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1. INTRODUCTION |

India, with devéloping economy, depends mostly on agriculture and
animal husbandry for generating national income. The ever-increasing demand of
egg and chicken meat, both from inside and _outside'the country, has triggered the
rapid development of poultry farming in India. This production oriented intensive
management has led to inCréaSed incidence of various diseases. Among them
fowl] typhoxd (FT), caused by Salmonella gallinarum (S gallinarum) is wide

spread and is one of the most important egg-borne bacterial diseases.

- Salmonellosis in- poultry -is a disease. of major economic importance,
distributed world wide. and is responsible for substantial losses to the poultry
industry, by causing heavy mortaliiy, morbidity and loss of production. (Rathore
et al, 2005). The outbreak of FT is characterized by increased mortality,
anorexia, greenish-yellow diarrhea and -drop in egg production.” Sub acute
outbreuk can occur and egg transmission may lead to increase in dead or weak
chickéns (Lee et al., 2003) 7Although control programmes including vaccination
have largely controlled the dlsease in Europe and North America, it remains an
enigma to developing pouitry mdustrlcs in Asia and South America. (Wigley

et al., 2005)

Domestic poultry constitute the smgle largest reservoir of Salmonella in
nature. More than 50 per cent of isolates of Salmonella from sources other than-
human being are from poultry and poulny products. Salmonella is worldwide in
distribut_ion and has beon found extensively in all poultry producing areas of the
world and India is nio exoeption. Kerala is also not free of Salmonella infection.
Incidences.of salmonellosis are fréquently reported'in chicken and other birds of
this s_fate (Mary, 2000). When_different samples from 155 birds were examined
for -Salmoneila by genus specific and serovar specific polymerase chain reaction
(PCR), 46 were found to be pOSifive Muthuramalingam, 2005). - |
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Avian salmonellosis is thus a menace to poultry industry, causing huge
- economic losses. The control of this discase is extremely difficult since

salmbncllae are environmental pathogens and could survive in poultry shed dust,

" soil, floor, walls and air for pretty long time. Treatment is also difficult because,

of the chronic nature of .the disease; also Salmonella isolates are showing

cd_ﬁtinuously evolving patterns of fesi_stancé to antimicrobials (Lee et al., 2003). .

- - Hence, the only feasible method for the control of this diseése is by
vaccination. But the - prc':'seil‘éc‘of large nﬁmber of serovars is an important
st_umbling, block in this regard, since theAanti'genic homogeneity/heterogeneity of
the Vacciﬂt_’, strain ‘with the field strain greatly detérmines the efficacy of thev
‘ deve]obed_vaccine. This'_'s'tudy‘.wi]l 'therqfoxe.heip- tod understand the role of
- salmonellae isolated from Vb.irds of different parts of Kerala in the causation of

disease, which in turn will help to ad(__)pt proper control measures.

The preseﬁf study is intended to throw light on the following aspects of

- 1) - The virulence of,‘SairrioﬁelIa ',_iﬁolates obtainéd from' poultry of

- different regions of Kerala.

2).  The pathogenicity,an_d antiger_iic rélat_i_(_)nship of the local isolates

" with that of a'S: gallinarum reference strain/known strain and

l 3y _The éntigenfc‘ homoggneity/heterogeneity of these isolates.
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2. REVIEW OF LITERATURE

2.1 FOWL TYPHOID

Fowl typhoid (FT) continues to be a menace for the poultry ihdustry all
over the world, including Indian sub-continent. The disease is caused by infection
with Salmonella enterica serovar Gallinarum in chickens and is usually observed
in adult birds, although the agent is very pathogenic for chickens of all ages
(Pomeroy and Nagafaja, 1991). ' .

Most of the salmonellae are marginally pathogenic in birds. Salmonella
gallinarum and Salmonella pullorum (S. pullorum) could be highly virulent in
poultry flocks, despite the fact that they are neither motile nor hemag:glutinating.

Both were avirulent in mammalian animal models (Snoeyinbos, 1991).

Salmonella belongs to the family Enterobacteriaceae, non-sporing Gram-
negative rods that are non-acid fast and facultatively anaerobic. Most of the
serotypes are motile with peritrichous flagella, but S. gallinarum and S. pullorum
are non-motile. Fowl typhoid had been reported in turkey flocks, ducks,
pheasénts, guinea fowl, pea fowl, :goose and quails, apart from chicken. The
organism usually infected growers or adult birds, although chicks could be
affected (Wray ef al., 1996).

Lee et al. (2003) reported FT as a septicemic disease of domestic birds
~caused by S. gallinarum. The outbreak of this disease was characterized by
increased mortality, anorexia, 'gree.nish-yellow diarrhea, and a drop in egg
production. Sub acute outbreak could also occur, and egg transmission might lead

to increase in dead or weak chickens.
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Salmonellosis, one of the major diseases of economic importz-mce,v is
distributed world wide. It is resporisible 'for_sub_st.antial losses to the poultry
' industry in terms of heavy mortality, morbidity and loss of production (Rathore

et al, 2005). o '

Wigley et al. (2005) reported that dlthough 'control‘ programmes including
vaccination had largely prévcntéd the diseasé in Europe and Nc;rth America, it
remained of high econom-ic" importance to dgyeloping poultry industries in Asia
and South America. ' |

2.2 INCIDENCE
2.2.1 Incidence of Avian Salmonellosis in India , '

- Saxena »et al. '_'(1983) reported iéolafion of 445 Salmonella str:':zins
distributed into 28 different serotypes, from poultry received for identification
and serotypihg at the National Salmonella and Escherichia Centre, Central
Research Institute, Kasatili,..during' 1974-82. The most freqhently‘ isolated
serot)_}pe was were S. galfindrum (218 strains). The largest numbers of strains

~ (245) were obtained from Pune in Maharashtra,

Gupta and Verma (1989) identified 170 Salmonella strains belonging to
" 13 serotypes and eight rough va;iants from various avian sources, during 1977 to
1986, at National Salmoﬁella Cénti-e, _ _Ihdian Veterinary Research Institute
(IVRI), Izatnagar. Of .these, S gallinarum was the predominant serotype
constituting 25.29 lper cent. JOf the total 43 referred strains of S. g&ll_r‘narum, 95.5
per cent of the strains were isolatéd from chickens and 4.5 per cent from pigeon,
~ indicating the possible role.of pigeon in fhc Jtran'sm;ission of the ‘(_iise_ase. This
sfudy also indicated the prevalence of S. ng?inarum infection in West Bengal,

Uttar Pradesh, Assam, Maharashtra, Gujarat and Karnataka.




A study was conducted by Verma and Gupta (1997) to find out
prevalence of Salmonella serotypes of avian origin. During the period from 1987
to 1995, 338 Salmonella strains belonging to 21 serovars and one monophasic
variant were identified at the National Salmonella Centre (veterinary), Uttar
Pradesh. Salmonella gallinarum was the predominant serotype constituting 32.25
per cent of the referred strains. Most of the isolations were from chicken (99.8
per cent) and one strain was recovered from pigeon. The organism showed wide

- prevalence in India with maximum isolates from Bangalore (30/33 8).

Verma et al. (2000) identiﬁcd various Salmonella cultures obtained from
different places in India during 1994-96 at IVRI, Izatnagar. A total of 193
Salmonella cultures belonging to 29 serovars were typed. Majority of the isolates
(94) were of avian origin. Salmonella enteritidis (S. enteritidis) was found to be
the most predominant serovér, followed by Salmonella indiana (S. indiana),
Salmonella typhimurium (S. typhimurium), S. gallinarum, Salmonella paratyphi
B (S parafyphi B), Salmonella eastbourne (S. eastbourne) and Salmonella dublin
(S. dublin). Rare Salmonella serovrars (viz., Albany, Agona, Catanzaro and Teko)

were also recorded from various sources in India.

lShukla and Singh (2001) isolated 19 strains of Salmonella from 220
poultry samples consisting of 37 samples of fresh fecal droppings, 23 old fecal
materials, 67 samples from outer surfaces of eggs, 67 from inner shell membrane
of eggs and 26 samples of broken eggs collected from Veterinary College Poultry
Farm, Mathura. The relative proportion of Salmonella isolations were fresh fecal
droppings (5.4 per cent), old fecal droppings (4.34 per cent), eggshell outer
surface (5.97 per cent), shell membrane surface (11.94 per cent) and broken eggs
(15.38 per cent).

Rahman et al. (2002) reported an outbreak of salmonellosis in a layer

- farm at Assam. The organism associated was identified as S. typhimurium.
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>Muni‘yellappa et al. (2003) isolated S gallinarum from 48 out of 69 liver

samples of birds died of FT at different broiler farms in and around Bangalore.

A total of 23 Salmonella isolates were recovered from 40 different
samples collected during different disease outbreaks. Of these, fifteen, five and
three isolates were recovered from Karnataka, Maharastra and Tamil Nadu
respectively. The serotypes isolated were S. gallinarum, S. enteritidis,
S. typhimurium and Salmonella worthington (S. worthington). The most
predoﬁlinant serotype was S. gallinarum (69.6 per cent), followed by
S. enteritidis (21.7 per cent) (Prakash et al., 2005).

Isolation of Salmonella serotypes was attempted from 125 fresh and 50
frozen chicken samples collected from poultry shops, commercial farms and
retail outlets in Srinagar. Salmonella was recovered from 2.4 per cent and four
per cent samples of fresh and frozen chicken, respectively. Five isolates of
salmonellae were typed into two serotypes of which S. enteritidis and S. reading

constituted 80 and 20 per cent, respectively (Willayat et al., 2006).
2.2.2 Incidence of Avian Salmonellqsis in Kerala

Krupeshsharma and Rajan (1996) reported that salmonellosis was

prevalent in quails of Kerala and the organism isolated was S. typhimurium.

Mini ef al. (2005) reported isolation and identification of S, enteritidis
with an antigenic structure 9, 12: g, m from two, two week-old dead broiler

chicks causing heavy mortality of birds in the flock.

Muthuramalingam (2005) examined 155 clinical samples from suspected
cases of salmonellosis from ailing birds from different parts of Kerala. Forty six

were positive for salmonellae and among them, 15 were characterized as



S. gallindi-um. He also.reported that the most prevalent Salmonella serotype in

Kerala was S. gallinarum.

Salmonella gallinarum could be regularly isolated from birds brought to
Department of Veterinary Miorobiology, COVAS, Mannuthy, Kerala for disease

investigation (Nair, G.XK. 2007..personal communication; unreferenced).
2.3 ANTIBIOTIC SENSITIVITY TEST (AB ST-) OF SALMONELLAE

Poppe et al. (1995) conducted a study to determine the -antibiotic
resrstance and bxochemlcal characteristics of 2690 Salmonella strains belongmg
to 52 serovars isolated from environmental and feed samples from 270 turkey
flocks in Canada. They found that the different Safmonella serovars varied
wrdely in number of resistant strains of a particular serovar and in type of drug
resistance. Resistance of Salmoriella strains to aminoglycoside antibiotics varied
widely; none of the strains were reéistant to amikaci'ﬁ, 14.2 per cent were resistant
to neomycin, 25.8 per cent were resistant to'gentamicin and 27. 7 per cent of the
. strains were resistant to kanamycm Most strains (97.6 per cent) were resistant to

the aminocyclitol and spectmomycm Regarding re51stance to the p-lactam
antibiotics, 14.3 per eent and 14.4 per cent of the strains were resistant to
| ampicillin and carbenicillin, respectivcly, whereas only 0.2 per cent of the strains
were resistant to cephalothin. None of‘ the strains were resistant to the
fluoroquinolone, ciprofloxacin or to polymyxin B. Resistance to chlorampirenicol
and nitrofurantoin was found in 2.4 and seven per cent of the strains respectively.
Only 1.7 per cent of the strains Were resistant to the trimethoprim-
sulfamethoxazole combmatlon, whereas. 58.1 per cent were resistant to

sulfisoxazole. Thirty-eight per-cent of the strains were resistant to tetracﬂrcline,

. Rahman et al. (1997) 1solated six S, gallinarum and two S indiana
isolates from a disease outbreak ina brorler farm in Assam. The ABST of these

salmonellae revealed 51m11ar type of antxblonc susceptrblllty profile. All-the erght



isolates were sensitive to chloramphenicol, gentamicin and norfloxacin, followed
by seven to nalidixic acid; six strains each to trimethoprim, streptomycin and

kanamycin and three strains to tetracycline.

" Joshi et al. (2000) reported an outbreak of FT'in a commercral layer farm
in Madhya Pradesh. Salmonella gallmarum was 1solated from clinical samples
and' the isolates showed maximum sensrtlylt_y to chloramphemcol, followed by
gentamicin, polymyxin-B heomycln; ciproﬂoxacin'andlstreptomycin. They were
,resistant to - tetracyclme chlortetrac.ycli.ne amoxycillin, ampicillin and
doxycycline. The sensitivity pattern mdxcated the development of resxstance for
the antibiotics which were. in regular use for the treatment and prophylaxts of

bacterial infections in poultry

‘Shukla and Smgh (2001) lsolated 19 strams of Salmonella from 220

. poultry samples These 1solates were subjected to ABST and they found that most

of the isolates were highly- jsensxtxve to streptomycin; tetracycline, ciprofloxacin
and kanamicin. Strains tested were. completely resistant to penieillin-G and
. amoxycillin. Rest of the antibacterial agents like chloramphehicol erythromycin
nystatm mtrofurantom bacrtracm sulphaphenazole and furazolidone were either

meffectxve or just sensitive.

Salmonella typhtmurrum 1solates showed high susceptlbxhty to amrkacm,
chloramphemcol gentamlcm, norfloxacin, ' cefotaxrm, mezlocillin  and
" sulphamerazine, but were resi.stant‘ to ampicil_lirl, oxytetracycline . and

streptomycin (Rahman et al., 2002). :

. Leeetal. (20035 studied antibiotic sensitivity pattern of 258 S gallinarum
isolates durmg 1995 to 2001 from Korea. The antibiogram of these isolates using
g drsks containing amplclllm amoxycrlhn/clavulamc acid, gentamlcm kanamycin,
enroﬂoxacm ciprofloxacin, norfloxacin, oﬂoxacm -tertacycline, oxyteracyclme

colistin and sulfamethoxazol/trlmethoprxm revealed that all of them were



suscebtible tQ' all .the antimicrobial agents .tested except for tetracycline and
oxytetracycline. They also noticed that vast majority of isolates obtained during

2001 showed a reduced susceptibility to antimicrobials tested. - .

Sujatha er al. (2003) reported i‘sol‘ation of six S. gallinarum strains from
21 'prositive reactor birdsv of different peultry fanns 'located in. and around
Hyderabad and Secunderabad Antlbxogram of the 1solates revealed 100 per cent
._ sensmwty to cxproﬂoxacm amoxymllm chloramphenicol and -ampicillin while
furazolidone, erythromycin and cloxacillin were least effective. They suggested
that the .efﬁcacy of these drugs might be related to the less frequent use of them

for treatment-and control of bacterial diseases.

" Saxena et al. (2005). carried out antibiogram for 24 strains of Salmonella
and found that strains lacking the plasmid.also-showed resistance for many
antlblotlcs including ciprofloxacin, lmcomycm tetracyclme nitrofurazolidone

- and erythromycm

Willayat ef al. ..(2006)' cqﬁdueted ;iﬁ vitvro_,antibiotic sensitiVity ef
salmonellae isolated from fresh anjd-ﬁ-ozen 'chieken ih.Srinagar.. They founrd 100
per cent _sensitiﬁity to hﬁlidfxi_c acid, chloramphenicol, amoxycillin, norfloxacin,
,ciproﬂo'xacip' and resistarice to erythromycin, jSeventy- per cent_of S. e:ntefitidis
isolates ‘were sensitive to z_impicillid, 'cephelosporin and peﬂdxacin but S. reading-

isolates were resistant to cephalosporin, co-trimoxazole and tetracycline.
24 VIRULENCE FACTORS.OF SALMONE_LLAE :

Peppe' and Gyleé_.(l987) 'eigamine(i_"a" collection of 185 isolates of 34
serovars of SaImoneIIa from avian soerces for plasmids- drug resistance,
bxochemlcal propertxes, serum re51stance and wrulence They found that there
were no mdxcatlons that strams recovered from outbreaks were dlfferent from that

normally seen in the mtestme. Therefore,athey concluded that the emergence of
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virulent strains ‘was not the result of aoquisition of special  virulence
characterlstrcs by the organlsms, but rather was the result of some deﬁ01ency on

the part.of the host

Barrow and- Lovell - (1989) reported consrderable degree ‘of fiinctional’
homology between plasmrds of S- gallmarum S pullorum, and S. typhtmurmm
, Plasmrd curing was’ associated with loss or reductron of virulence, which could be
- completely restored by re- mtroductron of the virulehce associated plasmtds from

heterologous Salmonella Serotypes -or brotypes in .addition to plasmld from

homologous strain. But these vrrulence assoc1ated plasmlds could not restore

virulence in an avrrul_ent, ‘Esch_erzchza coli: (E. colz) K-12, 'indicafing the

importance of chromosomal determinants in the full expression of virulence;

Barrow (1990) ob_served' that’ virulence plasmid cured strains of
S. gdllz'ndrum even though'less virulent ‘were also- less immunogenic than
7 'vrrulence plasmld possessing. 9R vaccme ‘strain. He suggested that virulence

' plasmrd contrlbuted to complete rmmunogenrcrty

An_[anappa et al. (1994) conducted studres ‘on the. 1solatron of plasmids

~ from 25 field strains of S gallmarum and their derivatives by alkaline- lys1s

.. method. Majorrty of the strams exhrbrted a smgle plasmrd of molecular werght of

56 Md, except three strams whrch had a plasmrd of 2. Md, in addition to the 56
Md plasmid. They also found that one stram ‘having this 56 Md plasmtd was

i senSItlve to all the antimicrobial agents tested Three strains w1thout plasmrds

showed _multiple drug reSIStance and they opmed that this could be due to the-
transposone(s) ‘or eplsome(s) or ‘mutations on chromosomal ‘genes due to

- antibiotic pressure .

