials, while 427 (59.72 %) 

wer~ sensitive to all the antibacterials tested. 

The increasing use of antibacterials for prophylactic, 

therapeutic and nutritive purposes in agriculture and medicine 

creates a potentially powerful selective pressure for the 

spread of antibiotic resistance in bacteria (Duck et al., 1978 

and Lofont etal., 1981). As many authors pointed out, the 

spreading of mu1tidrug resistance s tra ins determined peculiar 

aspect of gravity in th e out break evolution, serious economic 

involvemen~ including loss of work, co s t of therapy, expensive 

laboratory investigations and antiepizootic measures (Barbour 

and Nabbut, 1982; McGarr et al., 1980 and Hirsh et al., 1983). 

~tibiotic sensitivity of Salmonella strains revealed that 

ampicillin, gentamicin, kanamycin, neomycin and streptomycin 

were the most effective against motile as well as non motile 

salmonellae. A remarkable resistance to tetracycline, tylosin, 

biseptol and furazolidone was observed. Some susceptibility 

differences to polymyxin, neomycin and streptomycin were noticed 

in motile salmonellae (Siddique et al., 1985). 

~though there are so many anti-Salmonella products are 

available in the market but these products are constantly 

loosing their efficacy by resi s tance development in the 

pathogen. For few years product remains highly sens i t i ve and 

than fall to intermediately sensitive and finally full y 
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resistent. This fashion of resistance against chemotherapeutic 

have been documented eve ry where, in Romania, Greece, Amman, 

Kenya, India, Lebanon, Yemen USA, UK, Egypt (Yoon, et al., 1981, 

Gupta and Mallick, 1976, Boachie, 1985, Hinton, 1988a). 

Resistance against tetracyc line, tylosin, biseptol, 

furazolidone, ampicillin, chloramphenicol, gentamicin, 

bacitracin, polymyxin B, erythromycin, Kanamycin, nalidixic 

acid, sulpha, and streptomycin has already been documented in 

the world (Siddique, et al., 1985, Silva 1985). Still we are 

using these products in abu ndance. The reason being the free 

availability of antimicrobials in mar ket without prescription. 

Antibiotic prescription permission to any body incontrast with 

other countries permitted to only licensed veterinarians. Free 

availability and medication should be checked to reduce the 

ins idious p r obl e m o f res i s t a nce. Use of a ntibiotic by th e 

veterinarian without getting the information of antibiography 

with blind prescription is another technic&l handicap against 

this problem. As it is evident that resistance against 

antimicrobials varied strain to strain and country to country in 

temporal fashion. The data of one country will not be helpful to 

the other country for the use of the new products. Many 

companies in Pakistan di~courage the antibiotic sensitivity to 

mask their insufficiencies. Wisely use of antibiotic n eed due 

consideration because the drug developme n t need at least 10-20 

years where as on circumstances resistance becoming matter of 

months. 

~rriers breeders showed little evidence of gross 

pa t hologica l changes in the dif f e ren t o r gans. However, in some 
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cases ovar i an follicles app~ared misshapen, discolored 

containing cheesy material. Live and splee n showed congestion 

and at places necrotic foci. In some cases heart showed 

enlargement and accumulation of fat with ecchymot ic hemorrhages 

on the auricles. It may be mentioned that Balm. pullorum and 

Sal m. gallinarum i n fections were indi st ingui shable from the 

gr oss lesions as were also observed by p omer oy, 1978, Athar, 

1982, Javed et al., 1990;1992. Congestion of the liver and 

spleen, pedunculated ova and accumulation of fat on the 

myocardium was a l so observed by Sa jid, et a1. (1986). 

~e organs whi c h was s tudied histopathologically showed no 

differ e nce in the hist opatho l ogi c al lesions o f broiler breeder 

aff ected with Salm. pullorum and Salm. gallinarum except fatty 

degeneration of the live r in Salm. gall i narum and not in Sa lm. 

pullorum. Our results are in agreement with Hofstad et al., 1978 

who also reported fatt y degeneration is SaJ m. gall inarum 

affected bi r ds . Li ver in ma ny cases showed congestion, foc al 

areas of coagulative nec r os is and ce l lular in i lt ra ti . in th e 

carrier breeder had alread y report ed. 

