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LNTRODUCTILON

Escherich (1885) isolated the orgeniem Zscherichis eoli
from the faeces of breast fed infants.

Lehmann and Neumann (1898) described the organiems
isolated by Escherich (1885) under the group Bacterium with
type specles as Bact. coll, vhere as Gastellani and Chalmers
(1919) inoluded the Escherich's organisms unier the group
EZscherichis with type epeclies as EZscherichia goli. Rahn (1937)
ﬂaaeribéd E.c0ll under the family Enterobacteriaceae, The
Enterobacteriaceae subcommittee (Report, 1984) define the family
ag gram-negative, non-sporing rods, either motile with peritri-
chate flagella or non-motile, which grow on ordinary media ana
ferment glucose rapidly with or without gee produetion; nitrateg
are reduced to nitrites. The subcommittee recornised nine groups,

falmonells, shigella, Arizona,Escherichia, Alkalescens-2ispar,
Elebgiells, Bethesda, Prpteus and Providence, but does not imply

that these should be regarded as genera. The Fseherichia group,
&g defined by subcommittee, concists of organieme elageified as
Z.001) and 1ts varieties including E.coli mutabile and anaerogenioc
straine. Although the fermentation of lactose ie reparied as a
main character of the species E.goli, it is not reduisite for
1nelusibn in the Fgcherighia group.Xauffmann (1954) included in
hie gserological olfssification those organisms which were none
lactose fermentor, but were giving other charscteristics of
E.2011, The subcommittee also supports the inelusion of these

organisme in the Fscherichia group. Breed et al (1957) divided



the family Enterobacteriaceae into five tribes, EZscherichieas,

Erwinieas, Serratieae, Proteeae and Salmonellese. The
Fsoherichieae hae, further, been divided into five pensrs,
Escher ighis , Aerobacter, Klebsiells, Paracolobactrum and
Alginebutei and the genue-Tscherichia ineludes the species,

E.coll, E.auregeens, E. freundii and E.intermedia. In the

speciee E.c0ll, four varleties have been recosnised on the basis
of fermentation reactions of salicin and saccherose. The E.gcoli

var gommunis ferments eallein but not saccharose, E.goli var

- communior (communius) ferments saccharose but not saliecin,F.eoli

var neapolitans ferments both and E.goli var acidilactici

fermente neither salicin nor saccharoee. These varieties are
not now régarded ag significant.

E.¢011 is the predominant organiem in the intestinal
canal in man and animals. The organicms gain enterance %o the
intestinal canal shortly after birth and peregiet through out
life. fears and Brownlee (1952) and Sears et al (1958) studying
E.goli in the intestinal tract, found that normal humsn individual
and dogs harboured two kinds of straine: residents which persisted
over lohg periods of time, and translents which were present only
for a few daye or a few months. In human subjects and dogs,
utmina'ingeated, ocoasionally appeared translently in the faeces,
but did not Aiesplace the current residents., A complete change of
envireonment was often necessary in order to produce change in
resident strains. All atfempts by Sears et al (1958) to establish
artificially new resident strains in dogs falled. They also
demnstraf.gd that this pattern of E. 60ll ocourred in very young
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bables as well as adults. Gant et al (1943) stated that Colon
bacilli most probably serve a useful funotion in the body by
suppressing growth of certain proteolytic organiame and by
syntheslzing appreciable amounts of vitamine of the B.complex
group. Some strains of £.c0li may,under certain conditionse,
agsume the role of a pathogen, especially in the intestinal
tract or organe anatomically related to it.

g.g‘g_g has been found to be assoclated with pathological
conditions both in man and animals, particularly with diseases
affecting the gastrointestinal tract of the young mammale. Tn
calves, E.coll causes white scours or there 1s an important
assoclation betwsen this organiem and the Aisease Process., It is
also associated with navel infeotion or Joint infection (Jensen,
1803; smith & 11ttle,1927; I.ovell,l%'?;omkov,igsl; Thomson ,1954;
Dunne et,81,1956; clantz et 2l,1958; Rees,1988; %mith,1960). In
older animals (bovines) it is associated with cervicitic,eystitis,
mastitis and metrities (Jensen,1896; Fey,1953; Merchant et al,19586).
In lambs and monkeys, it produces diarrhoea (Charles,1967;
Kater et al,1963; Fwing et 8l1,1956), in pigs-oedema dlseage
(SoJke et al,1967; Rees ,1989;22ab0,1962) and it is pathogenic
to poultry producing coli-granuloma(Hjarre & Wramby »1946;

