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INTRODUCTION

Evergince the domesticatlion of swine began,

a few diseases were also #gcognised, particulgrly in early
1ife. Of these, dlgestive disturbances are very important °
and this contagious malady has been found to affect swine of

'allﬂages; but most frequently the young ones as a primary

infection or secondary to some other infectious diseases.
Goodwin . (1957) congidered .enteritis as one of ‘the commonest
diseases of pigs end that it is responsible for death,
unthriftness and stunted growth, Adccording to the survey
conductéd‘by Veterinary Investigatidn Serviee'in U,S,.A.
(1959) nearly 26% of the piglets born, failed ‘to survive
until they were eight week old. Upto three weeks of age
13.8% of the mortality was due to gastroente;itis. The
disease condition acquires greater importancé in swine
because it causes serious economic losses 'in the form of

plglet mortality, stunted growth and increased time to

- market,

' Gastroenteritlis ean occur in various pathological
forms, For instance the inflammatory procesé cen be serous,
fibrinous or haemorrhagic in character, Necéotising gastro=
enteritis 2lso mey be encountered, The type.of gastro-
enteritis also depends on its localisation iﬁ alimentary
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tract; the inflammation may involve the‘stomaéh and intestine
or soiely to the large intestine, :

Numerous dlscrepancies in research findings with
regard to gastroenteritis appear to indicate £he complexity
of 1ts etiology. Aﬁ interplay of a number oflfactors may be
reSponsible for this condition in many cases,.

- Over the past decade a close assocliation between
certain gastroenteric syndrones in pigs and Speclfic serotypes
, of _sgha;iggia,ggli has been established (Gossling & Rhoades,
1966; Djurise, 1967; Vacheev, 1968; Ahuja & Khera, 1971; Cupta &
Singh, 1972), The infection is related to spbcial Serolom=
gleal types of B ggli which produce their harmful effects
by proliferating in the‘antericr small_intest;ne. Accordlng
to Steiensfgi,él. (1963) the E.géli,produce gastroenteritis
mainly in three different ége-groups; (a)‘pigiets a few
days old (b) unweaned piglets about three wee#s old and
(c) pigs about 10 to 12 ieeks old (2 to 3 weeks after weaning).

The major manifestations of porcine Salmonellosis

are gastroenteritis and. septicpemia, end some times combined

) e
occur#nce of ‘these two syndrames. Jubb . & Kennedy (1963)
stated that "Salmonella. ghgle_m_sma and the disease it

produces are both poorly understood and there is ample
opportunity to investigate the disease in areas where hog

' cholera does not occur",
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Piglets form the main animsl reservoir for the
Salmonella. organisms apart. from poultry, Usuélly these
organisms exsist in this host without showing any clinical
»symptoms. The nutrition and husbandry practices or p,rimary
infection such as hog cholera which have gltered the 1nna1_;?_ q
immunity causes "breaking down" ‘to a ﬂuori?ﬁdiarrhoeic process,
which also provides generalised environmental icontamnation.

| Of the hundred of known Salmonella seroty'pes only
two, §.;bnh1§.nis, and S ghglg:agsﬂa, are host’ adapted to

swine, _ The other organisms rarely encountered in porecine
epizootics include, §.W and. §.,d§;cbx (Sorensen, 1970) .
The U,S, Pullic Health Service reported over 50 serotypes of
Salmonella from swine during the year 1967. The disease is one
of the young pigs, usually 2-l4 months age eSpéeially in

| sucklings. | | '

There had been reports of gastrointestinal troubles
associated with some species of Salmonella ‘among young pigs
from different parts of India (Khera, 1962 Krishnaxmrthy &
Kaushik, 1964), ’ |

| At the Pig Breeding Farm, Mannuthy, a large number
of plgs are ra:l.sgd‘ under good managemental and hygenic
| conditions, but heavy losé.e.s. due to ga.s.troentéritis have
been encountered, Although de_taile..d studies @n the importance

of E.coli and Salmonell.a_have been carried oui in other parts

of the world, a systematic investigation in this regard has
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not been taken up in our country. Limited studies conducted
in the Department of Bacteriology have revealed the predomle
nance of E.coll and Salmonells from digestive diaturbances
of pigs (Sulochana gk zl., 1973)., Hence this thesis is
directed into detailed studies of E.goll and Salmonella ﬁ
strains isolated from enteric disorders in piglings with
special reference to their characters, pathogenicity and

sensitivity to common therspeutic agents,
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ESCHERICHIA COLI

Introduction

The term "Enteric colibacillosis" refers tc a
malady of young pigs caused bygfgacterium _s_qhgughia:, coll
(E.coli). In neonatal pigs the disease is most commonly
manifested as acute enteritis, bacterjﬁia. and colibacillai'y .
- dlarrhoea. In weanling pigs enteric colibacillosis assumes

_ G
two distinctive forms- dlarrhoea or enterotoxyg,emia.
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History and /%hcidence Dt

Sojka (1965) prowided the following history of 7feodsT
colibacillosise In 1885,W;d and
| described en organism from the faeces of new born baby and
is now called Bgcherichia coli. Laruella suggested in 1889,
that E.m].j. may be pathogenic, In later years the importance
of B.coll as a pathogen has been established from calf
diarrhoea (Smith and OrcuIt, 1925) 3 ini}éntile gastroenteritis
(Adams, 1927) and fatal enteritis in young lambs (Hmller, 19333
Marsh & Tunnicb%éf, @ 928

The Veterinary Investigation Centre in England and
Wales surveyed the incidence and death of pigs upto 8 weeks
. of age for a period of two yéars (1956 to 1958), This survey -
indicated that E.goll and Streptococel were the most important
organisms contributing generalised infection and E.goli contri-
buted half of the enteritis cases in pigs between three days
and one week old (Sojka, 1965). Stevens (1963), estimated
_ that nearly 75% of e&ll baby pig diarrhoea cases are assoclated
with E,.coli ‘infection.
Bacteriology

Egscherichbia cold is a normal inhabitant of the

intestine of man and other vertebrates. E.ggoll is a member

of the.genus Escherichia, composed of motile or _norimotile

bacteria,

In Bergey's Manual (Breed gt al., 1957) E-mli is
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des'cribed‘ as possessing the following characteristicss
Rods, usually 0.5 by 1.0 to 3 microns varying from almost
coccoid forms to long rods occu.17:|.ng singly, in pairs and in
short chains. Ususlly non capsulated, nonsporeforming gram-
negative rods. .In broth turblid, heavy, gr/gj/rish sediment;
no pellicle is produced. On blood agar plates different
strains vary in their action. Some are h‘é'bmolytic. Hydrogen-
sulphide is not produced, Methyl red positive,, /sioges-Proskauer
't;est negative. Acld and gas from glucose, fructose, galactose,
lactose, maltose, arabinése,' iylose, rhamnose and mannitol.
Sucrose, raffinose, salicin, esculin, dulcitol and glycerol
may or may not be fermented., Citric acid and salts of citrie
acld not utilised as a sole source of carbon. Nitrii;es are
produced from nitrates and urea not decompoéed.
Haemolysins

_William Smith (1963) states that about 63% of strains
~ isolated from pigs produced haemolysis on 5% ox blood agar.
E.coli strains belonging to 0 groups 138, 139, 141 and 8 ave
haemolytic (Sojka gk al.y 1960). Two types of haemolysins had
been described by Williem Smith (1963), the alpha and beta.
The alpha haemolysin is filterable while the beta 1s not
filterable, The types are indistinguishable on their effect
on hlood agar. Alpha haemolysin obtained by growing cultures
in specisl alkaline medium extract for 2§ to 2% hours at 37°C.
It was antigenie and produced neutralising antibodles when
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injected ip rabbits. High concentratiocn of alpha haemolysin
were toxlic to mice, rabbits and guinea pigs'when in;jeeted
intr@enousiy. ALl the strains of E.coll that di’nlated pig
intestine except 08: K87; K88a,b; Ou5:K? K88a,c produced alpha
-haemoiysin and also some dilatation negative strains produced
beta haemolysin (Smith, 1963). Smith concluded that the haemoe
lysin by pathogenic strains are not responsible for pathoge. -
.nicity, but this is useful as an ald to recognition of
potentially enteropathogenic strains,
Serotypes , , _

Parnas gt gl. (1950) were among the first to report
on serologiczal examination of _E_._Q_Q].i, strains isolated from -
‘heglthy and diseased pigs. Sakazaki and Namioke (1956) tested
50 isolates from mesem?iic lymphnodes of pigs. The strains
1dentified_ belonged to the sero group 08,018_,02,0:21,025,0111,
048,0113,0115 and 021, Eight of the 75 strains isolated from
fasces of healthy pigs were found to be in the Ogroup 01 408,
05,028,076 and 0116, Bwing et al. (1957) in their serological
studies with E,.hg,‘l.i,cultnres, isolated in Ireland and United
States from cases of Oedema disease found that serotypes
frequently encountered belonged to sero gi'oups 0138: K8(B)
and 0139: K82 (B), Other serotypes which weré.of less common
occurrence ing:].ﬁdes 05a, 5c, O46, 0X12 and 75a, 75c.

More then 147 O groups with 89 K antigens and 49
H antigens have been typed from pigs with digestive disturbances
(Dunne & Bennet, 1970). The most important serological groups

Ls]
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associated with gastroenteritis were 08, 0138, 0139,

0141 and 0149 (CGossling & Rhoades, 1966; Vacheev, 1968;
Elder et 3l., 1969; Sweeny, 19703 Beh, 1971, Sweemy, 1972
Yolicin, 1972). |

Three 0. groups have shown to be specifically
assoclated with oedema disease. are 0139, 0141 and 0138,

A number of other O groups have been idenfified with oedema
disease including 02, 05, 018, 020, O45, 075, 0111, 0115,
0117, 0121, 0133, 0145, 0147, 0X11 and 0X12 (Dunne and
Bennet, 1970).

In Indis several workers have reported the isolation
of different serotypes from both.hesalthy and diseased pigs.
Ahuje & Khera (1971) on their investigation on setliologilc
agents assoclated with diarrhoeal disease of ﬁigs aged one
week and three weeks found that theVE.AQ:L_Serotype'beldngs
to sero groﬁp 0142, 02, 0111 and.0133. Gupta and Singh (1972)
isolated sero groups 08, 0101, 020, 015, O41 a2nd 01 from pigs
suffering from gastroenteritis and some of the isolates were
untypable., A single strain isolated from adult plg with
gastroenteritis poésessed‘oh5 antigen. The strain'isolated
from carz}er pig belonged to 035 & 08,

Pathoge%ﬂsis‘ 5

The pa§hoge?isis of enteric colibacillosis was
described as a sequence of four events by Nielsen ( 1968):

1) Infection with pathogenie Eggﬁli 2) Proliferation of the
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pathogeﬁ 3) Produwetion of enﬁerotoxin and 1) Production of
lesion of colibacillosis, | . |

Pig acquires infection from many sources by ingestion.
The organisms have got wide distribution in the environment.
Adult swine (Gupta & Singh, 1972) as well as cats, dogs and
other animals and human beings may be iﬁportant carriers of
E.coll streins that are pathogéﬁic fbr swine, ﬁarmer end Nedertio
(1967) demonstrated éxpeiimenfally‘that'establiShﬁent of colibacie
llosis.rgqﬁires én.adéduate'infeétive dose, Greater the number of
organiéms ingésted, greater the possibility of infection.

The bacteria that cling to the surface of the mu;osa

or those ahle to propagate in crypts awsy from the streaming

effect would be more pathogenic (Nielson, 1968), Arbuckle (1970)
observed that the serotypes of E ﬁgii that usuelly produce

K88 antigen attach to the intestinal ‘mcosa of piglets and

Smith & Linggwood (1971) concluded that ‘the virulence of E.coll

for early weanedhpiglets increased after the bacteria had
acquired the ability to produce K88 antigen, Jones & Rutter
(1974+) demonstrated that K88 antigen was synthesised.by a

K88 positive enteropathogenic strain of E.gnlixin small Iintestine
of both_gnotobioti§ and conventionsl neonatal piglets,

T where it EEE_Egzéégégiﬁienabling the bacteria to adhere and

colonise the mucosa., This adhesive ability can be neutralized
by homoloé%s antiserum, The adherence is not an essentisl

mechanism Lor pathogenesis, but rather shouldL?onsidered as an
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enhancement of pathogenecity of certain strains (Wilson &
Hobmann, 197%), The fimbriae of E.cold act as a mechanism for
the attachment of the epithelium of smell intestine (Duguid &
- Smith, 1955). ' .

Dunpont.gi,al, (1971) reported that the strain of

ggli cause- disease at least by two mechanisms: the elaboration

of cholera like toxin and Shigella like epithelia; penetration.
In either case the proliferation of enteropathogen 13 necessary
for the production of clinical colibacillosis (Kenworthy &
Crabb, 1963,; Smith & Jones, 1968), |
Production of enterotoxin

Acute inflammatory changes occurred in the imcosa

of rabbit intestinal loop exposed to same strains of entero-

. 'pathogenic E.gcoli (Taylor et al., 1958; MeNaught & Roberts, 1958)

whereas other strains di%laxedvthe intestinal loop without infla. -
mmatory response (Taylor gt zl., 1961). These authors concluded
that the gut di%latory effects were due to an active %}aﬁle
substance, enterotoxin produced by the organism. Smith & Halls
(1967) reported that bacteria free filtrates prepared from soft
agar cultures of E.coll produced the same diélatation in ligated
intestinal loops as live bacterial susPen51et; whereas no
d{élatation reactibn vith bacteria free f1u1d3'prepared from
lstrains of E.goli that did not produce d{f}atation when tested
as live suspensions. '

Two forms of enterotoxins have been describeds:

: one heat %t/h?e and the other heat stable (Smith & Gyles, 1970a).
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The heat liable entefx:oto&n ‘wag mainly an extra cellular product
and its pig :Lntestln/éi da.alatation properties were neutralized
by specific antisera, The heat 1:I.ab/1e form is more consistently
associated with bacterial eell lysates and were also neutraliza-
ble (Smith & Halls, 1967). No difference ,;:?é’e* noted in pig
intestinal loop responses or in diarrhoeal syndromes in piglets
following administration of either type of enterotoxin (Smith &
Gyles, 1970a). Smith & Gyles (1970b) and Knoler (1971) observed
that the heat @a Lea enterotoxin prepared f?::?_m porecine entero-
pathogens exhibits a stronger rabbit gut dif’/latory effect than
that with heat stable forms, All the strains of E.cgoll entero-
pathogenic for pigs produced heat stable toxin %t only those
_naturally poss‘essing K88 antigen produced heat Jfab%.e entero-.
toxin (Smith & Gyles, 1970a).