Barrow et al. (1994) demonstrated the host specrf' cities of host-specrf c
: Salmanella serotypes by experrmental mfectlon of chickens, mice and other

laboratory animals. Followmg oral moculatton, four strams of S. gallmarum and
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two S. pullorum strains, isolated from diseased poultry, were more virulent for
chicken than for mice, and in contrast four strains each of Salmonella
. choleraesurs (S. choleraesws) and S. dublin isolated from diseased pig and cattle
respectively were more vrrulent to mice than- chrcken The virulence of host-
specific serotypes followmg oral 1nocu1at10n ‘was similar to that seen following
intravenous or intramuscular 1noculatron supportmg the contention that host
specificity in the strains studred is primarily expressed in the differential ability to
multiply in tissues, - particularly | those -of reticuloendothelial system, in
immUnologically mature anirnal. This was evident,by»' the fact that _there was
greater'dift'erence in the ability to survive and multiply in the visceral organs
. compared to distal a]imentary tract, once invasion had occurred, which correlated
with the virulence for the host species involved. The serum resistance of the
strains tested implied not only that serum sensitivity did not play a part in
' determlnrng host specrﬁcrty but also- that serum sensitivity would be no barrier to

extra cellular bacterial multlplrcatron 1f it was mvolved

. Ghosh et al. (1995) reportcd loss or decrease in virulence of'SalmoneIla
abortuu equi (S. abortus equt) by eultivating- the organisms in the medium
containing ethidium bromide or grot:ving at elevated temperature (42-43°C). The
variants either were completely devord of or decreased in lethallty, when tested in
Swrss albino mice by mocuIatmg 18 h broth culture by subcutaneous route or by
mtraperrtoneal route. This prehmmary study 1ndlcated that plasmrd(s) might be

assocrated with vrrulence/pathogemmty in this specres

" Gupta et al (1996) opined that the invasiveness and lethahty of
S..gallinarum isolates were two drfferent characteristics. Lethal orgamsms were
highly invasive also but all highly i 1nvasrve organisms were not lethal. High

" invasiveness could lead to persistence of organisms for longer time. ~

"'Joseph' et al. (1999) analyzed the plasmid- preﬁle of 13 8. gallinarum
isolates. Eleven isolates had both 85.and 2.5 kb plasmids. Isolate E-2455 had no
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plasrnid Whilé isolate E-2450 had only 85 kb plasmid. Virulence study in one

Week-old chicks showed that. only: strains harbouring 85 kb plasmid were

- virulent. They could detect 7472 b’p‘plasmid' associated: virulence gene by PCR.

Hence, it could be concluded that PCR detection of virulence gene, presence of ~

85 kb plasmid and virulence in one iweek.-old 'chicks were all .correlated and as

such virutence could herneasured by detecting.the‘presence ofvirul_encegene by
PCR in place of plasmid profiling or animal inoculation studies.

.'Bhattacharya et al. .(ZOOOj conducted studies on ampliﬁcation of virulence -
gene,._p-resence- of 90 kb p]asmid and virulence in mice and chicks in S.
typhimurium poultry isolates. By PCR a 47-2;_sbp product of virulence gene was.
ampliﬁed.in all the20 isolates of S. typhimurium tested: Two isolates which did
not - cause ‘any mortality, and were without any plasmids were also. found to
: amplify virulence gene. | The vir‘ulence study in mice and chicks showed
difference in virulence of different isolates of S. typh:murmm desplte the presence
of 90 kb plasrrud and amphﬁcatlon of v1ru1ence gene So, the intensity of
- vrrulence was not dependent only on the presence of 90 kb plasmid and
amphﬁcatlon of vrrulence gene.- The full expres51on of bactenal virulence
depends upon the susceptrbllrty of host and the presence of ﬁmctronal genes in

the strarn to COmp]ement the v1rulence

Frerer and Gumey (2001) reported that variations of lipopolysaccharide
(LPS) structure affected v1ru1ence of the stram smce much of the antibody
response to Salmonella infection was dlrected against. the LPS ‘Other important
_ virulence determmants of Salmonella were drfferentral expressxon of .various
fimbriae, Salmonella Pathogenicity Island-1(SPI-1) which was needed to
establish a separate niche in,epithelial' cells; SPI-2 helping Salmonella to
" manipulate the -sorting of endosome or.phag'osome, altering the intracellular
environment and facilitate -bacterial growth within infected cells and SPI-3,
helpmg ‘bacteria to adapt to low’ Mg2 and low pH of the endosome. Salmonella

virulence plasmid (Spv plasmlds) genes promoted the macrophage phase of
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disease, dissemination from bowel and establishment of cxira intestinal niches.
Islets‘are small genetic loci-or indiv‘idualxgénes that encoded virulence traits and
are variably present.in different Salmonella lineages or individual strains: A gene
called shd.A was associated with faecal shedding, sop E gene with encoding an
acccésdry epithelial cell invasion factor and sod CI gene with encoding one of

- the two pci'iplasmic superoxide dismutase enzymes.-

jopcs et al. (2001) studied the tjrpe I secr;:tion systems encoded by
SPI-1 _anci SP1-2 in vitro and the rolé 'of,thcsc p_aithogenicity islands in virulence in
chickens. They found fhat 'SPI‘-thunction was reqﬁired by S gallinarum for
virulence, primarily through pr(')_moti.ng survival within macrophages, 'all"owing
multiplication within the ;;etiguIOendotheliél system, which did not Ipre.cludc the
involyefnent of SPI-2 in uptake of ,organism_s. from the gut to the spleen and liver.
‘Salmonella Pa-thogenici'ty‘ Is_la_nd-l aiapeafed--folhavé little effect on virulence and

survival of . gallinarum in the host.

.Audisio and Terzéio (2002) vreponed'vthat mortality of the experimentally
infected chicken with S. gdllinar_uni might vary depending on the strain used and

the genetic lines of chibkens employed.

" Kokosharov and >Pl‘1f’:t‘-i‘sova ‘(‘2002)_ conducted vexpcriments | fdrfmd.ing out

haémolysin and aerobactiri‘produbtioﬁ which were considered as virulence factors
CofS. gallinarum. They used 125 gallinarum stfainé isolated from internal organs
of dead hens in different pouftxy farms. Nqﬂé of the tcsted S. gallinarum strains
produced B-haemolysin but three of them _(25 .0 per cent) produced a—he.rholysin.
~ These strains were lethal to rabbits .after Intravenous inoculation -while non
hemolysi;.l"producing strains weren’t-lethal. .Five of the strains (41.7 per cent)
. were ﬁgrobac;in positive. There WéS no- coincidence between this biochemical

parameter of different _strairis and their pathogenicity for experimental animals.
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The virulence factors involved in Salmonella infections are numerous and
complex. Some of them are toxins like endotoxin, enterotoxin and cytotoxin,
contributing to adherence like surface polysaccharide O antigen, flagellar H
antigen and fimbriae. Capsular Vi pblysacch'aride, invasion proteins_l encoded by
Salmonella for surface adheéions, proteins neutralizing toxic oxj/gen prbducts of
macrophages, virulence plasmids, iron chelating proteins and siderophores could

also contribute to virulence (Carter and Wise, 2004).

The LPS in the outer membrane is ah important virulence determinant.
Not only the lipid A component is toxic (endotoxin), but the length of the side
chain in the O-repeat unit hinders the attachment of the membrane attack
complex of the complement system to the outer membrane. Lipopolysaccharide
binds to LPS-Binding protein (a serum protein), which in turn transfers it to the
blood phase of CDI4. The CDI14-LPS complex binds to Toll-like receptor
proteins on the surface of macrophage - cells, triggering the release of -

proinflammatory cytokines (Hirsh et al., 2004).

Muthuramalingam (2005) conducted a multiplex PCR on 15 S. gallinarum
isolates. This procedure could simultaneously identify the Salmonella strains and
the presence of virulence plasmid, thus facilitating the search for specific:
etiological agent. He could get the expected 571 bp level amplification, which
was specific for spv virulence region and 284 bp level amplification, which was

specific for genus Salmonella in all the isolates.

Shah et al. (2007) carried out a study to examine the role (;f met C gene in
the virulence of S. gallinarum for chickens.. They produced a met C (encoding
cystathionine B lyase) mutant from a virulent strain of S. gallinarum by Mini-Tn5
insertional inactivation. The mutant was significantly attenuated in virulence for
one-day-old White Leghorn chickens. Inactivation of met C resulted in 10*-fold
increése in the LDso when compared with the wild type parent. The met C mutant

showed an in vivo competitiveness defect in the challenged chickens and
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;- signifi cantly lower bacterial burden i -the reticuloendothelial organs when
compared with the wild-type parent. These results mdrcated that met C gene was

'1mportant in v1rulence for S. gallmarum m chlckens

2.5 PATHOGENICITY. OF SALMONELLA GALLINARUM IN NATURAL
INFECTION - - Y

2.5.1 Pathogenicity in Naturally Infected Chicks

Mortality due to natural and experimental infection with S. gallinarum in
chickens have been report'ed_ an_dvvaried from 0 to 100 per cent which could be
. -attributed. to wide variation in the:virulence,h of different S. gallinaruln- strains

 (Singheral, 1996). | | -

Rahman ef al. (1997) reported an outbreak of salmonellosrs among broiler

chrcks of one to six weeks of age in Assam whrch caused an average mortahty of
36 per cent wrthm seven. days Two Salmonella serovars namely S. gallmarum

| and S. indiana were 1solated from dead and arlmg birds.” The mortalrty was
hrghest in chicks of age two weeks (46. per cent), then m four weeks (33.5 per

-cent) and least in srx weeks of age (28 5 per cent)

Mulr et al. (1998) compared S typhrmurmm challenge model in 16 day-
_ old chlcken where the blrds got: infection from seeded litter by seeder birds
infected orally. This trickle challenge exposed the susceptrble birds to infection
both- orally, via the food, water -and litter and ‘percloacally Thls situation more
' closely resembled the dynamlcs of ﬁeld mfect1on and should be used instead of
' s1ng1e oral inoculations for. assessment of vaccme efﬁcacy The drstmgulshmg
features of this mode of. mfectron compared with that following oral moculatlon
were a slower rate of bird mfectron, a contmual mcrease in colomzatlon of cecum
over a longer period of trme (up to 15 days post challenge) and simultaneously, a

: slower establrshment of systemrc and mucosal antlbody titers.
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Newly hatched chicks were highly susceptible to oral infection with
Salmonella during the first few days of life before their inhibitory microflora

developed at three to six weeks of age (V.irman'i et al., 2004).
2.5.2 Pathogenicity under Natural Infection in Layers

It is well known that S. pullorum and S. gallinarum’ are capable of
chromcally mfectmg ovary, resultmg in eggs that are internally contaminated
with salmonellae (Baker et al., 1979).

| Joshi et al. (2000) reported an outbreak of FT in a commercial layer farm
with an overall strength of 18,000 layers and 6,000 grower chicken. Salmonella
gallinarum was isolated from samples of liver, spleen and feces. The disease was
observed only in layer flock of 60 weeks and above age groups and the birds of
80 week and 92 weeks of age Wére most affected. The overall mortality was
11.42 per cent, recorded in one week, with a maximum of 19.77 per cent in 80
weeks of age group, followed by 16.33 in 92 weeks and 13.07 per cent in 104
weeks of age. The clinical signs shown by affected bl!‘dS were anorexia, ruffled
feathers, huddling at one place, whitish diarrhea and in some cases articular

swelling of hock or wing joints.

'Rahman et al. (2002) reported that 4.76 per cent of layer birds maintained
in a farm died due to natural outbreak of salmonellosis. Salmonella‘typhimurium
could be isolated from liver, heart blood, spleen and intestinal contents. All the
dead birds showed the same progressxon of clinical signs like general loss of
condition, drowsiness, loss of appetlte, ruffled feathers, leg weakness, whitish
diarrhea, reduced egg production with shell less eggs/thin shelled eggs and loss of

weight, Ova were misshapen, distorted, diScolorcd and haemorrhagic.
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2.6 PATHOGENICITY: OF SALMONELLA IN EXPERIMENTAL t
INFECTION
2.6.1 Pathogenlclty in Chicks After Expenmental Infection

~ Holt and Pdrter Ir. (1991) 'infected white leghorn chicks of six weeks age
with. 1x109 S. enterrt:dis and cloacal swabs were collected to study the release of

Salmonella from mtestme The frequency. of 1solat10n of S. enter:trdts was

_ significantly higher in the secretions _than, in cloacal swabs by day nine post

infection and by day 16 the S. enrer};tidis-isdlation ra_te was double that of cloacal
swabs. This trend continued until the experiments ‘ended on day 37. These
_secretions’ provided a much ~rrtore sensitiye"‘sempling' procedure than cloacal
syyabs, which were routine_ly use'd for studying the intestinal colonization or

infection by enteric pathogens.

| The pathogenicity of S. puflo}-ur}z in- northern bobwhite quail and fnallard
ducks were assessed and found that »yodngrbo_bwhites were susceptible to
infe’ctidn, with mortality and mOrbidity Sifhiler to those of chicks and poults.
Antlbody titres were detected one-week post infection (Buchho]z and Fairbrother,
1992).

Krupeshsharma and Rajan (1996) produced -experimental mfectlon in

- three month-old Japanese quails usmg S. typhimurium. Within 24 h of mfectmn

all quails became slightly dull and-showed more fluid consistency: of the fecal
droppmgs All the mfected quails became dull and suffered progressive loss in
welght till the eighth day as against the steady welght gain noticed in the control
blrds ' T

‘ . Rahman et al. '(1997j~injected 1x10° bacteria/milliliter of S. gallinarum
and S. indiana intraperitoneally to day-old chicks. They found that S. indiana
caused . 100 per cent mortality ‘while S. ga_liinarum caused only 70 per cent

" mortality within a period of five days. Re-isolation of Salmonella from the heart
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: blood, ljve'r and spleen of all dead birds confirmed:that the outbreak was due to

salmonellosis.

The chronic camer state m Salmonella 1nfect10n was, assoc1ated with
pers1stence of bacteria in the small intestine, spIeen and liver and chronic
infection continued desprte the: deve10pment of protective 1mmumty to challenge

* with virulent Salmonella.(Sukupolvr etal., 1997).

Gast and Holt (1998) experrmentally mfected day-old. chicks with
- S enterrtrdrs and they found out ‘that no 11vers or spleens were positive for
organrsm aﬁer four weeks’ of age. But S enteritidis was. found in at least 40 per

.- cent of cecal samples cultur_ed throu‘gh 16 week of age. ..

' Murr et aI (1998) reported expenmental mfectron of S. typh:murmm to 16
- day-old chicks. by two methods One group of blrds were challenged orally and
another group through- seeded lrtter They found that birds challenged with S.
typhrmur:um through htter experlenced a more gradual mfectron compared with
" those recervmg a srngle oral moculum All’ brrds moculated orally with S.
typhtmurrum were sheddmg bacterra by day two -post challenge (PC), but
-sheddmg in 100 per cent of lrtter challenged blrds did not occur until day four -
, PC. Subsequently, the orally challenged brrds exhrbrted various or 1nterm1ttent
sheddmg frequencres of sheddrng by day srx PC but all’ bll‘dS 1nfected on seeded

litter contmued to shed S. typhrmunum throughout the period of experrment

Henderson et al (1999) experrmentally mfected forty day-old - chicken

L wrth S. pullorum at the- Tate of 10% CFU orally anid could re-isolate salmonellae

. from cecum of challenged brrds one day post moculatron “The number of ceIls

then decreased tolevels onIy detected by enrrchment from second day PC.
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Dhillon et al. (ZQOi) _eondu‘cfed 'pét'hogeni_ci_ty. study in day-old chicks.
The consistent gross and his_tOpethological lésions were peritonitis, perihepatitis,
yolk sac infection end enteritie. They:reported that ceeal pouchés were the ideal
organs for re-isolation -of sa‘lvmonellaev_zﬁ acute and chronic infection, compared
with other organs. Mean body weiéhts‘were reduc.ed’ to 1.8 to 12.6 per cent in
inoculated groups, compared to control groups.. They suggested that tools such as
- body weight measuremerlts; culture of organisms from cecal pouches, gross and-
h_i_stopathology should .be_"_ under_taken to determrne subclinical  Salmonella

infection in poultry.

Audiéio and Terzolo (2002) arlalyzed the vir'ulence of S. gallinafurh strain
_by oral inoculation of 20- day-old chlckens with ’ a lyophlllzed culture of the
bacteria. There was no correlatlon between the LDso dose and the degree of

disease.produced. Disease staned after an incubation period of five to six days.
" 2.6.2 Pathogenicity in Layers After Eiperimental- Infection

) Gast and Beard (1990) expenmentally mfected 20 to 22 week—old hens
w1th S. enterrtzdls The . orgamsm was recovered from internal organs of both
orally inoculated hens ‘and - hens infected by horizontal contact transmission.
Salmonella enteritidis was-lsolated from 58 per cent.of ceca, 51 per cent.of livers,
47 per cent of spleens and- 17 per cent of the oviducts of hens sarrrpled during the
first five .weeksr after expesilre. The. drganism was recovered at a low frequency

from all internal organs sampled for. as long as 22 weeks after exposure.

Shivaprasad et dl. (1990) inoculated laying' hens with. S. enteritidis
* through various routes. The_y could .isol'cite Salmonella organisms from eggshells,

egg yolk and, albumen. Fecal shedding of organism" was intermittent, which

lasted for 18 days. The highest ‘egg shell contammatron was observed in

_. mtracloacally infected brrds, whlle mean fecal shedding, drop in egg productlon

and internal contammatlon of eges were hlghest in intravenous moculated group.
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Nakamura et al. (1992) gave expenmental mfect10n of S. entermdts to 34
' week—old layers by three routes: viz., Oral Intramuscular (IM) and Intravenous
av). Wlthm one week all IV group dled and they found that egg productlon was
significantly reduced in IM group during two to three weeks post inoculation. Out
of 65 eggs exannined ﬁOm oral foute_ of inl‘eetion, 26 were shell positive, and one
‘white positive whose shell was not contaminated. Out of 36 eggs examined from
IM route of infection, 13 -were shell posmve one yolk posmve and two white and
' yolk positive without shell contamination. All birds inoculated by IV route died

and Salmonella could be. isolated from the ov1duct.

Kokosharov et aI; ‘(‘l997)' .Ae;'(periment'ally infected eight mo_nth-old New
Hampshire layers orally with . .gallinamm. The clinical'signs appeared flrst_ on
fourth day with 25 per“eent »sh_owi'ng- yellov_yish -gr,een droppings, some times
admixed with blood and on the fifth day 75 per cent showed these signs. The

_feathers were ruffled, combs were shrunken and.egg yield decreased.

Gast and Holt (1998) infected day-old chlclgs w1tI1 S. enterztzdts orally and
durmg their 18 to 24 weeks of age 448 pools of egg contents (each contalnmg up
~ to three consecutive eggs. laid by a smgle hen) were cultured for detecting
contamination by §. enferitidis -and only two ege: pools were . posmve for
- S entermdzs Both of these pools. were obtained from a. single hen that was never. |

observed to shed S. entemtdrs in the feces.

