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INTBDDUCTIOH

Bvei|sinGe the domestieation of swine begaaj
a few diseases were also recognised^ particiilarly in early

life. Of these, digestive distiarbances are very in^ortant /

and this contagious malady has been found to affect swine of

all ages, but most frequently the young ones as a primary

infection or secondary to some other infectious diseases*

Goodwin (1957) considered enteritis as one of the commonest

diseases of pigs and that it is responsible for death,

unthriftness and stunted growth* According to the survey

conducted by Veterinary Investigation Service in U*S,A.

(1959) neaiSLy 26^ of the piglets bom, faJied to survive

until they were eight week oLd. Hpto three weeks of age
\

13.8^ of the. mortality was due to gastroenteritis# The

disease condition acq\iires greater iB5)ortance in swine

because it causes serious economic losses, in the form of

piglet mortality, stunted growth and increased time to

market*

Gastroenteritis can occur in various pathological

forms# For instance the inflammatory process can be serous,

fibilnous or haemorrhagic in character* Necrotising gastro

enteritis also may be encountered* The type: of gastro

enteritis also depends on its localisation in alimentary
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tract; the inflammation m^ involve the stomach and intestine

or solely to the large intestine*

Numerous discrepancies in research findings with

regard to gastroenteritis appear to indicate the complexity

of its etiology* An interplay of a number of factors may be

responsible for this condition in many cases♦

Over the past decade a close association between

certain gastroenteric syndromes in pigs and specific serotypes

of Eseherlchia eoli has been established (Gossling & Rhoades,

1966; Djurise, 19^7; Vacheev, 19685 Ahuja & Khera, 1971; Gupta &

Singh, 1972)♦ IThe infection is related to special serolo-

gicsl types of S*SQlt which produce their harmful effects

by proliferating in the anterior small intestine. According

to Stevens ^ (1963) the E.noll produce gastroenteritis

mainly in three different age groins; Ca) piglets a few

days old (b) mweaned piglets about three weeks old and

(c) pigs about 10 to 12 weeks old (2 to 3 weeks after weaning).

The major manifestations of porcine Salmonellosis

are gastroenteritis and septicfiemia, and some times combined

occur^ce of these two sjmdromes* Jubb &Kennedy C1963)
stated that "SgfTBnnftn n eholeraegula and the disease it

produces are both poorly understood and there is ac^le

opportunity to investigate the disease in areas ^rtiere hog

cholera does not occur".
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Piglets fom the main animal reservoir for the

Salmonella organisms sp^t from poultry# Usu^ly these

organisms exslst in tbd.s host without showing any clinical

symptoms. The nutrition and husbandry practices or primary

infection such as hog cholera which have altered the innate

inmunity causes "breaking down" to a .fluorl^diarrhoeic process,

which also provides generalised environmental contaminaM.on«

Of the hundred of known Salmonella serotypes only

two, S.tvpblsTala and g.glagl?raesltLg» bost adapted to

swine* The other organisms rarely encountered in porcine

epizootics innln(je S^tvrthlmuriTiTn and S.derbv (Sorensen, 1970).

The U.S. Public Health Service reported over ^0 serotypes of

Salmonella from swine during the year 1967* The disease is one

of the young pigs, usually 2-lf months age especially 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; Krishnaraurthy &

Kaushik, 196^).

At the Pig Breeding Farm, Mannuthy, a large number

of pigs are raised under good managemental and hygenic

conditions, but heavy losses due to gastroenteritis have

been encoimtered* ^thou^ detailed studies on the importance

of E^eoll and Salmonella have been carried out in other parts

of the world, a systematic investigation in this regard has



not been tafcen up in our country, Liiaited studies conducted

in the Department of Bacteriology have revealed the predomi»

nance of E.goU and Salmonella from digestive diaturbances

of pigs (Sulochana si 1973) ♦ Hence this thesis is

directed into detailed studies of E. i and Salmonella

strains isolated from enteric disorders in piglings with

special reference to their characters, pathogenic!ty and

sensitivity to common therapeutic agents®
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LITBRAIUBE HEVIEW

ESCHERICSUL GOLI

Introduction

The term "Enteric colibacillosis" refers to a

malady of young pigs caused byjaacterlum EsGherlchiei. eoll

In neonatal pigs the disease is most commonly

manifested as. acute enteritis, bacterliiia and colibacillary

diarrhoea* In weanling pigs enteric colibacillosis assumes

two distinctive forms- diarrhoea or enterotox^iemia.
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History and/Incidence
1/a, ' ^

Sojka C1965) proTJlded the following history^^f_^'|'^e£'^^^

colibacillosis« In 1885>(SieobajjlEscherich isolated and
described on organism from the faeces of new bom baby and

is now rialled Esnberiehia coli^ Laruella suggested in I889,

that jE^goll may be pathogenic* In later years the importance

of E^ooll as a pathogen has been established from calf

diarrhoea (Smith and Orci^t, 192?); inJ^^^ntile gastroenteritis
(Mams, 1927) and fatal enteritis in young lambs (Heller, 1933?

Marsh &Tunxilc^^ff (1^6$^•
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 years (1956 to 1958), This survey

indicated that E>c^ll and Streptococci were the most important

organisms contributing generalised infection and E.eoli 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 all baby pig diarrhoea cases are associated

with E.Goll infection.

Bacteriology

Eggheriohla ftnll is a normal inhabitant of the

intestine of man and other vertebrates.^ E^eoli is a member

of the genus Escherichia, cc«nposed of motile or nonmotile

bacteria.

In Bergey's Manual (Breed si al.., 1957) E.noll is
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described as possessing the following characteristics^

Rods, usually by 1»0 to 3 microns varying from almost

coccoid forma to long rods occu^ng singly, in pairs and in
short chains, Usually non capsulated, nonsporeformiLng gram-

negative rods. In broth turbid, heavy^ grayish sediment;
no pellicle is produced. On blood agar plates different

strains vary in their action. Some are hfe^ol^ic. Hydrogen-
sulphide is not produced, Methyl red positive, ^oges-Proskauer

/

test negative. Acid and gas from glucose, fructose, galactose,

lactose, maltose, arabinose, lylose, rhamnose and mannitol.

Sucrose, raffinose, salicin, esculin, dulcitol and glycerol

may or may not be fermented. Citric acid and salts of citric

acid not utilised as a sole source of carbon. Nitrites are

produced from nitrates and urea not decomposed,

Haemolysins

William Siaith C1963) states that about 63^ of strains

isolated from pigs produced haemolysis on 5^ ox blood agar,

E.colt strains belonging to 0 groups 138, 139> 1^1 and 8 are

haemolytic (Sojka fll,, I960), Two types of haemolysins had

been described by William Smith (1963), the alpha and beta.

The alpha haemolysln is filterable while the beta is not

filterable. The types are indistinguishable on their effect

on blood agar. Alpha haemolysin obtained by growlJig cultures

in special alkaline medium extract for 2^- to h<jurs at 37®C.
It was antigenic and produced neutralising jgntibodies when



_ -8-

injeeted in rabbits♦ High concentration of alpha haemolysin

were toxic to mice, rabbits and giiinea pigs when injected

intr^enofusly. All the strains of E^eoll that di^llated pig
intestine except 08: K87; K88a,b; OU^sK? K88a,c produced alpha

haemolysin gnd also some dilatation negative strains produced

beta haemolysin (Smith, 1963), Smith concluded that the haemo

lysin ty pathogenic strains are not responsible for pathoge-

nicity, but this is useful as an aid to recognition of

potentially enteropathogenic strains*

SerotypjBS

Parnfts et fll. C1950) wsre among the first to report

on serologic^ examination of jli strains isolated from

healthy and diseased pigs# Sakazaki and Hamioka (19^6) tested

$0 isolates from mesenijicic lymphnodes of pigs*. Tlie strains
identified belonged to the sero groi?) 08,018,02,021,025»0111,

0l|-8,0113,0115 and 021* Eight of the 75 strains isolated from

faeces of healtl^ pigs were found to be in the Ogroup 01,08,

05,028,076 and 0116. Swing (1957) in their serological

studies with E.^nll cultures> isolated in Ireland and United

States from cases of Oedema disease found that serotypes

frequently encountered belonged to sero groups 0138s K8CB)

and 0139: K82 (B), Other serotypes which were of less common

occurrence includes 05a, 5c, 0^, 0X12 and 75a> 75c*

More than lU-7 0 groi^js with 89 K antigens and H-9

H antigens have been typed from pigs with «3igestive disturbances!

(Dunne & Bennet, 1970). The most important serological groi5)S
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associated with gastroenteritis were 08, 0138, 0139»

01^1 and 01I+9 (Gossling & Bhoades, 1966; Vacheev, 1968;

SLder si flL., 1969; Sweeny, 1970; Beh, 1971» Sweemy, 1972;

Yalicin, 1972)*

Three 0 groups have shown to be specifically

associated with oedema disease are 0139, 01^1 and 0138,

A number of other 0 groii^s have been identified with oedema

disease including 02, 0^, 018, 020, 0^^, 075, 0111, 0115,

0117, 0121, 0133, OIU5, 01^7, 0X11 and 0X12 (Dunne and

Bennet, 1970),

In India several workers have reported the isolation

of different serotypes from both healthy and diseased pigs*

Ahuja & Khera (1971) on their investigation on aetiologic

agents associated with diarrhoeal disease of pigs siged one

week and three weeks found that the E-r>nH gerotype belongs

to sero group 01^2, 02, 0111 and 0133. Gii^ta and Singh (1972)

isolated sero groups 08, 0101, 020, Ol5, OM and 01 from pigs

suffering from gastroenteritis and some of the isolates were

untypable* A single strain isolated from adult pig with

gastroenteritis possessed 0^ antigen. The strain isolated

from carrier pig belonged to 035 & 08,

Pathoger^sis
The pathogenlsls of enteric coliba.Gillosi» was

described as a sequence of four events by Nielsen C1968):

1) Infection with pathogenic E.eoll 2) Proliferation of the
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pathogen 3) Production of enterotoxin and ^f) Production of

lesion of colibacillosis^

Pig acquires infection from many sources by ingestion.

The organisms have got wide distribution in the environment.

Adult swine CGupta & Singh, 1972) as well as cats, dogs and

other animals and hmian beings may be in5)ortant carriers of

strains that are pathogenic for swine# Karmer and Nedertio

(1967) demonstrated experimentally that establishment of colibaci-

Uosis requires an adequate infective dose* Greater the number of

organisms ingested, greater the possibility of infection,
•A

The bacteria that cling to the surface of the mucosa

or tiiose able to propagate in crypts awqr from the stresuaing

effect wotild be more pathogenic (Nielson, 1968)• Ar-bucKLe (1970)

observed that the serotypes of 1,£q2Jl that usually produce

K88 antigen attach to the intestinal mucosa of piglets and

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

for early weaned piglets increased after the bacteria had

acquired the ability to produce K88 antigen* Jones & Rutter

(197^) demonstrated that K88 antigen was synthesised by a

K88 positive enteropathogenic strain of E.eoil in small intestine

of both gnotobiotic and conventional neonatal piglets,

where it^act as^Sie^i '̂ enabling the bacteria to adtiere and
/

colonise ttie mucosa# This adhesive ability can be neutralized
P

by homolo^s antiseram# The adherence is not an essential

for pathogenesis, but rather shouldmechanism considered as an
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enhaneement of pathogenecity of certain strains (Wilson &

Hobmann, 197^) • The fimbriae of E.colt act as a mechanism for

the attachment of the epithelium of small intestine (Duguid &

Smith, 1955)#

Dunpont et al> (1971) reported that the striain of

cause disease at least by two mechanisms: the elaboration

of cholera like toxin and Shigella like epithelial penetration.

In either case the proliferation of enteropathogen is necessary

for the production of clinical colibacillosis (Kenworthy &

Crabb, I963; Smith & Jones, 1968)•

Production of enterotoxLn

Acute inflammatory changes occurred in the mucosa

of rabbit intestinal loop exposed to some strains of entero-

pathogenic E^coll (Taylor 1958; McNaught & Roberts, 19^8)

whereas other strains diiilated the intestinal loop wiLthout infla

mmatory response (Taylor 1961). These authors concluded

that the gut dijilatory effects were due to an active ]^abjLe
substance, enterotoxin produced by the organism. Smith & Halls

(1967) reported that bacteria free filtrates prepared from soft

agar cultures of E. eoli produced the s^e didlatation in ligated

intestinal locqps as live bacterial suspension, whereas no
/—

dilatation reaction with bacteria free fluids prepared from
strains of E^ftoli that did not produce dilatation when tested
as live suspensions*

Two forms of enterotorLns have been described;

one heat l^tLe and the other heat stable (Smith &G;^les, 1970a).
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The heat l£abj|Le enterotoxin was mainly an extra cellular product
and its pig intestin^ disilatation properties were neutralized

IT \L ^ 'i
by specific antisera* The heat liable form is more consistently

associated with bacterial cell lysates and were also neutraliza-

ble (Smith & Halls, 196?)• No difference noted in pig

intestinal loop responses or in diarrhoea! syndromes In piglets

following administration of either type of enterotoxin (Smith &

Gyles, 1970a). Smith & Gyles (1970b) and Kholer C1971) observed

that the heat enterotoxin prepared from porcine entero-

pathogens exhibits a stronger rabbit gut dilatory effect than
that with heat stable forms# ALl the strains of E^coll entero-

pathogenic for pigs produced heat stable toxin but pn.Ly those
C.

naturally possessing K88 antigen produced heat ^ab|Le entero
toxin (Smith & Gyles, 1970a).