~he spleen s howed conges tion and thickening of the 

trabeculae in most of cases. Di ffu se areas of hemorrhages were 

also seen in a few spleens. Similar histopathological changes 

were also seen in Salmonella af fected spleens by other wor kers 

Pomeroy, 1978, Siddique et al . , 1.98 5c and Javed et al., 

1991;1992. 
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In the lungs, there was congestion and areas of hemorrhages 

in many cases. Interalveolar septa were frequently infilt rated 

by R.B.C. 's and lymphocytes. These findings closely res emble 

with those . repor ted by Hofs t ad et al., 1978 and Siddique et al., 

1984. 

~he kidneys showed congestion, cloudy swellings leading to 

necrotic changes in the tubular e p ithelium. Blood vessels were 

engorged with blood i n some cas es , while in many cases areas of 

hemorrhages were also s ee n. Similar .lesions have been mentioned 

by Hofstad et al., 1984 and Bercea et al., 1981. 

In the heart, there were are a s of coagulative necrosis in 

the myocardium and infiltration of mononuclear cells in 

surrounding area. Zenker's necrosis has been mentioned in the 

myocardium of day old SPF chicks affected with Salm. gallinarum 

by Siddique et al., 1984. The difference in the type of necrosis 

may be due to age factor and the type of birds (SPF and 

conventional). 

~almonella is one of the predominant bacteria affecting 

poul try. Transmiss ion through the hatching egg may produce 

either clinical or sub clinical infectious in chicken younger 

than 1 week of age. It has been s h own that penetration of Salm. 

typhimurium through the c ut:lcl e, shell and shell membranes 

occurs very rapidly and that bacterial penetration is greatly 

influenced by the presence of moisture on the egg shell, either 

as liqu i d or as water vapor. Much more attention has been given 

to contaminati on of hatching eggs wi t h moist feces contaminated 
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wi th salmonellae a s a n impo rtant link in the epizootiology of 

avian salmonellosis. Most of the bacteri al penetration studies 

have been performed using eggs several hour s after they had been 

laid. stud i es demo nstrate t h e penetra t ion of Salm. typhimurium 

thr ough s h ell of newl y laid broiler hatch ing eggs under two 

methods of expos u re. Eggs were cha l lenged either by lightly 

s pray ing the bacteria over the blunt end of the egg or by 

c onta c t with con taminated dry nest l i tter. Isolation from 

sprayed g r oups ar e p ositive upto 10 0 pe r c ent while in litter 

contact gr o up upt o 50 per cent (Mario, 1990b ) . 

Di ssemi n a ti on o f s almone l losis in chicken operations cannot 

be controlled wi t hout knowing t he s ources and spread of the 

or g a nism at the hatchery, breeding and c ommercial farms as well 

as p r ocessing plants (Javed a nd Hameed, 1989). A better 

understanding o f t his p r ocess would help in development of 

monitoring system for in formulating effective control programs. 

(Bhatia and Nabb, 1980). In spite of a high prevalence of 

salmonellosis in breeder flocks, only a few limited steps have 

been taken to eradicate this insidious problem of our poultry 

industry. Import of Salmonella free day-old parent chicks, 

feeding Salmonella free feed and uncontaminated drinking water 

are necessary control measures. Restriction on visitors, 

improving sanitary and managemental conditions are of great 

value. Competitive exclusion, addition of antibacterial drugs 

and vaccination is recent intervention to break the cycle ( Javed 

a nd Ha me e d, 1989) . 
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Control measures must not only prevent infection in the 

poultry themselves but must also take into account the extensive 

cross contamination that occurs during carcass processing. Some 

microbiological techniques for reducing infection are currently 

available. However, these have only been used in the UK and USA 

in a fragmentary f~shion. Some control measures such as 

chemotherapy have~ to some extent, been discredited. Others, 

such as competitive exclusion, chemical supplementation and 

immunization, have been shown to be useful under laboratory 

cond i t ions but have yet to prove themse 1 ves in the field. 

Controlling bacterial infections in animals by the use of 

bacteriophages has yet to be tested in poultry. In view of the 

renewed interest in salmonellosis, generated by the recent 

e p i demic of egg-associated Salmon e lla infections in the world, 

it is opportune to consider the prosp~cts for control. 