The enterotoxin product:l_.on was contrélled by‘ a transe
.missible plasmid (Ent)(Smith & Halls, -1968; Smith & Linggwood,
1972). and are transmissible to other strains of E.cold and to
S.typhimurium and §_.gxm.gzmm bir conjugation in mixed
- cultures, The transmission of "Ent" to two strains of
Salmonella species did not affect their pathogenicity (Smith
& Halls, 1968).- |
Production of lesions

Not all enteroplathogenic strains of E.goll produce
their 'pathggenieity by the formation of enterotoxins, Some

E.ooll organisms produce their effects as a result of their
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invasive capabilities (Salazaki gt al., 1967; Ogeva ot al.,
1968; Dunpont ej,,,al.', 1971). Organisms which have got invasive
capabilities produce:a Shigelia. like disease, cross react with
Shigellae (Edward & Ewing, 1962). and have biochemical reaction
to Shigella (Dunpont gt al., 1971). Acute inflammatory

changes are noticed_ in the macosa of domestic animals aftér
exposure to invasive strains of E.:mi.‘l._(Kenworthy, 197G
Stately gt al., 1970), . Intestinal epithelial penetration by
certain strains of E.coli has been demonstrated in germfree and

gnotobliotic pigs (Dréss & Waxler, 1970; Menworthy, 1970 and in

conventional pigs (Stately gt gl., 1973)s

The entero pathogenic ‘strains of E.goll have a greater
tendency to be asseciated with eplthelium of the small intestine
than nor\enteropat‘nogenic strains (Berrschinger et al., 1972).
Invasion occur] mainly in the upper one third of the villi
of the jejunum and ileum and in large intestine (Dress &
Waxler, 1970).,

Tests for pathogenicity

Serotyping

Serotyping is a useful tool in helping to establish
pathogenicity.. But pligs without signs of the disease havé
been found to Harbour E.coli that are enteropathogenic.
Ligated Intestinal ioop technique

The technique was formerly used to elucldate the etio-
logy .of ‘neonatal diarrhoea in human patients (De Bhattacharya &
Sarkar, 1956, McNaught é Roberts, 1958). It has been used
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also for the detection of enteropathogens from domestic
snimals (Smith & Halls, 1967). These authors concluded that
the anterior ségﬁent of the small intestine was more suitable
than the posterlor segments.

Cooke (1968) classified the loop reaction in rabbits
.into severé; moderate and“miid type by their microscoplcal
appearance, Severe type 1 reactioﬁis characterised by large
amount of exudate composed of mainly of erythrocytes, /Epe
intestinal wail.is_oédggatous, and the blood vessels d{é}ated.
The villi are grossly diste%ﬁed. The columnar cells broken,
In severe type II reaction is characterised by exudate of poly-
mefghonuclear cells with some RBCs and debris. The columnar cells -
erfoded and submucosa congested and oedematous, In mbdefate
type 1 reaction there ié less exudate but still composed of
eTythrocytes, villi distended with RBCs but no loss of continuity
also, Some oedema and congestion of submucosa may be noticed.
Moderate type II réaction, exudate is composed mainly of poly-
mor@hs with RBCs and debris. No loss of continulty of epithe-
lium, oedema and congestion of mucosa, I Eerere_reactions,
bacilli are seen deeply staining gram-negative in intestinal
lumen sometimes in layers of columnar cells, No bacilli are
seen in tissue spaces, .In moderate and mild reaction the
baeilli stain pale and large numbers are not present on

columar epithelial cells,
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A.positive assogiation between héemolysin production
and necrotoxin production was observed in strains isolated from
gastroenteritis and diarrhoea, Thege properties are beneficial
in labelling a strain pathogeniec (Codke, 19685 Pandae gk al.,
~ 1974), The strain'prodnced.both haemolysin and necrotoxin are
pathogens where as a straln with either of these two properties
are potential pathogens (Pandae. et al., 1974). |

White swiss albino mice was extensively used as the
expefimental animal_for E.coli. But the mouse paxhogenécity
tests are not reliable. According to Jacks & Glantz (1967)
the strain,offg,gglihfrom no%enteric, systemlic sources were
more pathogenic for mice, Shestakov et al., 1972 reported that
necrotoxin production and pathogenécity for mice would be
valuable for differentiating enteropathogens.

Antibiotic sensitivity

Richard & Frasier (1961) pointed out that since drug
re_siatant strains of E_._QQ_].J. may be frequently encountered,
gensitivity test should be done whenever possihle, Saunders
et gl. (1960) observed tﬁat;resistance of E.c0ll to tetracyclines
which have been used as a feed additive on farms, Boberts &
Valley (1969) found that significant haemolytic E.goll
strains isolated from pigs, 17% completely and 13% were compara-
tively resistant to streptomyein and 1% to sulphathiszole. None
of these strains were resistant to chloramphenicol in.concene

tration of 100 miero gramse

N’
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Willinger & Genis (1969) on their investigation to the
~ occurrence of antibliotic resistant strains of E,.ggl;]..in pigs
observed that out of totel 128 strains, ell the strains were
sensitive to neomyein, colistine and ni.trofizrazolidom/e’ while
3% were resistant to chloramphenicol and 9% to dihydrostreptomycin.,
Resistance to streptomycin was mosf commonly observed in strains
isolated from faeces, }
| Yadev & Gupta (1971) compared the antiblotic sensie
tivity patterns of E.cold isolated from gastroenteritis of dome-
stic animals with that of sensitive standard strains of E.cgld B
on minimum inhibitory concentration values. Depeﬁding upon
.the resistant patterns, they groupe,d,‘.._h'_‘-,_.mli..: into four types,
1) those which were sensitive like E.@,B, 2) those which were
showlng ofily streptomycin resistance, 3) strains showing
multiple resistance to pencillin, streptomycid and tetracye
' ¢lines and,4) those showing high "ﬁie" values for all the
antibiotics tested,

Terkado gt aL. ( 1972) studied the antibiotic sensie
tivity of 937 strains of _.ml;L isolated from faecal samples
of heal thy domestic animals aid man. They found that populae
tion of human strains were rel\;s/is.tant to one antibiotic and
multiresistancg to tetrﬁcYclines ’ sﬁtreptomycin,_ chloramphenicol,
SI;lphadimethox'ine_,_ kenamycin and benzyl pencillin,
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SALMONELLA

Introduction. P

Salmoneiq.ésis ecan occur in swine of all ages,
occasional cases occur in young pigs and few cases occur in .
adult swine, However, majority of cases occur in pigs aged
several weeks to several- monthse The character of the |
syndrome may vary from peracute septie(mnia to chronie
enterocaeeqeol_:i.tis. - Younig pigs are prone to sept:.c/eemic form,
‘ where as older ones to enterocaecocolitis (Sorensen, 1970).
" The clinical outbresk is characterised by acute diarrhoea and
rapid death in store pigse. Other symptoms include ané_{/o-
rexis, fever,. nervous symptoms and discolourations of the
extremities (Lawson and Dow, 1966). -

W‘A..mm,constituted 20% of the
‘recoveries from livestock and poultry (Council report of
American Veterinary Medical Associatlon, Council of Public
Health and regulatory service, 1966). _.mhimnnm has been
frequently isolated from normal pigs at slauglﬁr (Vanhoof,
19663 Chung and Froster., 1969) and also from s{evere clinical

disea.sé' (Heard et 2l., 19653 Bﬁmer,' 1973),
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History and incidence /
The first report on Salmonella isolation was in

1885, and it was described as "Hogcholera bacillus" found in

pigs (Hagen and Bruner, 1961). Sorae/sen (19'}0) reviewed

the hiétory of porcine salmonellosis as follows, It was

considered to be a cas.uél agent of cholera until Schwenitz &

Dorset (1903) reproduced the cholera with a bacteria free

filtrate of body flulds teken from infected swines Dorset

et al. (1905) rep.orted that Salmonella infection may be

present as either secondary or primary active pathogens.

Salmonella fyphisuis was described by Glasser (1909) and ‘has been

- reported from swine in various parts of the world. ,‘«_almgngll.a

Iyphlsuis has 1iftle pathogenicity for animals other than swine,

produces a more chronic sy.ndroine and possesSes- greater pof.en-

tial for primary pathogenicityi(Barnes & Bergeland, 1968).
Currently there are in excess of thousand known

Salmonella serotypes, and new ones continue to be discovered

at a rapid rate. These Serotypes often with remarkably low

host specificity, may participate as secondary invadc-‘-rs with a

tendency to produce fatal septiﬁemia of which. _S_almgn_a].l_a

typhimurium is of considerable importance. S. typhimurium

has been frequently lsolated from normal pig at slaughter

(Scott, 19%0; Galton et &l.s 195%; Newal gt al., 19991.

but limited references have been found reporting S.typhimurium

as producing severe clinical disease in a herd of pigs.
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But seversal workers have found_that the organism can cause
e1ther an acute or chronic disease (Heard & Linton, 19653
Hoorens &.Thbonen, 1968).

Heard & Linton (1965), reported an outbreak of
S.typhimurium infection in a hysterectomised pig herd with
approximately 30% morbidity. §.naxazx§h13, S.yphlpurivm,
S.gatuni, S.saintpeul, S.znatun and S.uesterstade have been
reported by Pateraki et al. (1966) from Athens and Greece,
Barnes & Bergeland (1968) found that 8 anhignis was the most
common species found in Minnesota premises., Mathisen (1968)
‘stetes that S.ivphimurium vas the most common isolste in
Norway during the period of 196% to 1967. Acute or chronic
form of the disease in pigs due ﬂo,§,$xnhimuzinm, S.panama,
S.brandenberg has been reported by Hoorens & Thoonen (1968).
Grover et al, (1970) found that in Ontario, S.iyphimurium was
the commonest serotype accounting for about 20% cases and'_
the other Salmonella includes S.heidelberg. Bruner (1973)
reported that, of the Salmonells cultures typed during 1950 to
1971 in Cornell University from diseased animals, 46% of the
isolates accounted for S.ivphimurium. Guineae & Valkenberg
(1974) reported in their study on the occurrénce of Salmonella
in Netherland/%etween 1956 and 1973 that the proportion of
Salmonella typhimurium isolates remain constant at about 61%

between 1963 to 1973 from man, animals and feed stuff.



Incidence in India
Khera (1962), who summari,se\d the reports on
Salmonellosis in various species of animals and birds in
India cited the incidence of 52 serotypes, out of which 4
S.dublin and S.tvphimurium were of common occurr/dnce. Makholia &
| ~ Singh (1963) :Lsolated a new serotype S.brindsvsn from apparently
_ healthy pigs. Datta & Singh (1964) reported ‘the isolation of
S.gokul from p:l.gs. '
. ‘Krishnamrthy & Kaushik (196%) reported some ’outb;'éaks
;e/t"/ pigs with S.choleraesuis var kunzendrof from some parts
of India, Jayaraman gt al. (1964) reported an outbreak of
Selmonellosis ‘due to S.wyeltevreden in guinea pigs. Jayaremen &
;Tohn (1969) suggested that S.wyeltevreden has got a wide range of
host specificity., Nath et al. (1970) gave en account of the
Salmonella serotypes identified from pigs during the period or
1965 to 1969 at National- Salmonella & Eseherchia Centre

/ 4
Kausauli. The most common serotype identified were S. anatum

S.cholersesuis, S.dublin, S.enteritidis, S.kentucky, §.nassenve,
S.newport, S.paratvphi B, S.stadelly, S.yireinia and S.yelievreden.
Goel & Malik (1971) reported the incidence of
Salmonella in pigs in Uttar Pradesh., The s:erotypes isolated in
the order of prevalance were Q.ﬂax@&.z, S.choleraesuis va:i'
k’/ﬁmzendm and S.enteritidis. Bhatia & Pathak (1971) from U,P,
isolated S.choleraeguls var kKunzendrof, S QQl.Qm'D.Q, S.paratvphi B
and S.hyttinsfossa from pigs with diarrhoea and fever and S.ohio
from apparently healthy pigse. Suloch{ana-,e_t. a1.(1973) isolated
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8.yeltevreden from Mannuthy, Kersla from two ailing pigs with
the history of gastroénteritis. ‘Experimental infection proved
: _
that plgs were refractory, Sashahar (197%) isolated S.typhimurium
var sgngnhaaen, S.xrchow, ...cmlm:ae.snia var Xunzendrof,

8. sinblm, S.cnteritidis and Salmonella D group with rough
flagellar antigens from pigs in Bangalore.

9
In Bergey% Manual (Breed et al., 1957) the genus

Szlmonella 1s described as possessing the following characte-

Bacteriology

ristics: Rods which are usually motile by means of peritrichous
flagella, although noﬁ-moﬁile forms may oceur, Gram-negative,
Gelatin nbt,liquefied,»indole4not produced, Hydrogen sulphide
production is variable, Adcid is produced from glucose,
mannitol, maltqééAand sorti tol. Gas production is usually
observed, Lactose, suéfose salicin and adonitol are not attacked.
.The fermentation of other carbohydrates is variable, Acetylmethyl-
carbinol is not produced. Methyl red test is positives ”
Nitrites are produced from nitrates. Ammonium citrate is
ususlly utilised, Urea not hydrolysed, KON sensi tivity
is negative, \

e
Pathpgenisis

The disease caused by _almgnglla species is in the
form of enteric fever, pﬁbmia and gastro enteritis.,
In gastroenteritis the infection is more or less localised

in the intestinal wall (Wilson & Miles, 1964), Kastube &
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Tenska (1973) suggested that the organisms propagate slightly
between the middle part of the large intestine. The caecum
was found to be the most important site for Salmonella in swine
under experimental conditions (Smith & Jones, 1_967), The
pathogenesis of Salmonella depends upon the penetration of the
epithelium of gastrointestinal tracts end multiplication

in the mucosa leading to systemic invasion (Takeuchi, 1971).
The organism multiplies in the phagocytes principally in

' macrophages of the reficuloendothelial system (Wilson &
Miles, 196k; Takeuchi, 1967). The most likely anatomical
site of penetration is the intestine but the pharynx and
tonsils are possible sites (Lawson & Dow, 19663 Smith\&lJones,
19673 Barnes & Bergeland, 1968). \

After penetratlon the organisms multiplies in the
lymphoid. follicles of the intest:.ne and mesent{ric 1ymphFodes.
From these sites they are spilled into the thora‘r'l.c duct and
then into the genersl eirculation. (Guinea.g;h“al., 1968) o
The fi?;ria? increasé bacterial adhesiveness to cell which
would contribute to virulence of the organism (Darekar &
Dugid, 1972).