The enterotoxin production was controlled by a trans-

missible plasmid (Ent)(Smith & Halls, 1968; Smith «Sc Linggwood,

1972). and are transmissible to other strains of and to

S.typhimurium and S,£liQlg£a£aHia ^7 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 enteropathogenic strains of E.eoll produce

ttieir pathogenicity by the formation of enterotoxLns# Some

I.SqUL organisms produce their effects as a resiilt of their
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Invasive capabilities (Salazaki jaiL»« 19^7; Ogava 3^

1968; Dunpont fii flL#, 1971) • Organisms whicli have got invasive

capabilities produce^ a Sbigella like disease, cross react with

Shigellae (Edward & Ewing, I962) and have biochemical reaction

to Shigella (Dunpont st al., 1971). Acute inflammatory

changes are noticed in the mmcosa of domestic animals after

exposure to invasive strains of E.noll (Kenworthv^ 197Q;

StflteTv et al.y 1970), Intestinal epithelial penetration

certain, strains of E^cpli has been demonstrated in gern free and

gnotobiotic pigs (Dress & Waxier, 1970; Menworthy, 1970 and in

conventional pigs (Stately si , 1973)#

The ^tero^athogenic strains of E.nnll have a greater
tendency to be associated with epithelltim of the small intestine

t 'than nor^enteropathogenic strains (BerTschinger ai aL. > 1972).
Invasion occurf mainly in the upper one third of the villi

of the jejunum and lleum and in large intestine (Dress &

Waxier, 1970)♦

Tests for pathogeniclty

Serotyping

Serotyping is a useful tool in helping to establish

pathogeniclty* But pigs without signs of the disease have

been found to harbour E.eoli that are enteropathogenic.

Ligated Intestine Loop technique

The technique was formerly used to elucidate the etio

logy of neonatal diarrhoea in human patients (De Bhattacharya &

Sarkar, 1956, McNaught & Roberts, 1958). It has been used
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also for the detection of enteropathogens from domestic

animals (Smith & Halls, 1967)* These authors concluded that

the anterior segment of the small intestine was more suitable

than the posterior segments.

Cooke (1968) classified the loop reaction in rabbits

into severe, moderate and mild type by their microscopical

appearance* Severe type I reactior^is characterised by large
amount of esudate coi!5)osed of mainly of erythrocytes ♦

intestinal waU is oedomatous, ^d the blood vessels dilated*
The villi are grossly disten^d. The columnar cells broken*
In severe type II reaction is characterised by eiudate of poly-

morphonuclear cells with some RBCs and debris. The. columnar cells

e:^>ded and submucosa congested and oedematous* In moderate
type I reaction there is less exudate but still con^posed of

erythrocytes, villi distended with RBCs but no loss of continuity

also* Some oedema and congestion of submucosa may be noticed.

Moderate type II reaction, exudate is C0n5)0sed mainly of poly-

morphs with BBCs and debris. No loss of continuity of epithe

lium, oedema and congestion of mucosa* In serere 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

bacilli stain pale and large numbers are not present on

columnar epithelial cells*
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A positive association between haemolysin production

and necrotpxin production was observed in strains isolated from

gastroenteritis and diarrhoea® These properties are beneficial

in labelling a strain pathogenic (Cooke, 1968; Pandae ^

197if)» The strain produced both haenrolysin and necrotorLn are

pathogens where as a strain with either of these two properties

are potential pathogens (Pandae j 197^)•

White swiss albino mice was extensively used as the

experimental animal for l.£aLL* But the mouse pathogen^^city
tests are not reliable# According to Jacks & Glantz (1967)

»

the strain f>f E^noll from nodenteric, systemic sources were
I

more pathogenic for mice» Shestakov si al,., 1972 reported that

necrotoxin production and pathogen^city for i^ce would be

valuable for differentiating enteropathogens.

Antibiotic sensitivity

Bichard & Frasier (196I) pointed out that since drug

resistant strains of E^coli may be frequently encountered,

sensitivity test should be done whenever possiliLe* Saunders

et ai- (1960) observed that resistance of E.coll to tetracyclines

which have been used as a feed additive c«a farms# Eoberts &

Valley (1969) found that significant haemolytic E.eoll

strains isolated from pigs, 17^ conpletely and 13^ were coaqpara-

tively resistant to streptomycin and to sulphathiazole* None

of these strains were resistant to chloran^henicol in-concen

tration of 100 micro grams#
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Williager & Genis (1969) on their investigation to the

occtirrence of antibiotic resistant strains of E^cqH In pigs

observed that out of total 128 strains, all the strains were

sensitive to neonycin, eolistine and nitrofurazolidone while

3/2 were resistant to chloraB^jhenicol and 9^ to dihydi'OstreptoaQrcin*

Hesistance to streptomycin was most commonly observed in strains

^ isolated from faeces.

Xadev & Gupta C1971) eon^ared the antibiotic sensi-

tivity patterns of isolated from gastroenteritis of dome

stic animals with that of sensitive standard strains of E. coli B

on minimum inhibitory concentration values* Depending upon

the resistant patterns, they groi5)ed into fom* types,

^ 1) those which were sensitive like E^noll 2) those ^ich were

showing o^y streptomycin resistance, 3) strains sho\?ing

multiple resistance to pencillin, streptomycin and tetraey-

clines and, those showing high ••Mic" values for all the

antibiotics tested,

Serkado aL* C1972) studied the antibiotic sensi

tivity of 937 strains of Isolated from faecal sauries

of healthy domestic animals ^d man. They found that popula

tion of human strains were resistant to one antibiotic and

multiresistanci^to tetracyclines, streptomycin, chlorantphenicol,
sulphadimethoxLne, kanamycin and benzyl pencillin*
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SALMONELLJk

Introduction ^

Salmonelloais can 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 ^eks to several months* The character of the

syndrome may vary from peracute septiqiimia to chronic

enterocaecocolitis» ' Toung pigs are prone to septi^emic foam,
where as older ones to enterocaecocolitis (Sorensen,'1970)•

The clinical outbreak is characterised by acute diarrhoea and

rapid death in store pigs* Other symptoms include

rexia, fever^ nervous syn^jtoms and discolourations of the

extremities (Lawson and Dow, 1966).

Sfll monglla tYPlajniimriiffii constituted 20^ of the

recoveries from livestock and poultry (Council report of

American Veterinary Medical Association, Council of Public

Health and regulatory service, 1966)* S.tvpblmurtum has been

frequently isolated from normal pigs at slaughtr CVanhoof,
19661 Chung and 5b:'oster, 1969) and also from severe clinical

disease (Heard si al,, 1965; Burner, 1973)*
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History and incidence

The first report on Salmonella isolation was in

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

pigs (Hagen and Bmner, 1961)* Soi^e^en (197O) reviewed
the history of porcine salmonellosis as follows# It was

considered to be a casual agent of cholera until Schwenitz &

Dorset (1903) reproduced the cholera with a bacteria free

filtrate of body fluids taken from infected swine• Dorset

et al. (190?) reported that Salmonella infection may be

present as either secondary or primary active pathogens.

Sal monella tvphlsula was described by Glasser (1909) and has been

reported from swine in various parts of the world. Salmonella

tvphifftils has little pathogenicity for animals other than swine,

produces a more chronic syndrome and possesses greater poten

tly for primary pathogenicity. CBames & Bergeland, I968).

Currently there are in excess of thousand taEiown

Salmonella serotypes, and new ones contim© to be discovered

at a rapid rate. These Serotypes often with remarkably low

host specificity, may participate as secondaiy invaders with a
cy _ * ^

tendency to produce fatal septicj'emia of which SaiaoQiaHa
tvTthlmurium is of considerable iii?)ortance. S. tvphlinurlum

has been frequently isolated from normal pig at slaughter

(Scott, 19^40; Galton fiji fli., 195^; Newal sl. > 19?9|o

but limited references have been found reporting S.tTOhimurium

as producing severe clinical disease in a herd of pigs.



-19-

But several workers have fomd that the organism can cause

either an acute or chronic disease (Heard & Linton, 196?;

Hoorens & Thoonen, 1968),

Heard & Linton (196?), reported an puthreals. of

S.tvTahlmuritm infection in a hysterectomised pig herd with

approximately Z0% morbidity* S.-naratvDhlB^ S. tvt^higfurinm.

S.gatanly S.saljitpaTjl^ and S,iiggt,9rsta<3ig have been

reported by Pateraki al. (1966) from Athens and Greece*

Barnes & Bergeland (1968) found that S.tvDhlspls was the most

common species found in Itoaespta premises. Mathisen (1968)

states that tvT^hinturlum was the most common isolate in

Noivay during the period of 196*f to 1967# Acute or chronic

form of the disease in pigs due to S.tvpMTmirlMm^ S.i&aoaM)

S.brandenberg has been reported by Hoorens & Thoonen (1968),

Grover et al* (1970) found that in Ontario, S.tvphlimirium was

the commonest serotype accounting for about cases and

the other Salmonella indndes S.heldelber£. Bruner Cl973)
\

reported that, of the Salmonella ctdtures typed during 19^0 to

1971 in Cornell University from diseased animals, ^6% of the

isolates accounted for S.tvnhlmurium. Giiiineae & Valkenberg

(197^-) reported in their study on the occurr^ce of Salmonella

in NetherlandA>etween 19^6 and 1973 that the proportion of
Salmonella typhimurium isolates remain constant at about 61^

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

Khera (1962), summarised the reports on

Salmonellosis in various species of animsils and birds in

India cited the incidence of 52 serotypes, out of which i

S.dublin and S.tvphlnrnrlum were of common occurr^ce, Makholia &

Singh C1963) isolated a new serotype S.brlndavan from apparently

healthy pigs* Datta. & Singh C196V) reported the isolation of

S.gokuL from pigs.

Krishnamurthy & Kaushik (196^) reported some outbreaks

or pigs with S^ohQleraesuis var kunzendrof from some parts

of India, Javaraman et al. Cl96lf) reported an outbrejak of

Salmonellosis due to S^veltevreden in guinea pigs. Jjayaraman &
a

John C1969) suggested that S^iroltevredan has got a wide range of

host specificity. Nath si ,al. (1970) gave an account of the

Salmonella serotypes identified from pigs during the period of

1965 to 1969 at National Salmonella &Esche^bhia Centre
Kausauli. The most common serotype identified were S, anattun

s.chQl?ra9gttLs» g^nasssaza,

g.x2giau2£ji.9 s.paratYphl^y s.Virginia and s»¥gite7redgB«

Goel & Malik (1971) reported the incidence of

Salmonella in pigs in Uttar Pradesh. The serotypes isolated in

the order of prevalence were S.stai^Vy S.Gholeraestilg var
K^unzendrof and S^enteritldis. Bhatia & Pathak (1971) from U,P,

isolated S.£b£a&£a££UiS var kua2Snd£Q£, S.£(2LqQ]]229 S.paratvr>hl B

and S.hvttlngfossa from pigs with diarrhoea and fever and S.ohlo

from apparently healthy pigs. Siaiochana-^ aL»( 1973) isolated
/
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tftvreden from Mannuthy; Kerala frran two ailing pigs with

the history of gastroenteritis. Experimental infection proved
' L

that pigs were refractory. Sashiflhar (197^) isolated S.f.vpblTntiT'tum

var ftopenhngeny S^vlrehovy ^.^jaolsiiaSLSBia var ]amg?ndr'5£>

S.dnbliny S.enteritldls and Salmonella B groiap with roia^

flagellar antigens from pigs in Bangalore.

Bacteriology ^

In Bergey|S Manual (Breed y 1957) the genus
Salmonella is described as possessing the following characte

ristics: Bods which are usually motile by means of peritrichous

flagella, although non-motile forms may occur# Gram-negative,

Gelatin not liquefied, indole not produced. Hydrogen sulphide

production is variable. Acid is produced from glucose,

mannitol, maltose and sorti tol. Gas production is usually

observed. Lactose, sucrose salicin and adonitol are not attacked.

The fermentation of other carbohydrates is variable, Acetylmethyl-

carbinol is not producedi Methyl red test is positive*

Nitrites are produced from nitrates. Ammonium citrate is

usually utilised. Urea not hydrolysed, KCN sensitivjLty

is negative.

Pathogen!sis

The disease caused by Salmonella, species is in the
CL

form of enteric fever, py;femLa and gastro enteritis.