Berchieri Jr et a‘I.' .(2.000)' orally infecled tyvo,comrnerciallines of layer
chicken.aged 44 and 46 weeks with S. galii_narum.‘They observed a drop in egg
production for 12 days from the fifth day poSt_ infection (PI). -

Holt et al (2000) experlmentally 1nfected 35 week—old layers with
S enter:tzdzs and observed -that more than- 90" per cent of fecal samples were
" culture positive at first weel_c Pl andvby fourth week, only-20 per cent were culture

- positive.
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All the 480 eggs lard within a penod of 35 days by 48 eighteen week-old
. layers experimentally mfected ‘with’ S. . gallinarum when examrned '

bacterrologlcally were negatrve for salmonellae (Olrvelra etal., 2004)
2.6.3 Pathogenicity to Mice

_ " Kokosharov and Phetisova ) (2002) tested pathogenicity of 12 S
gallznarum strains isolated from organs of dead hens from different poultry farms
and they found that elght of them- (66 7 per cent) were lethal for-adult Whlte mice

after intraperitoneal 1noculat10n
2.7"LESIONS IN SALMONELLOSIS
2.7.1 Gross Lesions

Verma (1968) r;epo_rted“;bgros‘s lesions. produced by salmonellosis in
laboratory animals like rabbits, hamsters, " mice and guinea pigs due to’
S. typhimarium and S, enteritidis. He observed congestion of lungs, enlargement

- of 11ver and spleen ‘with multiple necrotic focr Intestrne was hrghly congested

" with starnmg of mtestmal contents

Krupeshshanna and Rajan (1996) produced éxperimental infection in

I three month-old - Japanese qualls wrth S typhrmurlum The birds whlch died

within 24 h of the treatment had moderate. to severe. congestion of the llver,
' kidney, spleen and heart Two to three prn head sized grayish-white necrotic focr
were seen on the 11ver The birds whlch were sacrificed on 15" day had moderate
A' _ hepatic congestron and .few to many grayrsh white foci of necrosis scattered
throughout the liver. Spleen and ‘heart were moderately congested There was’
catarrhal enterltrs in.all. brrds but it was: more severe in qualls ‘which dred

_ naturally
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Kokosharov et al. (1997) experimentally infected eight-month old New
Hampshire layers orally with 18 h bacterial culture of S. gallinarum. It caused

mortality in 50 per cent of experimental birds. Major lesions noticed were

enlarged, friable and hyperemic liver, with distended gall bladder, sple,enomegaly‘

and catarrhal to haemorrhagic enteritis.

Day-old chicks were infected with S. gallinarum and S. indiana through
intra-peritoneal route. The macroscopic ‘alterations were severe to moderate

* congestion of intestinal tract, congestion and enlargement of liver and spleen.

Pericarditis with occasional congestion and enlargement of kidney and lungs '

were also noticed (Rahman et al., 1997).

‘ Joshi et al. (2000) reported aﬁ outbreak of FT in a commercial layer farm
in Madhya Pradesh and the gross lesions. observed were enlargement with
presence of grayish white nodules on heart, liver and gizzard. Few birds revealed
hydropericardium and bronze discoloration of liver along with spleenomegaly.
The ovaries were haemorrrhagic with misshapened and discolored ova. The

intestines showed catarrhal inflammation and ulcers.

The main lesions observed on experimental oral infection with:

S. gallinarum were enlarged liver and spleen with necrotic and haemonhagic foci
(Berchieri Jr ef al., 2000).

Macroscopically, enlargement of liver and spleen with white necrotic foci
were reported from 4" and 8 day respectively in S. gallinarum infection of day
old chicks (Shah et al., 2000).

In seven day-old.chicks experimentally infected with S. gallinarum

Prakash et al. (2002) observed enlarged bronze coloréd liver with necrotic foci,
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congested heart with focal areas of haemorrhages congested spleen and petechial

. -haemorrhages in the intestine.

Rahman et al. (2002) -repdrted an outbreak of salmonellosis due to
S. typhlmurmm in a layer farm. All the birds whrch died of mfectxon showed
'oophorxtxs w1th ruptured ova and salpmgms Egg bound condition was observed
. inall cases. D1screte areas of necrosis. were present on the walls of cecum and
colon. Liver was slightly enlarged and congested. Spleen was moderately

e,nlarged. Lungs and kidneys were als‘o congested,
2.7.2 Histopathological Lesions

Krupeshsharma an'd-'Rajan (1996) produced -experimental infection in
three month-old Japanese, qualls using S. zyphlmurmm The histologic changes
were typical of bacterlal hepatitis. There were focal to multifocal areas of
coagulative necrosis of the liver and moderate fatty change. In focal areas,
infiltration by heterophils lwas evident. Spleen showed reticular hyperblasia and
~ moderate to severe congest1on Heart showed mild myocardlal degeneratlon with
| engorged cap111ar1es In brain and kxdney mild to- moderate congestlon was

notrced All infected brrds had catarrhal enteritis,

- Kokosharov et al. (1997) er{perimentally infected eight month- old New
Hampshrre layers orally withS. gallrnarum H1stopathologlcally, liver revealed
congestion, diffuse vaciiolar degeneratlon and reactive necrosis. Myocardrum
'showed hyperaemra ‘haemorrhage and lymphocytxc infiltration. Lungs were.
hyperemlc Kldney showed congestlon parenchymatous degeneration and

bacterial embolism.

Joshi et al. (2000)' repor'ted an-outbreak of fowl typhoid in‘a commercial
' layer farm in Madhya Pradesh. The’ ‘main observatlons were coagulatlve necrosis

of hepatre cells and small ‘necrotic focl in the parenchyma with mﬁltratron of
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lym'phocytes. The myocardium shiowed large areas of ‘ﬁbrinoid_ necrosis. Lesions
" of interstitial pneumonia with lym;ihecyte infil’t-ration' few giant cells and RBCs
were recorded in lungs. The proventrlculus and intestines showed foci of
necrosis. In uterus there was necrosxs of smooth muscle fibers with presence of
- immature fibrinous tissue and infiltration of" lymphocytes and heterophlls .The

ova contamed erythrocytes and serous exudates in the central wall

Prakash et al. (2002) reported congested vessels with-multifocal necrotic
areas mﬁltrated with heterophlls and lymphmd ce]ls in liver of experimentally
| infected CthkS. Heart showed focal myocarditis characterized' by congestion,
hemorrhages, heterophil infiltration and oedema, resulting in separation of
cardiae fibers and loss' of cross striations. Mild lymphocytolytic activity of
.1ymphoid' component- .Wwith " increased haerﬁdsideroéis was seen in spleen.
- Multifocal areas of haemer'r'hage z.md:- moderate goblet cell hype_fplasia_ were

 noticed in intestine.

Prasanna ef al. (2001'): produced exp‘erimeriial FT and Pullorum disease
(PD) in one week-old ehicks. In both..FT and PD, the Histopathological lesions in
* intestine were degeneratien" and'_'v‘desquamation of -lining epithelial cells,
haemorrhages, hyperactivity of the gdblet cells and infiltration of heterophils and
~ mononuclear cells in the“lamina prdpfiai of tﬁe villi. Liver in both the diseases
’ showed degeneration, early vacuolar eh_anges in the hepatocytes, hypertrophy of
Kufj_ffer. cells, focal infiltration of n‘ienonuclear cells and dilatation of hepatic

_sinusoids and necrosis. . -
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2.8 DIAGNOSIS OF AVIAN SALMONELLOSIS
2.8.1 Isolatiou and Identiﬁcation of Causative Agent
2.8.1.1 Isolation

28111Medta

Selectlve enrlchment on modlfied semisolid’ Rappaport-Vassrlladls (RV)
agar was more reliable than T.etrathronate Brilliant Green (TBG) broth for

isolation of Salmonella from samples of fecal origin (Poppe ef al.; 1992).

Oboegbulem (1993). reported that RV medium when incubated at 43°C
was significantly more efficient in recovering salmonellae from chicken carcass

rinse fluids and Moore’s sewer swabs. .

Huang et al. (1999) reported two culture procedures for isolation of
Salmonella in food. Bacteriological Analyt1ca1 Manual (BAM) procedure
"included pre-enrlchment in nutrient broth (NB) for 16 h, followed by selective
enrichment in either RV ’or Tetrathionate Brilliant Green broth for 16 h. The
_ Enrichmenthinuno Assay (EIy procedure included pre-enrichment iu NB for 4 h,
celective enrichment in RV for 16 h and post enrichment in NB for 4 h. They
found that in the BAM procedure, the numbers of Salmonella in RV broth were
more than that -in Tetrathionate Brilliant Green broth for selective enrichment..
They opined that RV might be a better selective enrichment for conventional
dxfferentratmg agar because imore Salmonella colonies would be present and less
chance to be missed. When used for ELISA, Tetrathionate Brilliant Green broth
showed more positive results than RV whlch might be due to reduced expression

of antlgemc epitope(s) i in- LPS detected by capture ELISA in RV, medlum

Konwar and Joshi  (2000) conducted a comparative study on the
performance of five selective enrichment broths for the isolation of Salmonella
from naturally contaminated raw meat of different animals. The media used were -

MulIer-Kauffman tetrathionate broth at 43°C, RV medium at 42°C, selenite-
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brilliant green' broth at.3’7é¢,_ selenite-oystine broth"at. 37°C and"tetrathionate

‘broth at 43°C. The best result_s' were: obtained with RV medium-which detected
: 10t) per'cent of all positive samples-'followed hy Mul'ler-'Kauffman tetrathionate

" bioth, tetrathronate broth, seIemte brrlhant green broth-and selemte-cystme broth.
So they recommended RV medlum 1ncubated at 42°C for 24 h for selectlve.

~ enrichment of salmonellae. All other enr1chments requ1red 48 h of 1ncubatron for

o se]ectrve enrlchment

Shah et aI (2000) conducted studres to ﬁnd out the eomparatlve efﬁcacy
of different culture medla hke Mac Conkey Agar (MCA) and Brllhant Green
Agar (BGA) as selectlve platmg medium and tetrathronate ‘broth as an enrlchment.
‘medlum for lsolatxon of S. gallmarum They found- that MCA was superlor to
‘ 'BGA as more number of lsolatrons were possrble on MCA. Tetrathlonate ‘broth, -
when used as an enrichment medlum mxght have: suppressed the growth of

S gallmarum and was not surtable for selectlve enrichment.

:* Audisio and Terzolo (2002) used novobiocin at the rate of 40pug/m} m
- -enrlchment medium for Ie- 1solat10n of salmonellae ﬁ'om fecal samples.
' --Novoblocm was added- to prevent growth of Proteus spp a frequent contammant'

' produclng Salmonella—hke colomes

Gast et al. (2004) used an eleetrostatle air, samplmg device to collect S.
‘enterltzdls from rooms contamlng experlmentally 1nfected lay)ng hens. Collectlon
.was done usmg electrostatlc dev1ces onto plates of six types of culture medla viz.,

) BGA modlﬁed Lysme 1ron agar rnodrﬁed semrsohd RV agar, Rambach agar,
'Xylose Lysine . Deoxycholate (XLD) agar and Xylose Lysme Tergltol (XLT)-4

__' agar and were incubated at 37°C for 24. h ‘They found that frequency of positive

air samphng results usmg BGA (66 7. per cent overall) was significantly greater

T than was obtamed using most other medra
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Musgrove et al. (2_005) isolated- salmonellae from egg rinses and crushed
shells and merrlbl*anes. Sampl‘es‘.'were~pre-'énriched in buffered peptone water at
35°C for 18 to 24 h, followed by' e‘rlrichment i'n.ATetrathionate. broth and RV broth
ovemlght at 42°C. Enriched samples were. plated onto brilliant green sulfa and
XLT-4 agar plates and incubated at:37°C for 18 to, 24 h. Those: samples with
presumptive positives wereinoculated into Lysine Iron Agar and Triple Sugar
Iron‘ (TSI). slants and iri_cﬁbated at 35°C fol ‘18 fo 24 h. Those samples with
- presumptive results indicative of Salménellg on these media were confirmed by

serogrouping antisera.
2.8.1.2 Identification
2.8.1.2.1 Cultural characters

~ Salmonellae are aerobic and facultallvely anaerobic. They grow well on
laboratory media at 37°C wltho_ﬁt the addi_fidrl of blood, serum, ascitic fluid,
glucose, and after overnight: incubation in_broth a smooth strain” will have
producéd an even turbidity, usually with no pellicle formation. With the majority
: of serotypes, growth on aéar glvés’l rise to roun‘d smooth colonies of two to three
millimeter diameter. Ho'\i/ever a few - serotypes, including S. 'pullorum
S. choleraesms and S. abortus ovis, grow less abundantly on solid media and
" develop charactenstlcally as small. dew-drop like colomes after.18 h and even

aﬁer 48 h incubation (Buxton and Fraser, 1977).

Salmonella gallmarum grew on blood agar as well deﬁned opaque
gllstenmg colonies and would grow read1ly on MCA as pale, non lactose
fermentmg colomes and also on Deoxycholate Citrate agar (DCA) and BGA.
~ They could grow in selectwe enr1chment media. and of this selenite and
tertathlonate broth were most frequently used Salmonella gallmarum and
. §. pullorum have many 51mllar blochemlcal cultural and serological propemes

however S. gallinarum grew more readily- on.solid media and produced. larger
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- colonies in contrast to S. pullorum -,wh‘ich‘ fer;nents -maltose and dulcitol._’ Like
S pullorum this bacterium can survive outside the host’s body for many months
(Wray et al., 1996). ' ‘

2.8.1.2.2 Biochemical tests Jfor Salmonellae

Most of the salmonellae do.not ferment lactdsc,— sucrose or salicin, and
~ that they do ferment . glucose, maltose, mannitol,.dulcitol and’ dextrin with
production of acid and gas. They are also characterized by their ability to reduce
nitrates to nitrites and to produce H2S They do not dccomposc urea, llquefy

’ gelatm or produce indole (Buxton and Fraser, 1977).

Nakamura et al. (1992) conﬁrmed Salmonella biochemically by TSI agar,
sulphide-indole motllxty (SIM) . medlum, lysine decarboxylase tests and

serologically by plate agglutmatxon test using antiserum prepared in rabbits.

Salmonellae are Gram-negative rods usually motile with a “few
exceptions. They are aerobic and facultatively anacrobic. They are catalase
positive and ‘oxidase negative, attack sugars- by fefmcntation with production of
gas. They usually -give ' positive reactions, for Slmmons citrate and lysine

dccarboxylase (Barrow and Feltham, 1993)

Salmonella gallinarum has the somatic structure 0, 1, 9,12 and thus
classified in group D of the Kauffman-Whlte schemc Salmonella gallinarum
" fermented glucose, manmtol maltosc and dulcxtol but did not. ferment lactose,

sucrose and salicin (Wray et al., 1996)..

Shivhare er al (2000) characterized  the salmoheliae= isolates
biochemically by tests like- TSI agar, catalase, oxidase, ONPG, urease, methyl
red, indole at 37°C, Voges Proskauer (VP), H>S production, citrate utilization

(Simmon’s and Christensen’s methods), nitrate reduction, phenyl-alanine



29

deammatlon gelatm hydrolySIS decarboxylase (argrmne omlthme and lysme)'
,tests and carbohydrate fermentatron reactlons using 16 sugars Serological
_ conﬂrmatron ‘was done wrth the help of slide agglutlnatlon test using polyvalent

‘O’ and ‘H’ antisera.

Muthuramalmgam, (2005) brochemrcally charactenzed 15 S. gallmarum
1solates All the isolates’ tested were mdole negative, methyl red posmve Voges-
Proskauer negative, urease negatlve,‘ phenyl alanine deaminase negative, citrate
negative and they were able to preduce H,S in: TSI agar.. Regarding the
fermentation of sugars 'dl__l '-isdl_ates fermented dttlcitol, maltose, .arabinose,

.trehalose and mannitol. They__could ndt utilize’ sucrose; cellobiose and lactose.
2.8.3 Serology
28314 gglutination tests-

Bouzoubaa et. al. (1987) used microantiglobulin test and
- microagglutination test to fi nd out antlbody titer in blrds vaccinated against FT.
They found that microantiglobulin test was much more sensitive than

- ‘microagglutination test in detecting.antibodies against S. gallinarum..”

Waltman and Horne (1993) screened 1, 34,171 serum samples over a
period of three years by the pullorum typhord tube agglutmatron test. Among the
680 reactors, Salmonella organlsms were isolated from 226 of the chickens which
mcluded thirteen serotypes The predommant serotypes were herdelberg,
| pullorum, kentuck, samtpaul and enterrtrdzs isolated at the rate of 60, 18, five,

.four and three per cent respectively. Hrghest number of isolations was obtalned

~ from ceca, followed. by cecal ton51ls and . ovary-ov1duct pool. The study

. reemphasrzed the tendency of pullorum and typhord agglutmatlon tests to give

false positive reactions.
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Gast (1997) conducted a stud); to evaluate the ability of Standard rapid
whole-blood olate agglutinatio'n test ancl seru'm tube agglutination test antigens. to
~detect mfectlon in Smgle Comb Whrte Leghom hens moculated wrth large oral -
doses of S. pullorum lsolates They were tested usmg both of the above tests
before -inoculation and, at six weekly_mtervals post, inoculation. Infection of
_chickens with all six rece'nt S. pul_la:rum: isolates were detected by both plate and
tube tests in the experiment, although- the frequencyl of positive results was
consistently greater with tube test than -with plate tests. Both tests detected
infections of chickens ‘with antrgenrcal]y standard ‘strains of S. pullorum
srgmﬁcantly more frequent than . infections with aritigenically 1ntermed1ate or
variant strains. It was also noted that both plate and tube tests gave positive
~ results in nearly all culture-posrtrve hens, the plate test less often gave positive
antibody results that could not be supported by posmve organ culture results but
tube test identified a substantlal number of birds as seroposxtlve that were
- apparently not actwely 1nfected at the tlme of blood collection. Tl’llS might be
either due to persistent antxbodles in hens that mlght have already. cleared an
earlier transient S. pullarum infection or inaccurate identification of uninfected

hens as seropositive.

Joshi et al. (ZOOOj.reponed ,an outbreak of F’l‘ iin’a commercial layer farm
in Madhya Pradesh. The civerall mortality was 11.42 per cent reco'rded in one
week, with a maximum 19 77 per cent in 80 weeks of age group’ followed by
-16.33 in 92 weeks and 13.07 per cent in 104 weeks. old flocks. The Salmonella
pullorum-gallmarum ant1b0d1es were posmve in plate agglutmatlon test and an
_antlbody trter of 640, 1280, and >1280 were: recorded in birds of 104, 92 and 80

weeks of age.
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2.8.3.2 Agar Gel Precipittttiolz/ Agar Gel Inunwwdifﬁqsz"on Test (AGPT/AGID)

Glenn et al. (1967) reported individual results of. sonic treatment on five
different population levels of eight enteric'organis_x_ns including salmonellae for

the preparation of bacterlalfe}_ctracts prior to prcdipitlh analysés.