Osbourne et al,1948; Grose ,1957; clantsz et 21,1967 ;Beka jle et al,
1963), In human beings, it has been inorimlnafad as the cause of
infantile gastro-enteritis, infection involving uro-genital tract,
peritonitis, gall bladder infection s Pneumonia, appendicitis and
meningltie (Dudgeon et al,1923; Meyer et al,1924; Bray,1945;
Taylor & Charter,1952; Charter,1955;Rees ,1957),
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There are some similarities between white geoours in calves
and epldemio gastro-enteritis in bables and their possible
agsooiation has been discussed by lovell (1951, 1965); Fey
(1956); Smith (1968); Reee (1957) and others. Although 1t is
dlffioult to prove any connexion between the two Aigeases on
epidemiologloal grounds even though, in a few instances, the
same antlgzenie type of I.eoll hae been recovered from calves and
bablee. A number of well defined antipgenie types is implicated
in oases of white scours and in gastro-enteritis of babies.They
are songidered by many %o be the primary fetiologliecal agenta
and this recelves support from the work of Punne et al (1856)
who have successfully reproduced white scours in suscentible
oalves by feeding cultures of F.goll to them, isolated from
bables, under ripidly controlled condition.

The results of epidemiolopioal investigation reported by
several workers in relation to dlsease in young salves and other
new born animale, show that the infection with this organiam ig
the largest single cause of mortality in young oalves during the
first few daye of life (Christiansen,1015,1917,1923; Meigener
and Koser, 1931,1934; Mejlho,1934; lovell amd Hughes ,1935;
Khara_sf.gg,lgea). Jordan (193Z) desoribed the Aeath of 169
female calves out of 784 within a short time after birth.smith
(1934) desoribed the death rate of female calves as 207 and
Lovell # Hill (1940) desoribed as 5.57 within six monthe of age.
Withers (1982) described the death from 6.8 to 11.97 . Nearly
half the death took place Auring the first week of life and over
four-fifth in the first month and nearly a third of the death
was due to white scours assoclated with E.gcoli infection. His
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resulte confirmed the previous observations of the high death
rate during the early spring monthe of the year and the

important factors seem to be ‘climate,feeding of eolostrum and

the personal attention given to calves. Minett (1946) in India,
obgerved the mortality in female calves from 2%.4 to 268,57
during the year 1938 - 44, He also concluded that the extreme
climatle conditions, the grouping together of young calves and
their nutrition play a part in this comparatively high mortality.

The epidemiology of the dleease wae algo studled under
experimental conditions(Aschaffenburg et 81,1949,19581; lovell,
1951; Ingram et al,19853,1986; Wood ,1985; smith,1960), Theiw
resulfs indicated that white soours developed spontaneously
and mainly in those ealveg which were denied eolostrum and the
straine of E.goll were recovered from the tissuesz of the animals
vhich were examined serologically. A septicsemis was more
frequent in calves deprived of colostrum and & locelised
intestinal infeetion in those recelving some colostrm, Tt wasg
also clear from their experiment that speclal races of E.e0ld
tended to dominate the flora in the calf-pens at sny one time.
There were frequent changes in the bacterial flors with
tranaient domination by one strain for a short period of time ,
artar which another takes its place. Thie type of change has
also been reported in infants by Linzenmeler (1962) in Munich
infants elinie. »f_

Various workers have emphosized the negative correlstion
between white scourse in calves and Teeding of colostrum which
contains the antibodles against the T.coll an? vitamin-A v
besides other essentisl substances (smitﬁ & 11%tle,1922;4tewart
& MeCallum,1938; Ingram 33_2531953,1968).