In gastroenteritis the infection is more or less localised

in the intestinal wall (Wilson & Miles, 196^), Kastube &
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Tanaka (1973) suggested that the organisms propagate sli^tly

between the middle part of the large intestine^ The caecum

was found to be the most important site for Salraonella in swine

under experimental conditions XSmith & Jones^ 1967)*

pathogenesis of Salmonella depends upon the penetration of the

epitheliiam of gastroiiatestinal tracts and multiplication

in the mucosa leadULng to systemic invasion (Takeuchi, 1971)*

The organism multiplies in the phagocytes principally in

macrpphages of the reticuloendothelial system (Wilson &

Miles, 196^; Takeuchi, 1967)* The most likely anatomical

site of penetration is the intestine but the pharynx and

tonsils are possiible sites (Lawson & Dow, 1966; Smith >& Jones,

1967; Barnes & Bergeland, 1968),

After penetration the organisms multiplies in the

lymphoid follicles of the intestine and mesent^^ lyn^ihiodes.
From these sites tiiey are spilled into the thoraLc duet and

then into the general circulation, (Guinea 1 1968)*
77V ^

The fij^bria^ increase bacterial adhesiveness to cell which
would contribute to virulence of the organism (Darekai* &

I>ugid, 1972) ♦

The ecologic interaction between bacteria within

the pigs intestine influence the |Jpopulation of Salmonella

(Nielson, 1968), , Bohnhoof ^ (196^) found that the

bacteria antagonistic to Salmonella in intestinal tracts
of mice were Bafltertodes species, which produces sufficient
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acetic and butyric acid to inhibit the growth of S^monella#

Calves si aL. X1973) demonstrated the retardation of growth

of Candida alblcans in broth in presence of actively growing

Salmonella enteriti(^s and also in mice injected with the

organism simultaneously, Koltan (19^6); Davenport et ^1.

(t-96V) suggested the production of paratyphus in pigs due to

activation of the intestinal pathogens by Oesonhagostnmi1m

larvae. Beh C1971) reported the occurrenice of E^ooll and

tYPlaiBMrliaB in two outbreaks of haemorrhagic enteritis
in weaned, pigs.

Clinical signs

The clinical signs in field cases are acute diarrhoea

and rapid death. Majority of cases occur in pigs aged twelve

to thirteen weeks aid has got a seasonal occurrence. Clinical
osigns includes reduced feed intake, fever and discoO^^ation

of the extremities# Diarrhoea was not a consistent feature
and was found approximately in ffO^ of outbreaks. . (Rockliwirgh

at SL*) 196^; Lawson & Dow, 1966). In some cases of Sal mmaii«

•tTPtesula infection massive enlargement of eervic^ region were

noticed (Branes & Bergeland, 1968), The important clinical

signs observed in experimental Salmonellosis with S^GhQleraasvii a

were listlessness, recumbency, vomition, ai^rexia and bluish
discolouration of the abdomen. Diarrhoea may be noticed

on third or fourth day after infection and persisted for

12-1^ days# Increase in body temperature was noted seven
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days after infection ranging from 105-107^. After five days

the temperature declines. Several days after loss of body

weight about 7*20^ were noticed (Smith & Jones, 1967).

Pathological lesions

Grossly the carcass emaciated dry and reddened«

In some aninttLls the surface of the liver shows white foci*

Spleen and regional lyii^hiodes were enlarged. Extensive

areas of reddening, inflammation of the small intestine

particularly terminal ileum and in some cases mucous membrane

of the cljom were necrotic. Caecum and colon inflammed ^
and walls thickened and mucous membrane necrotic. The mesentrie

lyn5)toodes were oedematous and often haemorrhagic (Smith & Jones,
1967). In some cases fibrocaseous cervical lymph a(^nitis
and/par^id sialoadenit^ were observed (Bamer &Bergeland,
1968; Singh, 1968).

In experimental cases irregular fibropuijlent
membranes were noticed in cr^al end of caecum. In some
cases shallow ulcers were noticed over the entire surface of

the raucosa. Greater curvature of the stomach shows conges

tion on the diaphramatic surface. In some cases congestion of

the kidney and spleen were observed. Marbling of the mesen^c
lyn^jhnode and haemori '̂age in the gastrointestinal tract noticed
in few cases (Lawson &Dow 1966; Sofrenovic and Jbvanovic, 1968).
Antibiotic sensitivity

Edward &Ewing (1972) reviewed the subject on dTug
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.resistance in Salmonella. In S.tvDhlmurltim several antibiotics /
either to individual antibiotics or more frequently for a combi~

nation^ of resistance determinants. R-factor determines

the resistance to aii5)icillin, streptoncrcin, tetracyclines,

and siaphonamides. factor transfer from E.goli to S^aiionella
has been demonstrated (Mderson & Lewis, I965).

Rfactor occur only in gram-negative bacteria and

these episomal factors are responsible for development of

multiple resistance of micro organisms to antimicrobial agents♦

Transfer of R-factor takes place primarily through conjugation.

Physical transfer of R-factor material from eeU to cell

apparently takes place by means of sexual fimbriae, the

presence of which is ge^tically controlled. The R-factor
Consists of RMA and res^ble other bacterial epiaomes mid

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 genltie
material is responsible for resistance mediated by RTF

(Anderson, I968). When a drug is introduced into a hetrogenous

population of grai^egative bacteria; selective pressure
(called antibiotic pressure) is ezerted vipon. the population.
This pressure facilitate the development of multiple resistant

strains of bacteria, which then may become predominant. This
occurs in animals under analogous circumstances, as showri by

Guinea (196^) and Anderson (1968).
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Forhishnyi & Schmidov (196?) obserrred that the

organjsns isolated from pigs treated with t^acycline,
cbloran5)hendeol and streptomycin exhibits the following

resistance pattern. The isolates resistant to chlor and 037

tetracycline and streptomycin with unchanged sensitivity to

chloraii5)henacol» The strain with induced resistance to.

streptonjycin remained susceptible to chlor and oxyteferacycline

and chloromycetin. Bugae (1969) studied the antibiotic

sensitivity of S^choleraesuis var ^ S.-pajatvphlj

s.heidelberg and

isolated from pigs* The results observed \^re

the following# All are sensitive to polyiqyxin, neomycin, chlo-

ramphenicoi, furazolidone and resistant to pencillin, strepto

mycin, tetracycline and erythroinycin*

Biailing and Stephen (1972) experimentally infected
' L-

pigs with chloramphenilcol or tetracycline sensitive strjiins
of S«tTPbianiri^«B and S^choleraa.gn-i s suggested that the resistance

is controlled by RiCactor and transfer of i^actor from resi
stant coliform population to sensitive Salmonella occurs

lasen (1972) reported that the sensitivity of the

isolates of Salmonella to streptomycin tetracycline, furazolidone,

chloramphenicol, neomycin, Kanamycin and ampicillin varied

considerably.
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MATERIAL AEJD MEEHODS

Materials examined in tbis study were collected

from pigs of tSie Tftiiversity Pig Breeding Farm, Mannuthy«

Eectal swalas were collected from piglets under 8 weeks of

age, suffering from diarrhoea with temperature reaction.

Intestinal contents, pieces of ]LLeum, colon, mesent'ric
'lymphnodes, liver, spleen, stomach and bile were collected

aseptically from piglets which have died of gastroenteritis.

A total of 27h specimens were examined. Details of specimens

collected for isolation of Salmonella and E^coll are shown in

Table 1.

Hectal swabs and faecal material

Rectal swabs and faecal materials were inociilated

directly into sheep blood agar, MacGonkey lactose bile
agar Dihydrostreptomycin broth sind

Dihydrostreptomycin agar (Ramirez «S: McCleskey, 1968)

(Appendix la & b) and incubated at Subcultures were made

from broth after l8-2^ hrs.of inoculation to blood agar

and DHS agar in order to isolate enteropathogens in piare

cultures.

Tissues

The tissues were flamed following immersion in

methyl'alcohol in order to minimise surface contamination.

The tissues were then emulsified in sterile mortar and
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pestle with normal- saline approximately making

suspension, A loop fuM of einulsified material was :Lnocu-

lated on DBS agar and sheep hLood agar. The lactose

>, fermenting GolonAies on MLBAj IHS agar and haemolytic colonies
r—

on hlood agar were identified as E.gqH on the basis of their

biochemical reactions produced in appropriate media sas des

cribed by Edward and Ewing (1972). The details of the

biochemical reactions are shown in Table 2.

AtteiiQ}ts for the isolation of Salmonella organisms

were made pa the lines described by Edward &Ewing (1972).
The materials (faecal matei^ialS) rectal swabs and tissues)

were inoculated directly as well as throti^ enrichment

media. A loop full of the emulsified material was inoculated

on Brilliant Green Agar (BiG^A.) and MacConkeys agar (with
I V--Brillianfeeen the ratio 1s10,000). The plates w€sre

examined after 2k^72 hours of incubation at 37°C. Sodium

citrate was incorporated in B^G^A. the ratio of
to si5)ress swaming proteus.

The enrichment media used were tetrathionate

broth and selenite broth. The specimens processed were

inoculatedthe ratio of 2 grams (2ml. of bile) to 10 ml.

quantities of enrichment media. These inoculated mecLia were

then incubated at 37^^ for 2^^ hours and subcultxu'es were

made on MacGonke3yb agar and modified MacConkeyfe
medium as advocated by Sharma (1973). (Appendix Ila).
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Pink colonies on non-laetose fermenting colonies,

on MLBA and colourless colonies on modified medium with

hydrogen sulphide production were suspected to be Salmonella.

To eliminate Proteus organisms, suspected colonies were

inoculated into modified MacGonkejj;! agar as advocated by
Sharma (1961). (i^pendix IIb)» Mannitol was used instead

of lactose in this medium.

For preliminary identification of Salmonella,

suspected colonies were inocialated into triple sugar iron

agar simultaneously with con^josite medium I & II devised by

Chitin si al,, Cl972y (Appendix Ilia), Part I. was UiSed
for detection of glucose and lactose fermentation, hydrogen

sulphide production and phenylpyruvic acid and part II for

fermentation of mannitol, sucrose, motility and indol produc

tion, The cultures exhibiting typical, reactions were further

tested for biochemical reactions for differentiation of

the species of Salmonella from other members of

Enterobacteriaceae as described by Edward and^ing (1972),

Details of the biochemical reactions are described in Table 3»

The culti2res tentatively identified as E. aoI i were

further tested for production of haemolysin, necrotoxjLn and

pathogenicity as detailed below.

The cultures identified as Salnronella on the

basis of their cultural and biochemical reactions were sent

for serological typing to Dr, Sharma, Haryana Agricultural
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University, Hissar. Two strains were tested for their

pathogenecity for laboratory animals as well as to the

primary hosts*

Pathogenicity tests

E.GQit

Haemolysin production:- The E.aoii strains which produce

haemolysis on sheep blood ag^ were further subjected

for haemolysin production on solid as well as liquid media*

The E.goii strains were inoculated into sheep i^jythrocytj^

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

and one under ^Q% carbondioxide tension, Haemolysia produc

tion was also tested on liquid media containing 1% sheep

erythrocyte^ as described by Cooke (1968) and examined after

6-^ hours*

Mice

25 strains which were capable of growing on

agar or haemolytic on sheep blood agar were tested for

pathogenicity to mice. White swiss mice aged 1-1^ months

were used for the study. Two mice were used for each strain,

SiSfiH grown on nutrient agar containing 1% glucose was emulsi

fied in normal saline and the opacity was adjusted beti/een

No,5^ and No,6 of the Brown's opacity tubes* This contiained

approximately 10^ micr^rganisms per ml* and 0*2 na. of the
emulsion was gi-^en intr^eritoneally. The control mice were
given 0*2 iril* of normal saline* The injected Bri.ce were



>

-31^

obseirved for 96 hours for evidence of infection. The mice

which died at various inteirvals were examined for patholo-'

gical changes in the internal organs^ Materials collected

from them were cultured in MacConke;:^ lactose agar*
Necrotoxin production

Necrotozin production was tested by the method

described by Cooke (1968K The strain pathogenic for inice or

producing haemplysins were studied for their ability to produce

necrotoxin. The fur on the back of rabbits removed

With clippers, -Sfeeved: phe area^ani marked into 2,5 cm.
squares,/^, 1 ml, of 5 hour old peptone water culture of the

organism was giventtntradermallSl The skin on the inoculated
area was examined daily for 5 days, for the possible development

of ulceration (Table 5)*

Babbit liga,ted gut loop reaction

The strains producing haemolysin, necrotoxin or,that
•--> k

were pathogenic for mice were subjected for didlatation reaction

in rabbit ileal loop, ^ strains were tested. The dij^atation
reaction in ligated rabbit intestinal loops was tested using

the method described by Cooke (1968), The animals were

anaesthetised with ether. After induction of anaesthesia

the ileum was ligated at regular intervals so as to form

segments of about 7,5 cm, in length, In^edtions of 1 ral, of

18 hour old peptone water culture of E^coli strains containing

approximately 10^ organisms per ml, were made into alternate
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segments. The segments adjacent to the test segment were

considered as control and were given 1 ml* of normal saline,

After 2lf hours the animals were killed. The aMomen was opened

immediately and the small intestine was examined for the

presence or absence of dilatation of the segments. The volimie

and character of the fliiid contents were also recorded. The

segments were removed and placed in h% formaldehyde saline for

histologic study. The details of the experiments are summarised

in Table 5^

Based on the tests described above five cultures

were identified as enteropathogens® They were sent to

National Salmonella and Escheriehia Centre, Kassuli, Punjab

for serotyping,

Pathogenicity studies

Salmonella

Saline suspension of organisms from 18 hr, old

nutrient agar culture plates with 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

so as to contain 10^ micro organisms per ml.