~ The ecologic interaction between bacteria within
| the- pigs intestine influence the gpopulation of Salmonella
(Nieison, 1968), . Boﬁpﬁoof et z1. (1964) found that the |
bacteria antagon;(!/stic to Salmonella in intestinal tracts
of mice were Bagteriodes species, which produces suffilcient
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acetic and butyric acid to inhibit the growth of Salmonella..
- Celves g% al. £1973) demonstrated the retardation of growth
of Candida slbicansg in broth in presence of actively growing
Salmeonella enteritidis and also in mice injected witﬁ the
organism simultaneously., Koltan (1956); Davenport gt gl.
(£964) suggested the production of paratyphus in pigs due to
activation of the intestinal pathogens by Q_gg,p_haggs_tqmm
larvae. Beh (1971) reported the occurrence of E.coli and

S. typhimarium in two out breaks of haemorrhagic enteritis
in weaned pigs..
Clinieal signs |
‘ The clinicsal signs in field cases are acute diarfhéea
and rapid death., Majority of cases oceur in pigs é.ged 'bwélve
to thirteen weeks mnd has got a "s.eas.\onal occurrence, Clinicai
signs includes ‘reduced feed intake, fever and disco];ration
of the extrem/éties. Diarrhoea was not a consistent feature
and was found spproximately in 4%0% of outbrea.ks. . (Rockburgh
et al., 196’4-; Lawson & Dow, 1966), In some cases of Salmonella
- typhisuis infection massive enlargement of cervicsl region were
not;:i'.ced:~ (Branes & Bergeland, 1968), The imporfant clinical
signs observed in experimental Salmonellosis with S.gholerassuis
were llstlessness, recumbency, vomition, an:%oreﬁa and bluish
discolouration of the abdomen, Diarrhoea méy be noticed
on third or fourth day after infection and persisted for

12-14 days., Increase in body temperature was noted seven



3

'thelcidney and spl en were observed, Marbling of the mesen?&ic

=2

‘days after infection ranging from 105-1079F. = After five days

the temperature declines. Severalhdays after loss of body
weight about 7.20% were noticed (Smith & Jones, 1967),
Pathological lesions . - |

Grossly the carcass emseciated dry and reddened0
In some animgls the surface of the liver shows white foci,
Spleen and regional 1ymph#odes were enlarged. Extensive
areas of reddening, inflammation of’the small intestine
particularly terminsl ileum and in some cases mucous membrane
of the éﬂgon were necrotic, Caecum and colon inflammed

e
and walls thickened and mucous membrane necrotic. The mesenﬁrie

e
1967). In some cases fibrocaseous cervical lymph adinitis
. N——
and{paﬂﬂgid sialoadenitis were observed (Barner & Bergelend,.
19683 Singh, 1968), . b |

- In experimental cases irregular fibropurlent

1ymp%ﬁodes were oedematous and often haemorrhagiev (Bmith & Jones,

—_

membranes were noticed in créﬂgal end of caecum,s In some

cases shallow ulcers were noticed over the entire surface of
the mucosa. Greater curvature of the stomach shows conges-

tion on the diaphramatic surface., In some cases congestion of

&

1ymp#node and.haemorﬁége in_the‘gastrointestinal tract noticedi

in few cases (Lawson & Dow 19663 Sofrenoviec and Jovanovie, 1968),
Antibiotie sensitivity
Edward & Bwing (1972) reviewed the subject on drug.
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.resistance in Salmonella. In S.typhimurium seversl antibiotics f

“either to individusl antibiotics or more frequently for a combiw

-nationgd of resistance determinants. B-fae%or determines
the resistance to ampicillin, streptomycin, tetracyclines,
and sulphonamides, Rfactor transfer from_E.ggll to Salmmnella

has been demonstrated (Anderson & Lewis, 1965).

Rfactor occur only in gram-negative bacteria and
these episomal factors are responsible for development of
multiple resistance of micro organisms to entimicrobisl agents,
Transfer of R-factor takes place primarily through conjugation.
‘Physical transfer of R-factor material from cell to cell
apparently takes place by means of sexual fimbriae, the
presence of which is ge tically controlled, The R-factor
donsists-of RNA and reeﬁmble other bacterial episomes and
plasmids, They are of two kinds or consists of two parts,
the resistance transfer factor (R,T.F.) and the genetic
determinants for drug resistance, The transfer of genﬁ%ic
materisl is respensible for resistance medlated by RTF
(Anderson, 1968), When a drug is introduced into a hetrogenous
population of graqnegatlve bacterin; selective pressure |
(ealled antiblotic pressure) is exerted upon the population, '
This preseure facilitate the development_ef multlple resistant
strains of bacteria, which then may become predomin?it. This
oceurs in animals under analogous circumstances, as shown by
Guinea (1965) and 4nderson (1968). :

!
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| Forhishnyi & Schﬁidbv (1967)Aobserved,that the
organisns isolated from pigs treated with te acyeline,
cbloramphenécol and streptomycin exhibits the following
resistance pattern. The isolates resistant to chlor and oxy f (7
tetracycline and streptomycin with unchenged sensitivity to {
ehloramphenecol. The strain with induced resistance to.
streptomycin remained susceptible to chlor and oxytesracycline
and chloromycetin. Bugae (1969) studied the antibiotic
sensitivity of S.choleraesuis var kunzendlof, S.paratvpii,
S. typhimuriug, S.bovismorbificans, S.heidelberg and
S.enteritidis isolated from pigs. The results observed were
the following, ALl are sensitive to polymyxin, neomycin, chlo-
ramphenicol, furazolidone and resistant to peneillin, strepto-
mycin, tetracycline and erythromyein, ‘
- Bulling and Stephen (1972) experimentally 1nfeoted

pigs with chloramphem%col or tetracycline sensitive strains
of S ;xnhimnninm and S.choleraasuis suggested that the resistance
is controlled by Rfactor and transfer of ?factor from resi-
stant coliform population to sensitive Salmonella occurs

vivo, Ulsen (1972) reported that the sensitivity of the
isolates of Salmonella to streptomyecin tetracycline, furazolidone,
chloramphenicol, neomycin, Kanamycin and ampicillin varied

considerably.
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MATERIAL AND METHODS

Materials examined in this sfudy were collected
from pigs of the University Pig Breeding Farm, Mannuthy,
+ Rectel swabs were collected from piglets under 8 weeks of
age, suffering from diarrhoea with temperature reaction.

Intestinal contents, pieces of Kleum, jejunum, colon, meseng;ic
1ymphhodes, liver, spleen, stomach and bile were collected |
asepéically from piglets which have dled of gastroenteritis,

A total of 27% specimens were examined. Details of speecimens
collected for isolation of Salmonella and E.goll are shown in

Table 1.

. Rectal swabs and faecsl material

Rectal swabs and faecal materials were inoculated
directly into 5% sheep hlood agar, MacConkey léctose bile
agar (#:i;bz; ), Dihydrostreptomyein broth (Di?'s-) end
Dihydrostreptomycin agar (Ramirez & MeCleskey, 1968)
(Appendix Ia & b) and incubated at 37°C, Subecultures were made
from DaElS broth after 18-24 hrs.or inoculation to blood agar
and DHS agar in order to isolate enteropathogens in pure
cul tures,

Tissues
.‘ The tissues were flamed following immersion in
meth&lblcoholLin order to minimse surface contamination.

The tissues were then emulsified in sterile mortar and
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pestle with normal saline aspproximately making 10%
,suspension..’ & loop full of emulsified material was inocue
lated on MLBA, DHS agar and 5% sheep blood agar, The lactose -
fermenting mlonﬂ:ies on MLBA, DHS agar and haemolytic colonies
on blood agar were identified as E.gold on the bagsis of their
‘biochemical. reactions produced in appropriate media as daé-
cribed by Edward and Ewing (1972). The details of the
biochemical reactions are shown in Table 2.

A\ttempts for the isolation of Salmonella organisms
were made ,in the lines described by Edwerd & Ewing (1972).
The materials (faecal materials, rectal swabs and tissues)
were inoculated directly as well as through enrichment
media. A loop full of the emulsified materizl was inocullated
on Brilliant Green Agar (BAGGA ) and MacConkeys agar (with
Brilliant{green /a.;b the ratio 1210,000). The plates were
examined after 2’-1-72 hours of incubation at 37°C Sodium
cltrate was incorporatvd in B/ G/A. ,at’ the ratio of 1%
to supress swaming. proteus. |
| The enrichment media used were tetrathionate
broth and selem.te broth, The specimens processed were. _
inoculated % the ratio of 2 grams (2ul. of bile) to 10 ml.
qua.ntit'ies of enrichment media, These inoculated media were
then 1ncubated at 37°C for 24.48 hours and subcultures were
made on B » GfA., MacConkey/% agar and modified MacConke:;é
medium as advocated by Sharma (1973). (Appendix IIa).

y
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Pink colonies on Bé, A., non-lactose fermenting colonies.
on MLBA and. colourless colenies on modified medium with
hydrogen sulphide production weré suspected to be §§£moneila.
To eliminate Proteus organisms, suspected colonies were
inoculated into modified MacGonkeié agar as advqcated by
Sharma (1961). (&ppendix ITb), Mannitol was used instead .
‘of_lactosé~in this medium, |

For preliminary identification of Salmonella,
suspected colonies were -inoculated into triple sugar-iron |
agar simultaneously with composite medium I & II deviﬁed{by
Chitin et al., (1972); (Appendix IITa). Part I was used
for detection of glucose and lactose fermentation, hydrﬁgen
sulphide,produetion.and-phenylpyruvic acid and part II for
fermentation of mennitol, sucrose, motility and indol produc-
tion., The cultures exhlbitlng typical. reactions were fUrther
tested for biochemical reactions for differentiation of

the species of Salmonells from other members of

Enterobacteriaceae as described by Edward and Bling (1972).
Details of the biochemical reactions are deseribed in Table 3.
The cultures tentatively identified as E.goli were

furthér tested for production of haemolysin, necrotoxin and
pathogenicity as detailed below. | N

The cultures identified as Salmonella on the
basis of their cultural and biochemical reactions were sent
for serological typing to Dr, Sharma, Haryana Agriculﬁural
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Universit;.y, Hissar. Two strains were tested for their
pathog.en/écity for laboratory‘animals ‘as well as to the
primary hosts..

' _Pathogenicity tests

Haemolysin productioni= The E.coli strains which produce
haemolysis on 5% sheep blood -agér were further subj;ected

for haemolysin production on solid as well as liquid media,

The E,coll strains were inoculated into sheep mﬁb—v&

agar and incubated.at 37°C for 18 hours, one plate aerobically

and one under 10% carbondioxide tension. Haemolysim produce
tion was also tested on liquid media containing 1% sheep
erythrocytes as deseribed by Cooke (1968) and examined after
" 648 hours, ' | "
Mice )

. 25 strains which were capable of growing on Df,HfS
‘ agar or haemolytic on 5% sheep blood agar were tested for
pathogenieity to mice, White swiss mice aged 1-1% mon:t:hs |
were uéed for the study., Two mice were used for each strain,.
E,coli grown on nutrient agar containing .1% glucose was emlsie-
fied in normal saline and the opacity was ad;justed be tween
No.5 and No.6 of the Brown's opacity tubes. This contained
approximately 103 miero organisms per ml, and 0 2 ml, of the
emulsion was given intravperitone.ally. The control mice were

given 0.2 ml, of normal saline, The injected mice were
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'6béerved for 96 hours for evidence of infection. The mice
which dled at verious intervals were examined for patholo-
glcal changes in the internal organs. Materisls collected
from them were cultured in HacConkey} lactose agar.
Necrotoxin production '

Necrotoxin production was tested by the method
deseribed by Cooke (1§68), The strain pathogenic for mice er
producing haemolysins were studied for their ability to produce
necrotoxin., The fur on-the back of rabbits ﬁ removed

wab
with clippers. Skaved fhe areaLand marked inte 2,5 ==2+% cm.

squares. 0.1 ml, of 5 hour old peptone water culture of the
organism @. The skin on the inoculated
area was examined daily for 5 days, i‘br,the possible development
of ulceration (Table 5), |
Rabbit ligated gut loop reaction T
The strdins producing haemolysin, nec::;etoxin or.Lthat
| were pathogenic for migﬁ g&eﬁ subjected for diil.atatioi reaction
in rabbit ileal loop. ;5’ strains were tested., The diilatation
reaction in ligated rabbit intestinal loops was tested using
the method deseribed by Cooke (1968)., The animals were ’
anaesthetised with ether, After induction of anaesthesia
the ileum was ligated at regular intervals so as to foi:mi
segments of about 7.9 cme in length. Injeétions of 1 ml. of
18 hour old peptone water culture of E.cold strains containing
approximately 106 organisms per ml., were made into alternate
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segments, The segments adjacent to the test segment were
considered as controi and were given 1 ml, of normsl saline.
After 24 hours the\animals were killed. The abdomen was opened
immediately and the smal;_}ntestine veas examined for the
presence or absence of di%latation of the segments. The volume
and character of the fluia contents were glso recorded. The
segments were removed and placed in 4% formaldehyde saline for
histologic study. The details of the experiments are summarised
in Table 5,

Based on the tests described sbove five cultures
were identified as enterOpathogens@ They were sent to
National Salmonella and Eécheriehia Centre, Kassuli, Punjab
for serotyping.