The changing of the environment of the calf ahortly
arter birth has long been recognized as & dangerous procedure.
The reasons are now becoming elear that it maj be =qually
hazardous to change the environment of the mother sghortly
before the birth of the oalf. The colostrum contains protective
substances againet potential pathogenie baoteria which are
prevalent in the neighbourhood where the cow has been living.
The potentially pathogenie bacteria in & new neighbourhood
may be different from those in the old and in the colostrum,
thouzh effective against those in the 0ld environment, is of
no avall in the new. The ocalf,therefore, acquires protection
egainst the hazards of the old home but not againet the new
(lovell, 1969).

The chemloal basis of dlsease assoclated ¥ith inereaged
numbers of E.coll has yet to be elucidated. The endotorins of
a wide range of gram-negative bacteria have similar chemiocal,
physical and blologleal properties{Thomas,1954). The lipopoly-
saccharide endotoxins of £.00ll and galmonella have the same
order of toxielty for mice and there was no apparent
difference between the endotoxins of astrains of I.goll
recovered from scouring calves and thoese from other bovine
gources, The virulence of a epeciel strain is probably an
attribute of the living organiems and intimately associated
with it and emphasis in outlook is shifting from toxicity to
the relationship of enzymee of organiemes and thelr substrates
(Ingram & lovell,1980; Harvey et al,1960). The available
evidence indieates that the F.goli produce their harmful
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effects by proliferating in the sgmall intestine, when there
is inteetinal fallure and accumulation of unabmorbed
fermentable material in the lower part of the intestinal
tract. The tissue invasion occurs producing septicsemia,if
the calf does not have the immunity against that organiem;
on the other hand, tissue invasion may not ooour, 1¢ the calf
has the immunity ngginst that strain. The products of their
metabolism are absorbed in part and are in part diluted by the
inflow of water and eleetroléta from the tissues. The subseqQuent
logs of unabsorbed food materials in the faesces is undoubtedly
gevere, but more serious is the depletion of electrolyte which
may result in dehydration and death (Blaxter et al, 1953).

Various workers have classifled the strains of E.coll
isolated from calf scours by serologloal methods (Orskov,1951;
¥ey,1957; Rees,1067,1960; could,1968; Ulendeev,1963), phage
typing (Smith & Crabb,19566; Smith,1968,1960; Kasatiya and singh,
1961) and tested them with antibiotice (Merlin et al,1955;
gmith & Crabb,1956; Gould ,1958; Glantz,1962). Their resulte
indicate that various serotypes and phage types are involved
in calf scours. Some of the strains of F.coli associated with
white secours are resistant to various antibiotics either singly
or multiply. The inorseased perocentage of resistant straing have
been detected in those farmsg where the antibiotiecs are used as
feed supplements or as prophylactic measuree against the
white scours.

In the present study, an attempt was made to examine

various physiological characters, serological behaviour,phage
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typing and aoction of antibiotiocs on E.c0ll, isolated from
calves. Thig small survey was undertaken with s view to f£ind
out the various blochemical types, serotypes and phage types
of E.goli prevalent in the normal ae well as Algeased calves
at Government Cattle Farm,Patna and to oorrel‘ka the F.co0li
prevalent with that of pathopenie E.goll already isolated and
ineriminated as the cause of white scours in calves and
infantile gastro-enteritis in bables. Tt was also viewed to
find out the eerotype of E.goli of publie health importance.
Further, attention was directed to £ind out the poesible
resistant straine prevalent, which is the baslig of modern
chemotherapy, so that a suitable measures may be undertaken
in future to prevgnt the white socours and its olinical

syndrome.,



I



I=
s
ot
]
Ji=1
I=

=3
i
-
-3
fi=
I
F=
I3
fe
Jo
fist

(A) . Relationship between Esoherlchia coll and white geours
il _ealves: d

Escherichia gggiris the predominant organism in the
intestinal canal in men and animals and was first isolated
from faeces by Tscherdch in 1885, He considered the F.coli v
ag saprophytic micro-organism.