Mice .

K
Swiss albino mice aged months were infected

intra peritonially with 0,2 ml, of saline suspension of
^ &

S^ tvphimiirluTTi and S.weltfvreden^ Two animals were used
L

for each straij/n tested. All 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 vailous enrichment and selective media for detection of

Salmonella organisms. The details of the experiments are given

in Table 6#

Guinea pigs

Four guinea pigs in groups of two were used.

One group was infected with S«typhlmuritmi var Gopenhatrftn
(sn^£y

and the other group with S>weltevreden. ;K ml. of the saline

suspension of the cultures was administered suhcutaneously and

0.^ n£L, intr^€a?itoneally# The animals were watched for 96 hours<

The guinea pigs which succumbed to infection within 96 hours

of inoculation were examined in detail for pathologicjal

changes. The materials collected were processed for recovery

of organisms. The details of the experiments are given in

Table 60

Rabbits

X BJl» of a saline suspension prepared as described

above was introduced subcutaneously into rabbits. Two animals

were used for each strain* /111 the animals infected were

examined for 96 hours. The animals which died at various

stages of observation were examined for pathological changes

in the internal organs. The materials collected from various

internal organs and intestinal contents were processed in
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suitable media for recovery of the organisms. The details are

tabulated in Table 6.

Piglets

Healthy piglets aged ^6 weeks were used for the

experiment. The piglets were divided into 3 groups, each

group consisting of h numbers. They were kept under close

observation for one week before experimental Infection.
0

Rectal temperature was recorded and rectal swabs were

examined to confirm that they were free from Salmonella

infection. At the end of the observation period, the ration

for the experimental animals was cut dovn to one thirds

the quantity of the normal ration in order to induce

stress. The experiments were conducted on similar lines

described by Smith & Jones (I967). Three piglets in each

group were infected orally ^ile the fourth one in each

group was kept as controls. The dosage enployed was 30 ml.

of 18 hour broth culture containing approximately 10^ to 10®

organisms per ml. The first group was given S.tvnhimmHnm
c-

varsecond group S.weltevreden and the third group

a mixture of S,typhiffluriWl] var 0openhagen and S.weltevredftn.

A rubber tube was used for oral dosing so as to ensure

deposition of the inoculam on the back of the tongue.

The animals were closely observed for any clinical signs of

illness and the syi!5)toms 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 Salmonella

organisms* In order to detect septic^mic stage of infection,
blood collected from anterior venacava was inoculated daily

for 5 days into dextrose broth for evidence of bacterial growth.

The animals were sacrificed at 5, 10 and days after oral

feeding.

Pieces of tissues from stomach, intestine,

caecum and proximal and middle sections of colon, mesenypic
lymphnodes, liver, kidney, spleen, lung and intestinal

contents were collected under aseptic conditions and were

cultured to detect the presence of Salmonella organisms*

Antibiotic sensitivity

Preparation of inocul^
Saline suspensions were made from 18 hour old

nutrieni^gar culture plates, ,The density of the culture
suspension was adjusted so as to get approximately 10^ micro

organisms per ml# This suspension was used for drug sensi

tivity test,

Disc diffusion test

E.fioli strains md Salmonella strains were

tested against the antibiotics. The organisms isolated both

E-.Goll and Salmonella were tested for their sensitivity

against the following common therapeutic agents available

in the market, Pencillin, Streptomycin, Tetracycline,
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Erythromycin, Ampieinin^^Gentamycin and Chloran^henicol
were tested.

Discs of 6 m.in* diameter were punched from Wliatman

No.1 filter paper and sterilised at lUo^C for one houi' in lots

of 100, in petri disheeu Standard suspensions of antibiotics

were prepared. The antibiotic discs were prepared as per the

technique described by Cruickshank C1965) and were stored

at Ivii until 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°^ for y) minutes. The discs

containing different antibiotics mentioned above with

approp3?iat0 concentration were placed on the medium suitably

spaced and the plates were incubated at 37^0 overnight. The

sensitivity to antibiotics were assessed by the zone of

inhibition around the discs. The diameter of the 25one of

inhibition was recorded and inteipreted as described by

Petersdrof & Sherris (1965).C-^pendix IV)»
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HESULTS

The 27h samples examined during this study

included specimens collected from both living as well as

from dead animals. All the sick animals examined hsid a

history of altered tenderatiu'e reactions varying from

^ in the initiaO. stages followed toy diarrhoea, stunted growth
i-and unthrif^ess. The carcass of the dead piglets were

emaciated and in few instances fluid was noticed in the

thoracic and ^dominal cavities* Some of them hhowe»d

gi^yish leathery necrotic ulcers on the mucosa of the

colon with adhered fibroid pu^ent material. In all cases
mesenyric IjmpY^odes showed oedema or haemorrhage#

" Isolation

l.fiszLL

A totsQ. of 75 strains of E,go11 were isolated

during this investigation, out of which 50 strains were

from rectal swabs of living animals suffering from enteritis

and the rest from small intestine, faeces and large intestine

> - of dead piglets# None of the strains were isolated from

heart blood, liver, lung, bile and spleen (Table 1)„

Five strains were considered as pathogenic based on haemo-
V

lysin 5, necrotoxin and enterotoxin production tests and

by pathogenicity to mice# It is also interesting to note

that all these five isolations were made from piglets aged
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3-8 weeks. Serological identification of the five pathogenic

strains has revealed that they belong to three sero groups:

05.i 039 and 017* ^1 of them were recovered from the rectal

swabs collected from animals showing enteric disorders.

It is also worthwhile to n^hti^n that dihydrostreptomycin

^ broth and dihydrostreptoinycin agar were fomd to be very

useful for primary isolation of the strains mentioned

above from faecal materials, although many nonpathogenic

strains failed to coi® up in these two media# The results

of the biochemical reactions of the 2? strains which were

either haemolytic, pathogenic for mice or capable of growing

on agar are detailed in Table 2#

Haemolysin production

Of the 75 strains isolated, 15 strains were found

haemolytic on sheep TiLood agar» Further testing of

these strains for their c^acity to produce haemolysins

on solid as well as liquid media, also confirmed their

haemolytic property. These cultures incubated at 10^ carbon-

> dioxide tension were fomd to produce more wide^ zone and
degree of haemolysis than %rtien incubated at 37®C. Of the

five strains considered to be pathogenic, four were found

to. be haemolytic,

Pathogenicity to ndce

? Out of the 25 strains tested for their pathogenicity
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in mice only 5 strains were fomd to be pathogeniCj

producing death within 96 hrs. following inoculation,,
TT ^However the three ^tigenic types (05, 017 and 035) identi
fied by National Salmonella and Escherichia centre w€>re

found to be fatal to mLce, The strain E6/7if Co^) and Ei^/7^

(0?) killed mice within 2^ hrs. after intraperitoneal,

injection. The cultures E7/7if (017) and E3/7l|. induced

death within kS hrs. and the culture Eio/7if (036) killed

mice within 96 hrs. The rest of the strains tested were

found to be nonpathogenic for mice. Gross lesions were

absent in the internal organs of the dead animals although

reisolation of E.^oii was made on all occasions from tissues.

Pure cultures of the organisms could be isolated from

heartjblood, liver, spleen and lungs even in the abscence
of any apparent lesions®

Necrotoxin production

The strains of that produced haemolysis on

5^ sheep blood agar and pathogenic for mice were found to

produce lesiore in the skin of rabbits tested. Ulcers

started developing at the site of inoculation ^ days following

intradermal injection of the ciiltures. They were about 2.to

2o5 cm, (Fig, 1) in diameter with moist surface and occasionally

fluid was oozing from these ulcers. They persisted for a

period of if-.6 days and there was no tendency for extension

to neighbouring area. They were completely healed up within



a period of two weeks with scars left at the site of injection,

There was no thermal reaction iri any of the animalithroughout
I

this experimental period^ The results are summarised in

TsOale 5. :

Rabbit ileal loop reaction

The strains producing either haemolysin or necroto^n

and pathogenic for mice were tested for enterotoxin produc-
I

, tion. Of the strains tested only one culture (E^/yk) i
I'l

produced dilatation reaction on rabbit intestinal loop i
2k hrs after the injection of the culture (Fig 2), About;

ml« of fluid was noticed in loops injected with culture
|i

E7/7k which bislonged to sero group 017, The fluid produc^jed
was haemorrhagic in nature and contained shreds of fibrin^

However no gross lesions could be observed on the mueosa

of the loops. Control loops and tte loops infected with
o 'iother strains did not shw any di^.atation or accumulation

of fluid. , I

Histopathological examination of the segments !i
ii^ which showed positive results for dilatation showed the ;

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 :
j

destruction and attempted hyperplasia of glandular epithe

lium were noticed, Desq.uamation of epithelium and few ;
<5tinflammatory cells predominantly mononuclear and poly-

" morphonuclear types were observed. CFirg,^3) i
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In Gram-stained sections bacilli resembling E.ooli

cotild be observed in large numbeisin the lumen. They were found

only in the lumen and none of them were seen in tissue

spaces. Segments whichjlLd not show dilatation reaction
revealed changes similar to that of a toxic reaction.

Sensitivity studies

Sensitivity studies conducted on ^ strains of i

E.coli presumably to be pathogenic showed the following

pattem of reaction, All the strains were sensitive to

chloramphenicol and gentamycin at-a concentration of 30 iag*
F'ei/tJi—•

and 10 /ag. per disc respectively, ^ were found to be

sensitive to nitrofurantoin and 3 for Erythronycin, Two

strains showed resistance to streptoBorcin and three for

tetracycline. The results of the sensitivity tests were

communicated to the Superintendent, Pig Breeding Farm for

adopting suitable remedial measures. The results of the

drug sensitivity ccxiducted during the course of this work

are summarised in Table 8,

Salmonella

A total of 2h strains of Salmonella were isolated

from 27h specimens (Table 1) showing incidence in 8,7^ of the

samples examined. These isolates were identified as

Salmonella based on their morphologicalj cultural sand

biochemical characters. The source of isolation, syiaptoms

or lesions exhibited and the results of the antigenic
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typing are detailed in Table

Out of the 2h strains isolated 18 were identified j

as Salmonella weltevreden and 6 as S. trahlllHriMl var

The identity of the isolates were confirmed serologicallyj by

Dr» V, K, Sharma of Haryana Agricultural University*. Ihe i

isolates produced colourless lactose negative colonies

with a blackish centre on modified medium (Sharma, 1973)5£i4^
due to the production of iron sulphide^. On MacConkes^s
medium containing mannitol instead of lactose the organisnis

I

formed pink colonies due to fermentation of mannitol* L

The composite medium was found equally good as Triple sug^

iron agar with production of acid butt, alkaline slant '
'1

and blackening of the slant as a result of Hydrogenj^uLphide
production. The composite mediimi II also gave good results

for fermentation of mannitol forming a blue ring at the
' I

top and also 'fan* shaped growth as a result of motility. ;

Pathogenicity '

Mice 2:; •:

The mice which were given S^tvi^hlmiiritim var
i

i3/7k and 13/7^) succumbed to infection at periods vaiyihg

from 2^72 hrs. The mice that died before US hours of

infection revealed no apparent lesion in the visceral org^s#

However one animal which died after US hrs showed scattered

pneumonic patches on both lungs and areas of necrosis in the

liver. The organisms could be recovered from heart blood,;
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spleen, liver and lungs of tbe animals thoso died at

various stages of infection.

The mice wblch were infected with S.veltevreden

(l/7lf & 25/7^) died at periods varying from ^-96 hrs.

No gross lesions could be observed in the internal organs

in any of the animals infected. However organisms couLd ie
ii

isolated from liver, spleen, heart blood and lungs. The

details of the experiments and their results are summarised

in Table 6,

Guinea pigs

var Copenhagen (^/7^) killed the

guinea pigs varying from kS-96 hrs after intraperiton^tal '
and subcutaneous infections. Acute peritonitis was noticed

in the guinea pig injected by intraperiton^al route. The J

other animal which was infected subcutaneously showed patchy

congestion of lungs and small white necrotic foci on the :
1'

surface of spleen along with congestion. The organisms could

be recovered from heart blood, lungs, liver and spleen
l!

from both animals*

Cultures of S.velte^^eden killed the guinea pig
within k8 hrs and 96 hrs ^ter intraperito^al and subcu- :
taneous infection. The animal that died on ^ hrs of

intr^erito^^ infection showed acute peritonitis and
enlargement of spleen. The other that died after hrs

showed enlargement of spleen, liver and mesen^ic lympl|!iod^*



Lung showed pneumonic areas. The organisms vcould be isolated

in pure cultures from heart blood, spleen, Mesen^ic lymph
nodes and lungs from the animal inoculated by i/p route and

from liver, spleen, lungs snd mesehycic lynph riodes.from the
animal injected by s/c route, '

Rabbits
' !