Pathogenicity studies
Salmoneila

Saline suspension of organisms from 18 hr. old
nutrient agar culture plates with 1% glucose were used for
the pathogenicity study. The density of the culture suspen=~
sion was adjusted between 5§ & 6 of the Brown's opacity tube
30 as to contain 103 micré:§rganisms per ml,
Mice 32

Swiss albino mice aged 1-1% months were in#écted
intra peritonially with 0 2 ml, of saline suspension of
_.:xnhimuz;nmnand xglgizzgggn Two animals were used
for each stré?n tested, 411 the animals were observed
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for evidence of illness for 96 hours, The mice which died
at various intervals were examined in detail for pathological
changes. . The materials collected from them were cultured
in various enrichment and selective media for'detection of
Salmonella orgsnisms, The aetails of the experiménts are given
in Table 6, | |
Guinea pigs

 Four guinea pigs in groups of two were used.
One group wés infected with S.tiyphimurium var copenhasen
and the other group with S.yeltevreden. @E%hl; of the saline
suspension of the cultures was administered subcutaneously and
0.5 ml, intrsperitoneally, The animals were watched for 96 hours.,
The guinea pigs which succumbed to infection ﬁithin 96 hours
of inoculation were examined in detail for pathological
ehanggs. The materials collected were processed for recovery
of organisms., The detalls of the experiments are given in
Table 6, | |
Rabbits

‘Xml, of a saline suspension prepared as described
above was introduced subcutaneously into rabbits. Two animals
were used for each strain. &ll the animals infected were
examined for 96 hours. The animals which died at various
stages of observation were examined for pathoiogical changes
in the internal organs. The materiais collected from various

internal organs asnd intestinal contents were processed in
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suitable media for recovery of the organisms, The details are
tabulated in Table 6,
Piglets

' Heglthy piglets aged L=6 weeks were used for the
experiment, T he piglets were divided into 3 groups, each
group consisting of % numbers. They were kept underlclosé
observation for one week before experimentsl infeetion.
Rectal temperature.was recorded?agd rectal swabs were
-examined to econfirm that they were free from Salmonella
infection, At the end of the observatioh.period, the ratioﬁ
for the experimental animels was cut down to one third,
the quantity of the normal ration in order to induce
stress. The experiments were conducted on similar lines
described by Smith & Jones (1967), Three piglets in each
group were infected orally while the fourth one in each
group was kept as controls. The dosage employed vas 30 ml,
of 18 hour broth culture containing approximately 10° to 108

organisms per ml. The first group was given S.tvphimurium
o .

var/ZQngnhaggn, second group S.weltevreden and the third group
a mixture of S,iyphimurium varj@;mhgggn and S.yeltevreden.
A rubber tube was used for oral dosing so as to ensure
depoéition of the inoculam on the back of the tongue.

The animals.were closely observed for any clinical signs of
~illness and the symptoms exhibited were recorded during the
experimental period. Rectal temperature was recorded in the

{\‘
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morning and evening till they were sacrificed. Rectal swabs
were taken daily and examined for the presence of Salmone;la
organismse In order to detsct septiq;émic stage of infection,
blood collected from anteripr venacava was inoculated daily

for 5 days into dextrose broth for evidence of bacterial growth,
The animals were sacrificéd at 5, 10vand 15 days after oral
feeding, ‘ '

Pieces of tissues from stomach, intestine,
caecum and proximal end middle sections of colon, hesen?&ic
lymphnodes, liver, kidney, spleen, lung and intestinal
contents were collected under ;septic conditions’and'werev
cultured to detect the presence -of Salmonella organisms,
Antibiotic sensitivity
Preparation of inocul;;

Saline suspensions were made from 18 hour old
nufriengégar culture plates, . The demsity of the culture
suspension was adjusted so as to get approximately 103 micro-
organisms per ml, This suspension was used for drug sensi-
tivity test,

Disc di{fusion'test B

F°/"§ E.cold strains mnd 19 Salmonells strains were
tested against the antibiotics. The organisms isolated both
E.coli and Salmonella were tested for their sensitivity
agginst the followirg common therapeutie agents available
in the market, Pencillin, Streptomycin, Tetracyecline,
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Erythromycin; AmpicillinAGentamycin and Chloramphenicol
were tested.

Dises of 6 m.,m. dismeter wére punched from Whatman
No.1 filter papér and sterilised at 140°C for one hour in lots
of 100, in petri dishes, Standard suspensions of antibiotics
were prepared, The antibiotic discs were prepared as per the
technique deseribed by Cruickshank (1965) and were stored
at iri ¥°C untfl use.
| Nutrient agar plates were inoculated with the culture
suspension by flooding the surface and then removing the
excess, <The plates were then allowed to dry in the inverted
position in the incubator at 37°C for 30 minutes., The discs
containing different antibiotics mentioned above with
>appropriate concentration were placed on the medium sultably
spaced and the plates were incubated at 37°C overnight. The
sensitivity to antibiotics were assessed by the zone of
_inhibition around the discs. The dismeter of the zone of
inhibition was recorded and interpreted as described by
Petersdrof & Sherris (1965).(4ppendix IV),
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RESULTS

The 27% samples examined during this study
inecluded Specimens collected from both living as well as
from dead animsls, All the sick animals examined had a
history of altered témpéraxure‘reactions varying from 104°-106°F
in the initial stages followed by diarrhoea, stunted growth
. and unthrif?hess. The carcass of the dead piglets were
" emaciated and in few instances fluid was noticed in the
thoracic and abdominal cavities, Some of them khowed
greyish leathery necrotic ulcers on the mucosa of the
colon.g?th adhered fibroid puqlent material, In all cases
mesen?%ic lymphnodes showed oedema or haemorrhage.
Isolation
E.coll | |
A total of 75 strains of E.coll were isolated
dnr;ﬁg this investigation, out of which 50 strains were
~from reetal swabs of living animsls suffering from enteritis
and the rest from small intestine, faeces and large intesﬁine
of dead pigletss None of the strains were isolated from
hear@ blood, livef, lung, bile and spleen (Table 1),
Five strains were considered as pathogenic based on haemo-
1lysin3, necrotoxin aﬁd enterotoxin production tests and
| by pathegénicity to mice, It is also interesting to note
that all these five lsolations were made from piglets aged
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3-8 weeks, Serologicazl identification of the five pathogenic
straj.ns has revealed that they belong to three sero groups:
05:, 039 and 017. 4&ll of them were recovered from the rectal
swabs collected from animals showing enteric disorders,
It is also worthwhile to Mn that dihydrostreptomycin
broth and dihydrostreptomyein agar were found to be very
useful for primary isolation of the strains mentioned
above from faecal materials, although many nonpathogenic
strains failed to core up in these two media. The results
of the biochemical reactions 6f the 25 strains which were
either haemolytie, pathogehic 'for mice or capable of growing
on §H\ES. agar are detailed in Table 2,
.Haemolysin production )

Of the 79 strains isolated, 15 strains were found’
haemolytic on 5% sheep blood agar, Further testing of
theée strains fqr their capacity to produce haemolysins
on solid as well as 1iquid media, 'also confirmed their
haemélytic property, These cultu;'es incubated at 10% carbon-
dioxide tension were found to produce more widef zone and
' degree of haemo;yéis than when incubated at 37°C. Of the
five streins considered to be pathogenic, four were found
to. be haemolytic.
Pathogenicity to mice

Out of the 25 strains tested for their pathog'enicity



in mice only 9 strains were'found to be pathogenic,
producing death within 96 hrs, following inoculation.
However the three ?ntigenic types (05, 017 and 038) identi-
fied by National Salmonélla and Escherichia centre were |
found to be fatal to mice, The strain E6/7% (05) and E15/75
(05) killed mice within 2% hrs. after intraperitoneal
injection. The cultures E7/74% (017) and E3/7% induced

dsath within 48 hrs. and the culture E10/7% (036) killed
mice within 96 hrs, The rest of the strains tested were
found to be nonpathogenic for mice. Gross lesions were
sbsent in the internal organs of the dead animals although
reisolation of E.goli was made on all occasions from tissues.
Pure cultures of the organisms could be isolated from

hear ‘iood, liver, spleen and lungs even in the sbsence

of any apparent leslons,

Necrotoxin production

| | The strains of E.gcoli that produéed haemolysis on

5% sheep blood agér and pathogenic for mice were found to
produce lesiorse in the skin of rabbits tested, Ulcers
started developing at the site of inoculation 5 days following
intradermal injection of the culturesQ They were about 2.to
2.5 cm, (Fig.1) in diameter with moist surface and occasionally
fluid was ocozing ffom théSe ulcers. They persiéted for a
period of‘h-é days and there was no tendency for extension

to neighbouring area. They were completely hesled up within
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a period of two %eeks with scars left at the site of injection.
There was no théfmal reaction in any of -the animalbthroughout

this experimental pericds The results are summarised in :

Table 5. - = | .
Rabbit ileal loop reaction 5
The strains producing either haemolysin or neorotoxin
~and pathogenic for mice were tested for enterotoxin produc—
tion, Of the 15 strains tested only one culture (E?/?li-)I
produced d%t;atatlonAreaction on rabbit intestinal 100p;
24 hrs after the injection of the culture (Fig 2). ibout
15 ml, of fluid was noticed in loops injected with eulturé
E7/7% which belonged to sero group 017. The fluid produced
was haemorrhaglc in nature and contained shreds of berin
However no_gross lesions could be observed on the muoosa
of the loops. Control loops and.the loops infected with
other strains did not'ggsd;ny dﬁf}atation or accumulation
of fluld. - |

Hist0pathologica1 examination of the segments

- vhich showed positive results for d{f}atation showed theI
following changes. There was destruction of the columnar
epithelial cells and oedema of the submucosa. Most of the
glandular structures were intact., But in certain areas :
destruction and attempted hyperplasia of glandular epithe-

‘I

lium were noticed., Desquamation of epithelium and few
_ a :
inflammatory cells predomin?ntly mononuclear and poly- |

morphonuclear types were observeds (Fiz: 3) !
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In Gram-stained sections bacilli resembling E.coli
could be observed in large nufnbexs in the lumen, They were found
only in the lumen and none of them were seen in tissue :
sPéces. Segments whichbid not show dilatation reaction
revealed changes similar to that of a toxiec reaction. .
Sensitivity studies |

Sensitivity studies conducted on 5 strains of :
E.lei presuméhly to be pathogenic showed the following
pattern of reaction. 4l1 the strains were sensitive to ;
chloramphenicol and gentamycin at_a concentration of 30 pg.
and 10>/ug. p.er disc respectively, f:)?I;m;re found to be ..
sensitive tq nitrofurantoin and 3 fdr.Eryéhroﬁycin. Twé
strains showed resistance to ‘streptomycin and three for;
tetracycline, The results of the sensitivity tests were
commnicated to the Superintendent, Pig Breeding Farm fér
addpting suitable remedisl measures, The results of the
drug sensitivity conducted\during the course of this wérk
are summarised in Table 8,

Salmonella |

A total of 24 strains of Salmonells were isolated
from 274 specimens (Table 1) showing incidence in 8.7% of the
samplés examined, These isolates were idegtified as
Salmonells based on their morphologlcaly cultural and
. biochemical characters. The source of isolation, symptﬁms
c;r lesions exhibited and the resulﬁs of the antlgeniec I
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typlng are detailed in Table k4,

Out of the 2% streins isolated 18 were identified |
as Salmonella weltevreden and 6 as 8 mm.munumvarzmnhm
The identity of the isolates were confirmed serologically;by
br, V. K, Sharma of ﬁaryana Agricultural University, Te ?

isolates produced colourless lactose negative colonies

with a blackish centre on modified medium (Sharma, 1973Xi§£§£2}
due to the production of iron sulphidg@ffag_i;;6;;£25~ '
medium containing mannitol instead of lactose the organisms

“n
J

formed pink colonies due to fermentation of mannitol~«f'
The compos1te medium wes found equally good as Triple sugar
iron agar with production of acid butt, alkaline slant |
and blackening of the slant as a result of Hydrogen#ulphide
production. The composite medium II also gave good results
for fermentation of mannitol forming a blue ring at the

top and also 'fan' shaped growth as a result of mptility.;
Pathogenicity - |

Mice ..

The mice which were given S.iyphimurium var ggmgnhaggn

(3/7h and 13/7%) succumbed to infeetion at periods vanying
from 24=72 hrs, The mice that died before.hS hours of T
infection revesled no apparent lesion in the viscerzal orge@hs.
However one animsl which died after U8 hrs showed scatteré@
pnéumonic,patches on both 1uﬁgs ahd areas of necrosis in ﬁpe

1iver. The organisms could be recovered from heart blood,
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spleen, liver and lungs of the animals these- died at
various stages of infection.