" Singh and Sharma- (1985) found that Salmonella bareilly (S. bareilly)
enterotoxin was immunogenic in rabbits. The. antibodies produced were quite
specific to the enterotoxic factor and antigenicity withstood heat treatment up to

90°C (30 min), but it was lost at 100°C- (30 min). The enterotoxic activity of the.
toxin was neutralized by homologous antiserum m 1:40 dilution. Although
antlserum was raised against the partlally purified enterotoxin, the observations
revealed that antibodies _present in the antiserum were qutte specific to
enterotoxic factor, because the antxscrum in AGPT reacted only thh enterotoxic
‘ preparatlons of S. barezlly and §. samtpaul but not w1th preparanons obtained
from non—enterotoxxgcmc strams of 8. barellly or cnterotomgemc strains of
E. coliorY. enterocoht:ca These observatlons suggested that antiserum against
enterotoxm partlally punﬁed by salt precxpxtatlon with ammonium sulphate at 60
per cent saturation level and dialysis, could possxb_ly_be used for the detection of

Salmonella enterotoxin in vitro.

Holt et al. (2000) made use of an AGPT test to detect antibodies to

S. enteritidis deposited in egg yolks of mfected hens This method had the
' advantagc of easy collcctlon coupled with lower stress on birds durmg sampling,
comparcd with serum.- The AGP test could be an important tool for individuals

usmg serological testmg to monitor the S. enterttzdts infection within thcxr flocks

| or as a rapld screen for vaccine responses. The. assay could also be used in.
tandem with .other AGP tests to screen for the presence of multiple avian

pathogens.



- 32

Smgh and Sharma (2000) found out’ that all cytotox1gen1c salmonellae
_ produced Salmonella cytotoxms (SCTs) which could be exploited to develop
Salmonella genus specific” serodlagnostlc fest and its production in quantities
enough to produce precipitin line in AGPT mxght help to confirm suspected

‘ Salmonella isolatés even in prlmary rsolatnon laboratorres
2.8.3.3 Enzyme Linked fniniuho Sorbent Assay (ELfSA)

Timoney ef al. (1990) reported the use of an“].ElLI'SA based on gm flagellin

-as an-alternative to traditional pullorum disease test whioh lacked specificity and
sensitivity in :‘d'i.agnosing‘ S. eﬁtéritiﬁis:infecfion. The flagellin ELISA was more
sensitive than the rapid‘slide test with pullorum antlgen regardle'ss of whether the
sera were - drawn from expenmental or naturally mfected birds. More over,

' substantial numbers of sera giving-weak positive reactlons in the Pullorum test
were strongly positive in ELISA suggestmg that antlbody responses to H and O

antlgens were mdependent ‘

‘Berchieri Jr etal. _(1995) used'an indirect EL‘ISA using soluble whole cell
antigen to screen serum samples_obtained from breeder and layer.ﬂocks, some of
which had ~shown clinical or bacteriological é.v_id'ence of infection with
S. gallinarum or S.' pulfqrum. They observed good correlation between
Salimonella infection and the' presenee of serum samples showing high optical
den51ty (OD) values They also performed slide agglutination test by mixing a
drop of setum with a drop of bacterial suspensnon made by emulsifying’ a colony
of S. gallznarum on agar in phosphate buffered saline, which showed
_agglutmatron within one minute of mlxmg ELISA was found to be more spccrﬁc

~ than slide agglutmatlon and could assrst in ehmmatmg false posmve reactions.

Muir. et al. (1998) used an indirect ELISA for antibody detection in the
serum of experimentally S: typhrmurmm mfected 16 .day-old chxcken They used
ELISA plates coated with one micro gram. of S, typhimurium LPS.
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Singh and Shanna-.(QOOO) condncted studies 't'or detection of four types of
SCTs nameiy SCT-I, II, ’fII 1v- 'using' 'serological tests, viz. , Biken test,
agglutination test, fluorescent antlbody technique (FAT) ELISA, dot ELISA,
AGPT, passxve haemagglutmatlon mhxbmon test (PHIT) and serum neutralization
* test (SNT). The tests were. compared to each other and with Vero cytotoxxcrty
assay for their sensitivity and specificity, usmg rabbit antlcytotoxm.serum raised
- against puriﬁed SCTs. None of the anticytotoxin sera reacted with heterologous
puriﬁed cytotoxin in any of the ‘tests They found -that ELISA was the most
sensmve test capable to detect SCTs in nanogram amounts, followed by dot
* ELISA, PHIT and AGPT. Blken test, agglutination test and FAT were qualitative
tests and could detect cytotoxm on infact Salmonella, but these tests failed to’
detect many cytotoxrgemc strams, especxally those which could not excrete

cytotoxm extracellu]arly
- 2.-:8.3.4.Molecu'1ar Methods

Christensen et al. (1994) ‘characterized 14 Danish and five German
 isolates of Salmonella enterica serovar Gallinarum biovar gallmarum obtained
from outbreaks in Denmark and Germany by phenotypic and genomic methods

The genomic methods included plasmid profiling of 85 kb virulence plasmid,

- plasmid restriction profiling, ribotyping and pulsed-field gel electrophoresis
(PFGE) of genomic DNA. Except PFGE all phenotyp’ic and genomic’ methods
strongly indibcat'ed that Danish and Germian isolates were of the same class. ;i‘he

PFGE' of genomic DNA digested with Xba I, however separated Danish and:

Gennan isolates. This was COnﬁrmed ‘when Not I was used to digest DNA. This

enzyme also separated German isolates into two groups.

A PCR assay was developed for the 1dent1ﬁcat10n of Salmoniella infection
in chickens and was compared with the conventxonal culture procedure The pair

of primers used were those drrected at the inv A gene. As expect_e_d, a 284 bp



| fragment DNA was amphﬁed from extracted DNA of 1nfected organs by PCR
The assay was more spec1ﬁc and sensmve when compared to culture methods
. (Tuchili e al 1995). '

: Jemkova etal. (2000) used two parrs of pr1mers namely inv, spv in smgle
PCR assay. The advantage of’ multlplex PCR was that it could. simultaneously
identlfy the Salmonella strams whlch had a vrrulence plasmrd thus facrhtatmg

" the search for specific etlologlc Salmonella serovars.

J oseph and Smgh (2000) conducted studies to evaluate the usefulness of
‘ restnctlon endonucleaase analy51s of total DNA for dlfferentratmg field 1solates
. of §. gallmarum Digest1on of. genomrc DNA from 13 S gallmarum 1solates from

dlfferent outbreaks in poultry farms obtamed from TVRI was done usmg four

. dlfferent restrxctron endonucleases namely, EcoR 1, Xba1, Pst 1 and Hmf I The

. :plasmld profile was dlfferent in- isolates studied. One isolate did- not carry any
plasmid and another (E 2460) had only 85 kb plasmld while remaining eleven
isolates had both 85and 2.5 kb plasmids The 1solates which had no plasmid and
- other isolate which’ hadonly- 85 kb,plasm1d have: shown umque ‘chromosomal’
restriction patterns in cornp_ariSOn-to other isolates which had both plasmids. This
indicated that these isolates were derive'd from clones different from that of other
" isolates. The results clearly mdicated that random fragments of genomlc DNA'

were useful for ﬁngerprmtlng 1s01ates of S. gallmarum

_ Kotetrshvrli et al (2002) developed a multilocus sequence typlng (MLST) ‘
based on the 16S RNA, pdu F, gln A, .and man B genes for Salmonella and its
_d1scrrm1natory ability was compared to those of PFGE and. serotypmg Pulsed-
 field gel electrophor051s dxfferentrated several _strains undlfferentlable by
-serotypmg, the strams of several PFGE types were. further differentiated ‘by
MLST, which suggested that the d1scr1m1natory abxlity of MLST for the typing of
Salmonella was better than that of serotypxng and/or PF GE typmg

Phage‘typing was 'used"in- epidemiological studies to identify isolates with

~ specific characteristics such as multiple resistance to antibiotics and enhanced
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. virulence. Examples of*irrlpdrtant pphage types were.' Salmonella thinlurium DT
(definitive type) 104 which exhibited. multiple . resistance to antibiotics and
_ Salrrzonella enteritidis PT (phage'type) él.wh‘ie_h was_found in poultry products

and was a common caljse ‘of food poiso_ning-in humans.(Quinn et dl., _2002).

Skwartk: et al. (2004) reported that PCR was a very useful method to
1dent1fy Salmonella strains and to- determme thelr virulence factors by
ampll_ﬁcatl_on_ of characteristic’ genetlc markers. They c,oncluded that sensitive and
.rapid PCR method might be used not only f‘or identification of Salmonella strains
and for determination of “their v1rulence factors but also for routine

mlcrob1ologlcal dlagnos1s of food pathogens )

Shah et al. (2005) reported. clonlirg and sequence analysis of /b S gene to

© identify - two polymorphic nucleotides one at " position 598 (Salmonella

- gallinarum-specific) and other at posrtlon 237 (Salmonella pullomm-speclﬁc)

‘Based on . gallmarum-specrﬁc nucleotide found at position 598, an allele-
specrﬁc PCR method - was developed for serotype-specrﬁc detection of
S;'galliharuln. This PCR method wasable, to discriminate pure .cultures of
S. gallinarum from S. pullorum and other Salmonella serotypes from serogroup D
in less than three hours. Serots'pe~speciﬁc detection of S. gallinarunr »rvas possible
in less than 24 h when the PCR was applied on the presumptive Salmonella
colonies obtained after overnight incubation. of selective media ‘platés streaked
~with tl_le clinical materiallhfrom diseased_chicken_s.' This #fb S allele-specific
g ampliﬁcalion assay was speeiﬁe, reproducible and less time consuming than the
standard bacteriological methods used to detect S. gallinarum and:could be an

effective molecular tool for rapid deflnitiv_e diaegnosis of FT.

Vadivoo and RamaswamSI:'(ZOl)d)- conducted PCR assay:"to:-isolate and
identify- Salionella speciés rapidly in poultry products and environrrlent. '..'I”he)‘{
‘ 'COnipared th'e sensitivity of PCR with standard culture methods. A mu'ltiplex PCR
assay was also done to detect S. emermdts and S. typhzmurmm Out of the 231

samples exammed 12 were posmve by culture ‘method and 26 were positive by
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:PCR»assa.y._ All the samples that-'were Salmertella p.o.sitive by culture method
were also positive by the"'PCR but 1'4‘ of the 26 PCR positive samples were
negative by culture method The spemﬁcrty and accuracy of PCR assay was 100
per cent and 93.9 per cent respectlvely In the 231 samples tested by the PCR, a
284 bp ‘product was obtained for 26 samples. All the 26 isolates confirined as
Salmonella by PCR were used in‘nlultipvle‘x-PCR to identify the Salmonelia
serotype An amplrﬁed product of 429 bp was. notrced for all the 26. lsolates of
Salmoniella, a 250 bp amphﬁed fragment for S enteritidis and 620 bp amphﬁed
product for S. typhtmurmm

2.9 ANTIGENICITY OE SALMO_NELLA GHLLINAR UM
2.9.1 Factors Affecting Antigenicity ‘

Bouzoubaa et al. (1989) found that S gallmarum MSGl field strain
proteins were antigenic and they compared it w1th 9R live vaccine strain for their
protectlon against experrmental FT in chickens. Proteins from S. gallinarum gave

better protection (95 per cent).compared to 9R live vaccine (60 per cent).

The cell wall. of Salmonella is of ‘typical gram—negatrve bactena
. composed of LPS, and protem The antlgemc composition of the polysaccharlde,
portron of the LPS in part determmes the serotype. The kind and number of
sugars together with the. linkage between ‘them- determme the antigenic
‘ determmants comprlsmg the O antlgens of the partlcular isolate. The 0- antlgens
together with the antlgemc deéterminants on the surface of the flagella
(ﬁ-antigens), which are possessed by.rnost salmonellae, help to define an isolate
serologically. This classiﬁ'cation'l scheme is c.alnled the Kaufﬁnan-White scheme
(Hirsh e al., 2004). | - | ‘

Reparaz" et al. (2004) rep’orte‘d that S‘almonella possess surface structures
that could induce protectrve humoral and cellular immune responses followmg

experrmental mfectlon in- poultry and these components included LPS omps
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fimbriac and flagellin. Tney_ performed iimmunoblqtting with sera from naturally
S. enteritidis infected laying hens on the heat extract (HE) of S enteritidis and
observed the strongest response (htgher number of hen reactants) was against
-porms (97.3 per cent), followed by ompA (64 7 per cent) Reaction was also seen
against SEF 14 (50.0 per cent) SEF 21 (60.8 per cent) LPS (81.8 per ccnt) and
ﬂagellm (47:3 per cent). Cross reactlon was notlced against LPS (86.7 per cent)
and porins (66.7 per ccnt) when 1mmunoblottmg was performed with healthy bird
sera. Cross reaction was not observed in case of ﬂagelhn and fimbriae, indicating
‘the specificity of antxbodles generated against these surface components during -

an infection by S. enteritidis in hens.
2.9.2 Detectection of ,Antigenicity

2.9.2.1 Sodium Dodecyl Sulphate—Poly Acrylamtde Gel Electrophoresw (SDS-
PA GE)

Weber and Osborn (1969) co’ndut;ted SDS-PAGE on different preteiné
and showed that the method could be used with great confidence to determine the

molecular weights of polypeptide chains for a wide variety of proteins.

_ Udhayaltumar end 'lMuthukkamppan '(198'6) reported at leaet thirty
polypeptide bands in OMP profile of S. (yphir;zuriuhz 1ranging from 12 kDa to 120

kDa, which also included"sornc am‘oun’t,pf contaminating LPS.

Prakash and Krtsnnappa (2002) conducted antigenic analysis of biofilm as
,_'_well as free cells of S. gallinarum proteins by SDS-PAGE. They found repression’
- of 89 kDa, 86 kDa and 34 kDa pri)teins in biofilm cells compared to free cells. At -
the same time 66 kDa, Sé)_“kDa, 57 kDa, 45 kDa, and 38 kDa proteins were over

expressed in biofilm cells.- -
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‘ SUJatha et al (2003) characterlzed S gallmarum antrgens from field
rsolates usmg SDS-PAGE and thelr results revealed that molecular weight of
antlgenlc m01et1es of the: 1solates ranged from 14 kDa to 97 kDa The number of

: bands obtalned ranged from 19 to 26

Lee et al. (2005) conduCt'edr'exp‘e‘riments ‘with seven epidemi(')logically
" unrelated . gallinaruni strams The crude protem extract of all these isolates
" when subjected to SDS—PAGE stowed ‘migration of omps as several bands at

.approx1mate molécular welghts of 99 kDa, 7. kDa, 77 kDa 63 kDa, 56 kDa, 54
" kDa, 51 kDa, 49 kDa, 47 kDa, 45 kDa, 43 kDa 41 kDa, 39 kDa; 37 kDa and 32
kDa., The 39kDa Omp C proteln revealed by all. strams of S. gallinarum might be
an effectlve 1nducer of immune response smce Western immunoblot- analys1s '
. with anti-Omp C rabbit serum and serum from mfected chxcken showed reaction

to characteristic 39 kDa band..

A Rathore et al. (2005) had studled the protem proﬁle of sonlcated extract
antlgen ‘of two S. gallinarum 1solates by SDS-PAGE. They found that one strain,
E-76 showed approximately 32 bands wrth_ 14 major bands, while other. stram,-'
E-3019 showed 27 bands with seven major ‘bands. | '
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3. MATERIALS AND METHODS

~ Glassware of Borosil brand and Tar_sons and Génei brand plastic ware were
" used in this study. All chemicals use.‘d.were of Molecular biology grade, obtained
from Bangaiore Genei and »S_i'sco Research Laboratories Private Limited (SRL).
.Ready-made media were procured from Hi—Media Laboratories Private Limited,

Mumbali, unless otherwise mchtioned.
‘3.1 BACTERIAL ISOLATES -

- Four 8. gallinarum isolates'were‘used for .the present study viz;, BGL, PS 8,
QS 1 and X 4. The isolaté BGL was considered as rteference strain and was’
kindly provided by Dr M Sathyanarayana Rao, Professor and Heﬁd,Departmem:
of: Veterinary Microbiology, Veterinal;.y College, Bﬁngalore. The isolates-PS 8
and X 4 wérc from chicken while QS 1 was isdlated from quail. These three
isolates were obtained from aiIing)deéd birds brbﬁght to the Department of
Microbiology/ Pathology, (follege of Veterihary and Animal Sciences (COVAS),
Mannuthy. for detailed disease iﬁvestigétion. By standard bacteriological
procedures and moleculéﬁ techniques like genus specific and serovar specific
PCR, isolates PS 8 and QS 1 were idqntiﬁed as S. ga'llinarum. The isolate X 4
' was serotyped as S. gallinarum at_In_dié;_n Veterinary Research Institute (IVRI),
.Izatnagar. All the isolates were mainfafneci in the Depanment of Microbiology,
 COVAS,Mannuthy. B

3 STORAGE OF ISOLATES -
3.2.1 Materials
3.2.1a Glycerol

Glycerol was sferiliz’ed using hot air oven at.160°C for one hour.
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321b Brain Heart Infus"ion Broth (BHIB)

" Obtained as dehydrated powder and was reconstituted as. per

manufacturer s instructions.
32.1c S gallmarum Isolates

Four isolates viz., BGL', PS 8, QS l‘and X 4.
3.2.2 Method | |

A smgle colony of each S. gallinarum isolate was added to 4.5 millilitres
of BHIB and incubated at 37°C for 18 to 24 h. After incubation, to each of the
test tubes 0.5 milliliters of sterile glycerol was added and mixed well. The test

tubes were then labeled. and stored at 4°C. The isolates were revived once a

: month.

3.3 REVIVAL OF ISOLATES
- 334 Materials
3.3.1a S. gallinarum isolates in glycerol broth

3.3.1b Mac Conkey Agar/Brilliant Green Agar (MCA/BGA)

| Obtained from Hi-media and. was used as per manufacturer’s instruction.
332 Method ' S -

The isolates were rev1ved once a month The stored glycerol broth was

' thawed to ‘room temperature (RT) and was mixed well Then a loop full was
plated on MCA/BGA and incubated at 37°C overnight. Pale yellow colonies on
MCA or pmk colonies on BGA were selected and further purity was checked by

- standard bacteriological procedures
' 3 4 ANTIBIOGRAM -

- 341 Materlals )
Mue[ler-Hmton agar was used to’ study the antibiotic sensrtrv1ty pattem of

the 1so]ates . The following antlblotlc discs with known concentrations as roted
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in mi_crogfamé {ug) or international “units (U) per disc were used (Hi-Media

_ Laboratories Private Limited, Mumbai, India).