All the four rabbits injected by S.tvnhlmurl-uTn vari

Copenhagen and S.weltevreden suGGtmibed to infection withiii

a period of W hours. Pulmonary oedema and enlargement

of spleen were noticed in one of the animals from each :

groTjqp, None of the animals showed enteric disorders. The

organisms were isolated in pure cultures from the hea:rt blood

and lungs from all the inoculated animals. The results are

summarised in Table 6, ,

Piglets !
I

There was no ten^erature reaction in any of the ;

animals before the experimental inoculation. Examination

of the faecal sauries also proved to be negative for

salmonella. Within 1-2days after inoculation all the •

piglings appeared ill. Appetite of the animals was poor ;

but intake of wa.ter was found increased, %• the second

day after infection tenderature of the animals was elevated

and varied from 10^,6-106,8°F, There was no incidence of

any enteric disorders for a period of 3 diays* However

cultural examination of laLood collected at various stages ;
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of thermal reaction proved to be negative for salmonella.

Diarrhoea started on the 3rd or Ifth day following infection

and persisted for the rest of the observation period. With

the commencement of diarrhoea temperature became normal, i

Cultural examination of faeces from all the inoculated >
1,

animals proved to be positive for Salmonella from third

day of inoculation.

Group I tofegtj^d^jjth^sgiPipn?i3LskypniMri\uB. var cgpgntiasen)
The animals sacrificed on the ?th day of infection ;

showed congestion of the mucosa of the terminal portion of the
e 1 • i:ileum and of the colon. IHie mesen^ic lympl^iodes, especi^ly

at the portion of the ileum and caecum, were greatly i
1

enlarged and oedematous,
I

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 |!
i

the greater curvature of the stomach was noticed. Catarrhal

enteritis and petechiae in the raucous membrane of ileum, jejunum
ji

and colon were observed. The lungs were diffusely congested.

The trachea and. bronchi contained blood tinged froth^buid.
Animals killed on the 1^th day of observation

I.

showed the following changes. The skin on the inner part!

of the thigh showed necrosis, Haemorrhagic streaks were •

observed on the mucosa of the ileum. Thickening of the i

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 foci of necrosis. The raesentric lyii^jhnodes were

greatly enlarged®

Sroup 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 mesenl^c lyr!5)hiodes
were slightly enlarged. Organisms could be recovered from

aesen1:|ric lymplr^odes and ileLim,
The animal sacrificed after the 10th day of infection

showed c.ongestion of the ileum and colon and enlargement

of mesent^c lymplmodes* No other gross lesions could be
observed on the visceral organs. Organisms could be

recovered from faeces, ileum and mesenyric lymphlodes.
Animal killed on the l5th day of observation showed

cyanosis of the skin, catarrhal enteritis, hypei^mia
and haemorrhage of the jejmum aid ileum. The wall of the

ileum was thickened with proliferation of lymphoid tissues,

Mesentpic lymphlodes were enlarged and haemorrhagic. No
gross lesions could be observed on liver, spleen and lungs®

Organisms could be isolated from faeces, Jejunum, ileiun, ,

mesent^ic lynphiodes and spleen.
Group III (Infected with S.tvphlmurium var Copenhagen &

In the third group the animal sacrificed on the
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5tli day of infection revealed mild congestion of the mucosa;

of the ileum and colon and enlargement of the mesentrie lyinph-

nodes.

One animal that died on the 9'tb day of inoculation !
I

with mixed culture of Salmonella tvphlmurium var Copenhagenj
[i

and Salmonella weltevreden showed the following changes.

The fundic portion of the stomach showed severe diffuse !

congestion. The jejunum and ileum had yellowish fluid contents*
I

Streaks of haemorrhage were noticed on the mucosa of ileum,:,

jejunum and colon. The liver shewed ODngestion. The bronchial

lyn5)t nodes were greatly enlarged. Organisms could be recovered

from bronchial lympl^odes, liver, bile, mesenyric lyinplj(nodes,
ileum and colon. i

The animal sacrificed on the l5th day of infection i'

in groiqp III showed the following changes. The carcass

was emaciated. The entire mucosa of the colon was studbd i
^ Iwith grayish white nodules with erosions (Fig^), Terminal!

portion of the ileum was haemorrhagic and thickened. 1

The mesen-^ic lyii5)hnodes were enlarged and oedematous. |;
Salmonella organisms could be recovered from faeces, mesentric

!i

lyn5)h lodes., colon, ileum and Mle.
i'

iintibiotic sensitivity
ii

^tibiotic sensitivity studies have revealed that r

all the strains tested were sensitive to chloramphenicol

at the concintration of 30 Aig/disc. 11 of them were i
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sensitive to gentanorcin and streptomycin at the concen

tration of 10 and 20 /ag. per disc respectively. Only tvro

strains were found sensitive to tetracycline and nitro-

furantoin (Fig5 ), All the strains were found resistant

to Pencj^in, 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 mamber of workers have reported the association ©f

certain serotypes of qoli and some species of Salmonella with

gastrointestinal troubles in pigs (Heard and Linton, 1965.*,

Brane and Bergeland, 19680*, Nath ^ aL.» 1970; Goel &

Mallik, 1971). In the present study 75 strains of l^aaLl

and 2^ strains of Salmonella were isolated and identified.

However only 5 strains of l«,a£2li 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 3-8 weeks and suffering from

gastroenteritis. This evidently shox'fs that gastroenteritis

due to E.f>ni •! is more common in piglings from three weeks

to-weaning period. Stevens (19^3) in a detailed study of

enteritis in pigs also observed similar findings. He found

that three age groups are more prone to E.coli infection,

1) Neonatal pigs aged tays 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. "J^he

piglets affected previously show some resistance to subse

quent infection and hence it may be suggested that the

piglets which fail to contact infection at three weeks^age

may get infected at weaning. None of the animals exaiained
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daring the course of this investigation have revealed E.goI:!

in heartblood or other internal organs* The failure of ij
j

isolation of enterqpathogenie E.goII from heartblood or
i

other viseral organs of piglets died of gastroenteritis i'
oji/ i;suggests the absence of septic^unic form of the disease* i

Dunne & Bennet (1970) reported that colibacillosis is i

manifested in three distinctive clinical entities, septi(^mia,

diarrhoea and ^dema disease* All the three forms can
commonly occur in preweaning pigs and the^dema disease |
is observed more commonly in pigs 8-16 weeks of age. In i:

• j'

neonatal pigs infection occurs shortly after birth and may; die
Cdt/ i'

of bacteiimia. Stevens (1963a & 1963b) put forward the foUow-
' iing theory for the occur^ce of colibacillosis# In weanling

h

pigs ingestion of potentially pathogenic serotype changes i;he

balance between organism and immunity. Change in food and|j
!'

environment in weaning facilitate the rapid multiplicsition;,

of the pathogenic serotypes and diarrhoea or death results j

from toxLc action of Initial sensitization followed
1' -

by further contact with the same strain of l.caLL develppsj

hypersensiti-ve stage resulting in oedema disease or enteritis*
|i'

The hypersensitivity theory for the development of colibaci

llosis has been si;5)ported by vai^ous research workers likej

Kashiwazaki si al.. (1969)^ Dunne &Bennet (1970)# Serological
identification of the pathogenic strains isolated in this j

i|

study have revealed that two out of the five strains belonged



to sero groxip 05. Sero grot^) 5cs K?:H19 have
o 1been reported to be the cause of^dema disease in pigs

b7 Gregory (1957) aid Swing si ai. Cl958)» This sero group!

has also been reported from the internal organs of dead pi^ets
shovdng lesions of acute gastroenteritis. (Parnas si jaL., •

1 'i^ 1950)j mesenOTic lyrapijciodes (Namioka, 1956) and also from 'I
healthy pigs» ^t the results obtained in this study

were contradictory to Parnas si 2I. (1950) in that no
li

organism could be isolated from internal organs of piglets

died of gastroenteritis.

Haemolytic reactions studied on solid as well as j;
1'

liquid nredia were closely con?)arable to the findings of !
If

^ Cooke (1968) and Pandae £i al,. (197^). Four out of the five
• !^

pathogenic strains studied in this investigation were found

to produce haemolysin. The haemolysis on sheep erythro-

cyte agar at 10% carbondioxide tension produced wider zone '

of haemolysis than those incubated aerobically at 37®^,

William Smith (1963) in a more detailed study have observed

^ that anit 63% of the strains isolated from pigs produced

haemolysis on 5^ ox blood agar. The occuri^ce of haemolytic
coll as the etiologic agent of gastroenteritis in pigs 1

II

h

have also been reported by several other workers (Sojka et!al«,
'I

1965; Ahuja and Khera, 1971; Goel & Mallick, 1973)*

Pathogenicity tests conducted on mice have ||

shown that five strains were pathogenic to this species,

\ •-] (9 f 0 I ll
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^ death occuring in 2^96 hrs. Although organisms coiold he

recovered from dead animals, no apparent lesions could he,

observed in any of the animals artificially injected.

These findings were in agreement with Harris C190I); Fidesjostede

(I9lf6) and Gupta and Singh C1971) who likewise found that

E-finI i strains isolated from pathological conditions to he

^ for more toxic than normal intestinal strains. Jacks and,

Glentz (1967) observed that E.coli strains isolated from

nonenteric systemic sources were more pathogenic to mice.

The results of the reaction for necrotoxin

production of the strains which were haemolytic and patho-
i

genie for mice were inagreement with the findings of

Cooke (1969) andQPandae (197^). The strains of l.fioli that

^ produced haemolysis on 5^ sheep blood agar and.pathogenic for

mice were fomd to produce lesions in the skin of rabbits

tested. The lesions produced were typical and were similar to

the lesions described by other workers. Ewerstsen (19^7) and

Kauffman (19^^) found that 26 of the I60 strains of E

isolated from various kinds of material haemolysed horse

X erythrocyte and 19 of the 26 caused necrosis, when injected

into the skin of rabbits. Thus capacity for haemolj'-sis

appeared to be associated with the ability to cause necrosis,

and with toxicity. Pandae gi 2I. (197^) reported that the

strain possessing the property of producing haemolysin and

necrotoxin are definite pathogens whereas a strain possessing

either of these two properties are potential pathogens.
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Experinents on rabbit ileal loop have shovm that

only one of the strain tested have produced dialatation

reaction although five were found to be pathogenic for mice

and positive for haemolysin d necrotoxin production. The

failure of producing dilatation reaction in %others may
be due to their inability to produce enterotoxin in rabbits#

Smith and Halls C1967) have suggested that rabbits are

less reliable 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 si C1970) have also observed that the rabbit

ileura is more sensitive to the action of enterotosdn wliere

as the living organisms need not consistently produce

positive reactions* It has also been found enterotoxin

production is not true with all enteropathogenic strains of

E.goli (Salazaki 1967)*

Histopathological studies of the segment which

showed positi"ve reactions revealed that the changes were

similar to that of severe type II reactions described

by Cooke (1968), The severe t^e II reactions were

characterised by exudate of polymorphonuclear cells with

scane erythrocytes and debris* The columnar cells were

eroded and subraucosa was congested and oedematous*

Segments which showed negative reactions had histopathological

changes similar to those of toxic reactions* This majr be due



to excessive absorption of endotoxins as a result of the

mxiltiplication 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 resulting from sudden multiplication of

the B. coli may lead^ to an anaphylactic shocks Serological
typing of the isolates have revealed that the strains

belonged to 0 groups 05> 039 and 017* "The occurrence of

05 serotype gave fin'ther evidence for the presence of

hypersensitivity reactions*

Antibiotic sensitivity studies have revealed that all

the strains were sensitive to chloraii5)henicol and gentsimycin.

Four were found to be sensitive to nita^ofurantoin and 3 for

erythromycin, Two strains showed resistance to streptoEiycin

and three for tetracycline. All the strains were resistant

to penicillin aid. lampicillin. Resistance of certain strains

of E^eoli isolated f3?om faeces of pigs to streptomycin,,

tetracycline have been observed by other workers (Roberts &

Valley, 1969; Willinger &Genis, 1969^ Yadev and Gupta, 1971),
Terkado C1972) found that high proportions of strains

of E^coli isolated from faeces were resistant to antibiotics
ft-f- I11^ streptomycin, tetracycline, chloran?)hen^col, sulphadi-

methoxLne, kanamycin and b^rlpenicillin. However in this
study all the strains tested were found, to be sensitive to

chloran^henicol.
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Application of Dihydrostreptomycin broth and Dihydro«
I

streptomycin agar for isolation of pathogenic strains was

found veiy useful during this study, AH the pathogenic

strains were isolated fehrough broth and agar

although many.'nonpathogenic strains were inhibited by

these media. These findings were in agreement with the

observation made by Ramirez & MacClesky C1968), Arbuckle

(196^ also reported that inclusion of certain antibiotics
in the enrichment media permitted the detection of small

number of pathogenic E.coii organisms.