As early me 1985, Obich pointed out that the E.co0li
was ascoelated with white scours in young calves, but the first
baatarlolomical study of the dlsease was,however, carried out
by Janaon in 1892 -93. He reported that the whife scour type
of disease had been known in Doﬁqark for 100 years and the
death rate might be as high as 664. He showed that the condition
ocould be reproduced by feeding calves with the faecee of diseased
ones and with cultures of E.goll isolated from them. He also
concluded that the special races of E.c0li were responsible for
the diaoage.=anaen (1898) concluded that E.goli was responsible
for peritonitie and mastitis in ocattle, and endometritis,
pyelonephritis and abscess of the prostate gland in dogs.
Christiansen (1915,1917,1923) concluded that the F.goll was
responsible for heavy mortality in young calves during the first
few days or‘lire.Tsmith & Little (1922) described thet particular

blochemical types of ¥.c0ll wae ascoclated with calf seours.

Carpenter and Wood (1924) found large numbers of Colon bacil1y
in the ebomaeal, Auodenal and Jejunal contents of secouring
®alves than of healthy calves. fmith and Oroutt (1925) came to
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similar conclusion ae that of Carpenter et al (1994) and
pointed out that the more severe ths oliniecal condition, the
further was the extent of the E.goli invasion up the intestinal
tract from the lower reglone in which they normally resided
in the healthy calves. They aleo expressed the view that white
soour was & result of an upset of the equilibrium which existe
between the animal (calf) and E.coli, which may be nommally
Pprezent. They believed thgt special races of E.c0ll mipght
develop by passage through ealves which were weak and especially
in new born calves which had recei§ad no coloatrum or had
received it after some delay. |

'smith (1927) and Smith & Little (1997) found that broth
oultures of etrains of E.coli obtained directly from the
lleum of scouring ealves were highly toxiec for cows and calves
when given intraveinously. The results of inveetigation reported
by eeveral workers in relation to dlsesse in young calves and
other new born animals show that the infection with thie
organism 1s the largest single cauee of mortality in young ealves
during the first few days of life (Meissner and Koser,1931,1034;
¥ejlbo,1954). Jordon (1933) desoribed that the high incidence
of death in calves is senadnal, the late winter ang early
8pring monthe being the bad periods. lovell and Hughes (1935),
in Great Britain, examined 100 desd ocalves and attempted to
clsesify their Alseasses on an aetlological basis. They found
that E.0014 infection was the one most rroquentl,; encountered;
1t waeg involved in 43 calves, being the only organism eoncerned

in 37 ecalves. lovell and Pill (1240) came to the similar
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conclusion as that of Jordon (1933) that the high ineidence
of death in calves is seasonal, the late winter and early
spring months being the bad 1:;91*1@&0:l

light & Hodees (1943) in the U.S,A., produced dlarrhoea
in calves by infecting them with a filterable agent recovered
Trom the etooles of Infante during an epldemic of infantile
diarrhoea. However, they falled %o recover the filterable agent
from natural outbreake of diarrhoea among calves. Baker (1943)
reported a rather mild type of pneumo-enteritis affecting
calves less than a month 0ld in U.%.A. caused by a filterable
virus tranemlssible to mice as well ac calves. Hie work did
not indlcate that the dicease under observation poscessed the
usual characteristics and efforts, in general, to entablish
proof of a virus as a cause of dlarrhoea have been negative.

“\feoﬁ‘wﬁn (1987) had found that when a large number of
E.eo0li lsolated from dead calves wers fed to normal calves,
although the etrain fed could be recovered from the lymph
glands draining intestine, the calves remained healthy.

r’;a'/anpe:lbt: £t al (1983) examined the bacterial flora of the
faecss of calvee dally for the first 19 daye of 1ife; their
studles belng confined to the coliform and the total aerobie
aountf 'Blaxter ot al (1963) reported that scouring of calves
vag assoc{;ted with high intestinal tract fallure, and the
bacteria played a secondary role by multiplying in the unabsorbed
material present in the gut. The central feature was the abnormal

bresence of large amounts of fermentable material in the lower
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third of the intestinal tract. The coliform organisms multiply

in the lower part of the gut and then tissue invasion occurs,

if the calf does not have the immunity against that organiem;

on the other hand, Af the calves have immunity against that
strain, the tissue invasion may not ocour. The baeteris

ingrease in number, spreading higher and higher up the inteetinal
tract. The products of their metabolism ere absorbed in part and
are in part diluted by the inflow of water and electrolyte from
the tlssues. The subseduent loss of unabsorbed food materials

in the faeces ls undoubtedly severe, but more serious is the
depletion of electrolyte which may rsesult in dehydration and death.