Chickens whic)'l are infected soon after hatching excrete 

more Salmonella organisms and for longer periods than do adult 

birds (Barrow et al., 1988). This is attributed to the 

inhibitory activities of the complex microflora of the adult 

caeca (Barnes and Impey, 1979). Young chicks inoculated orally 

with a suspension or crude culture of faeces or caecal contents 

obtained from adult birds (Nurmi and Rantala, 1973) acquire the 

full resistance to infection possessed by the adult. Such 

undefined cultures are effective after extensive in vitro 

passage or after lyophilization and can be administered via the 

drinking water or by spray. 
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~h e me cha ni s m o f p r ot e ction i s poo r ly under s tood (M e ad a nd 

Impey, 1987). It has bee n suggested that the normal flora 

competes with Salmonella organisms for sites of attachment 

within the caeca. Other explanations include the inhibitory 

effect of bacterial metabolites such as hydrogen sulphide and 

volat i le fatty acids a nd the low redox potential generated by 

these organisms. 

~almonel la is a common component of th e commensal flora of 

the i n testi nal trac t s of animals. However, some species of the 

mi cr o or gan i sm can be quite pathogenic. The disease they cause in 

pou ltr y can have severe a d verse effects on the economy of the 

poultr y ind us t ry (Will i ams et a l ., 19 84). A combination of 

techniques has been utilized to achieve s ign i fic a nt c ont r ol o f 

Salmonella infection of chickens (Brya n et al. , 1979) a nd t o 

produce a raise to mat urity, for a limited period of time, 

turkeys t hat were free of S a l monel la (Zecha et al., 1977). 

Fa il ur e t o eli mi nate Salmonel l a, o r to maintain a permanent 

Salmon e ll a-fr e e stat u s in these pr ojects, was ascribed largely 

to an inab i l i t y t o elimi na t e Salmonella, or to maintain a 

pe r manent Salmon e ll a-f r e e status in these projects, was ascribed 

largely to a n inabil ity to eliminate the organism from feed. 

Contaminated feed i s a ma j or source 0 f infect i on for poultry 

(Gangaros a , 1978). 

~he inclusion of penicillin in the diet was associated with 

an incr ease in Salmonella shedding, particularly in the first 

half of the rearing period, but did not influence the 

1actobacillary c oun t in th e c r op or th e Ph o f th e conte nt s o f 
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the crop, gizzard and caecum. Furazolidone medication (150 mg/kg 

feed) for the first 10 days had no effect on Salmonella carriage 

at the time of slaughter (Hinton et al., 1986). Administration 

of nosiheptide (20 g/ton) for 33 days against Salm. typhimurium 

var copenhagen has been found qui te ef fect i ve. The effect of 

feeding halofuginone at 3 and 6 mg/kg of feed on the excretion 

of Salm. typhimurium by experimentally infected chickens was 

studied. Ha1ofuginone at 3 mg/kg showed no signi f icant increase 

in excretion rate. the group fed 6 mg/kgshowed a slight 

increase in excretion which was statistically significant 

(Barrow et al., 1988a). 

~ontrol of Salmonella infections in broiler chickens by the 

acid treatment of their feed is an efficient method. In three 

experiments a solution of formic acid was added to feed 

"naturally" contaminated with salmonellae. In two of them no 

Salmonella infections were demonstrated in broiler chickens 

given feed containing 0.6 % (w/w) of the formic acid solution 

for seven weeks and in the third the infection rate was reduced 

considerably. The treatment of the feed with formic acid plus 

propionic acid mixture one week before the addi tion of the 

salmonellae prevented the establishment of infection in chicks 

given the treated feed (Hinton and Linton, 1988b). Feed given to 

laying hens with 0.5 per cent formic acid reduced significantly 

the isolation rate of salmonellae and was associated wi th a 

reduction in the incidence of infection in newly hatched chicks. 

Formic acid treatment of chicken feed could have important 

benefits for the public health (Humphrey and Lanning, 1988b). 

Chemical treatment of poultry feed reduced the chances of 
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survival of Salmonella. After treatment with a chemical 

preservative (Myco-Curb) at 0.25, 0.5, 0.75 or 1 per cent, 

decontaminate commercial poultry feed. The number of faecal and 

intestinal samples positive for Salmonella was reduced, 

demonstrating elimination of Salmonella in the feed by the use 

of the feed preservative (Rouse et al., 1988). 