The results of the biochemical reactions of 25'

strains tested were in complete agreement with those given

by Edward and Ewing (1972) •

Salmonella

From 27^ specimens examined,2lf strains of Salmonella

were isolated showing the incidence of Salmonellosis in 8,7%

of samples examined. Of the 2if isolates, 18 were S.weltevreder

and 6 were S.tvphimurium var eonenhagen. ^ of the Salmonella
strains isolated were from faeces collected from sick and

dead animals out of which ^ were from rectal swabs of pigs

suffering from gastroenteritis and eight from mesent^ic
lympljlaodes,
3-8 weeks.

All the strains isolated were from piglets aged

Nath ^ ai* (1970) in their report on Salmonella

pattern in India, cited the occur^ce of S.weltlWeden in



pigs. Jayaraman & John C1969 ) suggested that S^jLlBQaglUa

weltevreden has a wide range of host specificity,

tvT>hiinurium has also been reported to be causing aevere

clinical disease in pigs in the farm of acute or chronic

gastroenteritis (Heard and Linton, 1965; Hooren & Thjjonen,

1968^ Beh, 1971). The isolation of Salmonella tvphlnrarluBi
var Copenhagen has been made from pigs by Sasidhar Cl97^)

during his investigation in the incidence of various Salmonella

serotypes among porcine populj-ation in and around Bangalore

City,

Ttee two species isolated, S.weltevreden and

S. tvphlmiirium var Copenhagen are also potential humaui

pathogens. The incidence of these two species of Sal.monella

have been reported from divergent sources either from clinical

cases or from healthy carriers by many research workers

(Jayaraman ^ ai,, ,196^; Datta & Singh, 196I; Jayaraman &

John, 1969; Bhatia &Agarwal, 1968; ^^dhay^.& Kalara, 19701
Nath 2I.., 1970). The disease in the present studcr was

found to be endogenous in >the farm. There had been previous

report on the isolation of S?al|nonella wg?;i,tevred,en from

baby pigs of the same farm with the history of gastroenteritis

(Sulochana ^ jai,, 1973). The frequent isolation of

Salmonella species from porcine populations of the farm

reveals the higher incidence of Salmonella infection. The

isolation of these two species of Salmonella from necrotic
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enteritis of pigs suggest that they may probably be

associated in clinical syndromes of enteritis either slone

or in association with other enteric pathogens. Experimental

infection studies in pigs with mixed cultures of

and S.tvphlmiirittm also revealed that severity of the clinical

condition was more intense than with individual cultares.

Similar observations has been put forward by Goel & Mallik

C1971). Beh (1971) reported the occur^ce of Salmonella
tvphimiLrium azid enteropathogenie in pigs with gastro

enteritis.

All the strains of organisms were isolated from

pig^aged 3-8 weeks. This shows that the occurmce of the

disease is more common in weaners because of their high

susceptibility due to decreased resistance and may partially

be also due to the change in the environment. John Myooch

& Haddick C1969) reported that the incidence of Salmonellosis

is more common in pigs aged one and two days and ^12 weeks*

Guiriee si 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 laboratory animals

such as mice, guinea pigs and rabbits with Salmnn{=>l 1 a

tvphimuri-um var Copenhagen 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. Similar observations

had been made by Ghosh & Anina Chatterjee (1960) with



S.t.vnhiTnurlnm and its variants S>tvphimuriiim var

in rabbits, Tbe reisolation of the organism from various int

ernal organs of experimental animals that died at iKarious

periods suggests that the organisms have got definite invasive

power, for the tissues of the experimental hosts like mice,

guinea pigs and rabbits# Wj^ilson &Miles C1967) also suggested

that S.tvphlimirium given parentally, have very definite,
linvasive power for the tissue of mice and other laboratory'

rodents*

Experimental infection studies with S.w,^;LteTrreden

showed no gross lesion on the visceral organs in mice

although definite lesions on the visceral organs were .

observed in other species of hosts. Some showed enlargement
I

of liver, spleen, mesenljrlc lyii^bhodes and pulmonaicy
congestion# Similar observations have also been made by

Jayaraman at al.. (196^) in natural and experimenta:L studies

in guinea pigs.

Studies on esperimental infection on primary hosts

have revealed the following observations# Gross lesions

were observed in animals inoculated by Salmonella tMUMTOriW

var Copenhagen and also in animali infected by a mixture of

S. hvphi Tnnrlum and S.weltevreden when destroyed 5 clays ^ter

infection. No lesion Was'seen in piglings infected with

Sfl-lmnnella. wfiltevreden alone, eventhough Isolation of the
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org^isms could "be made from the :^ecal materi^ ajid mesenytic
lymphnodes. This definitely shows that S.tvi;)hlnniriuni var tiQpgn,-

hagen or a mixture of two organisms could produce definite

pathological changes in tissues even within a short period

of 5 days# These lesions were more pronounced in animals

sacrificed 10 and l5 days following oral infection with

S. tvphlTmirium. The organisms might have penitrated through

the intestinal wall and multiplied in adjacent drainage

lymphnodes, Lawson and Dow C1966) observed in their expe

rimental infection studies with S.riholera.esuis vai' 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 infection.

The organisms could not he 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 organisms was explained on the basis

that bacterimia may be intermittent. :But in septicemic

form of infection other lesions such as exudation of fluid
I

in the abdominal cavities, thoracic cavities and lesions

on the visceral organs were noticed (Smith and Jones, 1967)*

In this s.tudy no fluid accumulation was noticed in the

body cavities ^d marked gross lesions were also absent

in internal organs♦
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Animals sacrificed at various stages of infectiqn

in all the three groups yielded position results fbr isolation

of the organisms from intestinal tract and mesenl^ic lympljiiodes.
These results prove that the infection confines to the •

intestinal tract and neighbouring lyn^jhiodes.

The high frequency of isolation of Ssimonella
f' 'organisms from faecal materials and mesenyric lymphnodes

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 of
^ ISalmonella from faeces and mesenyric lyi!5)tJiodes from animals

showing enteritis or from healthy carrier animals (Scott,

I9UO; Vanhoof, I966; Ghimg &Froster, I969; Guinee,', 197^).
The pig which died after the 9th day of orjil

dosing with the mixed cultures of S. tvphimurium vsir £op^toggB

and S.T.Tfii tfiv-pfiden organisms could be recovered from bronchial

lyn5)hnodes. This may be due to the phaxyngeal dosing

procedure en^jloyed. Lawson & Dow (19^5^ suggested that the

higher percentage of bronchial lymphnodes giving positive

results early in the experimental periods could be caused

by small numbers of organisms gaining entry to the upper

trac^a during dosing. In two cases the organisms could
be recovered from bile, Lawson & Dow C1966) stated that

the recovery of the organisms from liver and bile may be

due to an ascending infection of the bile duct aii.d may be an
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artefact resulting from the killing process. Isolation of

organisn^from faeces and internal organs id.th definite

indications of pathological changes indicate that S.weltevreden

and S. tvphimurium could produce disease condition in

piglings atleast when resistance is lowered due to adverse

conditions,

Antibiotic sensitivity studies have revealed
e- ;

that all the strains of S.vjelt^Vreden and S.tvphimurium var

Copenhagen tested were sensitive to chloramphenicol at

the concentration of 30 /ug./disc. them were; sensitive

to gentamycin and streptomycin at the concentration of' 10 and

20 /ug./disc, respectively. Two strains, one from each

group were fomd to be sensitive to tetracycline ;ind

Nitrofurantoin, Ulsen (1972) reported that the sensitivity

of the Salmonella isolates to streptomycin, tetracycline,

furazolidon^, chloramphenicol, neomycin, kanamycin and
ampicillin varied considerably. The organisms isolated

in this study jwere" also shovjed considerable variation in

their sensitivity to tetracycline, furB25olidor^ and
streptomycin. However, none of them were found resistant

to chloraii5)henicol. This variation may'be due to the

transfer of R-factor from the same species of organisms

or from other organisms like E.coli. It is clear from

Table 8 that majority of S.weltevreden and S.tvuhimurium



-62-

<a-

tested against tetracycline showed resistance to this

antibiotic. In the farm where this investigation was carried

out, animals were fed TM5 (which contain^ tetracyclii^hydro-
chloride) as a feed supplement for better growth and disease

C2-.

resistance. Thus the isolation of tetracycliiy resistant
Salmonellae 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 strains

of Salmonella which produce hydrogen sulphide, MacConkej^
medium in which mannitol v;as incorporated instead of

Plactose ^iras found to be more usefiJ. in eliminating^roteus
organisms. The composite medium ^vl§ed by Chitin ei

(1972) was found to be equally good as triple sugar iron

agar. The medium has got ^additional advantage in that it
can be used for testing deamination of phenylalanine ±0

phenylpy2*uvie acid. The test for deamination of phenylalanine

V7as usually done in routine procedures for elimination
P

of ;g?roteus speciesa Some Proteus species produce chara

cteristic results in triple sugar iron agar by forming acid

butt, alkaline slant with production of hydrogenyl^ul.phide
(Sdward and Ewing, 1972). Hence it may lead to fa3.se

positive results. The con5)osit^medium 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 mediiim II also was

found to be usefiil in testing formentation of mannitol

and also for testing motilitjo The motile organisms produced

*fan' shaped growth in semisolid medium. The motility

testing by hanging drop methods may lead to false positive

results (Edward & Ewing, 1972).

The resiJlts of the biochemical reactions obtained

were in agreement with the reaction for Salmonella

described by Edward and Ewing (1972),
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A bacteriological study was conducted to assess

the incidence of enteropathogenic E.coli and Salmonella

in piglets with digestive disturbances,

2, A total of 27h samples were collected and processed

from living as well as dead aninals with the histo;cy of
^ /enteritis. Samples included faeces, mes^n-bric lyrap^odes,

heari^lood, liver and spleen#

3. The enrichment and selective media used, included

selinite broth, tetrathiona.te broth with brilliant green,

Dihydrostreptomycin broth and Dihydrostreptomycin agar,'

in addition to the common media used in routine isolation.

Modified MacConke^ medium I &II was found to be useful
for identification of Saimorslla organisms by their characte

ristic appearance as a resiJlt of hydrogen sulphide produc

tion. The composite medium was alsO' found useful for ,

detection of the reaction in ^S^I^ along with pehnylpyruvic
acid productipn. The agar was found to be of

great service for isolation of enteropathogeniq E.eoli

organisms from faeces.

h, A total of 2if strains of Salmonella and 7^

strains of E.coli were isolated during this investigation.

The identity of the isolates was confirmed by v^ious

biochemical and biological tests described by standard
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textbooks. The antigenic typing of Salmonella and

E.coli strains was conducted by Dr. V. K, Sharma, of

Haryana Agricultural Univerisity and by National Sa3.monella

and Escherichia centre, Kasauli,

5. Salmonella strains isolated and studied belonged, to

two main sero groups, S.w^lt^Yrgg^a and S.tvphlmuri-um var

jMffiSnhagSIl.

6, , Various tests conducted to determine the patho-

gen^city of E.coli isolates have revealed that five strains
belonged to pathogenic group. The tests included haemolysir^

necrotoxin and enterotoxin production and pathogenicity

to mice. These five strains belonged to sero groups 05, 017

and 039*

7« Pathogenicity studies on two strains of S.weltevreden

and 2 strains of S. tvphimurium var Copenhagen have revealed

that they are pathogenic to mice, guinea pigs and rabbits,

8» Pathogenicity studies on primary hosts have

shown that they can produce an enteric form of disease,

lesions mainly confining to the gastrointestinal tract,

9* Intibiotic sensitivity studies of the entero-

pathogenic E>coli serotypes by single disc diffusion

technique showed that all 'strains were sensitive to

chloraiBphenicol and gentamycin. The strains showed multi

ple resistance to streptomycin, tetracycline, erythromycin

and ampicillin.
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10. Antibiotic sensitivity studies of 15 strains of

monella have revealed that they were sensitive to chloram-

phenicol. The organisms exhibited multiple resistance t0
© • initrofurantjdin, tetracycline, ampicillin, erythromycin

and penicillin. The results of bacteriological and

drugsensitivity studies were communicated for .appropriate

action,

11, The possible role of E.coli and Salmonella in

enteric disorders, of piglings is .discussed in deteil.,
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M^PMDICES
•»

Appendix la.

Dihydrostreptomycin broth (Ramirez & McClesky, 1968)

Peptone 10gms.

Sodium chloride

Beef extract lOgms.

Distilled water- 1000 ml.

Adjust pH 7^2

The ingredients are mixed together and heated until

dissolved. The medium is then sterilized at lb. pressure/Sq.

inch. Allowed to cool and added streptomycin at the concen

tration of k- ug®/ml« and tubed in 10 ml, amounts under sterile

precautions.

lb.

Dihydrostreptomycin agar

Peptone / 20g,

Lactose lOg,

Bile salts I.^S®

Sodium chloride

Neutral red O.OSg®

Crystal violet OcOOIg,

Dihydrostreptomycin h ug„/ml.

added before pouring plates
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MacGonkeys medium I (Modified Sharma, 1973)

Peptone lOg.

least extract 3g.