Thomas (195¢4) reviewing the physiologleal effects of
lipopolysacoharid;-endotozina, noted that a wide range of gram-
negative endotoxine, had similar chemical,physical and biological
properties. The chief toxic componant of smooth strains of E.coll
was & polysaccharlde-phospholipld complex, poesibly withz a
proteln component. It was attached to the bacterial bodies of
which it appeared to be an integral part and seemed to conform
to the classiocal definition of an endotoxin.

Roy et al (1955) following observations made under
experimental conditions suggested that bulld up of infection
through a perlod of use of a calf-pen might be partilally respon-
elble for the known increase in scouring end mortality in oal#es
in the late winter.{hﬁbd (1965). concluding his experimental
findings of 333 calves, sald that the white seour infeetions
arose spontaneously among new born calves kept under defineA

experimental conditions in a closed community for periode of
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up to three weeks (21 daye), during the autﬁmn,wlnter and
spring of 1950-53. The diarrhoea was observed soon after the
beginning of each season and wag later accompanied by the
death of many young ecalves anl the mortallty increased ae the
season progressed. 153 cmrlves dled during the experimental
period and 134 revealed E.00li faecal type T. A septicaemia
was the most common finding, although in some ecases the
infection was restricted to the inteetinal trect and ad joining
lymph nodes; a septicsemis was more frequent in calves deprives
of colostrum and a localiged intestinal infection in those
raueiviné solostrum. He,further, smggested that the observed
"build up of infection" waes related to the presence of special
serological types of F.goll introduced into the ealf house

and that by a process of natural selection the most virulent
strains became predominant;'

'/ Professor M.0.Fincher (1956) wrote se follows,"calves
may be born at full term from apparently normal ecattle and die
from acute septicaemia in 12 to 78 houre, many scoure profusely
for severzl days or may have milder diarrhoes for a variable
period. Several of a group of affected calves may survive, only
to terminate in unthriftiness with or without pneumonia®. With
regard to aetliology Vincher said “this defies acourate decsorip-
tion, but the condition 1s mssumed to be Aue to a great variety
of known and no doﬁbt, several undiescovered factors", nun#g et al
(1966) desoribed that the Z.goll had been isolsted more often
than any other orpanisms from calves dying from scours. Calf

scours was produced by feeding small amdunts of a pathorenic
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etraing of Z.coll in the firet milk consumed after birth.
Control calves remained healthy. The absence of pneumonia in
calves dying from scours caused by T.e0ll suggested that 1t
was different from the pneumo-enteritis of viral astiology-\
ik%?grgf_gg_gg (1956) deseribed the relationship between the
colostral antibodies and white scours. They examined, by simple
agglutination teet, more than 150 etraing of E.goli, that were
assoclated with the ‘death of ecalves from white scour infection,
with eolostral whey to detéot the presence of agglutinin in
the solostrum against them and then they correlated their
findings with colostrum fed calves and colostrum deprived ealveg
that dled. Out of 59 colostrum fed calves that dled, 46 had
recelved ocolostrum that was devoid of agglutinine against the
straine assoclated with their death. The strains RVC 118 A,
RVC 330 and RVO 95 A were usually isolated from the dead oaives.
Out of 94 colostrum deprived ocalves that dled, 86 deaths were
assoclated with strains against which agglutinins could be
demonstrated in the colostrum given to contemporary calves that
survived. The strains 1solated from thig group of calves that
died were more heterogeneous. However, two particular strains
(RVC 101 and RVC 51) were isolated from dead calves on 28
ooonirona;'
Podkopaev (1957) studied the relationship between gram-
positive and gram-negative organisms from healthy and siek calves
isolated from abomasum, duodenum and large intestine, Tn healthy
un~-weaned o7ﬁ§cs the gram-pogitive organisme were 80 - 907
while in aiék calves 1t was 10 - 407 only. In sick calves the
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remainder of the microflora wag composed of Ract.cloacae,

Bagt.liguefaclens, Ps.pyocyanea, E.eoll, Bact.aerogenes and

Bact.faccalis-aeropenes. In healthy calves this group accounted
for 10 = 407 of the mieroflora.