The mice which were infected with S.yeltevreden
(1/7% & 25/7%) died at periods varying from 48-96 hrs,
No greoss lesions could be observed in the internal organsz
in any of the animals infected, However organisms coul d %e
isolated from liver, spleen, hearqblood and lungs. The '
details of the experiments and their results are summarised
in Table 6, '
Guinea pigs

S.ivphimurium var gopenhagen (3/74%) killed the ;
guinea pigs varying from 4896 hrs after intraperito%gél f
and subcutaneous infections. Acute peritonitis was noticed
in the guinea pig injected by intraperitoqial route, Thg}
other animal which was infected subcutaneously showed patépy
congestion of lungs and small white necrotic focl on fthe ;
surface of spleen along with congestion. The 6rganisms could
be recovered from heart bloed, lungs,.liver and spleen
from both animals, — | ,

Cultures of smuagzm killed the guinea pig
within 48 hrs and 96 hrs after intraperito%ial and subcuw |
taneous infection. The animal that died on 48 hrs of
intraperitoejal infection showed acute peritonitis and
enlargement of spleen, The other that died after 48 hrs

showed enlargement of spleen, liver and mesen?&ie 1ymp7hodes.
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. Lung showed pneumonic areas. The organisms.could be isoléted
in pure cultures from heart blood, spleen, Mésené%ic 1ymp?
nodes and lungs from the animéi'ihoculated by 1/p route aﬁd
from liver, spleen, lungs and mesenéiic-lymph nodes. from the
animal injected by s/c route, ' , !
Rabbits , ' '

ALl the four rebbits injected by S.typhimurium var'
copephagen and S.yeltevreden succumbed to infection withi#

"a period of 48 hours. Pu;monary oedema and enlargement T
‘of spleen were noticed in one of the animals from each Q
group., DNone of the animals showed enteric disorders, Thg
organisms were isolated in ﬁure‘cultures from the heart biood
and lungs from all the inoculated animals, The results afe

summarised in Table 6,

Piglets

.

|
There was no temperature reaction in 'any of the ;
snimals beforé the experimental inoculation. Examination |
of the faecal samples also proved to-be negative for |
salmonella, Within 1-2days after inoculation &ll the - '9
piglings appeared ill, A4ppetite of the snimals was poor I
but intake of watef was found increased, By the second ﬁ
day after infection temperature of the animsls was elevated
end varied from 10%.6-106,8°F, There was no incidence of ?

any enferig disorders for a period of 3 dayse However

cultural examination of Hlood collected at various stages .
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of thermal reaction proved to be negative for salmonella..I
Diarrhoea started on the 3rd or 4th day following infectio%
and persisted for the rest of the observation period, With
the commencement of diarrhoea temperature became normul. i
Cultural examination of faeces from all the inoculated .
animals proved to be.pesitive for Salmonella from third |

day of inoculation,
Group I (infected with S ' _var m.enhazgn)

The animals sacrificed on the 5th day of 1nfeciion
showed congestion of the mucosa of the terminal portion of the
ileum and of the colon. The mesenqric lympqhodes, especially

I
at the portion of the ileum and caecum, were greatly i

enlarged and oedematous, ' !
|

The animal sacrificed on the 10th day after infection
showed reddening of the skin on the abdomen and dependent !

I,
parts, Carcass was emaciated. Congestion of mucosa at |

the greater curvature of the stomach was noticed. Catarrhal
enteritis and petechiae in the mucous membrane of ileun, iejunum
and colon were observed, The lungs were diffusely congeséed.
The trachea and bronchi contained blood tinged frothy%luid.
Animals killed on the 15th day of observation

showed the following changes. .The skin on the inner partl

of the thigh showed necrosis, Haemorrhagic streaks were ﬁ

observed on the mucosa of the ileum. Thickening of the |
w?lls of the ileum was noticed as a result of proliferation
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of lymphoid tissues, The mucous surface of the colon

showed small foei of necrosis. The mesentric lymphnodes were
greatly eﬁlargedo

Group II (Infected with S.weltevreden)

Piglets sacrificed after the fifth day of experimental
infection showed no gross lesions on the gastrointestinal
tract, liver, spleen and lungs. Only the mesenegic lymphkodes
were slightly enlarged. Organisms could be recovered from
mesenqﬁic lympWEodes and ileunm, |

The enimal sacrificed after the 10th day of infection
showed congestion of the ileum and colon and enlargement
of mesenéiic lymph&odes. No other gfoss lesions could be
observed on the viscersl organs, Organisms ecould be
recovered from faeces,ileum and mesen?iic lymphrodes.

Animal killed‘on the 15th day of observation showed
cyanosis of the skin, catarrhal enteritis, hyperéiia
and haemorthage of the jejunum md ilewn, The wall of the
ileum was thickened with proliferation of lympheid tissues.
Mésenﬁiic lymphbodes were enlarged and haemorrhagic, No
gross lesions could be observed on liver, spleen and lungs.
Organisms could be isolated from faeces, jejunum, ileum,
mesenﬁgic lymphnhodes and spleen,

Group III (Infected with S.typhimurium var gopenhagen &
§.weltevreden)
In the third group the animal sacrificed on the



5th day of infection revealed mild congestion of the mucosa!’
of the ileum and colon and enlargement of the mesentrie lymph-

nodes,
One animal that dled on the 9th day of inoculation

with mlxed culture of Szlmonella tznnimuzinm var Qansnhaggn

and Salmonella weltevreden showed the following changes,

The fundic portion of the stomach showed severe diffuse

congestion, The Jjejunum and ileum had yelloﬁish fluid contFnts.
Streaks of haemorrhage were noticed on the mucosa of ileumﬁ
jejunum and colon, The liver stowed ®mngestion. The bron&hial .
1ymp' odes were gresatly enlarged., Organisms could be recoﬁeped

from bronchial lymphhodes, liver, bile, mesen?&ic lympdnodés,

- 1leum and colon. B |
The animal sacrificed on the 15th day of infection |

'
il

in group III showed the following changes., The carcass
was emaciated. The entire mucosa of the colon was stu Ed L

A it
with gffyiSh white nodules with erosions (Figy). Terminal!
portion of the ileum was haemorrhagic and thickened. ?
]

The mesen?k1c lymphnodes were enlarged and oedematous,

Salmonella organisms could be recovered from faeces, mesentric
lymphhodes, colon, ileum and hile. .!!

Antibiotic sensitivity | o
 Antibiotic sensitivity studies have revealed that i

all the 15 strains tested were sensitive to chloramphenicol
at the concéntration of 30 mg/disc. 11 of them were |
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sensitive to gentamycin and streptomycin at.the concen-
tration of 10 and 20 mg. per disc respectively. Only two
strains were found sensitive to tetraeycline and nitro-
furantoin (Figg ). ALl the strains were found resistant
to Pencillin, ampicillin and erythromycin. The results of
the sensitivity studies at various concentrations of

different antibiotics are summarised in Table 8,



DISCUSSION
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DISCUSSION

A number of workers have reported the association of

certain serotypes of E.golj, and some specles of §§1monella with

gastrointestinal troubles in pigs (Heard and Linton, 1365.3
Brane and Bergeland, 1968.; Nath gt al., 19703 Goel &
Mallik, 1971). In the present study 75 strains of E,coll
and 24 strains of Salmonella were isolated and identified,
However only 5 strains of E.goli were found to be pathogenic
as evidenced by various tests, It is interesting to note
that these five strains were isolated from the faecal
materials of piglings aged 3-3 weeks and suffering from
gastroenteritis. This evidently shows that gastrpentaritis
due to E.gold is more common in piglings from three weeks

to weaning period., Stevens (1963) in a detailed study of
eﬁteritis in pigs also observed similar findings. He found
that three age groups are more prone to E.coli infection,

1) Neonatal pigs aged 1.l days old 2) three weeks old and
3) weanling piglets. He also suggested that the three forms
of enteritis are not commonly observed in one farm. The
piglets‘affected previously show some resistance to subse-
quent infection and hence it may be suggested that the
plglets which fall to contact infection gt three weeks?gge

may get infected at weaning. None of the animals examined
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during the course of this investigation have revealed E.goli
in heartblood or other internal organs, The failure of |
’ |

isolation of enteropathogenic E.goli from heartblood or !

|
other viseral organs of piglets died of gastroenteritis /

suggests the absénce of séptié?gicAform of the diseaseé, »1
Dunne & Bennet (1970) reported that colibacillosis is i
manifested inczgree distinctive clinical entities, septi?bmia,
diarrhoea and.fdema disease. All the three forms can
commonly occur in preweaning pigs and the/edema disease i
is observed more commonly in pigs 8-16 weeks of age. In |
neonatal pigs infection occurs shortly after birth and mayldie
of bactesimia. Stevens (1963a & 1963b) put forward the followa
~ing theory for the occuy@nce of colibacillosise. In weanling
pigs ingestion of potentially pathogenic serotype changes the
balance between organism and immunity. Change in food and|
environment in weaning facilitate the rapid multiplicatlonr
of the pafhogenic serotypés and diarrhoea or death'resultsﬂ
from toxle action of E.goli. Initial sensitization followed
by further contact with the same strain of E.coll develops'
hypersensitive stage resulting in oedema disease or emteri%is.

i
The hypersensitivity theory for the developuent of colibaci-
‘1llosis has been supporte%uzi/various research workers like{
Kashiwazaki et zl. (1969)f Dunne & Bennet (1970). Serologlcal
identification of the pathogenic strains isolated in this |
study have revealed that two out of the five strains belonged

i

|



to sero group 05. , 5¢s K?:sH19 havel
been reported to be the cause of/edema disease in pigs .

by Gregory (1957) amd Bwing et al. (1958). This sero group
has also been reported from the internal organs of dead pig}ets
showing lesions of acute gastroenteritis. (Parnas-gzjiL.,{
1950), mesen?%ic 1ympqﬁodes (Namioka, 1956) and also from %
healthy pligse -But the results obtained in this study |

. were contradictory to Parnas et al. (1950) in that no ‘f
organism could be isolated from internal organs of piglets
died of gastroenteritls.

Haemolytic reactions studied on solid as well as ﬁ
liquid media were closely comparable to the findings of F
Cooke (1968) and Pandae et al. (1974). Four out of the fiée
pathogehic strains studied in this investigation were founé
to produce haemolysin. The haemolysis on sheep erythro- A{

cyte agar at 10% carbondioxide tension produced wider zonei

of haemolysis than those incubated aeroblcally at 37°c, F -
William Smith (1963) in a more detailed study have observeé
that %;ut 63% of the strains isolated from pigs produced T
haemolysis on 5% ox blood agar., The occuriﬁhce of haemolytic
E.coll as the etiologic agent of gastroenteritis in pigs ”
have also been reported by several other workers (So jka et?al.,
19653 Ahuja and Khera, 1971; Goel & Mallick, 1973).. :

Pathogenicity tests conducted on mice have

shown that five strains were pathogenic to this species, |
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@eaﬁh occuring in 2496 hrs., Although organisms could be.
recovered from dead animals, no apparent lesions could be
observed in any of the animals artificially injected.
These findings were in agreement'ﬁith Harris (1901); Fidesjostede
(1946) and Gupta and Singh (1971) who likewise found that
E.coli strains iso}ated from pathological conditions to be
for more toxic than normal intestinal strains. Jacks and
Glentz (1967) observed that E.gcoli strains isolated from
nonenteric systemic sources were. more pathogenic to mice:

The results of the feaction.for necrotoxin
production of the strains which were haemol&tic and patho=-
gehic for mice were inagreement with the findings of
Cooke (1969) andfj@andae (197%). The strains of E.cgli that
produced haemolysis on 5% sheep blood agar and;pathogenié for
mice were found to produce lesions in the skin of rabbits
tésted. The lesions prodnced.weré typical and were simiiar to
the lesions described by other workers. Bwerstsen (1v47) and
Keuffmen (195%) found that 26 of the 160 strains of E.coldi
isolated from various kinds of material haemolysed horse
erythrocyte and 19 of the 26 caused necrosis, when injected
into the skin of rabbits, 'Thus capacity for haemolysis
appeared to be associated with the ability to cause necrosis,
and with toxicity; Pandae et al. (1974) reported ‘that the
strain possessing the property of producing haemplysin and
necrotoxin are definite pathogens whereas a strain possessing

either of these two properties are potential pathogens.
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Expefiments on raﬁbit ileal loop have shown that
onl& one of the strain tested have produced dialatation
reaction although five were found to be pathogenic for mice
and pogitive for haemolysin ey(d necrotoxin production. The
failure of producing dff}atatlon reaction in Y others may
be dne to their inability to produce enterotoxin in rabbits.
Smith and Halls (1967) have suggested that rabbits are
less reliabie for the ligated loop tests. The test is
of great value in its application to the animals of the
same species from which the test organisms were isolated.
Moon et al. (1970) have also observed that the rabbit
ileum is more sensitive to the action of enterotoiin where
as the living organisms need not consigtently produce
positive reactions. 1t has also béen found enterotoxin
production is not true with 211 enteropathogenic strains of
E.coli (Salazaki et al., 1967).

Histopathological studies of the segment which
showed positive reactions revealed that the changes wefe
similar to that of severe type 11 reactions described
by Cooke (1968). The severe type II reactions were
characterised by exudate of polymorphomuclear cells with
some erythrocytes and debris. The columnar cells were
eroded and submucosa was 6ongested and oedematous,

Segments which showed negative reactions had histopathologlcal
changes similar to those of toxié reactions., This may be due
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to excessive absorption of endotoxins as a result of the
multiplication of the enteropathogens and hence the changes
may be similar to those obtained in hypersensitivity |
reactions, Stevens (1963) suggested that the absorption
of relatively larger quantities of bacterial polysaccharides
from the intestine resﬁlting from sudden mul tiplication of
the EB,coli may 1ea,d74 to an anaphylactic éhock. Serological
typing of the isolates have reveéled tﬁat the strdns
belonged to O groups 05, 039 and 017. The ocecurrence of
05 serotype gave further evidence for the presence of
hypersensitivity reactions. _ '
Antibiotic sensitivity studies have ’re_vealed that 211
the strains were sensitive to chloramphenicol and gentamycin.
Four were found to be ,sénsitive to nitrofurantoin and 3 for
erythromycin, Two strains stowed resistance to streptomycin'
and three for tetracycline, All the strains were resistant
to penicillin ead wampicillin. Resistance of certain strains |
E.coll isolated from faeces of pigs to streptomycin,
tetracycline have been observed by other workers (Roberts &
Valley, 19693 Wﬂ;ing,e‘r & Genis, 1969/07’M§Jadev and Gupta, 1971),
Terkado et al. (1972) found that high‘ proportions of strains
of __.gg].i 1solated from faeces were res:.stant to antibiotiles
liﬂé streptomyein, tetracycline, chloramphen;(col, sulphadie
methoxine, kanamvcin and be/zylpenicillln. However in this
-study all the strains tested were found to be sensitive to
chloramphenicol.
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Application of Dihydrostreptomycin broth and Dihydroe
streptomycin agar for 1solatidn of pathogenic strains was-':
found very useful during this study. A1l the pathogenic
strains were isolated bhrough DfH/ / broth and lfi}izsf agar
although mans:_"nonpathogenic strains were inhibited by
these media. These findings were in agreement with the
observation made by Ramirez & MacClesky (1968). Arbuckle
(_1968) also reported that inclusion of certain antibiotics -
in the earichment .media permitted the detection of small
number of pathogenic E.coll organisms,

The results of the biochemical reactions of 25
strains tested weré in complete agreement with those given
by Edward and Ewing (1972).