Sodium chloride 5g.

Ferric Ammonium citrate ig.

Sodium thiosulphate 8.5g.

Sodium citrate 8.5g.

Lactose 10g.

Bile salts ig»

Ifautral red 0.03g.

Distilled water 1000ml

pH 7.h

Modified MacGonkey medium II(Sharma, 1961)

Peptone 20g,

Mannitol lOg,

Bile salts

Sodium chloride ^g,

Neutr,al red 0,03g,

Crystal violet 0,001g«

Distilled water 1000ml,

pH 7.h
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Ilia.

Composite medium (Part I) (Chitin ^ al.«> 1972)

Peptone (Proteose peptone). 20g.

Sodium chloride

- Lactose ' 10g.

Glucose 10g.
I

Ferrous ammonium sulphate 0«2g,

Sodium ttiiosulphate 0,2g,

L.phenylalanine i+g.

Agar COxoid) 13g,

Distilled water 1000 ml.

Phenol red i2,k%) 3 ml.

pH was adjusted to medium was steamed

for 1 hour and filtered through cotton pads. Dispensed in'

3ml. amounts, plugged loosely and autoclaved at 10 lbs/

sq.inch pressure for 15 minutes. It was allowed to solidify

in slant position so as to give a generous "butt (2,5cm) and

short slant,

Illh. :

Part II
I I

Peptone 10g,

Tryptone 10g. ,

Sodium chloride 5g,

Mannitol 2g.

Sucrose 10g.
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Na2HP0lf,12H20 5g.

Bromthymol blue Co.U-^)3ii3l»

Distilled water lOOOml.. I,

Agar I

pH was adjusted to 7,h, The medium was steamed
1

for 1 hour and filter through cotton wool pads. Dispensed

in 10 ml, amounts plugged loosely and autoclaved at 10 lbs',/

sq..inch for 15 minutes, -Allowed to soldify in vertic?al
r

position,

Phenyl pyruvic acid test was performed after ' .

noting down the other results. O.^ral. of ferric chloride
I

, ''

10^ aquous solution was added and noted the reaction aftei]

2 minutes.
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Appendix IV

Inte3?pretation of disc sensitivity tests (Peters driDf,

R.G & Sherris, J.C, Amer. J.Med. 39s766-69, 196?) •

Mtibiotic or
chemo the rapeutic
agent

Disc
potency

1;

Inhibition zone. Diameter in mm.
Resistant, Intermediate. Sensitive

Ampicillin 10ug, 20 or less 21-28 29 or iffiore
1

Bacitracin lOunits 8 or less 9-12 13 or 'more

Cephalothin 30ug. • * 18 orImore

Chioramphenacol 30ug. 12 or less 13-17 18 or jmore
1*

Colistin 10ug, 8 or less 9-10 11 or ;.more
'1

Erythromycin 15 ug. 13 or less 1^17 18 or;more

Eanamycin 30 ug. 13 or less 1^^-17 18 or imore
1

Methacillin 5ugo 9 or less 10-13 1I+ or more

Neomycin 30 ug. 12 or less 13-16 . 17 or more

Nitrofurantoin 300ug, 8 or less 9-12 13 or iimore

Pencillin G, 10 units 20 or less 21-28 29 or :more

Streptomycin 10 ug. 11 or less 12-lJf 1? or 1more

Sulpha 300ug, 12 or less 13-16 17 or imore

Tetracycline 30 ug. 1^+ or less 15-18 19 or more
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DETAILS QF SPECIMENS COLLECTED FOR ISOLATION OF ESCHERICHIA COLI & SALMONELLA

Table 1

Type of specimen

m M M m m m

Animals with enteritis

Rectal swabs

Dead pigp.ets

Intestine contents

Small intestine

Large intestine

Mesenyric lymph lodes
Liver

Bile

Spleen

Limg

Heart blood

Total

Age group No.of No. of
a* — speclmens E«coH
Birth to one to 3 to 6 6 to 8 examined isolated
one week three weeks weeks weeks

No. of
Salmonella
isolated

M m , t* s» m ^ »m m m m tm

25 20

25 20

25

5

5

5

5

5

5

>

h

"67

50

17

20

21

20

8

8

6

6

6

162

120

22 )
)

26 )

25

13

13

10

10

10

27^

50

25 12

8

75 2if
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BIOCHEMICiff. REACTIONS OF CULTURES OF ESCHEEICHIA COLI ISOLATED FROM PIGS

Table 2

Culture Numbers Ei/7lf E2/7^ E3/7lf EV?^ '^6/7^ E6/7^ ^7/7^ E8/7if E9/7^ E10/7V EII/75 E12/75

Eijkman's test AG AG AG AG AG AG AG AG AG AG AG AG

Growth on D,H,S, + + + + + + . + + + + + +

Motility + - + + + + + + + + + + +

Haemolysis — «• + + m + «• + + M +

Indol + + + + + + + +- + + +

Methylpred + + + + + + + + + + . + +

Voges^roskauer '« • «i —m m •• mm

Simmons*s citrate mm •« m •« - . ' m. Ml M •#

Hydrogen sulfide (TSI) mm mm «• mm mm - «»

Urease mm M m •m • «' •m •• *• •9

KCN W M m m mk mm •> «• •*

Lysine decarboxylase + + + + + + + + + - + +

Phenylalanine deaminase - mm - M ** •a . ~ •• «•

Malonate Ml
-

- - - <im • •* mm ••

Gas from glucose + + + + + + + + + + +

Lactose + + + + + + + + + + + ' +

Sucrose Ml + •• W Ml «• - A mm •• ••

Mannitol + + + + + + + + + + + +

Dulcitol + + .. + + + - - + + - -•

Salicin m tm + + + • + - + - ««

Adonitol mm m «• - •• - - - « -> -

Inositol m «• Ml •« . - -
M

Sorbitol + + + + + + + + + +

Arabinose + + + + • + + + + + +

Raffinose + + + + + + + + • + + +

Rhamnose + + + + + + + + ••

Nitrate + + + + + + + + + + + +

contd. •
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Oiatilre Slaters 'eiVT? EiV75"e%/75 EiS/TS'bW?^ E20/75"e2V75 E22/75 ^23/75 Bay?? E25/75

Test SubRtrnte
AG AGEijtanan's test AG AG AS AS AG AG AG AG AG AG AG

Growth on D.H.S. + + + + m + + - -
+ + . *•

Motility + + + + + + + + + + + + .
4»

Haemolysis M + + + + + m + + +
1

m

Am

I

4-

Indol + + + . + + + + + + +
a 1

Methyl red + + + + + + + + + + + +

Voges-proskawer •m m' •• m •• m i* mm

0m

Citrate M M •» • m m M . m m mm

Hydrogen sulfide <• m ft ••
- - -

«il «• mm mm m

TJrease «• tm — 4m'' mm
-

••
•

m mm mm

. **
KC2J • «• m M m It •• — Ml m

*•
m •

mm

Lysine «» +. + + + + + + mm + m +

Phenylalanine a* -• m •• -
M mm mm •» mm mm w

mm

Malonate m •• mt m tm H M mm 9 mm

1 •

(?Lucose
Lactose

+

+

+

+ .

+

+

+

+

+ +

+

+

+

+

+

+

+

+

+

+

+

+

+

•r^

+

Sucrose
Mannitol + + +

m

+

mm M

+

*i>

+

•*

+

««

•f + + +
4.

+

Dulcitol + + + m + *♦ *• + + •* mm T

Salicin •» mm m + mm
" • • ••

m m

*

Adonitol am «• «• • m M mm
*• •• ••

Inositol a* •• «
tm - -

•• **

Sorhitol + *» + m + - + + + + •• T

t 1

•

Arahinose + + + 4- + + + .+
1

+ T T

4-

i

Raffinose + + + m + + + +
*

I

4.

Rhamnose + + + + + + + + +
1

T

• I. J.

i

' J.

Nitrate + + + + + + + •r T 1 1

Note; A,G,
+

= Acid and gas production
K Positive
= Negative



Table 3

Giiltui'e Nmnbers

BIOCHEMICAL REACTIONS OF CULTURES OF SALMONELLA ISOLATED FROM

1/7^ 2/7^ 3/7h^/7^ l/7h 7/7^ 9/7h n/W^2/W13/W

PIGS

iV7^"i9/7^"20/A
Test Snhst.r«t.ft

M Mr mm ms « MM «V •H M M m M w •• ca n m m. •» M M ••

Indol C9 «• M ••

Methyl red + + + + + + + + + + + + +

Voge s«proskauer tm «• •• <•

Simmons*s citrate + + + + + + + + + + + +

Hydrogen suLfide (TSI) +• + + + + + + + + + + + + •

Urease
Tcrw

- -
m' - •• - - ' « -

•* M
-

Motility +

'' m

+ + + + +

«•

+ +

m

+ +

mm

. +

••

+

Lysine decarboxylase + + + + + + + + + + +

Phenylalanine deaminase • ^
«• tm M tm «• mm

Malonate •tt «r Mr m a. ^ •
'

Gas from glucose + + + + + + + + + + + + +

Lactose ••
• • ^

m m m 4H mm M

Sucrose - M 9m •» •M •p ••

Mannitol + + + + + + + + + + + + +

Bulcitol - + + + + + + + + + + +. +

Salicin m •9 Ml m •• m
• ^

p«

Adonitol a m ' «K W m + ' mm M «• a* M «>•

Inositol m m M + «•

Sorbitol + • ^ + + M + + + + «• '

Arabinose *• + . + + + + + + + + + +

Raffinose _

M w mm «« m •ii W

Rhamnose + + + + + + + + + + +

Nitrate + + + + + + + + + + • + + +

contd.•
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Culture Numbers 21/75 22/75 23/75 25/75 26/75 27/75 28/75 30/75 32/75 33/75 3V75

Test Substrate

Indol
Methyl red
Voge s-proskaue r
Simmons's citrate
Hydrogen sulfide (TSI)
Urease
KCN
Motility
Lysine decarboxylasp"^
Phenylalanine deaminase
Malonate
Gas frcaa gpLucose
Lactose
Sucrose
Mannitol
IhiLcitoiL
Salicin
Adonitol
Inositol
Sorbtol
Arabinose
Raffinose
Rhamnose
Nitrate

Note: + = positive
- » negative

•* m *• «• «• — •

+ + + + + + + • + + + +

- m - •It M - ' -• » mm •

+ + + + + + + + + + +

+ + + + + + + + + + +

m m •w m •• - - • •

M _ *• •* •n «• •• •>

+ + + + + + + + + + +

m + + + + + + - + + • +

M M - - . mt - mm - mm

•i _ - — — - mm •i* mt

+ + + + + + + + + + +

Ml mg - «• , . - M

m « •H w Ml m mm mm ' » m

+ + + + + + + + + + +

•• + + + + •k + + + + +

M W* •• m m •• , . - . ••

- . tk m m m , - - mm , «• -

m - mti mil - Ml «• •* +

mm m m m «• •• ' mm m

+ + + , + + + + + + + mm

M m • m mt « - mm *

+ M M + + + + + + + +

+ + + + + + + + + + • +



Table h

y

Details of the Salmonella species isolated from pigs and the restits of
their serological typing

•9 mm

Age group Cultural Source of isolation Syn^toms/lesions Antigenic formula Serotype
No

6-8 weeks

»»

>»

»»

I»

j»

.»»