;*ﬁlants_gg_gl_(iabg) deasoribed that when colostrum deprived
calves wers fed qerta{n etraing of T.coll, rfatal soours developed
and that one straln caused scours even in ealves which had
suckled their dams. Osborne'gg_gl_(§969) repbrtgd that the
E.c0ll are ascoclated with the condition known as ocalf-escours,
white scours and calf-snteritis. The disease ocours in three
Torme: an acute rapidly fatsl diarrhoea; a sub-acute debilitating
dlarrhoea and g chronis, localized joint or middle ear infection.
Roy et _al (1959) studled the sodium and potzssium concentration
in the serum 5} calves suffering from white scours. They found
that with inoressing incidence of scouring, the fz2ll in serume
sodium values after birth became greater with a concomitant
but glight rise in potaseium values and concluded that the
calves with E.goll infectlon might succumb to cardiac arrest
as a result of the high eoncentration of potaselum in the serum.

Smith (1960) said that much of the work that had led to
the better understanding of ealf scours had been oarried out
on colostrum deprived calves in which the disease usually
terminated in a £.g0ll bacteraemia. Of course nearly all ocslvees
recelve coloetrum and in euch calves, gcours only infreduently
terminate in bacteraemia. The available evidence indlcates thas
in these calves the E.col!l produce their harmful effeote by
prolirerating in the emall inteefine, & region of the alimentary
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traot in whieh they are present in only small numbere in
healthy calves. Smith and Orabd (1960) carried out the work |
on faecal bacterial flora initially with 15 healthy calves,
uho.altaeaal bacterin were counted daily for the first 14 days
of life; the gevriod during which calf scours usually develops.
They were impregsed by the relatively constant manner in which
the faeoal bacterial flora developed from birth, the form of
development varying surprisingly little troﬁ calf to calf
irrespective of breed, sex, method of management and environment.
Little difference was noted between suckling Aryehirves and
bucket-fed Jerseys ke pt under different conditions on premises
10 miles apert. The kinde of bacteria that were moat prevalent
in the faeces were E.goli, Clostridium welchii, Streptococei,
Lactobacilli aﬁd bacteroldes ( fusiform like organisms). F.coll
cl. Welechii and Streptococcl were the first baoteria to appesr
in the faseces, often being present in large numbers a day or so
after birth. ¥ithin a few daye, bacteroides and lactobacilld
had colonisged the faeces in large numbers and outnumbered the
ofher bacteria. It was not unusual for the bacteroides, in
particular, to be present in numbers one hundred times greater
than E.coll. The Cl.welchii content of the fasces declined
rapldly and usually these organismg were present in aemall
numbers only after the first 7 to 14 days. After 14 days the
g,gggl count usually decreased glowly and at 4 weeke might be
present in numbers of one million per gramme of faeces compared
with 10,000 million per gramme in the first week of life. By
contrast, the bacteroides, lactobacilli and, to a lesser exfent,
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the atr?ptocooonl counte remained high.

) éaotorial counte had aleo been carried out on the
faeces of scouring calves before, during and after the scour
period and they were not able to demonstrate any significantly
constant difference between the faeecal flora of soouring calves
and hpnlthy calvee. They were unable to demonstrate any cong=
tant change ococuring in the baeterial flora of thé faeoces
that coinecided with the oncet of scours. The E.coll count,
infact, some time decreased ot that time.

Ingram and lovell (13?9) reported that the lipopoly-
saccharide endotoxins of E,ég;g_and Salmonells had the same
order of toxicity for mice &nd there was no apparent difference
between the endotoxins of strains of Zigoll recovered from
ecouring calvee and those from other bovine sources. The
varulencé of a speclal atraln is probably an attribute of the
living organisms and emphasie in outlook 1is shifting from
toxleity to the relationships of enzyme and their substrates.
For example, when hyaluronic acid is present in a tigeue ,then
the production of hyaluronidsse by an organism is assumed to
affeet ite virulence. A mucinase present in filtrates of
¥ibrio gholerae 1s able to deatroy the viscosity and hence
the mechanicsl protective and lubricating propertiee of
intestinal mucus; this may play a part in facllitating desqua-
mation of the intectinal epithelium. These and otier relation-
ships and their verying significance may aid us to the fuller
unﬂéretanding of the pathogenesis in coli-bacillosis and allied
dlseases, In the same year, Harvey et al (1960) reported thet