Amoxy clav (Ac)—'10 pg

W ® N Wb

Cloxacillin (Cx) - 1 pg
" Penicillin G (P) - 10 units -
Enrofloxacin (Ex) - 10 pg
Nalidixic acid (Na)-30 pg
Gentamicin (G)-30 ug .
. Tetracy'cl'ine (T)-10 pg -
Erythromycin (E) - 15 pg -
Chloramphenicol (C) - 3 g
10.. .Co-tr_imoxazole (Co)-25 ug
~ 11.  Clindamycin (Cd) -2 pg
12, Ciprofloxacin (Cf) - 10 g
‘13. Cephaléxin (Cp) - 10 g
34.2 Method

Antibiotic sensxtlvxty test was. done as per the standard-single disc
| diffusnon method of Bauer et al. (1966).

- 3.5 PATHOGENICITY TESTING OF ISOLATES'

3.5.1Pathogenicity to mice

. 3.5 I 1 Matertals

3 5. 1 Ia Sw:ssAlbmo Mtce

- Swiss Albino mlce, six to elght weeks of age were procured from the
‘ Small Animal Breeding Station (SABS) COVAS Mannuthy
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351168 gall_inamm isola.tes
-~ 3.5.1.2 Method

~ Each mouse was iuoculated intra-peritoneally with 0.2 milliliter of
inoculum containing 3 x 10% orgauisms per ml in sterile normal saline. Three
mice were used for each isolatc.» One x'nouse‘per isolate was used as control and
these animals received. one milliliter of sterile normal saline iutra-peritoneally.
. The inoculated animals were observed for clinical symptoms/death for a period of
seven days. From the dead animals, atfempts were made to re-isolate S.

gallmarum from heart blood, lung, liver, spleen and ceca
3.5.2 Pathogenicity Testmg in Day-old Chlcks

3.5.2.1 Materials

' 3;5 2.1a Day-old chicks '

Nmety-sxx day old Salmonella free Grama Prlya breed of chicks of either
sex vaccinated against. New Castle dxsease (ND) were procured from Centre for
Advanced Studles in Poultry Scxence COVAS, Mannuthy The chicks were
divided mto 12 test groups, each containing five chicks and 12 control groups,
. each containing three chicks Three test groups and three control groups were
used per isolate for determmmg the pathogcmmty through three different routes
of inoculation. Test group for BGL isolate was a551gned as Group I, for PS 8 as
Group 11, for QS 1 as Group III and for X 4 as Group IV. The suffix ‘a’ was
" given for all oral test groups, ‘b" for intra muscular and ‘c’ for intra cloacal
routes. During the first week chicks were given 24 hours of artificial ligl{t and
there aﬂer 12 hours at mght Birds were fed thh chick mash and watered ad

libitum.

5.5.2.1b BHIE.

3.5.2.1¢ Tripticase Soya Agar (TSA)

" 3.5.2.1d Revived S. galiiﬁpmm isolates (3.3) .

3.5.2.1e Phosphate buffered saline (PBS) pH 7.2
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- Sodium chloride - : 8.0¢g
-Potassium chloride S 02g
Disodium hydi‘og’en phosphate dihydrate 1.06g
Potassium dihydrogen phosphate | 02g
Distilled water-to L . 1000 m!

pH adjusted to 7.2 and autoclaved at'121.°C"for 15 min at 15 Ibs pressure
and stored at 4°C. '

3.5.2.2 Method
3.5.2.2.1 Preparation of infective inoculum

~ The infective inoculum was prepared as described by Dhilion et al.
(2001), thh suitable modlficanons A pure single colony of each of the four
isolates was inoculated mto five mllhllters of BHIB and incubated for six hours at
37°C This was seeded on TSA plates and was incubated overnight. The bacteria
were harvested using sterile PBS. and was washed thrice w1th PBS by
centrifugation at 3000 ng for 30 min. Then the concentration was adjusted to
obtain the inoculum ha\(ing aporokiniately 3 x10 bacteria/ml as per. Me

F arland’s standard tube number one and stored at 4°C till-'use.
3.5.2.2.2 Expertmental mfectmn through oral route

Inoculum at the rate of 0.5 milliliters was given to each chlck by directly
: inserting a tuberculin-syringe into the crop. Equal amount of sterile PBS was

given to control birds in the same way:
3.5.2.2.3 Experimental infection through Intra muscular (IM) route

The test group chicks were 'given 0.5 milliliters of inoculum by IM route
at breast/thlgh muscle. Control groups were glven 0.5 mlll:hters of sterile PBS in

. the same manner.
3.5.2.24 Experimental infection through Inird cloacal (IC) route

- Three test groups and three control groups were selected: for each of the

four 1solates and 0.5 milliliters of the inoculum was swabbed into the cloaca of
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each test group chlcks usmg a sterile cotton swab Control groups were also

treated similarly. Instead of moculum sterile PBS was used

All the chicks were observed for any clinical srgns/mortality for a period
of one month. Pooled fecal swab samples were collected from each group on
days 3, 7, 11, 15, 21, 28 post 1noculation (PD and were subjected to

mlcroblological examination for salmonellae.

Organ samples from dead chicks - (ceca, spleen, heart, lungs and lrver)

were collected and examlned for re-lsolatlon of salmonellae

Those birds, which survrved_ after experlmental period of 30 days, were
checked for their body weight.- These birds: were sacrificed and tissue samples

were examined for re-isolatiOn of salmonellae :

Representative samples of tissues like liver, spleen lungs heart ceca,
' ovary and oviduct were collected 1n 10 per cent neutral buffered formalin for

* histopathological examination _
3,63 Pathogenlclty Testmg in 18 Week OId Layers '

Pathogenicity studies in layers was done as per Shivaprasad et al. (1990)

' w1th suitable modiﬁcations
3.6.3.1 Materials
3.6.3.1a Layer birds

Seventy two, 18 week—old layers belongmg to.Indian White leg Horn
strain- P (IWP) vaccinated agalnst Marek’s disease, ND, Infectious ‘Bursal
. Disease (IBD) and Fow_l_Pox were -procured from All India Co-ordinated
Research Program (AICRP) .on ponliry, COVAS, Mannuthy. The Salmonella free
| status_ of birds were coniirmed by Slide Agglutination Test (SAT). They were

* divided ifito 12 test groups, each with 4 birds and 12 control groups, each. with 2
- birds. Three test groups and three c_ontrol.groups_were used per-_isolate for -
determining the pathogenicity through_th_ree different rontes of inoculation. T'esi_

Group for BGL isolate was assigned as Group V, for PS 8 as Group V1, for QS|
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as Group VII and for X 4 as Group \./IIIA The suffix 'ga’ was given for all oral test
groups, ‘b’ for intra venous and ‘¢ for mtra cloacal routes. The birds were fed
with layer mash and watered ad Izbztum Thc birds -were dewormed and a pre-
experimental period of two wccks was glvcn for adaptatlon and optxmrzat:on of

egg production,

3.6.3.16 BHIB

3.6.2. Le T4 (3.52.10

3. 6.2.1d Revzved S gallmarum isolates (3 3)
3. 62 1ePBS(3 5.2. Ie)

3.6.3. 2 Method

3.6.3. 2 1 Preperatmn of i mfeetzve inoculum -

A single colony of each of the four isolates was moculatcd into five
milliliters of BHIB and was mcubated for sllx hours at 37°C. This was further
streaked on TSA plates and was incubated at 37°C for 18h. Bacteria were
' harvested in sterile PBS and washed thric'erby‘ centrifugation at 3000 x g for 30
min. Then the concentratron was adjusted to obtain the inoculum having
approximately 3 x 108 bacterla/ml as. per Mc Far]and’s standard tube number one.
and stored at 4°C till use.

3.6.3.2.2 Experimental infection thro'tqglr oral route .

~ -One milliliter oft‘.ihoculurn was gii/enlto each bird in the te‘S‘t groups by
directly msertmg a blunt ended catheter. attached to a tuberculin syringe into the
crop. ‘One mrlhhter of sterlle PBS was grvcn to control birds in the same way.
The birds were deprrved of feed and water for mmlmum of three hours before and

after inoculation.
: 3.6.3.2.3 Experimental infection through Itytriz venous (IV) route

One milliliter of the inoculum was. given to each of the test group bird by
IV route at.wing‘/tarsaI v_ei'n; Control group was_givcrrone milliliter of sterile PBS.

in the same way.
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- 3.6.3.2.4 Experimental ihfék,‘tfon through Intra cloacal (IC) route .

One milliliter of .the .inoculum: was swabbed into the cloaca of each test
group ‘bird using a sterile cotton swab: Inst_ead of .inoculum, cloaca of control

birds were swabbed with equal quantity of sterile PBS.

Layers were observed for any clinical mgns/mortalxty for a period of one
month. Individual cloacal swabs were collected from cach bird on days 3,7, 11,
15, 21, 28 post inoculation (PI) and were subjected to detailed microbiological

examination for salmonellae.

Organ samples from dead birds (ceca;'spleen,li'ver, ovary and oviduct)

were collected and subjected to re-isolation of Salmonella.

P’attem of egg pfoduction was noticed daily. The eggs were pooled pel'

foute per isolate and attempts were made to isolate Salmenella.

" Those birds, which snrviv_ed after experimental period of 30 days, were

sacrificed and tissue samples were utilized for isolation o_f Salmonella.-

Representative samples of tissues llke liver, spleen, lungs, heart ceca,
ovary and oviduct were collected in 10 per cent neutral buffered formalln for

hxstopathologxcal examination.

37 RE-ISOLATION _OF SALMONELLA FROM CLINICAL SAMPLES OF
EXPERIMENTALLY INFECTED BIRDS

Re-lsolatlon was trled from. cloacal swabs, eggs, lwer spleen heart

lungs ovary, oviduct and ceca of experlmentally infected birds.
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- 3.7.’1_Materials

3.7.ia élqacal swabs and tiss_uea t’rqm ex.per_irnental,-bi‘rds
3.7.1b Eggs from experimen'tal layer birds

3.7.1c Non-s_elective Pre-enriéhment‘rnedium :

t

. Buffered peptone water (BPW) was prepared as per manufacturer’s
~1nstruct10n and antlblotlc novoblocm was 1ncorporated at the rate of 05

' mrcrogram/mrlhlrter
3.7.1d Selective enrich'rnent medium -

Rappaport Vassﬂladls soya broth (RVSB) was: used as per manufacturer s

1nstructron
3.7.1e Selective Media for isdlation

Brllllant Green Agar and MCA were obtamed as dehydrated medra from
Hr-Medla Laboratorles Mumbai, India. The requrred media were rehydrated and-
prepared as per the instructions of the manufacturer and were supplemented with

sulpha selective supplement at the rate of one micro lrter/mrlhhter, :
3.7.2 Method
- 3.7.2.1 Cloacal swabs

Cloacal swabs were directly collected into BPW and were incubated at
. 37°C for 24 h, o | |
3.7.2.2 Organ Samp'les“ qulécted A fter Post Mortem

. Organ_samples were triturated with-minimum_ quantity of PBS using
sterile mortar and pestle. About one mrllllrter of the above was added to BPW

and mcubated at 37°C for. one. day
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3.7.2.3 Eggs

Eggs from each ¢xpérlimenta1.group were p001ed and collected dain in
~ sterile polythene bags. They WCfQ"Stdréd ,ét 4°C -for two to five days before
attenipting isolétion of bacteria. .Tﬁey _Wcrc’ broken by agitation and were
incubated at 42°C _ovelfnight. A sterile cotton: swab ‘was used to collccf the egg.

sample and this was ind{:ulated in BPW and was incubated at 37°C for one day. "

From the above i"hoculated,_ incubated BPW one-milliliter was ‘taken,
inoculated in to RVSB and further incubated at 42°C for 48 h. From this, direct
plating was done on to selective media like MCA and BGA supplemented with
sulphé. Gram-negétivc, non-lactose fgnnénﬁﬁg colonies .presente_d.on MCA and -
‘ pink- colonies ébtaingd on BGA wercAselect'e_d,. and sub cultured to obtain pure

culture for further ident_iﬁcatioh.

38 IDEN"I‘IFICATION. '

‘The bactenal isolates were 1dcnt1ﬁcd based on Gram s staining, cultural
charactenstlcs tests for catalase and 0x1dase mdolc productlon methyl red and
Voges-Proskauer reactions, urease activity, phenyl alanine deaminase, H,S
production, nitrate reduction, citrate utlllzatlon, omithine dccarboxylase actxvxty

as descrxbed by Barrow and Feltham (1993)
3.9 HISTOPATHOLOGY *

Representative samples of tissﬁes from ‘liver, spleen, heart, lungs, ovary,
oviduct and ceca of dead/sacrificed birds were collected and preserved in 10 per
.- cent Neutral Buffered'Fofmalin. The tissues Were-brocessed by routine paraffin
. embedding techniques_(Sheehan and Hrapéhak, 1980). Sections were cut at four
micron -thickness and stained with. ro'l_i_tine,' 'Haeméltoxylin ‘and Eosin " stain
'(Bancroft“and Cook, 1995) for hist;)patholqgi'c':al-smaies. The stained séctions.
\;verc subjected to detailé'd éxamination under the light microscope and the lesions

were classified.
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310 ANALYSIS OF OUTER MEMBRANE 'PROTEINS (OMPS) OF &.
GALLINARUM -

3.10.1 Extraction of OMP o

3.10;1.1 Materials '

3.10.1.1a PBS (3.5.2.1¢)

3.10.L1b Tris-HCI 20 mM (pH 7.2)

“Tris-HCl - 7 315g
Distilled waterto. . - 1000 ml
pH adjusted to' 7.2' , autoclaved and stored at 4°C. -

3.10.1. Ic HEPES ﬂV-Z-hydroxyethyl Ptperazme N-2 ethane sulplmmc actd)
' buffer, 10mM , pH 74 . '

- HEPESbuffer =~~~ '0238g-.
Distilled water to 100 m} E
pH was adjusted to 7'.4, éu‘tocIaVed and stored at 4°C.

3.1 0.1.1d Sodium N-lauroyl sarcosine (0.5 per cent) (Sarkosyl,Sigma Aldrich,
UsA . o T

500 mg of sodium iauroy] j-sarcosinate Was dissolved in 100 m! of sterile

10 mM HEPES buffer (pH 7.4) just prior to use.
3.10.1.1e BHIB | '

3.10. 1 If S. galhnarum zsolates in glycerol broth i
31012 Method |

Thg outer membrane protein (OMP) enriched extract from S. gallinarum

. 'was prepared as per the méthod dc"scribed by Davies and Donachie (1996).—'

A smg]e colony of each of the four isolates (BGL PS 8, QS 1 and X 4)

_were moculated into 10 ml of sterlle BHI broth and incubated over night at 37°C.
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Two-liter  flask- cont_aining‘f400 mlllef BHI ‘broth .was 'pre-warmed-
overnight at 37°C, Ovefn’igh- groWn culture, approximate]y 0.4 ml was added to
400 ml of pre-warmed medium’ and mcubated for 12 h at 37°C. The cultures

were placed on ice to stop the bacterral growth.”

: The bacteria were liarvested by cen’trifuging et_8000 X g‘ for 30 min at
4°C. The bacterial pellet was washed twice in sterile PBS (pH 7.2) and the final
pellet was dissolved in seven m'illiliters of ice—eold HEPES buffer (pH-7.4) and
kept for 20 min. Bacterial cells were .sonicated on ice for five minutes (Branson
’ Sonlﬁer 450).at 12 microns by placing the'probe into the suspension to a depth of
1.0-1.5 cm to avoid frothing. Tlre sonleeted sample was poured into a 15 ml
centrifuge tube, placed on ice for 15 min and centriﬁiged at 4000 x g for 20 min
at 4°C to remove the mtact cells and debris. The supernatant was carefully
transferred to 10 ml polyallomer ultracentrrfuge tubes and centrrfuged at 1, 00 000

.. xgfor one hour at 4°C in a Sorvall ultracentrrfuge to pellet the cell envelopes.

The supernatant was disearded and the_ pellet.was resuspended in seven
millilitres of 0.5 per cent sodium NQJeuroyl sarcosine and kept at room
terriperatur'e for 20 min. "I"he, sarlrosyl iﬁseluble‘ outer membrane enriched
fractiorl was pelletecl by,.centr'ifugation at 1,00,000 x g for one 'hour at 4‘l’C.
_ Tlre pellet was washed _tWiee in distilled water and finally dissolved in 0.5 ml 'ovf
Tris-HCl 20 mM pH 7.2 and was s'tored at -70°C.

| . 3.10.2  Sodium Dodecyl Sulphate Polyacrylamrde Gel" Electrophoresrs.
(SDS- PAGE) C

3. I 0.2.1 Materrals
3.10. 2 lLa Acrylamrde—brsacrylamtde stock (30 0.8)

Acrylamide -~ o 300¢g
Bisacrylamide - - - . 08g
Distilled water to make . 100ml

Filtered through Whatman No.1 ﬁlter paper and stored at 4°C. |
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3.10.2.1.b 1.5 M Tris pH 8.8

Trisbase .  181.7g.

Distilled waterto 1000 ml

Adjusted pH to 8.8 with 4N HCI. and stored at 4°C.
3.10.2.1.c 0.5 M Tris pH 6.8

Tris base 60.6 8.