The susceptibility of broiler chicks to Salmonella 

colonization is greatest during the first few days of life, 

after which resistance increases due to growth of normal 

intestinal flora (Barnes, 1979). Resistance to colonization 

provided by normal flora has been reported to be dependent on 

the level of Salmonella challenge and may be overcome by 

continuous or severe rechallenged (Pivnick and Nurmi, 1982). It 

has been reported that lactose added to the dr ink ing water 

inhibited Salm. typhimurium colonization in 10-day-old broiler 

chicks (Oyofo et al., 1989). 

I?roposed mechanisms by which normal intestinal flora 

prevent colonization by invading enteropathogens include: 

competition for limited nutrients (Fretor, 1956); competition 

for attachment sites on the intestinal mucosa (Loyd et al., 

1977); and the production of short-chain, bacteriostatic VFAS, 

particularly acetic, propionic, and butyric acids, by anaerobic 

bacteria present in the ceca and colon (Rolfe, 1984). VFAs 

produced by anaerobic bacteria were reported to inhibit 

salmonellae growth and colonization in mice and in poultry. The 

bacteriostatic action of VFAs is Ph dependent and is exerted 

only when the acids are present in the undissociated lipophilic 
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state. The concentrations of acetic, propionic and butyric acids 

present in the undissociated bacteriostatic state progressively 

increase as the Ph of the environment decreases and approaches 

the specific dissociation constant ( Pka) of each fatty acid 

(Corrier et al., 1990a and 1991 ) . 

Attempts have been made to el iminate Salmonella from 

poultry feed either by pe1leting (B ryan et al., 1979 and 1981) 

or by sterilizing feed components of animal origin before their 

incorporation into feed (Marthedal, 1977). At best, such 

attempts have resulted only in significant reductions in levels 

of contamination. Sterilizing only certain components of feed 

ignored the probability of contamination from one or more of 

the other components (Marthedal, 1977). Pellet i ng should have 

been more effective, since it involved treating the whole feed. 

However, the pelleting process is weighted heavily in favor of 

production of good quality pellets, and the conditions favoring 

the production of good quality pellets are unfortunately not 

always the same as those inimical to the survival of Salmonella. 

Mash is pelleted by forcing it through die openings, the 

producers being facilitated by treatment of mash with steam 

(conditioning) for about 20 seconds before compression. Under 

current pellet-production practices, steam generated in a 

broiler is the only medium through which the heat energy of fuel 

can be transferred to mash. This heat transference is 

accompan i ed by condensa t i on 0 f the s team and a corr es pond i ng 

increase in moisture content of mash being heated. It has been 

estimated that the moisture level increases by 1.0 per cent for 

every 11.1DC rise in temperature. For the relatively colder feed 
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generally available during winter in cold climates, this means 

that in order to raise mash temperature to a level high enough 

to kill Salmonella, the moisture content of the mash would have 

to be allowed to increase beyond the choke point of the pellet 

mi 11. I n other words, the ma s h wou ld become too mo i st for 

pelleting (McCapes et al., 1989). 

~ecently, an equipment configuration called the anaerobic 

pasteurizing conditioning system is introduced to the feed 

industry (Beaumont, 1986 ) . It is claimed to be capable of 

permitting the attainment of high mash temperatures without 

causing mash to become too moist. Fuel is ignited and combined 

directly with water the vaporator resulting in the production of 

st eam, n i tr ogen, and other hot gas es (CO:z, CO), wh i ch ar e 

channeled into the conditioner to heat ma s h. The direct 

utilization of all the hot products of this combustion is said 

to make it possible to control temperature independent of 

moisture levels. 

~he susceptibility of mic roorganis ms to the lethal effects 

of heat is influenced by genetic and environmental factors. For 

instance Salm. senftenberg is less susceptible to heat than most 

other salmonellae. Naked strains of microorgani sms, on the other 

hand, are generally more susceptible than encapsulated or 

sporulated forms, Susceptibility is also influenced by size of 

population of the microorganism a~ well as by changes in 

temperature, heating time, moisture, acidity, and composition of 

the medium in which the organism is being heated (Bryan et al" 

1979), Optimum conditions of temperature, heating ti me, and 
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moisture (optimum TTM) that will kill Salmonella is 87.8 °C for 

1.5 minutes, 89.4°C for 0.5 minutes at 15 per cent moisture (Liu 

et al., 1969). Conventional pelleting is the most effective 

anti-Salmonella feed processing technique currently available. 