Szalmonella

From 274 specimens examined,2% strains of Salmonella
were isolated showing the incidence of Salmoneliosis in 8. 7%
of samples examined. Of the 2% isolates, 18 were S.geltevreden
and 6 were S.ivphimurium var gopenhagen. )th?%he Salmonella
strains isolated were from faeces c.ollected from sick and
dead animals out of which % were from rectal swabs of pigs
suffering from gastroenteritis and eight from mesent;_‘/ic
1ymph(lxodes. All the stralns isolated were from piglets aged
3-8 weeks, ‘ . _
' Nath et al. (1970) in their report on S%J_monella

e
pattern in India, cited the occur%‘xce of §.y§l%z.mgg@n in
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pigs. Jayaraman & John 1969 ) suggested that Szlmonella
weltevreden has a wide range of host specificity. -
S.typhimurivm has also been reported to -be éausing gevere
clinical disease in pigs in the farm of acute or chronic
gastroenteritis (Heard and Lintoﬁ, 19653 Hooren & Thoonen,
196%;&§;h, 1971). The isolation of §§lmgn§llg.§zphiminzgm

var gopenhaszen . has been made from pigs by Sasidhai (1974)
during his investigation in the incidence of—vafious Salmonelié
serotypes among qucine population in agd:around Bangalore
City. _ _

Tke -two species isolated, S.weltevreden and
S.typhimurium var copenhagen are also potential human
pathogens., The incidence of these two species of Salmonella
have beeh reported from divergent sources either from clinical
cases or from healthy carriers by many research workers
(Jayaréman g&,al., , 196N Datta & Singh, 1961; Jayaraman &
John, 1969; Bhatia & Agarwal, 1968; %éQééiéﬁ& Kalara, 19703
Nath et 2l., 1970). The disease in the §¥ésent study was
found to be endogenous*inxthe férm. Tnere had been previous
report on the isolation of Salmonella weltevreden from
babytpigs of the same farm with the history of gastroenteritié
(Sulochana.gn al.,.1973). The ffequent isolation of |
Salmonella species from porcine populations of the farm
reveals the higher incidence of Salmonella infeétiqn. The

isolation of these two species of‘Sélmonella from-necrotic
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enteritis of pigs suggest that they may probably be
assocliated in clinical syndromes of enteritis either &alone
or in association with other enteric pathogens, Experimental
infection studies in pigs with mixed cultures of 3,§.ugl§f§x§§§n
and §.prhﬁanu:hyn also revealed that severity of the clinical
condition was more intense than with individual cultures.
Similar observations has been put forward by Goel & Mallik
(1971). Beh (1971) reported the occuﬁgﬁée-of Salmonella
typhimurium and enteropathogenic E.gold in pigs with gastro-
enteritis, |

All the strains of organisms were isolated from

. e
pigiaged 3-8 weeks, This sbws that the occuqﬁnce of the

disease is more common in weaners Secause of their high
susceptibility due to decreased resistance and may partially
be also due to the change in the environment. John Myooch .
& Haddick (1969) reported that the incidence of Salmonellosis
is more common in pigs aged one and two days and b-12 weeks,
Guinee gt zl. 1965 on their investigation on the incidence
of Salmonellosis in pigs have found that the disease is
more commonly observed in pigs after the 2nd week of
life and in pigs aged 6-8 weeks old.
| Experimental infection of laborator& animals
such as mice, guinea pigs and rabbits with Salmonella
typhimarium var gopenhagen showed no apparent lesions on
visceral organs of animals died at earlier period of
injection, The animals that died at later periods showed
lesions on the lungs, liver and spleen, OSimilar observations

had been made by Ghosh & Anina Chatteriee (1960) with
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S.typhimriun and its variants S.tiyphimurium var copenhagen

in rabbits. The reigolation of the organism from various inte
ernal organs of experimental animals that died at warious
periods suggests that the organisms have got definite irivasivé
power for the tissues of thé ex;berimental hosts 1like mice,
guinea pigs and rabbits. W;éiison & Miles (1967) also suggested
that S.typhimurium given paren;zally have very definite

fnvasive power for the tissues of mice and o ther lahoratory‘
rodents, A |
| Experimental infection studies with §Eﬂlﬂm
showed no gross lesion on the visceral organs in mice
although definite lesions on the visceral organs were
" observed in other spé_cies of hosts. Soﬁle showed enlargément
of liver; spleen, mesentfer/ic lymphnodes and pulmonary
congestion, Similar observations have also been made by
Jayaraman et gl. (1964) in natural and experimental studies
in guinea pigs. |
 Studies on experimental infection on primary hosts
have revealed the following observations. Gross lesions
~were observed in animals inoculated by Salmonella mm;mmm
var gopenhagen end elso in animals infected by a mi.xturga of
S.typhimurium and S.yeltevreden whén destroyed 5 days éfter

infection. No lesion Wwas seen in piglings infected with

Salmonella weltevreden alone, Ieirenthough isolation of the
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' a . | e
organisms could be made from the fgecal materigl and mesen}/i‘i_c

lymphnodes., This definitely shows that S.iyphimurium var copen-
hagen or a mixture of.two organisms could produce definite
~pathological changes in tissues even within a short period
of 5 dayse - These lesions were more pronounced in animals
sscerificed 10 and 15 days following orazal infection with
S.typhimurium. The organisms might have penitrated through
the intestinal wall and multiplied in adjacent drainage
lymphnedes. Lawson and Dow (1966) observed in their expe=-
rimentsl infection studies with S.cholerasesuis var kunzendrof
that initial infection of the body tissues occured through
the walls of the small intestine and colon and penetration

of the drainage lymphnodes within 2% hours of infectlon.

The organlisms could not be recovered from blood
cultured at the peak of temperature reactions. Lawson &
Dow (1966) found that blood cultured at various stages of
infection gave only few positive results and the failure
for the recovery of ergaaisms.was explained_on the basis
that baecterimia may be intermittent. But in'septicemic
form of infection other lesions such as exudation of fluid
in the_abdpminal cavities, thoracic cavities and lesions
on the visceral organs were-noticed (Smith and Jones, 1967).
In this study no fluid accumulation was noticed in the |
body cavities and marked gross lesions were also sbsent

in internal organs,
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Animals sacrificed at various stages of infectién
in all the three groups yielded position results fer isolation
of the organisms'from intestinal tract and mesenq&ic 1ymp7%odes.
These results prove that the infection confines to the;
intestinal tract and neighbouring 1ymphkodes.

The>high frequency of isolation of Szlmonella
'organisms from faecgl materials and mesenéiic lyméhnodes
~ from both natural as well as experimental cases also |
gave further evidence for the enteric nature of the infection,
Various authors have also reported the isolation:cof
- Salmonella from facces and mesen?izc lymphhodes from animals
showing enteritis or from healthy carri er animals (Scott,
19403 Vanhoof, 1966; Gmng & Froster, 1969; Guinee, 1974%)
| The pig which died after the 9th day of oral
dosing.with the mixed cultures of S.iyphimurium var copenhagen
and S.weltevreden ofganisms.couldlbe recovered from bronchial
lymphnodes. This may be due to the pharyngeal dosing
procedure employed. Lawson & Dow (1965) suggested that the
hlgher percentage of bronchial lymphnodes giving positive
results early in the experimental perlods could be caused
by small numbers of organisms galning entry to the upper
tracsza during dosing. In two cases the organisms coula
be recovered from bile. Lawson & Dow (1966) stated that

the recovery of the organisms from liver and bile may be

due to an ascending infection of the bile duct and may be an
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art%fact resulting from the killing process. Iéolatioﬁ of
organism{ from tk€ faeces and internel organs with definite
indications bf pathological changes indicate that §.1m§mﬁgn
S.typhimurium could produce disease condition in
piglings atleast when resistance 1s lowered due to advérse
conditions, | |
Antibiotic sensitivity studieé have revealed
that all the strains of §_.mlj;fiu‘_§§§n and S,tiyphimurium var
copenhagen tested were sensitive to chloramphenicol aﬁ
the concentration of 30 mg./disc. € -of them were sensitive
to gentaﬁycin and streptomycin at the concentration of' 10 and
20 mg./diéc. respectively. Two strains, one from each
group were found to be sensitive to tetracycline and '
‘Nitrofurantoin, Ulsen (1972) reported that the sensitivity :
of the Salmonella isolates to streptomyecin, tetracycline,
furazolidoqpc chloramphenicol, neomycin, kanamycin and
ampicillin vaﬂizgeéonsiderably. The organisms isolatéd
in this study were™also showed considerable variationlin
their sensitivity to tetracycline, furazolido%% and
streptomycin, However, none of them were found resistant
to chloraﬁphenicol. This variation’may’be due to the
transfer of RB-factor from the same speclies of organisms

or from other organisms like B.coli. It is clear from
Table 8 that majority of S.weltevreden and S.typhimurium
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tested against_tetracycline showed resisp;hce fo this
antibiotic. In the farm where this investigation was carried
out, animals were fed TM5 (wvhich containztetracyclié%hydro—
chloride) as a feed supplement for better growth and disease
resistance, Thus the isclation of tetracycli%?fesistant
Salmonellse may be attributable to the practice of giving
tetracycline as a feed aditive.

The modified medium devised by Sharma (1973) was
found to be useful for preliminary identification of stralas
of Salmonella which produce hydrogen sulphide. MacConkeWé

medium in which mannitol was incorporated instead of7
lactose was found to be more uueful in ellminatlng/groteus
organisms. The composite medium qzviéed by Chitin et al.
(1972) was found to be equally good as triple sugar iron
agar. The medium has gotiadditional advantage in that it
can be used for testing deamination of phenylalanine to
phenylpyruvic acid. The test for deamination of phenylalanine
wasjysually done in routine procedures for elimination

of éroteus species, Some Proteug species produce chara-
cteristic results in triple sugar iron agar by forming acid
butt, alkaline slant with production of hydrogenﬁulphide
(Baward and Ewing, 1972). Hence it may lead to false
positive results. The compos1t¢hed1um I helps for detection

of the reaction in T/S I, along with phenylpyruvic acid

production and thus saving much time and labour with
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excellent results. The composite medium II also was
found to be useful in testing formentation bf mannitol
and also for testing motility. The motile organisms produced
tfant shaped growth in semisolid medium. The motility
testing by hanging drop methods may lead to false positive
results (Edward & Ewing, 1972).

The results of the biochemical reactions obtained
were in agreemegt with the reaction for Salmonella

described by Edward and Ewing (1972),
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SUMMARY &-CONCLUSION

A bacterioclogical study was conducted to assess

the incidence of enteropathogenic E.coll and Salmonella

in piglets with digestive disturbances.

2e A totel of 27# samples were collected and processed
from living as well as dead animpls with the history of
enteritis., Samples inciuded faeces, meéz%niiicllymp7éqdes,
hearyblood, liver and spleen,

3. The enrichment and selective media used, 1ncludéd
selinite broth, tetrathionate broth with brilliant ‘green,
Dihydrostreptomycin broth and Dlhydrostreptomycin agar,

. in addition to the common media used in routine isolation.
Modified MacConke%; medium I & II was found to be usefﬁl

for identification of Salmorells, organisms by their characte-
ristic appearance as a result of hydrogen sulphide pfoduc-
tion, The composite medium was also found useful for |
detection of the reéction in ézszéf along with pehnylpyruvic
acid production., The Df 4/, agar was found to be of

great service for isolation of enteropathogenic E.gold
organisms from faecese. _

4. A total of 2# strains of Salmonella and 75 : b
strains of E.goli were 1solated during this 1nvestiga£ion.
The identity of the isolates was confirmed by various o

biochemical and biological tests described by standard
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ﬁextbooks. The antigenic typiﬁg of Salmonella and

E.coll strains was conducted b&iDr. V. K.'Sharma, of
Haryana AgriéulturalthiverSity and by National Salmonella
and Escherichia centre, Kasauli,- |

5 Salmonella strains isolated and studied belonged to
two main sero groups, S. mgl;gzzgﬂgn and S txnhlmuxinm;var
copenhagen. _

6. ‘ Various tests conducted to determlne the patho-
genfcity of E.coli isolates have revealed that five strains
belonged to pathogenic group. The tests included haemolysin,
neérotoxin and enterotoxin production and pathogenicity

to mice. These five gtrains belonged to sero groups 05, 017
and 039,

7o Pathogenicity studies on two strains of S.uweltevreden
and 2 strains of S.typhimurium var copenhagen have revealed
that they are pathogenic to mice, guinea pigs and rabbits.
.8. Pathogenicity studies on brimary hosts have :
shown that’they can produce an enteric form of disease?
lesions mainly confining to théAgaétrointestinal tract;

9. Antibiotic sensitivity studiss of the enterom
pathogenic E.coli serotypes by single dise diffusion
teéhnique showed that'éllfstrains were sensitive to ‘
chlorémphenicol and gentamycin, The strains showed multi-
ple resistance to streptomyéin, tetracycline, erythromyéin

and ampicillin,
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10. Antibiotic sensitivity studies of 15 strains of Sal-

monella have revealed that tﬁey were sensitive to chloraxh—-

phenicol. The organisms exhibited multiple resistance to
nitrofurantfln, tetracycline, ampieillin, erythromyoin E

and penicillin, The results of bacteriolegical and :
drﬁ#\sensitivity studies were communicated for /appropriatf‘e
aci‘;ion. ' g
11, The possible role of B.coli and Salmbnell,a in

it

enteric disorders.of piglings is.discussed in dekil,
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APPENDICES

Appendix Ia.

Dihydrostreptomycin broth (Ramirez & McClesky, 1968)

Peptone

Sodium chloride

Beef extract

Distilled water: 1000 ml.
Adjust pH 7.2

18gus.,

Sgms.
10gnms.,

The ingredients are mixed together and heated until

dissolved. The medium is then sterilized at 15 1b. pressure/Sq.

inch, 4llowed to cool and added streptbmycin at the concen-

tration of 4 ug./ml. and tubed in 10 ml. amounts under sterile

precautions.
Iv,
Dihydrostreptomycin agar
Peptone /
Lactose
Bile salts
Sodium chloride
Neutral red
Crystal violet
Dihydrostreptomycin

added before pouring plates

20g.