»»

weeks

>»

»»

»»

> >

»♦

t >

11

1^8
9 9

» t

« >

weeks

2^^

y?")-
11/A
12/7'f

19/7^
20/7V
21/7't
22/7M-
23/75

26/75
22'̂ 75
28/75

30/7?
32/75
33/W
3V75

Faeces,^ ,
Mesent^Sic lyn^mode

.c lynphhode
lC lyTC^aciode

Me sent
Mesenl
-do—
Faeces .
Mesentric lyn^hnc
Faeces '
Faeces
Faeces^,
Mesenl^ic lyn5>l:^odes
Bectal swab

*»

9 9

]&esen1jrie lymptLodB
Faeces '

lodes

A 9
&-

Mesen-^c lympmodes
Intestinal contents

99

9 9

aeces

Necrotic enteritis
Necrotic enteritis
Necrotic enteritis
Necrotic enteritis
-do^
•>do«>
-do*
-do-t
-fio-N*
-do-
Enteritis
-do«*

-do-
—do—
-do-
Necrotic enteritis
Gastroenteritis
Gastroenteritis
Gas troenteriti s
Gas troenteriti s
Enteritis

&astroenteri tis
Enteritis

3,10;r:i6
3,10:^^:26
lf,12:i:i,2
3,10:r:zD
lf,12:i:l,2
^-,12:1:1,2
3:10s r: 250
^,12:i:i,2
3s 10sr:zo
it-, 12sisl,2
3, lOsrszo

in:rs •7.6
3, lOsrszb
3,10:r:z6
3,10:rsz6
3,10:r:z6
3,10:lp:z6
3,10sr:z6
3,10sr:z6
3,10:r:z6
3,10srsz6
3,10srsz6
3,10sr: z6
3,10:r:z6
3,10srsz6
if, 12sis 1,2

S.weltevreden
S.weltevreden
S, typhimuriura*0^
S.weltevreden
S. typhimurium-05
S. typhiraurium-O?
S.\^eltevreden
S»typhiraurium-O?
S.wel-frjfevreden
S, 1^7phiniariTaiH-05
S.weltfevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S.weltevreden
S. typhimurium^^O^



Table 5

Details of Haemolysin proauctipn, necrotoxin production, pathogenicity to mitse
and rabbit ileal loop reaction

V

Culttare
No

Haemolysin production
Liquid media

Aerobic 10^02
Solid media

Aerobic

Necrotoxin
production

Pathogenicity
to mice-

Rabbit gut
loop reaction

E^/7h
E2/7»f

E7/7if
18/7^
E9/7lf
EiO/7^
E11/7^
E12/75
El3/75 .
E1V75
E15/75
E16/75
E17/75
E18/75
E19/75
E20/75
E21/75
E22/75
E2y75
E2V75
E25/75

^ M •

Motes +

NT

3700 37OG 370C 370C

NT NT NT NT NT -

NT NT NT NT NT -

+ + + + + C++) -

NT , NT NT NT NT - -

+ + + + -
••

NT NT NT NT ^ + (+++) m

+ + + + + C++) +

NT NT NT NT NT mm m

+ + + M - —

+ + + + + -

NT NT NT NT NT -
mm

+ + +> + — -
«•

NT NT NT NT NT - ••

+ + mm ""

+ + • + + + (+++) *«

+ + + + mm -

* + + + - -
W

+ + + + . - ••

NT , NT NT NT NT -

+ + + + - •a

+ + + fn
*»•

+ + + + M
«•

NT NT NT NT NT •» "

NT NT NT NT NT -

+ + + + mm
- •

••

M *•

aPositive reaction
dSegative reaction
=Uot tested

(+-H-) = death within 2h hours
(++) = death within kS hours
C+) = death within 96 hours



Table 6

Details of Experimental' infection studies of S, t3rphimurium var Copenhagen and
• S.welt^rreden in labora^or^anlmaLs ~

Culture E3g)eri- Sps, of Salmonella Boute of Period Gross lesions
No mental tested infection of obser-

animal vation

3/A

13/71+

V7h

Mice S^.typhimu2?ium va^*»^
b~bpenhagen.

1

2

2

1

S.weltevreden

i/p.0.2nil. Whrs.D Wo gross lesions

i/p,0,21111. 72hrs,D Scattered pneumonic lesi
ons on both lungs and
areas of necrosis on the
surface of liver

i/p.0,2ml. 2Mirs,D No gross lesions

i/p.0.2ml, U8hrs.D No gross lesions

i/p,0,2ml. IfShrs.D No gross lesions

i/p.0.2ml. 72hrs.D No gross lesions

i/p,0,2ml. 96hrs.D No gross lesions

i/p,0,2ml.^8hrs.D No gross lesions

Site of isolation

Heart blood,spleen,
liver & lungs.

Heart blood,spleen,
liver & lungs.

Heart blood,lungs,
liver and spleen

Heart blood,Imgs,
liver and spleen

Heart blood,lmgs,
liver and spleen

Liver,heartblood,
lungs and spleen

Liver,heartblood,
lungs and spleen

Heart blood,lungs
liver and spleen

-contd,.,.. _



Cultiuce Experi- Sps, of Salmonella Houte of Period
No, mental tested infection of obser-

animal vation

Gross lesions Site of isolation

3/7^

1/71+

3/7^

1/7^

Guinea
pigs S, typhimurium var

Copenhagen '
1 i/p.O.^ml, U-8hrs.D Acute peritonitis. No other Heart blood,lungs,

gross lesions., liver and spleen

S/c.1ral. 96hrs.D Heart blood,lungs,
liver and spleen

S.weltivreden
1 i/p.O.^ml. ^hrs.D,

P.atchy congestion of lungs
small necrotic foci on
surface of ijcKEx:^ spleen
along with congestion

Acute peritonitis. Spleen
enlsirged and congested

Heart blood,
Liver,spleen,lungs
and me sentrie lymph*i
nodes

Rabbit

1

2

S. typhimurium var
Copenhagen

s.weltivreden

S/c,1ml, 96hrs,D. Enlargement of spleen,liver Liver,spleen,lungs &
and mesentrie lymphnodes. Mesentric lyngjhnodes
Lungs showed pneumonic areas

S/c, 1ml* ^hrs.D, Pulmonary oedema, enlarge-
ment of spleen

S/c.1ml, 36hrs.D, No gross lesiong,

S/c, 1ml, ^hrs.D, No gross lesions

S/c.lml, JfShrs.D, Pulmonary'oedema. Conges
tion and enlargement of
spleen

Heart blood,lungs
& spleen

Heart blood & lungs

Heart blood & lungs

Heart blood, lungs
and spleen

Note: D » Death K = Killed



Table 1

Oulture
No.

Details of experimental infection studies on S,typhimurium var Copenhagen and
Salmonella weltevreden in'piglets -

Uo. & Sps. of
group Salmonella

Dose & route Period of
of infection obsei-va-

tion

Symptoms/lesions Site of isola
tion

3/7^ 1/107 5wks,

gj typhimurium
var Copenhagen

30ml,oral 5 daysK Teii^jerature 10^^, Congestion
,of the terminal portions o£
ileum & colon. The mesenotic
lympmodes enlarged and oede-
mato^B,

Faeces,ilew
and mesent^c
lymphnode/.

yl^

3/7^

2/m 5wks.
2

3/107 5wks.
3

30ml. oral 10 daysK

30ml,oral 15 daysK

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 ileum
jejunum and colon were observed.
The bronchi contained frothy
fluid.

Faeces ^leum,
mesen-^c lymph-
nodes '^and colon

The skin on the inner aspect Faeces, jejun^,
of thigh necrotic. Eice in ileum, mesen^ic
ten^jerature after 2nd day of lymp^odes and
oral dosing upto 105°F, spleen.
Diarrhoea after the 6th day®
Temperature declined with the
on set of diarrhoea. Catarrhal
enteritis haemorrhagic streaks
on the mucosa of ileum. The walls
of the ileim thickened. The mucous
si;irface of colon necrotic. Mesen-

5ic lymphnodes enlaxged,

contd,.,



Culture No, & Age Sps, of
Ho« group Salmonella

Bose & route
of infection

Periofi of
observa
tion

Syn^)toms/le sions

1/7^ 3/108 Wks,

1/7^ 5/108 6\^s.

1/7^ Vl08 5v&s,

3/7^) 6weeks
V7^)

S, weltevreden
30ml.oral ? daysK

S. tvphimurium
var Copenhagen
and S.welte~
vreden

30ral.oral lOdaysK

30n]l,oral l^daysK

l5ml)30ml,
15ml)

5daysK

No gross lesions on gastrointesti
nal tract, liver, spleen & lungs.
The mesenl^ic lyn^lAodes slightly
enlarged,

Ten5)erature lO^® '̂. Diarrhoea &
inappetence. Congestion of ileum
and colon and enlargement of
mesenWic lyn5)^odes
TemperatiH'e lO^f.SoF. Cyanosis of
the skin, catarrhal enteritis,
hyperemia of ;jejunum and ileum.
The wsdls of the, ilem thickened.
MesenOTic lyn^^odes enlarged and
haemorrhagic. '

The animal showed high rise in
ten^erature varying from 105-
106OF, Mild congestion of the
mucosa of the ileum and colon
was observed. The mesen-pic
lyn^lmodes enlarged.

Site of isola
tion

Faeces mesen-
•^ic lympl^odes
and ileum '

Faeces, ileum
and mesenjific
lymp^odes

Faece, ;jejui:^
ileum .mesentric
lymp^odes &
spleen

Intestinal
contents, ileum,
colon ^d
meseh^ic
lympMiodes,

contd,,



Culture No. & Age Sps. of
No, groiQ) Salmonella

3/7}+y
1/7^)

3/7^)
1/7^)

6^
weeks

weeks

Note: K = killed
D.t= died

Dose & route Period of
of infection observa

tion

Syn^) toms/le sions

l5ml)
I5inl)30ml.

I5ml)
15ml)30iia.

9 daysD, Temperature varied from 105**
106.80F, The jejunum and
ileum contained yellowish
fluids. The fundic portion
of the stomach showed sevei^e
diffuse congestion. Streaks
of haemorrhagi noticed on
mucosa of ileum, jejunum &
colon. The bronchial lymph-
nodes were enlarged,

15 daysK,Teenerature varied from 10^+-
IOI4-.80F, Diarrhoea noticed
after ^th day of dosing.
Carcass emaciated. The entire
surface.of the mucosa of
colon showed greyish •white
nodules with erosions.
Terminal portion of ileum
haemorrhag^ and thickened.
The mesentiTic lyii5)hnodes
greatly enlarged, /

Site of isola
tion

Bronchial
lymphnodes,
liver, bile,
mesent^ic lymph-
nodes', iletun
and colon

Faeces, mesen
ile Ijnnphnodes,
colon, ileum
and bile



Table 8

Table depecting the sensitivity of Salmonellae to various chemotherapeutic agents
at different concentrations

Organisms tested, Chemotherapeutic agent tested
and concentrations/disc.

S.weltevreden

S. typhimuriTjm var
cbpMEagen

Penicillin 10 iig.
Streptomycin 10 oig.
Strep toDjycin 20 oig.
Tetracycline 10 /ug,
Tetracycline 25 Aig.
Erythronaycin 10 /ug,
itaipicillin^lO /ug.
Chloraii5)l:^icol 25 ug.
ChLoramphraicol 30 aig.
Nitrofiirantoin 100 ug,
Gentamycin 10 ug.

Pencillin 10 oig.
Strep tonorcin 10 ug.
Streptomycin 20 ug.
Tetracycline 10 ug.
Tetracyclin 25 /ug*
.Erythromycin 10 ug,
Ambicillin 10 oig,
Chloramphenicol 25 ug,
Chloran^henicol 30 ug,
Nitrofurantoin 100 ug.
Gentamycin 10 /ug.

No,of strains
tested

9
9
9
9
9
9
9
9
9
9
9

6
6
6
6
6
6
6
6
6
6
6

No, of strains
sensitive

7
7

9
9
1

7

If

6
6
1
If

No, of strains
resistant

9
2
2

9
9

8
2

6
2
2

6

I
6

5
2

contd, •
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V

Organisms tested. Ghemotherapeutic agent tested Ntj.of strains No♦of strains No.of strains
and concentrations/disc. tested sensitive resistant

E.coli. , Penicillin 10 ;tig. 5 5
Streptoinycin 10 ug. 5 3 2
Streptonycin 20 ug« 5 3 2
Tetracycline 10 ug. 5 2 3
Tetracycline 2^ /i3g« 5 2 3
Erythromycin 10 ug. 5 3 2
Aiiipicillir^lO nig» 5 5
Chloran5)h^icol 25 ug* 5 mm

Cbloran^l^icol 30 iig* 5 5
0 Nitrofurantoin 100 ng» 5 h 1

GentaiEycin 10 /ijg. 5 5
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ABSTRACT

Prior to this investigation, limited studies

conducted in the department of Bacteriology, College of ji

Veterinary and Animal Sciences, Mannuthy, have revealedj

the association of pathogenic strains of E.goII and Salmon^la

with enteric disorders of pigs. Therefore, a detailed i

study of the incidence and magnitude of prevalence of those

pathogens was carried out«

A total of 27k specimens collected from sick as ,

well as dead animals were examinede Faecal materials

collected from living as well as dead animals, mesentric

lyn5)hnode, spleen, liver, lungs and heart blood formed the

materials for isolation studies. Both enrichment and

selective 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.coli

and 2h strains of Salmonella were isolated and studied,'

Most of the isolations were made from piglings aged 3-8 1
![

weeks, , Out of 75 strains of only 5 strains were ji

found pathogenic based on various tests like haemolysin^

necrotoxin and enterotozin production and pathogenicity I

to mice. These isolates b&longed to serogroup O^j 017 ,
I

and 039, Salmonella strains belonged to two serotypes,



S.2£glig2Ee.dsa and S.jaSLMaUMJIL-Var SQE-inJiaSg^i. The

identity of the isolates were confirmed biochemicallv and

serologically®

Pathogenicity studies conducted with two strains

of SalffioaeHa and SglJOQasHa var

Copenhagen have revealed that they were pathogenic to

laboratory animals like mice, guinea pigs and rabbits®

It has also been observed that these serotypes coiiLd

produce enteric form of the disease in primary hosts.

Invitro drugsensitivity studies were carried out

to determine the effectiveness of antibiotic to gastrointe

stinal disorders caused by these species. It has been

observed that all E.coli and Salmonella strains tested were

sensitive to chloraii5)henicol. However miiltiple resistiance

was observed to penicillin, streptomycin, tetracycline,,

erythromycin and nitrofurantoin.

The significance, possible role of infection

by these species and their drug sensitivity reactions ?are

discussed.
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