However, it only reduces the level of Salmonella in feed 

(Marthedal, 1977). More reductions in the level of Salmonella 

contamination of feed cannot be useful in a Salmonella 

elimination program, because only as few as one colony forming 

unit of Salmonella per gram of feed is required to initiate 

infection (Gangarosa, 1978). If the observed elimination of 

Salmonell a from feed in the pres ent study is real, the new 

pelleting process could be regarded as providing the missing 

link in the chain of technology needed to eliminate the 

organism from poultry (McCapes et ai., 1989). 

Increased interest in methods to improve immunity to 

bacterial infections has arisen largely out of the fear that 

multiple antibiotic resistance might develop as a result of 

extensive chemoprophylaxis and chemotherapy. In poultry, 

development of such resistance in Salm. typhimurium and 

Escherichia coli has been demonstrated experimentally ( Smith and 

Tucker, 1975, 1978 ) . It has been suggested that antibiotics 

might be used in conjunction with competitive exclusion, the 

latter being used to re - establish a resistant flora after 

Salmonella organisms had been reduced by antibiotic treatment. 

The effect of such treatment on the development of antibiotic 

resistance, however, has not yet been studies. 

~ecently it has been shown that virulen t bacteriophages are 
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more effective at controlling murine experimental E. coli 

infections than are antibiotics (Smith et al., 1980). Phages 

have been used to treat and prevent neonatal E. coli diarrhoea 

in calves and pigs ( Smith et al., 1981 ) . One of the many 

advantages of this approach over using antibiotics is that the 

mutants that arise following the development of phage resistance 

are frequently rough and because of this are of reduced 

virulence. It would be interesting to known whether suitable 

broad host range virulent phages could be found for Salmonella. 

Further studies on the use of phage have been advocated. 

Cornpetiti"'\Te exclusion is a physical and chemical 

overcome 0 f non -pathogen i c 1 actobac ill i over the pathogen i c 

salmonellae by competitive exclusion. Lactobacilli compete with 

the salmonellae on receptors to discourage the Salmonella 

colonization. Salmonella isolation were undertaken on day 4, 8 

and 12 post lactobacilli treatment from crop and ceca in all the 

treatment groups Salm. qallinarum, Salm. pullorum and Salm. 

discouraged significantly by typhimurium colonization was 

lactobacilli in T2, T3 and T4. Five chicks from each treatment 

groups were slaughtered on day 4, 8 and 12 and homogenate as 

well as washing of crop and ceca were cultured for the mean log 

Salmonella count. The mean log Salmonella count in control ( T1 ) 

gr oup i ncr eased in cr op on day 4, 8 and 12 in homogenate 

samples while there was decreasing trend in washing samples from 

crop on day 8 and 12 as compared to day 4. The Salmonella count 

i ncr eased in cecum on day 8 and 12 as compared to day 4 in 

control gr oup (Tl) among homogenate . sampl es, wh i 1 ether e was 

marked decrease on day 8 and 12 in washing samples. As compared 
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wi th typi cal tr end in contr 01 gr oup salmone 11 ae count in T2 

where Balm. gall inarum was challenged the count in homogenate 

samples were increased upto day 8 and then decreased on day 12. 

Almost identical trend was noted in the T3 and T4 groups where 

Salm. pullorum and Salm. typhimurium were challenged 

respectively. In treatment groups Lactobacilli reduced the 

co 1 on i zat ion r ate that was the r eas on 0 f reduced mean log 

Salmonella count in homogenate samples and washing on day 12. 

The increased Salmonella count in control is due to colonization 

and shedding of salmonellae in the organ's lumen. A significant 

reduction was noted in cecum and crop where lactobacilli were 

administered. 

~he most desirable means of disease prevention is to be in 

an area where certain diseases do not exist. This is 

accomplished by excluding diseases from theses areas through a 

system of strict 

and Beloran two 

isolation, sanitation and regulation. 

disinfectants were tried to chick 

Virkon 

their 

killkinetic in vitro. Virkon and Be10ran proven to be the best 

cho i ce 0 f dis i nf ectants aga i nst s almone llae . Vi r k on have a 

little more effective than Beloran but the differences were 

nonsignificant. There was good temporal response among both the 

disinfectant. There wa s a str ong correlation between time and 

microbicidal effect of Virkon and Beloran. standard microbicidal 

effect index is > 6.0 according to this standardization at 20°C 

with one per cent concentration for 5 minutes exposure. Virkon 

and Beloran was effective 100 per cent against all the isolates 

of salmonellae except Salm. gallinarum where it was not 

effective 100 per cent for 5 minutes exposure. Beloran was 
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effective to all the isolates tested whereas it was not 

effective 100 per cent against Salm. qallinarum and Balm. 

typhimurium at 5 minutes exposure. Beloran kill 100 per cent 

Salm. qallinarum at 30 minutes exposure and Salm. typhimurium at 

15 minutes exposure. 