Distilled water to 1000 ml
Adjusted pH to 6.8 with 4 N HCl. and stored at 4°C.
3.10.2. 1 d Resolving gel (12.5 per cent)

" Acrylamide: blsacrylamlde (30: 0. 8 - -12.50 ml
Tris hydrochloride (1.5 M) pH 8.8 7.50 ml
Sodium dodecyl sulphate (ten per cent) 0.30ml
Ammonium persulphate (ten per cent) 0.15 ml
N,N, N, N-'tetra methyl ethylenediamine (TEMED) 0.01 ml
Distilled water- ' 9.66 mf

3.10.2.1.e Stacking gel (four per cent)

Acrylamide stock (30.8 per cent) - 0.67 ml
Tris hydrochlorlde (0 5 ‘M) pH 6 8 1.25 ml
Sodium dodecyl sulphate (ten per cent) . 10.05 ml
Ammonium persulphate (ten per cent) : 25 ul
N, N, N, N - tetra methyl ethylenediamine (TEMED) 250 ul
Distilled water A © 3.00ml
3.10.2.1.f Electrophoresis buffer ' ‘
Tris base - 7 30¢g
Glycme - ' ‘ 144 ¢
Sodium dodecyl sulphate A - 1.0 g |
Distilled water to make | : _ 1000 ml
3.10.2.1.g Sampk prepafation buffer (2X) '
0.5 M Tris hydrochloride, pH 6.8 \ 2.5 ml

Glycerol : _ | 20ml -
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Sodium dodecyl sulphaté (ten perjcc'nt) © 4.0ml

' 2-mercaptoethanol - - . o 02ml
' Bromophenol blue . ' - 0.5mg
Distilled water to make . . : 10.0 mi

Distributed in small allquots and stored at 4°C
3.10.2.1h Destammg solution I . o

" Glacial acetic acid . - ) 70 ml
Methanol =~ - : C - 400ml .-

Distilled waterto L . 1000 ml
3.10.2.1i Destaining solition I |

Glacial acetic acid: S o - 70 ml
Mcthanbl _ | .- a | o | 50ml.
Distilled water to . .. : ‘1000 ml
3.10.2. I_] Coomassxe brilliant blue (SRL) stammg solution
Coomassie brilliant blue (RZSO) : - 05¢g
Methanol o : 800 ml
Glacial acetic acid B o 0 140ml

Distilled water to R © 2000 ml
3.10.2.2 Method

The OMPs of all fhe four.S._,gallinarumg isolates were zina_lysed by

discontinuous system of pblyabrylami_de gel éicctrophorcsis (Laerﬁmli, 1970)

Resolving gel solution, '12.5iper cent was-prepared and degassed. Ten
per cent ammonium persﬁlph'até -and."l"EMED were added and pouréd between
two glass plates so as to. form a gel of one millimeter thickness and. left for
~ polymerization. Distilled water was léyéred on the top to ensure uniformity of
© the gel‘ surface. The set up. was left 6vemight at 4°C for complete
polymerization. After pblymerizatioﬁ the distilled water was pipetted out and
four per cent stacking gel was prepared and poured between the glass plates The

comb was then mserted and the apparatus left as such for’ complete
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polymerization for one and half hours. "After polymerization, the comb was
removed and the wells were'.washed thorou_gh,‘ly with running buffer.- A small
quantity of running buffer was added into each of these wells. Twenty micro
liters of the sample,was mixed with equal volume of sarnple preparation buffer
and kept in boiling water bath. for ten minutes. The samples were loaded into
iridividual wells under the column of buffer in each well. Standard Medium range
: ‘proteinmolecular weight' marker (GENE]) was loaded. in one of the wells. The
glass plates were fixed. onto the uerticai slab gel electrophoresis apparatus and
electrophoresrs buffer was carefully poured 1nto the top and bottom Teservoirs
and electrophorosed at 10 mA constant current till the bromophenol blue marker
reached near the bottom of the resolving gel. The gel. was then removed from the
glass plate; the stacking- gel was snipped off and transferred toa Petri .plate
contammg Coomassre brrlllant blue stammg solutron for two to three hours. The
gels were then destalned till. the background became clear and were photographed

using ‘Biorad gel documentatron system

3.11 ANALYSIS OF HOMOGENEITY/HETEROGENEITY OF BACTERIAL
ISOLATES BY SEROLOGY '

- 3114 Preparaﬁon of-Whole C_el'l Proteins as antigen

‘ 3 I1LLTI Matertals
3L la Antrgen preparatwn bujfer
Tris (0.1M) ‘ E 1.200 g
Phenyl methyl sulphonyl ﬂuorlde 0.034¢ - |
Glycerol S 15.00ml | .
sDS - . - 2000g '

. pH adjusted to 6.8 and th,e 'voﬂlume madef'up fo 100 ml with distilled water.

3.1L11b FourS. gallinarum lsalates in gl_’yceral broth
: 311110TSA(35210)
3.11.1.1d PBS (3.5.2.1e)
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3.11.1.2 Method

‘Whole cell proteins were prepared as per the method of Ireland et al.
(1991). Pure cultures of S. gallinarum isolates (BGL, PS 8, QS { and X‘4) grown
in TSA plates at 37°C for 18 h were harvested each in 10 milliliters of PBS. The
cell suspension was adjusted to a concentration of 3x10° cells/milliliter. The cell
suspe'nsions were washed ~thrice in PBS and was finally pelleted by centrifuging
at 3000 x g for 30 minutes. Each of these pellets was again resuspended in 10 ml
of antigen preparation buffer. The cell suspensions were mixed, placed in a
boiling water bath for five minutes, centrifuged at 10,000 x g for three minutes
and the supernatant collected. The protein concentration of the preparations were
determined by the method of Lowfy et al. (1951) using a bovine serum albumin
- (BSA) standard. _ L
" 3.11.2 Raising of Antiserum against S. gallinarum Whole Cell Proteins
3.11.2.1 Materials ’ | |
3.11.2.1a Whole cell protein extract from isolates BGL and QS 1 (3.11.1)
3.11.2.1b PBSpH 7.2 (3.5.2.l¢)
3.11.2.1c Freund’s complete and -incomplete adjuvants
3.11.2.1d Rabbits - | '

Young adult female rabbits (New Zealand White) weighing about one
kilogram were obtained from SABS, COVAS, Mannuthy. '

3.11.2.2 Method
Antiserum production was carried out as per Antony (2004).
3.11.2.1a Sterility test

The sterility of the whdle cell protein suspension was .éhécked by
streaking 0.2 ml of the suspension on BHI agar, Blood agar, Sabouraud’s
Dextrose Agar (SDA) and inoculating in Thyoglycollate broth and incubating at
37°C for seven days.
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3.11.2.1b Inoculation of rabbits

The sterility tested whole cell protein suspensions were thoroughly
emulsified with equal volume of Freund’s complete adjuvant. Two millilitre of
each emulsified suspension (BGL) having whole cell protein concentration of
6.46mg/ml and QS 1 having whole cell protein concentration of 5.945mg/ml was |
inoculated by deep IM route to two rabbits.

A booster dose was given on day 14, followed by another dose on day 21.
The antigens used for booster doses were emulsified with Freund’s incomplete

adjuvant.
3.11.2.1c Test bleedings

On 28th day the rabbits were bled from the ear vein, the serum separated

and tested for presence of specific 'antibbdy-by agar gel precipitation test.
3.11.3 Agar Gel Precipitaiion Test

- 3.11.3.1 Materials ) ) |

3.11.3.1a Pre-coated slides ) |

Clean glass slides were coated by smearing 0.5 per cent melted agar in

distilled water and drying-in air by keeping the slides horizontally over glass

rods. -

3.11.3.1b Gel for AGPT |
Agarose : 1.00 g
Sodium chloride ' o 085¢g
Sodium azide '7 0.01g
Distilled waterto ~ . 100ml .

To dissolve the agarose in saline, the solution wés boiled for five minutes.
3.11.3.1c Whole cell protein antigéh of four isolates (3.11)

3.11.3.1d Hyperimmune serum dgaihst S. gallinarum BGL and QS 1 isolates
(3.11.2) '
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3.11 3 2 Method

Agar gel preclpltatron test was done as per the method of Pat1 er aI (1996)
with. minor modifications. Four mlllthters of melted ‘agarose was poured onto
pre-coated glass slides and allowed to set One central well and five peripheral
) wells, each w1th three mrlllmeter dlameter ‘were punched in such a way that the
" distance between the central well and any. perlpheral well was three millimeters.

. Distance between the adjacent perlpheral wells ‘was kept equal. Two slides- were. |
prepared, one for isolate BGL and other for isolate QS 1. The central well was

filled with 20 ul hyper immune serum. Each of the peripheral wells’ was filled

 with20 ul whole cell protem from the 4 lsolates and last well was ﬁlled wrth PBS

to act as negatwe control The slides were 1ncubated at room temperature ina
.humld chamber for 24 h and were exammed m diffuse light for the presence of -

precrpltm lrncs and were photographed



Results
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4. RESULTS
4.1 REVIVAL-OF ISOLATES

The S. gallinarum isolates, stored at 4° C in glycerol broth, were revived
once in a month. All the isolates could be revived in MCA/BGA and were found

to be pure.
4.2 ANTIBIOTIC SENSITIVITY TEST

- Antibiogram of S. gallinarum isolates indicating the susceptibility and

resistance to various antibiotics/antibacterial agents is presented in Table 1.

All the isolates were sensitive to gentamicin, chloramphenicol,

enrofloxacin, tetracycline, amoxy clav, cephalexin and ciprofloxacin.

All S. gallinarum isolates were resistant to penicillin-G, nalidixic acid,
clindamycin, cloxacillin and erythromycin. Except isolate X 4, all were found

resistant to co-trimoxazole.
4.3 PATHOGENICITY
4.3.1 Pathogenicity in Mice

All the three local isolates of S. gallinarum were able to kill weaned mice,
while the reference strain BGL didn’t kill the mice even after seven days. Isolate
PS 8 killed mice within 24 h, while isolates QS 1 and X 4 took 72 and 96 h

respectively for causing mortality.

The gross lesions observed in the internal organs of the dead mice were

petechiae‘ of the pericardium and congestion of lung. Liver and spleen showed
| enlargément, with congestion and focal areas of necrosis. ,Re-iso]ati_on of
S. gallinarum was possible from the heart blood, lungs, liver and spleen on
MCA/BGA.
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4.3.2 Pathogenicity in Day-Old Chicks

The results of pathogenicity studies by four isolates of S. gallinarum in
day-old chicks are summarized in Table 3. The clinical signs and mortality were
prominént and appeared early in IM route, followed by oral and.IC route
inoculated chicks. The major clinical signs observed were somnolence,. poor
growth, weakness, inappetence and whitish diarrhea. Laboured breathing and

gasping were shown by chicks that'di.ed within 48 h after inoculation.

The chicks in Group la ana Ic survived the experimental pe-riod. All the
birds in Group Ib were found ‘dcrad. One bird eacﬁ died on first and second day.
On the third day another two birds Hied, and one died on fifth day. Organisms
could be re-isolated from the liver, spleen, heart blood, lungs, yolk and ceca of all
the dead birds. | - o

In the case of chicks in Group IIb all the birds died, four on third day and
one on fourth day. Death was noticed in four birds of Group Ila and llc. The
tissues of the dead birds revealed the presence of Salmonella as evidenced by re-

isolation.

" All the birds in Group Illa, IIb, Ilic, IVa, IVb, and IVc died within six
days PI. Re-isolation of Salmonella was possible from the liver, spicen,r heart

- blood, lungs, yolk and ceca of all the dead birds.

" Table 4 depicts the re-isolation .of Salmonella from cloacal swabs

collected from surviving birds on days three, .seven, 11, 15, 21 and 28. Pooled
| c]oacal.swébs from Group Ia, Ic, Ila and Ilc birds wére positive on day three and
seven. Swabs from chicks, belonging to Groups Ib, IIb, Illa, Illc, IVa and IVc
. were positive-on day three and then the birds died before day seven.-Chicks in

Group I1Ib and IVb died before clqacal swab collection on day three.

At'the end of experimental period the surviving chicks in Group Ia, Ic, Ila

and Ilc were sacrificed and the pooled organ samples were subjected for cultural
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examination. Salmonella could be re-isolated from- the cecal samples of all the
groups. No -Salmonella could be isolated from any other organ. samples. The

results are summarized in Table 5.

_ - Control birds remained healthy throughout the experimental period. They
were sacrificed after 28 days and -visceral organs were subjected to cultural

examination and there was no evidence of Salnonella. -

Body weight ga-linv, was :'(fonsidé;ably affected in treatment ‘groupé
compared to control group. In the. case of Group III an_.d 1V, all chicks died before
thé combletion of exper_ihiental period.. The dif_feren(':e in average body wéight of
chicks belonging to Grpﬁp I and IT with the corresponding control group is giveﬁ

in table 6.
4.3.3 Pathogenicty in Lﬁyers.

The results of .pathc;gcnicity‘_studies iby four isolates of S. gallinarum in
layer birds are sum'mall'rized-_ in Table 7. The clinical signs and rﬁox’_taﬁty were
prominent and appeared .early in [V route,‘foliowed by .oral and IC route
~ inoculated birds. Cliniéél signs observ_é'd were.lis.tlcssness, inappetanéé,_. ruffled
' feathers, shrunken combs and sud!dén‘, drop'in egg byodﬁction. Most of the birds

which survived showed greenish-yeilow diarrhea with gradual loss of weig_hf.
~In case of GrouAp"V and VI all birds sur',vjived the expcrimehta_l.period. ‘

.Birds belonging to Group VIIc survived the éxperimenta] period, but all
 the birds in Group VIIb-died. One bird each died at second and fourth day and
two died on the third day of inoculation. Organisms could be re-isolated from the
liver, spleen, heart blgod, lungs, oVi-duct 'a;rid,.ceca of all dead birds while no

~ positive isolations were obtai_iﬁed_f frcini the ov'arj of any of the dead birds.

" - Birds in Group*VI‘IIa and VIII¢ survived the experimental period. One
" bird in Group- VIIIb died on fourth day of inoculation, Re-isolation was obtained

from all the tissues except ovary.
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-~ Control birds remained healthy throughout the experimental period. They
were sacrificed after 30 days and visceral organs were subjected to cultural

examination and there was no evidence of Salmonella.

4.4 REISOLATION OF SALMONELLA FROM CLINICAL SAMPLES OF
EXPERIMENTALLY INFECTED BIRDS

-4.4.1 Cloacal Swabs _

The results of re-isolation of Salmonella from cloacal swabs of infected

layers are depicted in Table 8.
4.4.2 Organ Samples Collected After Post Mortem

The details of re-'isolatio'n from organ TSamples of sacrificed layers at the

end of experimental perlod are giv‘en‘ inTable 9.

Pooled liver, ovrduct ovary and ceca- from Group Va were posmve for
Salmonella but spleen was: negatrve in this group. Group Vb pooled liver, spleen,
ovrduct and ovary were posmve whlle pooled cecal samples gave no re-isolation.
Regardmg Group Ve pooled liver, spleen and ovrduct were positive whrle ovary

" and ceca were negative for Salmonella

‘In Group Via pooled samples of liver, spleen and ovary yielded no
" Salmonella re-isolation but oviduet and ceca gave positive isolation. All the
tissues were positive m Group VIb except ovary and ceca. Only liver and spleen

. was posmve in Group | VIc :

Pooled samples’ of Ilver and ovrduct were posrtrve in Group VIIa No bird
in Group VIIb survived the expenmental perrod Oviduct and. ovary were posmve

in Group VIIc

In Group Vlilla and VIIIb no re-lsolatlon of Salmonella was obtamed from
any of the tissues but samples of llver and ceca gave posmve re- 1solat10n in
Group VllIc. '
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4.4.3 Eggs.
- 4.4.3a Variation in the Number of Eggs Laid

In case of orally infected -]a'yers, reduction in e'gg productibn was noticed
in the first week after .inoculation. The fed(xétion was highes;c in Group VIIla.
This trend in egg productioh continued for the second week except in Group Va
where the egg production gradually increased after ﬁ-rst week. No group reached

the pre-experimental egg production during the 30 days experimental period.

" Birds belonging 't(; G:roups' Vb, VIb, VIIb and VIIIb showed a drastic
reduction . in egg production’ during the fir‘s‘t:weei(.PI. Compared to all other-
Groups the reduction was highest in these Groups and among them most severely
affected was Group VIII'b.. The re_duéing t,rend. in egg production continued for
"~ second week in all groups except in Group Vb which showed an increase after
- the ﬁrst_ week. No group reached:thé pre-é;{perimental Jproduction and in sevérely

affected‘G,roup VIIIb by two weeks there was total cessation of egg prodﬁCtion.

Intracloacally inoculated birds also showed reduction in ‘eg'g. production
for the first two weeks. The reduction was most prominent in Group VIIIc. Pre-

'experimental production was not achieved by any of the experimental groups PI.
4.43b Re-isolation from Pooled Eggs

Isolation of Salmanelllc‘.z fromjp_ooled eggs collected on daily basis lS given
in Table 10. | |
Salmonella could be isolated from .egg pools of day 11, 13 and 15 in

Group Va, on day nine.in Group Vb and on Aday. two and 14 in Group Vc.

Similarly positive isolations were obtained: from egg pools of day 10; 11 .
and 14 in Group Vla, on day 15, 26 and 27 in Group VIb and on day three and 21
in Group VIe. | -' A
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~ Egg pools from Group‘VIIa gave positive isolation' for Salmonellaon day
11 and 21. There’ was no egg productron in. Group VIIb from second day of

mfectron Group ViIc eggs were posrtrve on day ﬁve and seven.

No.SaImoneIla could be isolated from. Group VIIla. There was complete
" cessation of egg production in Group VIIIb from second day of inoculation.

Salmonella was isolated on day 11 from po_oled egg samples of Group Vlllc.

45 IDENTIFICATION OF RE-ISOLATED ‘ ORGANISMS .FROM
- EXPERIMENTAL INFECTION

The organisms isolated from clinical samples and eggs of experimentally
infected brrds were conﬁrmed as S. gallmarum (Table 2). The orgamsms'
produced pink colonies in BGA tummg the medium into pink and produced
-colorless colonies on MCA. All the re-isolates were Gram negative, catalase,
methyl' red, nitrate  reduction, HaS Aproduction and Srnithine deearboxylase
positive. They were negative for oxrdase indole productron, Voges-Proskauer,

" citrate utilization, urease and phenyl alanrne deaminase reactions.
_4.6 GROSS PATHOLOGY.

The important gross- lesrons observed in brrds died of acute. rnfectron were
generalrzed congestron and enlargement of all the organs. The lrver was friable
and on the liver and spleen there were drffused necrotic foci. Lungs were
congested, ' oedematous and. inflamed. There was severe congestion ‘ and
enlargement. of the vessels of the. ovary. Chromcally infected birds revealed
pallor of breast muscles and comb. with catarrhal enteritis. Day old -chicks
revealed severe to moderatély .congested unabsorbed yolk material in the
abdominal cavity. There rhras hepatornegali, spleenomegali and pericarditis. Mice
" showed petechiae of the pericardlurn' and congestion of lung. Liver and spleen
showed enlargement, with congestion and focal ar_e'as of necrosis. The changes

are depicted in Fig.1 to 8.
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4.7 HISTOPATHOLOGY

In.thc myocardium there was separation, degeneration and fragmentation
of muscle fibers, congestion, haemorrhage and infiltration with heterophils.
Lungs showed congestion, oedema and infiltration with inflammatory cells. Liver
revealed moderate to severe congestion, degeneration, multifocal necrosis and
infiltrated inflammatory cells. In the spleen there was congestion and focal areas
of necrosis. The cha{]lges in ovary and oviduct were very severe congestion with
- infiltration of inﬂaxr;matory cells. Micc liver and spleen showed necrosis and
microabscesses. Myocardium showed haemorrhages and separation of fibers, The

changes are depicted in Fig.9 to 28.