10g.
1580

g
0,038,
0.001g.
L ug./ml.
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ITb.
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MacConkeys medium I (Modified Sharma, 1973)

Peptone
Yeast extract

Sodium chloride

- Ferric Ammonium citrate

Sodium thiosulphate
Sodium citrate
Laqtose

Bile salts

Ngutral red
Distilled water

pH

Peptone
Mannitol

Bile salts

. Sodiuﬁ.chloride

Neutral red
Crystal violet
Distilled water
pH 7.4

10g.
3g.

5g.

18.
8.5¢.
8.58.
10g.
184
0.03g.
1000ml.,

7.4

‘Modified MacConkey medium II(Sharma, 1961)

20g.
108
1.5g.-
58.
0.03g.
0.001g.
1000ml,
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IITa. | |
Composite medium (Part I) (Chitin gt al., 1972)
Peptone (Proteose peptone). : 20g.
Sodium chloride ‘ o 58

- -Lactose ' , ' 108.
Glucose ‘ : 10g.
Ferrous ammonium sulphate . 0.2g.
Sodium thiosulphate ~ 0.28. |
L.phenylalanine | Lg, - ‘
Agar (Oxoid) | 13g.
Distilled water ‘ 1000 ml.

'Phenol red (2,4%) \ 3 ml.

| pH was adjusted to 7.5. The medium was steamed
for 1 hour and filtered ﬁhrough cotton pads, Dispensed in
3ml. amounts, plugged loosely and autoclaved at 10 1bs/
sq.incﬁ pressure for 15 minutes, It was allowea to solidify
in slant position so as to give a generous butt (2,5cm) end

short slant. \ ' !

IITb,
Part II
Peptone ‘ ‘ ﬁOg.
Tryptone 10g.
Sodium chloride ‘ ' 58
Mannitol ‘ o ' ; 28.

Sucrose 108
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N a2HPOY,, 12H20 7 - 5g.

Bromthymol blue \ | (O.h%)3ml.j
Distilled water | 1000ml, |
Agar | : | . hg. . ?

| pH was adjusted to 7.k.. The medium was steamed
for 1 hour and filter through cotton wool pads. Dispensed
in 10 ml, amounts plugged loosely and autoclaved at 10 1bsL/
sq.ineh for 19 minutes. Alipwed to soldify in vertical ‘

position, |

Phenyl pyruvic acid test was performed after

hoting down the other results. O0.5ml. of ferric chloride

10% aéuou% solution was added and‘noted the reaction afteﬁ

2 minutes,
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Interpretation of disc sensitivity tests (Peters drof,

R.G & Sherris, J.C, dmer. JMed. 39:766-69, 1965).

Antibiotic or

Disc

Inhibition zone. Diameter in mm.

i

chemotherapeutic potency Resistant., Intermediate. Sensitive

agent
Ampicillin
Bacitracin
Cephalothin '
Chloramphenacol
Colistin
Erythromycin
Kanamycin
Methacillin
Neomycin
Nitrofurantoin
Pencillin G,

~ Streptomyein
Sulpha

Tetracycline

10ug.
Ounits
30uge.
30ug.
10uge.
15 ug.
30 uge
5ug.

30 ug.
300ug.

,:10 units

10 uge.
300ug.
30 ug.

20 of less
8 or less

12 or less
8 or less

13 or less
13 or less
9'or_1ess

12 or less
8 or less
20 or less
11 or less
12 or less

14+ or less

21.28
9-12

13-17
9-10

B 17
117
10-13

13-16 |

912
21-28
12= 1k
13-16
1518

|
29 or more

13 or ‘more

18 or ‘more

"18 or /more

11 or:more
18 orimore
18 or jmore

14+ or 'more

.17 or}more

13 orﬁmqre
29 or:more
15 or;more
17'orkmore
19 or more

E
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DETAILS OF SPECIMENS COLLECTED FOR ISOLATION OF ESCHERICHIA COLI & SALMONELLA

Table 1
"""""""‘“-'--'-ﬁ“-o-c-n—uun-uu---u-buaﬁ--.-------——--—--———--
) Age group No.of No., of No. of
Type Of SpeClmen G = s s M e W M B D N s e e m @ e W @@ SpeCimenS E.COIi Sa.lmonella
Birth to one to 3 to 6 6 to 8 examined 1solated isolated
one week three weeks weeks weeks -

‘-wnmr—-nuO&,nmbbumwunnmu---n-muu-s-mwmun‘bsnm@.-.-n-mummmu—_

Animals with enteritis

Rectal swabs 25 20 25 50 120 50 L

Dead plglets -
- Intestinal contents 5 17 22 ) ,

Small intestine 5 20 25 g 25 12
Large intestine 5 21 26 3 . o
Mesen ez/‘ic 1ymph%lode,s 5 20 25 8
Liver 5 8 13

Bile 5 8 13

Spleen h 6 10

Lung 4 6 10

Heart blood L 6 10

-QE.‘Mﬂw&_m---n-u-_-mm—-nm-‘-'-—--n--x---—-o--

Total 25 20 67 To162 . 274 75 24

-.ucioi-.-n-.-"--'n.—-naﬂ—qwmudhu-—’-nv—i‘nnnunmmn.ﬁnﬂ—u-ms&mm ----- -



BIOCHEMICAL REACTIONS OF CULTURES QOF ESCHERICHIA COLI ISOLATED FROM PIGS
Table 2 -

-.ﬂﬂﬂﬁﬂnuannnnunn---nn----—u---o -------- --—--- ------

Cul ture Numbers E1/7% E2/7% B3/ 74 Ewu E5/7% B6/74 E7/74+ B8/74 B9/74 E10/74 B11/75 E12/75

I_asi:_ﬁxms.tmm

Ei jkman's test
Growth on D,H,8,
Motility

Haemolysis

Indol -

Me thy:
. Voges= roskauer
SimmoAsts citrate
Hydrogen sulfide (TSI)
Urease

KCN

Lysine decarboxylase
Phenylselanine desminase
Mzl onate

Gas from glucose
Lactose

Sucrose

Mannitol

Dulecitol

Salicin

Adonitol

Inositol

Sorbitol

Arabinose

Raffinose

Rhamnose

Nltrate

-
o
g.

AG aAG

2

AG 4G AG

|+:+++|1n++s++||+||l:r++|++g
PR R S TS JTRPRy By Sy SO B R QAP Sy

T 4+ + 44100 440+ 408 4200100 +-++-+-+E;

P+ ++++0 0+ F 408 420801 4+ +-+§;

L+ 4+++40 0 ++4+8 44018183818 ¢+4++
PR P iy B R R R R E A RN R I R R Y

P44+ ++4+0 8 U+t 4488 42008008 +4++4

t +4++++tt ++4+0 4+ 8 503 0230 440 4+
Cd 4+ 4410 + 408 4+ 508 $2 0800 4+ 48 44
1 4+ 4+ 4480 40 41 4400 +8 820100 44444
l - .

t

l++++¢lll++l++lt+t!!ll++l++g
1+ 4+ 4+ +42 881 + 44400 +2 003 4+ 444+

contd..



---u-n------ﬂ.unn----‘---'---»-a-.auuuuu-—------ -----u—aa

Culture Nymbers E13/75 E14/75 E15/75 E16/75 B17/75 E18/75 E19/75 B20/75 E21/75 E22/75 E23/75 E24/75 E25/75

--ﬁ-un-u.-n-cﬁ—u-q----u-mnq—noa-‘ganqaoe---n——ﬂ--n---—un-—

Tegt Substrate
Ei jiman's test
Growth on D,H,S,
Motility
Haemolysis
Indol

Methyl red
Voges-proskauer
Citrate

. Hydrogen sulfide
Urease

KCN

Lysine
Phenylalanine
Meglonate
Glucose

Lactose

Sucrose
Mannitol
Dulcitol
Salicin
Adonitol
Inositol
Sorbitol.
Argbinose
Raffinose
Rhamnose
Nitrate

AG

Q2
&
[
.
[ep]
5
[ep]

AG

&
@
.
[op]
.

@

R S A S o
A N I
P AR TR RS R R R R R -
¢+t+slf1t+o++{t%ess!t+++++§
P A B S R R I R R
4;++*,.+' 1t 3 48 ++lt~;-l=lllt++++l'g
+ 4+ + 4+ tl-t-t+l-++’l-! +1 ¢80 88 +40 4 4
+-+-;+-+t E 8+ +b s +3 480 tﬁ QR
++++f|ti++t++:t+las30+4++y
++|;::ust+x++|f31tsuz++++c
+|c++s|:|+i++dtfc:c:s++u+§g
4;++++t'l\l + 48 ++1 -lol.t! 18 4+ 41 ++
+++++ltl{+c+fms+1%t!f¥++fi

-d.’----’.ut’---‘--u-co--&-ué—-un--‘-nn-—n----—---ﬂ-—n------——

Note: A.G, = Acid and gas production

+ ; Positive
- -

Negative



BIOCHEMICAD REACTIONS OF CULIURES OF SALMONELLA ISOLATED FROM PIGS _

Table 3
Culture Numbers YN 2/ 3T 5/ 74 6/711- 7774 /7% /7% 13/7% 13/7% /s 15/ 74 20/74
I ! -t - - -t - -t - - - - -y -l ‘
Ind.01 - - -~ - - - - - - - ~ . -
Methyl red + + + + + + + + + + + + +
Vogesuproskauer - - - - - - - - - - - - o
Simmons's citrate + + + + + + + + + + + + +
Hydrogen sulfide (TSI) + + + + + + + + + + + + +
KCN - . - - - - - - - - : - -~ -~
Motility + o+ o+ + o+ + + + o+ + 4+ +
Lysine decarboxylase - o+ + + + + - + + + + + +
Phenylalanine deaminase - - - - - - - - - - - o= -
Gas from glucose - + + + -+ + + + + + + + + +
‘ LaCtose - | - - - - - - - - - - - ™
Sucrose - - - - - - - - L - - - - -
Mannitol + + + + + + + + + + + + +
Dulecitol -+ + + + + + - + + + + + +
Sali(d-n - - - - - - - - - - - - -
Sorbitol + - + + - - - + + + + - -
~ Arabinose - s + + o+ + + + + - + + +
Raffinose - - - - - - - - - - - - -
Rhemnose - - + o+ + + + 4+ + + + + + - -
Nitrate + .+ + o+ + o+ + + + + o+ + +

contd, .



Culture Numbgrs-

21/75

" SR @ 62 e @ M A W @ e M B W W w

Test Substrate

Indol

Methyl red
Voges~proskauer
Simmons's citrate
Hydrogen sulfide (TSI)
Urease '

KCN

Motility ,
Lysine decarboxylase”™
Phenylel anine deaminase
Malonate

Gas from glucose -
Lactose

- Suecreose

Mannitol

Duleitol

Salicin

Adonitol

-Inosgitol

Sorbtol .

Arabinose

Raffinose

Rhamnose

Nitrate

R E Y R R E L Y e

+ 38 30 448 40 Lt D

2/7

AN W]
FE SN

FE N S A R RN IR SR

" uw a0 69 OB WP B @ 0% oo P N w8 w N W G W B w =

positive .

Notes +
. negative

Hu

375 55273- 26/7

PR I I A B O B R A B N R

TV L
F ot

J:
TN

++5 +0 L0 42 )RR 4

PRSP B T R JITRY S SR T NPERPIY S SRR R

1ot
(0o
| B |
~3J

+ 4+ 8 +3 228 £ 4+ 88 L0 DN gD

L IS8 |
‘l(gl

TR SN TR IR B BT I BN R N R N B A N LR R

| BN |
~J
Tt
R

N R R T R I I N N Ry Sy

SN |
~J
t\ 8
tw}
oo
T e

PR R N T T B B OE N QI Ry BRI R

twi
e X
~)

++il-l--_|-l t + 481 +!!'++It++0 + @

t - d
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Details of the Salmqnella Species isolated from pigs and the results of

' their serol al ¢ i.
Table W& ogle ypiag .

snﬂm-unnﬂunsma‘aam—ﬁ-u»n--.-q..un.u—u_agnm---nn_--—pu-'—!&_-
dge group Ctﬂ.;zlgral Source of isolation Symptoms/lesions 4Antigenic formula Serotype
6-8 weeks 1/74 Faecese o Necrotic enteritis 3,10sr: S.weltevreden
19 2/ Mesenttle lympﬂnode Necrotic enteritis 3 103226 ' S.weltevreden
’s 3/7% Mesent/Fic lymbhode Necrotic enteritis I, 12:151,2 . 8, typhimuriume05
ys 5/ 74 Mesentic lymphnode - Necrotic enteritis 3 10:rs z 7 S.weltevreden
- 6/ 74 «d0n _ «doe ’+ 1231: 1, 2 S. typhimurium-05
,9 7/711-‘ Faeces ~do= l+,12-:|.. ' S. typhimurium-05
' 9/ 7 Mesentric lymphhodes =do - 32 1o.r.zé , S.weltevreden
EYE 11/ 7% Faeces ~do= . : L,12:131,2 © S. typhimriun-05
29 12/ 7% Faeces .  =dows , 3 103 r-z& S.weltkvreden
99 .13/7’4- Feeces . «dOw b, 12:151,2 S, typhimrium=-05
’y . /7 Mesentﬁic lymphhodes ZEnteritis 3 10sr 2 ' S.welthkvreden
3—5 weeks 19/7% Rectal swab ~dow 3,108r2z6 S.weltevreden
" 20/ 7% ’ = 30w e 3 10:riz6 S.weltevreden
’y 21/ ’s L  =do= 3,10:rsz6 S.weltevreden
v 22/ 7% v & ; -30= 3 10:p226 ' S.weltevreden-
’9 23/75 Mesent[ric lymphnode Necrotiec enteritis 3 10:rszb . S.weltevreden
v9 25/75 Faeces . Gastroenteritis 3,10:r: 26 S.weltevreden
Y 26/75 .9 e o _ Gastroenteritis 3,103r3z6 S.weltevreden
') 27/75 Mesengi'ic lymphhodes Gastroenteritis 3, 10:r: 26 ‘ S.weltevreden
_ é’ . 28/7% Intestinal contents  Gastroenteritis 3,102 26 S.weltevreden
=8 weeks 38/79 ’9 ~ Enteritis 3,105 r: 26 S.weltevreden
Y) /75 ’9 s 3,10:Ti26 _S.weltevreden
v’y . 33/75 6astroenteritis 3,10:rs 26 ' S.weltevreden