~irkon was more efficient as compared to Beloran, while the 

both disinfectants were ideal for in farm or poultry house - ware 

disinfectants. Both the disinfectant were 100 per cent effective 

to kill the isolates in vitro at 20°C in 5 minutes except Salm. 

qallinarum where it needs 15-30 minutes exposure. As a control 

measure one per cent solution of disinfectants is 10 time more 

as recommended level so farm spray will be effective at 0.1 per 

cent level. 

The membrane disruptive and antimicrobial activities of 

cationic surfactants are well recognized. These agents are often 

active against a broad range of bacteria and other cells and can 

also inactive certain viruses (Hugo and Russel, 1982). Because 

of their high affinity for biological membranes , these agents 

show a low selectivity and can be dama<}ing to a variety of 

mammalian cells (Pinnaduwage et al., 1989). Since the time 

needed to kill microorganisms with cationic surfactants is 

usually short, it could be expected that side effects in the 

host might be decreased by the use of s ubstances that are 

subject to hydrolytic degradation. However, the life-time of the 

compounds must be sufficiently long to allow proper inactivation 

of the undesired microorganisms. The products obtained in the 

degradation steps s hould also be s ignificantly less toxic than 
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the or iginal compounds and should ideally consti tute normal 

metabolites of the host (Lindstedt et al. 1990). To explore the 

possible use of degradable cationic surfactants, a series of 

amphophilic betaine esters have been studied. The interaction 

between cationicsurfactants and microbial cells is not 

understood in detail. It seems generally accepted, however, that 

lipid bilayer structures of cell membranes are principal targets 

for th i s c lass of compounds. I n the process 0 fbi nd i ngs, the 

hydrocarbon tail of the cationic amphophilic substance becomes 

intercalated into hydrophobic inter i or 0 f the microb ia 1 

membrane, and the cationic folar head group participates in 

charge interactions with neighboring surface structures (Jawetz 

et al. 1989). 

~ f o r stable quater n ar y a mmon i um c ompounds, the initi a l 

site of interaction of the betaine esters is probably the lipid 

bilayer of the outer membrane. Furthermore, these substances 

cause leakage of cytoplasmic compounds, indicating that the 

plasma membrane is also affected (Hugo, 1982). The phospholipids 

of both types of membranes contain fatty acids, mainly C16 and 

C18 (Cronan and Rock, 1987), and there is a rapid exchange 

between the phospholipids of the outer and inner membranes. In 

the lipopolysacchar ide of Salmonella strains, the 3-hydroxy

tetradecanoic acid residues, which a re amide linked to the 

glucosamine moieties of lipid A, are 3 - 0 acylated by C1 2 and Cl 6 

satur ated f atty acids, allowing a hydrocarbon chain length in 

the outer cell membrane of at least 18 carbon atoms . Thus, the 

high bactericidal activity of the C1G and C18 betaine esters 

may be d u e t o t h e f ac t s t hat both th e out er a nd th e p las ma 
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membrane lipid bilayers may accommodate the entire hydrocarbon 

chain length of these betaine esters and that longer hydrophobic 

chains have a greater hydrophobic effect (Tanford, 1980). Change 

interactions between quaternary nitrogen groups in betaine 

esters and phosphate groups in phospho lipids and 

lipopolysaccharide may contribute to complex formation. The 

higher antibacterial activity of octadecyl quaternary ammonium 

compounds was shown the earlier comparative tests of series of 

substances with different hydrocarbon chain lengths and other 

chemical structures adjacent to the quaternary nitrogen 

(Linfield, 1970). Because the time needed for microbial killing 

is short, a reduction of the life time of the esters by 

hydrolysis should allow effective disinfection and antisepsis 

with reduced toxic effects. 
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