4.8 ANALYSIS OF OUTER MEMBRANE PROTEINS (OMPs) OF S,
GALLINARUM

4.8.1 Sodium Dodecyl Sulphate — Polyacrylamide Gel Electrophoresis (SDS
- PAGE) Profiles of OMP Rich Extract

'The outer membrane protein (OMP) extracts and standard protein marker
were subjected to SDS-PAGE.

The medium range protein molecular weight marker yielded six bands
rangiﬁg in molecular weights from 97.4 kDa to 14.3 kDa. The OMP profiles of
all the three S. gallinarum local isolates and the reference strain BGL were
almost identical. There were about 13 protein bands with approximate molecular
weight ranging from 13 to 110 kDa as determined by Biorad sofiware compared
with ‘molecular weights of the medium range protein molecular weight marker.
Molecular weights of the 13 different polypeptide bands were 109.24, 96.43,
83.73, 71.68, 64.54, 56.74p 51.41, 4846, 38.78, 37.15, 34.23, 32.53 and
18.96 kDa. Five protein bands with approximate molecular weight of 109.24,
71.68, 64.54, 48.46 and 38.78 kDa were thicker than others, suggesting that they
were the major OMPs (F'ig. 29).
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4.9 ANALYSIS OF HOMOGENEITY/HETEROGENEITY OF BACTERIAL
ISOLATES BY SEROLOGY '

4.9.1 AGID

On viewing the gel against diffuse hght lines of 1dentlty were: observed
w1th all four isolates using both BGL and QS'1 hyper immune serum (Fig. 30
and 31).



f Table_: 1, Antibiogram of Salmonella isolates
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" [ Amoxy clav

Cephalexin:

a Chloramphenicol

Ciprofloxacin

Clindamycin

| Cloxacillin. :

" Co-trimoxazole

‘Enrofloxacin

| Erythromycin’

Gentamicin

‘Nalidixic acid -

Penicillin-G .
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ST

.| Gram’s reaction

G-ve.. .

Catalase -
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Oxidase .

Indole - - - -
| Methyl Red + + + +
Voges-Proskauer - - - -
Citrate Utilization’ - - - -
Nitrate Reduction e + + +
Urease - o s = _ R
Phenyl Alanine Deaminase- . - - - _
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Table 3. Pathogenicity study in day-old chicks

Re-isolation

Bacterial | Route of No: of ' Mortality after inoculation
isolate used | inoculation chicks/ (hours) :

o route 24 |48 |72 |96 | 120| 144 | Total | Liver | Spleen | Heart | Lungs | Yolk | Ceca
Nk , . 3 _ ' o : |~ |blood | . 1 . ‘
- GroupI | Groupla. 5 O PR I B I I - | *NT | *NT | *NT | *NT | *NT | *NT
-~ | Groupb | 5 1l 2] -T1]-7s |+ 1 + |+ Y |+ | +

, | GroupIe - s - - - - -l -] 5 | *NT | *NT | *NT | *NT | *NT | *NT
" ‘GroupIi | Group Ila 5 St -l 22 -] 4 + F + + + | o+
Grouip IIb 5 - - 411 - - 5 | + + |+ + |+ +
| GroupIic 5 el 22 -] 4 + |+ + |+ + | +
Group Il |- Group ITJa 5 -1y -12]117].5 + + + + + | +
Group 11Ib 5 s -] -0-]1-1 5 | + + + + |+ |+
Group Illc 5 - -1 -1212]1 5 + + + + + +
‘Group IV | Group IVa 5 - - 11202} -1] 5 + + + + + +
"~ | GroupIVb 5 2 (3] - --]-15s5 ]+ ]+ ]
Grdup Ve 5 - | - 1|1 ]3] - 5 + T+ +. + + +

*NT — Not Tested

99




Table 4. Re-isolation of Salmonella from pooled cloacal swabs of survived chicks

" Bacterial 'Routga of 'Dayj Day 7 Day 11 - “Day15 .Day 21 Day 28
. isolate used | = inoculation o o - _ S : :

. No. of Positive/ ‘ No. of Positive/ No. of Positive/ No. of Positive/’ No. of ~Positive/ No. df Positive/’
chicks ‘negative chicks | negative chicks negative chicks negative chicks negative chicks negative
from from ' from from from which from which ‘
which ~ which which which pooled pooled
pooled pooled pooled pooled " swabs swabs

- swabs D swabs - swabs . swabs - collected collected

‘ L collected : collected collected .| collected - : .
Group | Groupla 5 + 'S5 + ) - 5 - -5 - -5 -
1 Group Ib 1 4 ] - - - R ] ] ] ] R
_ " Growple |~ 5 ] 5 5 ] .5 ] 5 - 5 -
Group | Grouplla 5. + 1 1 - 1 - 1. - 1 -
A GrowpIb |1 |+ | - - : - : : . - :
Group IIc 5 + I + - I - 1 - 1 - 1. -
~* Group |. Group Illa 3. +- - - - - - - - - - -

III

Group IIIb - - - - - - - - - - - -
, . Group Illc 5 - - - - - - - - - -
¥ Group Group IVa 4 - - - - - - - - - -
' v - < , ' ,
- Group IVb - - - - - - - - - - - -
Group IVc, 4 + - - - - - - - - - -

* All birds in these groups died within six days PI

L9
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Table 5. Re-isolation of Salmonella. from organ pool of sacrificed chlcks at the
end of expenmental penod

[ No: of chicks

Isolate ‘Route " Liver | Spleen | Heart.| Ceca |
' o examined blood

GroupI | Groupla 5 - - e +

_ -Group Ic 5 - - - +

Group II | Group Ila 1 - - - +

| ‘Group llc 1 - - - T

All chicks belonging to Group M1, Group v, Group Ib and Group IIb died before
the end of experimental perlod

Table 6. Difference in body weight-of survived chicks at the end of experimental -

period |
Isolate - Routg AVeEzf;:n\zl:ir;tllfr(%lrI)ams) Averacéznggilg%rto(u(l})rams)
Group 1 Group Ia 140 1755
. Group Ic 150 183.33
GroupIl | GroupIla 50 166.67
Group Ilc 100 . 1625

All ChICkS belonging to-Group 111, Group IV, Group Ib and Group ITb died before
" the end of experimental period. .




. Table 7. ‘Pa»thpgeh_ici_ty. study in "léj'é;s- h

Bacterial .
| isolate -
| used .

Route of
inoculation

.. No: of

birds/

" Mortality after inoculation
' ~ (hours)

Total No:T of isolation/Total No. examined

route. .

24

48

72

120

148

.Liver

Heart

Group Va -

96

.Total -

Spleen ..

Lungé

Oviduct

Ovary

*-| Group V. AR R R e O e T NS PR B N B
o Jeowve - [a | T - i I I P -
| oo Gowpve [ e ] - - S I - - -
[ Grow VI |GrowVia |4 | - - -1 |-T-1 - -1 - |~ |-~ -~
R IR Group VIb L4 Y P S (R St DRV R - . . : - - - §
Group Ve~ | 4~ | [ - | <] -|-1]"- - - - - Sl - - -
| Growp VI [ Growp vita |- 74 | - |- |- () <] - o [ o faa i i o
e |Group vilb:| 4 a2l a4 as | a4 | W 44 50/4‘"; 4/4 "
‘ Group VIIc 4 = - - -] - - - = - | - - - -
Group VII | GroupVIlla | - 4 . |- | - [~ | - | - | - - o - - - S N
o ewpvnb | 4 | o |- o[- - v e an | e | |
Y/ R R I I PRV - s - - o - - -

‘Group VIIIc | -

.69
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Table 8. Re-isolatiéh of Salmonella from cloacal swabs of layérs

Group V

Route Group Va ‘Group Vb Group Ve
| Bird | 3978 | 3858 | 4444 4066 | 3894 | 3826 | 3892 | 3760 | 3744 | 4396 | 3736 | 4276
No. : : |

Day3 |+ + + +- + - - + - - + +
Day7 |- + - - - ~ -+ + - - -
Day 11] - - - - - - + + - - + -
Day 15| + - + 1+ - - = I - - - +
Day 21| - + - - - - - - - - - -
Day 28] - + + - - + - + - - +

Group VI

Route .Group Vla Group VIb . Group Vic

Bird | 4703 | 3789 | 4291 | 4021 | 4068 | 4283 | 4246 | 4234 | 4107 | 3784 | 3865 | 4244
No. | B : Sl ‘ L
‘Day3 |+ + + - + + + - - + + +
Day7 |- |- - - - + | +- - - - - -
Day 11] - + - - - - - - - + + -
Day 15| + - - - - - - + - - - -
Day 21| - - + - - - - - - - - -
Day 28| - - - - - - -+ + - - - +

. , Group VII: ‘

Route Group Vlla ‘Group VIIb Group VlI¢

Bird | 4227 | 3876 | 4317 | 4359 3731 | 4073 | 4352-| 4080 | 4383 | 3857 | 3756 | 4372
No. - ' :

Day3 |+ + |+ - - *WNT | *NT | *NT | - + + -
Day 7 | - - *NT | - *NT | *NT | *NT | *NT | - - - -
Day 11/ - - *NT | - *NT | *NT | *NT [ *NT |+ - - -
Day 15| + - *NT |- . [ *NT [*NT | *NT [ *NT | - - |+ +
Day 21] - -~ | ¥*NT |+ *NT | *NT | *NT | *NT | - - - -
Day 28| - - *NT [- | *NT | *NT | *NT | *NT | - - + -

' * Group VIII . .

Route Group VIIla . ~ Group VIIIb Group VIIIc

Bird | 3750 ] 4126 | 4235 | 3852 | 3829 | 4315 | 4434 3766 | 4274 | 4254 | 3785 | 4352
No. ' ) ]

Day3 |+ - - - |+ + . |- - - + + +
Day7 |+ + - 4+ | *NT | - - - - - + -
Day 11] + + + + #NT | - - - + - + -
Day 15| - - - - *NT | - - - - + - -
Day 21} + - - - *NT | - - - - - - -
Day- 28| - - - - - |*NT |- - + |- - - -

*NT — Not Tested
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Table 9. Reisolation of Salmonslla from pooled organ samples of sacnﬁced layers at
‘the end of experimental penod : S
ISOI_ats Route No: of birds Liver éplésn ‘Oviduct | Ovary | Ceca
in the pool : ' - .

Group Va 4 T+ - + + +
| Group V' Grouvab 4 + + + + -
o Group Ve | 4 i + + ; -

| .' ‘Group Vla ;‘4: | - - + - +
| Group VI Group VIb - o 4 . + | “+ + - -
| GowpVIe | - 4 PR } S
Group Vlla | 3 + - + - -
Growp VIl | Growp VIIb | - . ] ]
.Group V¢ | 4 ] - - + Tt -
Group VIlla | -~ ‘4" - - . ; ;
| Group VIII - | Group VIIIb "3 - - - - -
Group VIIe 4 & ; - ) +
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.| Day 30 | *NT | -

Table 10. Ré-isolation of Salmohella from pooled eggs

~ Group 'V

|- Group VII

~ Group VIl _

-GroﬁprI.
T rore

o)

"+ or-

' © tor-
‘I'Va | Vb

|- Via

‘VIb

Vic

‘Vila

VIIb.

Vile

“VIIIb

_Dayl' - -

Villa

Vil

|Day2 [- |[*NT [+ |- [*NT|- . |*NT|*NT |- - | *NT |-
Day3 |- - |*NT|: |- :|*NT|+ |-  |*NT|- -. | *™NT |-
I Day4 |- |- - |- |*NT|[- |- |*NT|*NT|*NT |*NT |-
| Day5 [*NT|- - |~ . |*NT]-. |-. |*NT|+ [|*NT |*NT |-
| Day6:]- |~ - | ANT -, |- | *NT |- - | *NT |-
“|Day7 |- |- c}- |- | *NT|*NT|[*NT|[*NT |+ |*NT |*NT |-
‘Day8 |- |- < | *NT |- -0 | *NT| .. | *NT |*NT |-
Day9 |- |+. |- |- [*NT]- - |*NT |- *NT | *NT |-
IDayl10|-. |- |- |+ |*NTj|- - |*NT - *NT | *NT | *NT
A Day11 |+ |- |- [+ [*NT|- [+ [*NT |- |*NT |*NT |+
Day12|= . |- |- |- |*NT|*NT/|- . |*NT/- *NT | ¥NT | *NT
Day 13|+~ |- - |- - [*NT]- |- *NT | - *NT | *NT | *NT
Dayl4 |- |- |+ |+ [|*NT|-. {- [*NT]- *NT | *NT | *NT
Day15 |+ |-~ B e - |*NT |- *NT | *NT |-
Day16 [- .[- |- |- - |*NT[- - *NT (- .[*NT | *NT |-
Day 17{- - |- - |- | *NT{*NT|[- |[*NT]|- *NT | *NT |-
Day18 |- . |- C b= ] *NT - - | *NT |- . |*NT |[*NT |-
Day 19| *NT |- - |- - | *NT | - *NT | - - |'*NT |-
Day20 |- |- .- [=- | 7| |- [=~T[- - *NT | -
Day21|- |- - - [+ |+ [*NT}- -~ |*NT |-
Day22 {-. |-+ |- (= - "[-" |- |*NT]|- - < [*NT' | *NT
Day 23 [ *NT |- - |- |-°-|- - *NT | - - | *NT |-
A Day24|-. |- |- |- |- - = | *NT - - . |*NT |-
Day25|- -. |- |- |- |- - | *NT |- - | *NT |-
| Day26|- [ |*NT |- |- |+ |- = | *NT |- - *NT |-
|Day27(-. [*NT|- [- [+ |- |- [*NT]- T|*NT:[*NT |-
Day 28 | *NT | --= |- |- [- |- - |#NT [*NT |- - [*NT |-
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Fig. 1 Fig. 2

Fig. 3 Fig. 4

Figure 1 Mice infected with Salmonella - Liver showing diffused necrotic foci
Figure 2: Mice infected with Salmonella - Spleen showing splenomegaly
Figure 3: Chick - Liver - Degeneration and necrosis

Figure 4: Chick - Yolk sac - Omphalitis



Fig. 7 Fig. 8

Figure 5: Layer - Liver - Scattered necrotic foci
Figure 6: Layer - Spleen - Splenomegaly with diffused necrotic spots
Figure 7: Layer - Ovary - Engorged blood vessels

Figure 8: Layer - Lungs - Pulmonary congestion and oedema



Figure 9:
Figure 10:

Figure 11

Figure 12:

Fig. 9 Fig. 10

Fig. 11 Fig. 12

Mice - Liver - Microabscesses and haemorrhage - H & E X 400

Mice - Spleen - Abscesses - H & E x 100

Mice - Spleen - Haemorrhage and depletion of lymphocytes - H& Ex 400

Mice - Myocardium - Haemorrhage and separation of fibers - H& E x 400



Fig. 13 Fig. 14

Figure 13: Chick - Liver - Microabscesses and vacuolar changes - H & E x 100

Figure 14: Chick - Spleen - Necrosis and depiction of lymphoid cells - H & E x 400

Figure 15: Chick - Myocardium - Haemorrhage and infiltration of inflammatory cells -
H&Ex 400

Figure 16: Chick - Ceca - Goblet cell hyperplasia and infiltration of inflammatory cells in
submucosa - H & E x 100



Fig. 17 Fig. 18

Fig. 19 Fig. 20

Figure 17: Layer -Liver -Inflammation and vacoular changes - H & E x 400

Figure 18: Layer -Liver -Haemorrhage in parenchyma with vacoular degeneration
H & E x 400

Figure 19: Layer -Spleen- Necrotic foci - H & E x 100

Figure 20: Layer -Spleen- Depletion of lymphocytes - H & E x 400



Figure 21:

Figure 22:

Figure 23:
Figure 24:

Fig. 21 Fig. 22

Fig. 23 Fig. 24

Layer - Myocardium - Fragmentation of muscle fibers, inflammatrory cells
and haemorrhage - H & E x 400

Layer - Lungs - Hyperplasia of bronchial epithelium with exudate - H & E x 400

Layer - Lungs - Inflammatory cells and engorged vessels - H & E x 400

Layer - Ovary - Follicular membrane showing inflammatory cells -
H & E x 40



Figure 25:
Figure 26:

Figure 27:

Figure 28:

Fig. 25 Fig. 26

Fig- 27 Fig. 28

Layer - Ovary - Engorged vessels - H & E x 100
Layer - Ovary - Presence of inflammatory cells - H & E x 400

Layer - Oviduct - Hyperplasia of ductal epithelium with congested vessels -
H & E x 400

Layer - Oviduct - Engorged blood vessels and inflammatory cells - H & E x 400



97.4 kDa

66.0 kDa

43.0 kDa

29.0 kDa 2%

20.0 kDa

14.3 kDa

Fig. 29 SDS - PAGE analysis of S.gallinarum Outer Membrane Proteins

Lane 1: Medium range protein molecular weight marker
Lane 2: X 4

Lane 3: QS 1

Lane 4: PS 8

Lane 5: BGL



Fig. 30 AGID using hyperimmune serum against S.gallinarum

BGL isolate
C - Hyperimmune serum against BGL isolate
1- Negative control
2 - Whole cell protein BGL
3 - Whole cell protein PS 8
4 - Whole cell protein QS 1
5 - Whole cell protein X 4

Fig. 31 AGID using hyperimmune serum against S.gallinarum
QS 1lisolate

C - Hyperimmune serum against QS 1 isolate
1- Negative control

2 - Whole cell protein BGL

3 - Whole cell protein PS 8

4 - Whole cell protein QS 1

5 - Whole cell protein X 4



Discussion




5. DISCUSSION

Fowl typhoid, caused by -S. gallinara}n, is one of the major diseases of
economic importance for poultry, distributed world wide, including Indian sub-
t_:ontineﬁt. Salmonella infcqtibn. in -domestic pou'ltry has been reported from
almost all parts of India. Among them, S. gallinarum was the most frequently
isolated serot)[pé, associated \évith avian salmonellosis. Dcterminiﬁg the antigenic
homogeneity/heterogeneity and patho'gcnicit‘j of different isolates is an important

step in devising proper control measures against FT.
5.1 ANTIBIOGRAM

All the four Salmonella isolates wére subjected to antibiotic sensitivity
testing. All the isolates were ,sensitive - to amoxy clav, cephalexin,
chloramphenecol, ciproﬂoxacin, enrofloxacin, gentamicin and tetracycline. All of
them were resistant to peniéillin-G, nalidixic acid, erythromycin, cléxacillin and
clindamycin. These patterns were in accordance with Sujatha et al..(2003) and
Shukla and Singh (2001). | |

Three isolates viz., BGL,_ PS 8 and _QS 1 were resistant to co-trimoxazole,
' 'but-isol_ate'X 4.was v;susceptibllé. Poppe et al. (1995) h}xd reported that out of 2690
Salmonella isolates belonging to 52 serovars, .only 1.7 per cent showed resistance
~ to trimethoprim-sulphomethoxazole combination. The susceptibility of X 4
isolate to co-trimoxazole might be due to the absence of sulpha resistance
plasmid. But this could not be ascertaineéd as plasmid isolation and its role in

antibiotic resistance was not studied.