X 34/75 Fleces ‘ Enteritis ’+ 1231:1,2 S. typhimurium=05

*NS"ﬁl’n‘-sunnﬂﬁ--nu--uh—ﬁ-un-n-n-----.uu-un-u—--u--—uu-A



Details of Haemolysin production, necrotoxin production, pathogenicity to mice
and rabb:.t ileal loop reaction

Table 5
o Haemolysin production
“%3“1'9 Solid media Tiomd media . Necrotoxin Pathogenicity  Rabbit gut
Asrobic 107*02 Asrobic 16%02 production to mice. loop reaction
379C 37°C 370 370C - '
E1/ 74 - NT NT - NT NT NT - -
-E2/74 NT NT . NT - NT NT . -
E3/71+ + + + + + (++) -
EL/7% NT . NT NT NT NT - -
E5 /7% + + S+ + - - - g
B6/7% - NT NT NT NT - 4  (++4) -
E7/7% + + + + + (++) +
E8/7k NT NT - NT NT NT - -
B9/74 + + . % : + - - -
B10/7% + + + + + (+) -
E11/75  NT NT NT NT NT - -
E12/75 + + + + - - -
E13/75 _ NT NT NT NT NT - -
E14/75 + + + + - - -
-EB15/7 + + o+ + + (+++) -
E16/ 75 + + + + - - -
5/75 ¥ + + + - - -
+ + o+ + . - - -
E19/75 NT NT NT NT NT - -
E20/75 + + + + - - -
E2 1/75 + + + + - - v
<+ + + + - - -
a/ NT NT NT NT NT - -
NT NT NT NT NT - -
325/75 + + + + - - -
G5 M R e N T s e e D M T 4 b e 6a B EL s e e T o s G S e Y em S e s = M m m e ® s == - e e e W e = - -~ -
Note: + =Posltive reaction (+++) = death within 24 hours
« =Negative rezction (++) = death within 48 hours
NT =Not tested (+) = death within 96 hours



Detalls of BExperimental’ infectlon studies of S,typhimurium var coPenhagen and
- 8, weltﬁwreden in laboréibry animals

Culture Experi- Sps, of Salmonella Route of Period Gross lesio;s- e T T T T Site ;f.i;oiailgn- )
No mental tested infection of obser-
animal - A : . vation
Mice §1§zphimurium e
| Copenhagen
3/ 7 1 i/p.0.2ml. 48hrs.D No gross lesions Heart blood,spleen,
. , ' ' liver & lungse.
2 ' i/p.0.2nl, 72hrs.D Scattered pneumonic lesi- Heart blood,spleen,
- ons on both lungs and liver & lungs.
areas of necrosis on the
surface of liver ‘ '
13/74 1 i/p.0.2ml. 2%hrs.D No gross lesions Heart blood,lungs,
' " A liver and spleen
2 : i/p.0.2ml, ¥8hrs.D No gross lesions Heart blood,lungs,
: , liver and spleen:
S.weltevreden
. B.wellovicuss . .
1/ S i/p.0.2ml. 48hrs.D No gross lesions * Heart blood,lungs,
: - ) : _ : liver and spleen
2 | i/p.0.2ml, 72hrs.D No gross lesions Liver,hearthlood,
lungs and spleen
25/ 74 1 i/p.0.2ml. 96hrs.D No gross lesions Liver,heartblood,'
L . ' lungs and spleen
2 . ' i/p.0.2ml. 48hrs.,D No gross lesions - Heart blood,lungs:

liver and spleen




.—--_____-—-

. Culture -

No, nental tested infection of obser-
animg] -~ vation
" Guines | T ITr s rmmmmmm s
pigs S. typhimurium var
copenhagen ) '
3/ 1 i/p.0.5ml, 48hrs.D Acute peritonitis. No other
Co- - gross lesions.
2 S/c.1l, 96hrs.D Patchy congestion ofllungé
. small necrotic foci on
surface of Xikwexy spleen
"along with congestion
S.weltivreden . . ,
174 1 i/p.0.5ml, 48hrs.D, Acute peritonitis. Spleen
_ . enlarged and congested
2 S5/c,ml, 96hrs.D, Enlargement of spleen,liver
: ' and mesentric lymphnodes.,
' . Lungs showed pneumonic areas
~ Rabbit : L -
S, typhimiriun var
copenhagen p
3/ 7% 1 S/c.1ml. 48hrs.D, Pulmonary oedema, enlarge--
ment of spleen
2 | _ S/c.ml, 36hrs.D, No gross lesiong,
S,weltgévreden . »
1/ 7% 1 S/c,ml, W8hrs.D. No gross lesions
2 ‘ ) S/c.Mml. U48hrs.D, Pulmonary cedema. Conges-
tion and enlargement of
spleen
Note. D = ﬁeath K e ) ) )

- w Ay e w PP en W o am wm "™ W an =

Experi- Spse. of Salmonella Route of Perlod Gross lesions

Heart blood 1ungs,
liver and 5p1een

Heart blood,lungs,
liver and spleen

Heart blood,
Liver,spleen,lungs
and mesentric lymphe
nodes

Liver,spleen,lungs &
Mesentric- lymphnodes

Heart blood,lungs
& spleen

Heart blood & 1ungé

" Heart blood & lungs

Heart blood, lungs
and spleen



Table 7

- a3 M = N &

Cul ture
No,

o wt wm eu Y e

3/ M

3/ 7

3/

- - - -

™ e om0 e W e

Detalls of experimental infection studies on S, typhimurium var copenhagen and
\

Salmonella weltevreden

No. & #ge  Sps, of Dose & route Periog of
group Salmonella of infection observa-
tion
S, typhimuriun
var copenhagen
1/ 107 Suks, '
1 30ml.oral 5 dayskK
2/ 107 SWKSO
2 30ml. oral 10 daysK
3/ 107 5wks.
3 30ml.oral 15 daysK

S w e aw @ e My wem "7 en g

- M oy em S amp S nme s em e @

in’ﬁiEIéfE__‘

- Ew M e m e P ey au T =0 W  ow

Site of isola-
tion

Faeces,i
and meseg}%g
1ympi#od

Temperature 104°F, Congestion
of the terminal portions
ileum & colon., The mesegzgfc
lymphnodes enlsrged and de-
matous.

Reddening of the skin on the
abdomen and dependent parts.
Carcass emaciated. Acute gas-
tritis and congestion of the
greater curvature of the sto-
mach catarrhal enteritis,

mild congestion and petichae

of the mucous membrane of lleum
je junum and colon were observed.
The bronchi contsined frothy
fluid.

Faeces,ileun,
mesen ¢ lymph-
nodes ‘and colon

The skin on the inner aspect
of thigh necrotic.” Rice in
temperature after 2nd day of
oral dosing upto 105°F,
Diarrhoea after the 6th day.
Temperature declined with the
on set of dierrhoea. Catarrhal
enteritis haemorrhagic streaks
on the mucosa of ileum., The walls
of the ileum thickened. The mucous
;%rface of colon necrotic. Mesen-
i

Faeces, jejunum,
1leum meseZZ%?c
lymphhodes a
spleen

ic lymphnodes enlarged.

vt o ws b  on ww e e @0 s s W mE o et e m @ a3 e e e o



Culture No, & Age Sps. of " Dose & route Periog§ of Symptoms/lesions Site of 1solar

No. grcup Salmonella of infection observa- : tion
o tion
. Eﬁweltevreden ‘ ' ’ i
1/ 7% 3/ 108 Wvks, . 30ml.oral 5 daysKk No gross lesions on gastrointesti- Faeces mesen-
_ ' nal tract, liver, spleen & lungs. ic lympqﬂodes
The mesen ic lymphhodes slightly and ileum”
enlarged., .
1/ 7 5/ 108 6uks. - 30ml.oral 10daysK Temperature 105°F, Diarrhoea & Faeces, ileum
' . inappetence. Congestion of ileum and mgsenf¥ic
and colon and enlergement of lymphnhodes
| . mesentfic 1ymp odes A R
1/ 7% 4/ 108 Swks. _ 30ml,.oral 15daysK Temperature 104%,80F, Cyanosis of Faecé, je jun
' the skin, catarrhal enteritis, ileum mesentric‘

hyperemia of jejunum and ileum. 1ympyﬁodes
The walls of the ileum thickened. spleen
Mésen?%ic lymp?ﬁodes enlarged and
haemorrhagice.

S, typhimuri

var ggxﬁrﬁﬁ&en
and S.welte~

vreden
3/7%) 6bweeks 15m1)30m1. 5daysK The animal showed high rise in Intestinal .
1/ 7%) _ : ~ 15m1) temperature varying from 105- contents, ileum
_ 1060F, Mild congestion of the colon gnd
mucosg of the ileum and cplon mesentric
was obsérved, The mesentric 1ymp?£gdes.
lymphfiodes enlarged.
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Culture No, & Age Sps. of
No, . group Salmonella

7). 6

1/74%) weeks

Y7 ™

1/ 74%) weeks

'D.= dled

15mL )
15ml ) 30ml.

®mL)
15m1 )30ml .

tion

Dose & route Period of
of infection observa-

Symptoms/lesions

9 daysD, Temperature varied from 105

108.80F, The Je junum and
ileum contained yellowish
fluids. The fundic portion
of the stomach showed severse
diffuse congestion. OStreaks
of haemorrhagk nfticed on
mucosa of ileum, Jejunum &
colon. The bronchial- lymphe
nodes were enlarged,

15 daysK.Temperature varied from 104

104,80F, Diarrhoea noticed
after 5th day of dosing.
Carcass emaclated,
surface.of the mucosa of
colon showed greyish white
nodules with erosions.,
Terminal portion of ileum

haemorrha, and thickened,
The mesenyric lympbfiodes
greatly ehlarged.,

The entire

- e ™ e e W =

Site of isola~-
tion

Bronchial
lymphnodes,
liver, _bile,
mesenyric lymphe
nodes’y ileum

and colon

Faeces, mesen-
2%10 lymphnodes,
olon, ileum

and bile



Table depecting the sens:Ltivity of Solmonellae to various chemotherapeutic agents
at different concentrations

Organisms tested Chemotherapeutic agent tested No.of strains No of strains No. of strains
- and concentrations/disc. tested sensitive o resistant
- - -y - - - - -l -y - \
S,weltevreden Penicillin 10 mug. 9 - 9.
- ' Streptomyein 10 mg. - 9 7 2
Streptomycin 20 ug. 9 7 2
Tetracycline 10 mg. 9 - 9
Tetracycline 25 mg. 9 1 8
Erythromyein 10 mg. 9 - 9
Ampicillln 10 nge 9 - 9
Chloramp] Zicol 25 ug, 9 9 -
Chloramphfnbcol 30 mg, 9 9 -
Nitrofuridntoin 100 mg. 9 1 8
Gentamycin 10 ng. 9 7 2
S, typhimrium var . '
copenhagen Pencillin 10 aug.

Streptomycin 10 ug.
Streptomycin 20 ug.
Tetracycline 10 uge.
Tetracyclin 25 nuge
Brythromycin 10 ug.
Ambiecillin 10 ag..
Chloramphenicol 25 ug.
Chloramphenicol 30 mg,
Nitrofurantoin 100 muge
Gentamyein 10 mug.
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Orgenisms tested. Chemotherapeutic agent tested No,of strains . No,of strains No.of strains
and concentrations/disc, tested : sensitive resistant
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E,coli, Penicillin 10 mg. 5
L Streptomycin 10 ug. 5
Streptomycin 20 ug, 5
Tetracycline 10 mg. 5
Tetracycline 25 nge 5
Erythromycin 10 ug. 5
Ampicilling, 10 nug. . ' ; 5
ChloramphZhicol 25 ug, 5
Chloramph¥nicol 30.mug. 5
° Nitrofurdntoin 100 mg. 5
Gentamyein 10 mg. 5
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ABSTRACT

‘Prior to this investigation, limited studies
conducted in the department of Bacteriology, College ofﬁ
Veterinary and Animal Sciences, Mannuthy, have revealed!
the association of pathogenic strains of E.coli and Sal@onila
with enteric disorders of pigs. Therefore, a detailed ;
study of the incidence and magnitude of prevalence of those
pathogens was ca#ried out,

A total of 274 specimens collected from sick as
well as dead animals were examined. Faecal materials -
collected from living as well as dead anlmals, mesentris
lymphnode, spleen, liver, lungs and heart blood formed the

materials for isolatlon studies, Both enrichment and
'selectiﬁe media like selinite and tetrathionate broth,
D, H,S, broth and D.H,S, agar, modified MacConkey
medium I & II, and composite medium I & II were employed

for isolation of pathogens, A total of 75 strains of E{g9114
and 24 strains of Salmonella were isolated and studied.}
Most of the isolations were made from piglings aged 3-8;
weeks.'.Out of 75 strains of E.coli only 5 strains wereﬁ
found.pathogenic based on wvarious tests-like'haemolysin;
necrotoxin and enterotoxin production and pathogenlcity.

to mice. These isolates bglonged to serogroup 05, 017

and 039. Salmonella strains belonged to two serotypes,



S.weltevreden and S.typhimurium var copenhagen. The
identity of the isolates were confirmed biochemically and
serologically,. |

Pathogenicity studies conducted with two strains
of Salmonells weltevreden and Sglmonella typhimuriwg var
copenhazen have revealed that they were pathogenic to
laboratory animals like mice, guinea pigs and rabbits,
It has glso been observed that these serotypes could
produce enteric form of the disease in primary hosts,

Invitro drugsensitivity studles were carried out
to determine the effectiveness of antibiotic to gastrointe-
stinal disorders caused by these species. It has been
observed that a1l E.coll and Salmonella strains tested were
sensitive to chloramphenicol. However multiple resistance
was observed to penicillin, streptomycin, tetracycline,
erythromycin and nitrofurantoin.

The significance, possible role of infection
by thése species and their drug sensitivity reactions are

discussed.
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