The antibiotic sensitivity pattern revealed by the four isolates  were

identical, except for co-trimoxazole.
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5.2 PATHOGENICITY IN MICE

Except for the reference strain. BGL the other three isolates were found to
be pathogemc to mice. The’ most pathogemc was the lsolate PS 8 whieh kllled
mice within 24 h, followed by QS.1 and X 4 which krlled mice in 72 and 96 h
res;ieoti\_iely. Salmonella gallinarum isolate BGL was unable to kill or produce
any clinical signs in mice even .aﬁer seven days post inifection. Kokosharov and ‘
Phettsova (2002) reported that elght out of 128 gallmamm strairis tsolated from
dead hens of different pouItry farms were lethal to adult whrte mice after intra-

peritoneal inoculation.
5.3 PATHOGENICITY IN DAY OLD CHICKS

The chmcal srgns and mortahty were predommant and appeared early in

M route followed by oral and IC route moculated ehicks Smgh et al. (1996)
reported that mortality "due to..natural -and experimental infection with S.

' gaIlinarum in chickens varied from zero to 100 per cent, which could .be
attributed to wide variation in virulence of different"S gallinarum strains. The
_major clinical signs observed were somno]ence, poor growth weakness,'

mappetence and whitish dtarrhoea

Isolates QS 1 and X 4 were found to be most pathogenlc to day—old
chicks, causmg 100 per cent mortality through all the three routes of moculatmn
Even though 1solates BGL and PS 8 were pathogemc to day-old chicks by IM
_ route, isolate BGL .was Ieast_,pathogemc, e_ausrng no mortallty in oral and IC

inoculated groups.

Saimonella could be isolated from cloacal swabs collected on days three
and seven in surviving chicks. In birds which survived the experimental ,period
' re-isolation of saImoneIIae was poSSible from ceca ‘ev'en though no other organ‘s'
ylelded isolation. Dhillon et al. (2001) also reported that cecal pouches wefe the

ideal organs for re-isolation of salmonellae compared w1th other organs



75

Surv1ved birds showed consrderable reductlon in body ‘weight after 28
days of experimental perlod Dhlllon et al (2001) reported 1.8 to 12.6 per cent

reduction in mean body welght in moculated groups, compared to control groups.
5.4 PATHOGENICITY IN LAYERS'

~ The clinical signs and mort_aliry were prominent and appeared early in [V
" route, followed by oral and IC routc inoculated birds. Clinical signs observed
were listlessness, inappetence, rufﬂcd feé.thers; shrunkcn combs and sudden drop
in egg production, with most affecfed birds exhlbrtmg grcemsh-yellow drarrhea
with gradual weight loss These ﬁndmgs were similar to those of Nakamura el al.
(1992), Joshi et al. (2000) and Rahman et al. (2002). -

The cloacal swabs from infected surviving birds were examined on day
three, seven, eleven, fifteen, twenty one_and'twent).f eight. Birds belonging to all
‘the groups, except group VIIb where,all b'ird's died within three days PI, showed
fecal shed'ding of Salrnonelld- which_Was intennirtent. This was in accordance
with Shivaprasad et al. (1990). ' H |

In orally challenged birds, the highest fecal shedding was seen with birds
inoculated with BGL, followed by X 4, PS 8 and QS 1. One bird belonging to PS

8 oral group did not show fecal shedding at all!during the experimental -period.

In IV inoculated’ bll‘ds such comparisons could not be made since there

was early mortahty in Group VIIb and Group VIIb.

In the IC inoculated birds highest fecal shedding was seen with Group

VI, followed by Group Vc and thcn Group Vic and Group VIIc, wrth equal

number of sheddcrs

" From the above results it could be seen that isolate QS 1 was the most
virulent strain of S. gallinarum which caused 100 per cent mortality in all IV
inoculated birds, eventhough shedding of the orgahism was not at the highest

rafe. Fierer and Guiney (2001) reported that the important virulence determinants
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- of Salmonella were dlfferentlal expression of var:ous fimbriae, SPI 1, SPI 2 SPI
 3and genes like shd A assomated with fecal shedding that were individual genes
that encoded dlfferent Salmonella lineages of mdmdual strains. Gupta et al.
(1996) opmed that the invasiveness and lethality of S. gallinarum isolates were
two different characteristics. Lethal 'organisr_ris were highly invasive also but all
highly invasive organisms were not léthal, High invasiveness'eould‘ lead to

persistence of organisms for longer time.

.Shivaprasad et al. (1990) reported that meen- fecal shedding was highest
'_" for IV inoculated groups. In this experiment it was difficult to arrive at a
conclusion since there was heavy mortality in Group VIIb and Group VIIIb. In
case of isolate BGL, highest fecal Shedding was seen with orally inoculated group
 followed by IV group-but w1th PS 8 hxghest fecal shedding was observed in IV

route inoculated birds.

The Jayer birds were.sacriﬁeed at the end of the experimental period and
re-isolation of Salmonella was attem'pted errfl-the organ poel. It was fou‘_nd Fhat‘
the highest isolation was obtained from liver and oviduct, then spleen, ovary and
ceca with equal number of isolations. This was against the findings of Gast and
’ Beafd (1990) who experimentally infected 20- to- 22 week-old hens with
Salmonella orally and horizontally and re-isolated it from 58 per cent ceca, 51 per
~ cent of liver, 47 per cent of spleens and 17 per cent of oviduct sampled during
first five weeks after exposure. ,Among.t'he'four isolates studied the highest
number of re-isolation in éll‘the._th,ree foute_s.was' obtained for S. ga?linaruriz
isolate BGL. | B /

VCOmparing the egg p'roductiqn in challenged birds, drastic redection was
seen in birds inoculated through IV _reut_e.‘This:was in accordance to Sivaprasad
et al. (1'990)“ who reported highest drop in mean egg production among TV route
inoculated birds. Reg'a_rdi'ng the othei' two-l.'eu.tes viz., oral and cloacal, highest

"~ reduction was seen for the isolate X 4.
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" Salmonella could’be re-isolated from pooled eggs of groups Va, \”b Ve,
’ VIa Vib, VIc VIIa Viic. and VIIIc No re—rsolatrons could be made from groups
VIIb, Vllla and VIIb. This might be because the number of eggs obtamed from
- these three groups durrng the experimental period was less, compared to other
‘ groups which gave posrtlve isolation. No 51gn1ﬁcant drfference could be noticed
between. drfferent routes of moculatlon and re- rsolatron from egg Shrvprasad
et al. (1 990) had reported that the highest egg shell contammatlon was obtained
with intra cloacal route, while hrghest 1nternal egg.contammatlon was' obtained
with IV route of inoculati:on.'.ln this study such comf)arisons could not be made
~ since no separate examination of shell, ‘white and yolk was conducted. The
' number of positive isolation from eggs were:. hlgher which might be due to the

: fecal contamination of egg shells in thrs experlment

5.5 DENTIFICATION - OF - REISOLATED  ORGANISM FROM
| _'.EXPERIMENTAL-IN.FECT"ION | |

The re-1soIates were conﬁrmed as S. gallmarum All the orgamsms were
Gram negative, catalase, methyl red, ‘nitrate’ reductron H,S productron and
_ ornithine decarboxylase ~ positive ‘and’ were negative for oxidase, indole
production; ~Voges-Proslcauer, citrate 'Utili;a'tion,‘-.urease and "phenyl 'alanine
deaminase reactions. These ﬁndlngs- were ‘in ‘accordance with Shivha‘re et al.
(2000) and Mutharamalingam (2005): . o

5.6 GROSS PATHOLOGY' ..

Gross pathological changes 'ob'se'.r.ved in acute infection were enlargement

of liver and spleen with diffused ‘whlte necrotic spots; congestion‘of heart -and

N ~lungs. Day-old chicl;s_ revealed __inﬂ'amed,-u_nabsorbed yolk material in the

abdominal cavity. Similar type of lesions were observed' with all the four isolates
which caused death on experlmental 1nfectlon These findings 1n Salmonella
, expenmental infection were in accordance w1th those of other workers (Verma
1968 Rahman etal, 1997 Shah etal, 2000)
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5.7 HISTOPATHOLOGY

Histopathological changes observed li_n_acute infection were congestion,
necrosis and vacuolar degeneration in'liver, inﬁltration- of inflammatory célls and
. .RBC’s in between my.ocardial “fibers, pulmonary oedema and congestion,
congestion and infiltration of inﬂammatory cells in ovary and sub mucosa of
intestine. Similar findings had been reported by Joshi et al. (2000) Prakash et al.
- (2002) and Prasanna et al. (2001) ' ' '

5.8 SDS-PAGE. FOR DETECTION OF ANTIGENICITY OF DIFFERENT
SALMONELLA ISOLATES ' '

s The OMP extracts of all the three loe'al isolates a_nd reference strain B'GL
were subjected to SDS-PAGE analysis. The: SDS-PAGE profile of the OMP
extracts of lacal isolates -_obtained were ident_ical to»tha’t exhibited by reference
strain. BGL Thirteen different polypeptide bands of molecular weight ranging
;- between 110 to 18 kDa vyer_e_clearly identified for all the four isolates and their
molecular weight was ca[culated using'Biorad software compared to standard
medium range protein molecular yveight inarker Five brotein bands were thicker
than others suggestmg ‘that they were  the maJ or OMP’s which were also identical
in-all the isolates. It could: be concluded that all the three local 1solates and the

: reference strain BGL exhlbrted high degree of antlgemc homogenelty

The findings were: 51m11ar to'those of Su_jatha et al. (2003) who obtained
19to 26 bands hav1ng molecular welght ranglng from 14 kDa to 97 kDa on SDS
PAGE analysis of S gallmarum field isolate antigen. Lee ef al. (2005) had also
reported OMP proﬁle of S gallmarum on SDS-PAGE as 15 polypeptide bands of
molecular welght ranglng from 32 kDa to 99 kDa o
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5. 9 ANALYSIS OF HOMOGENITY/HETEROGENITY OF BACTERIAL
ISOLATES BY SEROLOGY

"Agar gel 1mmunod1fﬁ.lsron was carrled out to find out the antrgenrc
homogenerty/heterogenerty of the four local rsolates and the reference isolate.
- Hyper immune serum was ralsed agamst two isolates, namely, BGL and QS 1.
Agar gel immunodiffusion carried out using . both these hyper immune sera and

whole cell protein of the isolates revealed clear lines of identity, indicating high
: degree of antigenic homogenelty 1n between the local isolates and also between

the local 1solates and the reference. 1solate.

The present study reveals hrgh degree of antrgemc homogenerty m'
between the local isolates and also between the local rsolates and the reference
: , rsolate Even though antrgemc homogenerty exrsted between the reference rsolate
and local isolates, the reference 1solate was’ comparatrvely less pathogenle These -
findings may help in evolvmg a better vaccrne agarnst FT incorporating Iocally

' prevalent strains of the orgamsm
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6. SUMMARY

The present study was conducted to evaluate the pathogenicity and
antigenic relationship of various Salmorella isolates from Kerala in comparison
- with a reference/known strain. Three local isolates viz,, PS 8, QS 1, X 4 and a
reference isolate BGL were used. The important parameter§ studied were
antibiogram, pathogenicty in mice, pathogenicity in day-old chicks and in 18
week old layers, through three different routes and re-isolation of salmonellae
from cloacal swabs, eggs, post mortem sdmp_les, gross as well as histopathology,
OMP profile by SDS-PAGE and serological analysis by AGID. '

All isolates were sensitive to amoxy clav, cephalexin, chloramphenicol,
ciprofloxacin, enrofloxacin, gentamicin and tetracycline. All were resistant to
penicillin-G, nalidixic acid, erythromycin, cloxacillin and clindamycin. Except

isolate X 4, all were found resistant to cb-trimoxazolg.

‘Except for the reference strain BGL, all thé other three isolates were
found to be pathogenic to mice. Among them the most pathogenic was isolate PS
8. The reference strain BGL failed to produce any clinical signs or mortality in

mice-even after seven days post infection.

_ All thé four isolates” were found to be pathbgenic to day-old chicks.
Clinical signs ahd mortality were predominant and appeared early in IM route,
followed by oral and IC routes. The major clinical signs observed were
somnolence, poor growth rafe, weakness, inappetance and whitish diarrhea.
Isolates QS 1 and X 4 were the ﬁdst pathogenic, causing 100 per cent mortality,
~ while isolate BGL was least pathogenic. Survived chicks had considerable loss in
- weight gain and showedﬁ intermittent shedding of sal_r’n_oneliae through feces till'
the end of experimental period. All chicks died during experime’nt‘ai period gave

positive Salmonella isolation from liver, spleen, heart blood, lungs, yolk and
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ceca. The survived chicks were. sacrificed at the end of experimental period and

positive isolation was obtained only from ceca.

Regarding the pathogenicity in layers the clinical signs and mortality were
predominant and appeared early in intravenous route, followed by oral and IC
route inoculated birds. The major “clinical signs observed were listlessness,
inappetance, ruffled feathers, shrunken conibs and greenish-yellow diarrhea with
~ gradual weight loss. There was considerable reduction in egg production. Cloacal
. swabs examined on day three, seven, eleven, fifteen, twenty one and twenty eight
revealed intermittent shedding of organisms by birds in most of the éxperimental
groups. The most pathogehic strain was found to be QS 1, which was not
shedding the organism at the highest rate. Tho survived birds were sacrificed at
the end of experlmental period and on attemptmg re-isolation, the highest number
was obtamed from liver and ov1duct followed by spleen, ovary and ceca with

equal number of isolations.

" The egg production was affected in all challenged birds and among them,
most affected was intravenously challenged groups. No signiﬁcant differences
could be noticed between different routes of 1nocu1at10n and re-isolation from egg

in all the four isolates.

The re-isolates were confirmed as S. gallinarum by ‘biochemical
characterization. All the isolates tested were methyl red positive and were indole,

Voges-Proskauer, urease, phenylalanine deaminase and citrate negative. '

"The gross and hisopathologicali changes observed in experimental
infection with all isolates were the sa'me. There was enlargement and necrosis of
liver and spleen with congestion of heart and lungs. Day-old chicks in addition
revealed omphalitis. Histopéthologicol changes were that of congestion, necrosis
. and infiltration of inflammatory- cells into the internal organs including sub

mucosa of intestinal walls.
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Sodxum dodecyl sulphate polyacrylamxde gel elcctrophoresxs analysxs of )

OMPs of all four lsolates were conducted to study the antlgemc relatlonshlp

" among lsolates. Sodium- dodecyl s_ulphate - polyacrlylamlde gel electrophoresis

revealed 13- different polypeptide bands of. molecular weight ranging‘ b'etween
110 to 18 kDa for all- the four isolates,- mdlcatmg high degree of antigenic

homogenelty between the isolates.

'Agar gel intmunpdiffusion was carr.ihed eut with hyperimmnne serum
| _ .réised 'aga.inst two isola'tes'jtfiz., BGL-andQS 1 to analyze the home'geneity/

heterogeneity of bactetiallis'olates by serology. Agar gel immunodiffusion carried
| out. using both these hyperimmﬁne _sera'and wh'oie cell prdtein of isolates
" revealed clear lines of identity, indic'ating‘-high‘ ‘degree of antigenic homogeneity
in between the local 1soIates and also between local isolates and the reference

1solate |
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ABSTRACT

_"Inthe present study the eathoge_nicity and the antigenie relationship of
. three local isolates of S. gnllinar;um was-compared with that of a reference/known
strain. The antrgemc homogenelty/heterogenerty of these 1solates was studied
using SDS PAGE and AGID. '

All the four 1solates when subjected” to antibiogram revealed srmllar
pattern The only drfference ‘was with isolate X 4 which was susceptlble to

. ‘co-trunoxazole while all the other three were resrstant

: Exeept' for the reference/known str_ai.n BGL, all_the,other three isolates

were found p'athogenie to-mice. .

All the four 1solates were pathogemc to day-old chicks. Isolates QS 1 and
X 4 were .most pathogemc Ma_]or clmlcal signs were somnolence weakness,
inappetance and whitish ‘diarrhea and were more’ promrnent in IM inoculated
group All chicks that dled durmg the experrmental period gave posmve
: _Salmonella isolation from hver, spleen, heart blood, lungs, yolk and ceca. At the'
‘ end of experimental penod surv1ved birds were sacrificed and they gave positive

isolation only from ceca. -

-All the four isolates were - pathogenlc to- -layers (The, clinical signs-
observed Wlere' listlessness mappetance ruffled feathers, shrunken cornb
greemsh-yellow diarrhea with gradual weight loss and was more prominent in IV
challenged group, followed by those inoculated by oral and IC routes. The most
pathogemc strain was QS 1. Cloacal swabs examined for Salmonella revealed
o mtermrttent shedding in all groups., The’ highest re-isolation was obtamed from
liver. The egg production was affected i in all test groups and was most severely
‘affected m v group No srgnrﬁcant dlfference was noticed between different

routes of moculatron and among dlfferent isolates in re- 1solat10n from ege.



The re-isolates were ‘confirmed as. . gallinarum by standard-biochemical

reactions.

“The gross and histopath'olegieal changes ohserved in experimental
infection with all the isolates were the same. There was enlargement and necrosis
of liver and spleen, with congestlon of heart and- lungs Day-old chicks had
omphalitis. Histopathologically there was congestion, necrosis and infiltration of

inflammatory cells into the internal organs, including submucosa of intestine.

Sodium dodecyl suli)hate polyacrylamide gel electrophoresis analysis of
the OMPs of all four isolates revealed 13 dlfferent polypeptide bands. These
bands were of 51m11ar moIecular wexght in all the four isolates, indicating

anhgemc homogenelry.

Agar gel 1mmunodlffu51on camed out using hyper immune serum raised
against isolates BGL and - QS 1 revealed lines of 1dent1ty between the four

isolates, indicating antigenic homogenexty by serology. -
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