-



18

the relatively simple analytieal tesohnicues had failed to
reveal in the 12 E.coll etrains of bovine origin,any signifi-
cant differencer, or the pregence of ahy especially toxle produet
other than a lipopolysaccharide. This substance is present in
the virulent and non-virulent strains in concentration that do
not appear to bear any relation to virulence, Guilte elearly
the property of virulence of Zsc0ll strains are intimately
assgclated with the viability of the organisme and not directly
with the presence of a toxic lipopolysaccharids.

| Fey et al (1961) studied the distribution of E.gold in
the boﬁﬁ of 37 calves that had dled from coli-septicsemia. In
12 calves, the pathogenic type wae 1solated in pure culture
from 211 parte of the body, but in 25 calves, 1t was migeing
from one part or other or ﬁhole of the digestive tract and in
17 calves the rectum and facoss were free from it. Magsive
infection of the urinary bladder was found in all ecases. Tn the
same year they described the isolation of E.coll type Opg : Bgp

from faeces and nose of 20 calves » in 12 of 16 herds where
there had been outbreaks of coli-gepticaemia; from 5 sdult
eows of three herds and from fseces and hands of attendants,
and also from broom bundles, buckets and other ufensils. On one
farm strein 268:Bg was isolated simultaneously from an infant,
& calf and a bull. Ibragiayr (1961) isolated £.gold strains from
mesenteric lymph nodes of 22 calves that had died from toxie
dyspepeia (calf scour). The strains belonged to 0111:B4; 086:B5;
026:86; 086 ; 0180 and 01486,

Burki gg,ﬁlfisq?) examined 88 dead calvees of 5-7 daye 0ld
&nd found that 61 had bacterial septicsemis of which 33 had
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coli-septicaemia. Oushterlony test confirmed that absence or
deficisney of gamma globulin in the blood was related to
gsepticaemia. The cyto pathogenic entero-virue could not be
demonstrated in ealf kidnay tissue cultures from liver,spleen,
kidney or reotal faeces of any calf and concluded that eytopuﬁho-
genic entero-virus do not,therefore, influence coli-septicaemia
in oalvga.

“Fdﬁ;ey et al (19?9) studied the artificlal infection of new
born calves with E.coll type Q78:B80, which was very common in
material from septicaemic calves and rare in healthy calves and
cattle. Calvee deprived of colostrum were easily infected with
the serotype, but normal ealves were resistant. Fey et al(1962)
deseribed that the £.go0li septicaemia was produced by oral or
intra-nasal infection with type Q78:B80 in 3 new born colostrum
deprived calves, despite ligation and gection of the oesophaguas,
From a fourth calf with the oesophagus left intact Z.00l} was
recovered from the blood within 20 hours after intra-nasal
infection,but not from eontents of the emall intestines,
g¢olleeted by laprotomy, or from bile. They eoncluded that the
infection of the intestine was by the blood stream rather than
by the digestive ayatom; Walser (1962) desoribed the olinical
Plotures of meningitis ansooinﬁed with coli-septicaemin. There
was cerebral involvement in 12 calves 3-8 days old with T.goll
sepflcaemia. Wervous symptoms inecluded somnolsnce, paresis,
opisthotonus, ataxia, spasms and mydriasis. There was no
enteritis, but rhinitie, sinueitis and iritis were obsarveﬁ./

Streptomyein, tetracycline, chloramphenicol snd sulphonamides
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probably prolonged life but falled to cure. He advocated
gamma globulin to new born calves as a prophylactic measures.
Khera g_,g_,(1963) desoribed that the infection with
coli-aerogenes group had taken the largest toll i.e. 40 lives
out of 117 dead calves they examined. Most of the ealves in
that group (767) had dled within two weeks of birth and all
within_three weeks. Tn 21 ealves, the soliform orgenisme were
isolated in pure culture from blood and’varioua organs; and
from others, pure cultures were isolated from 4ifferent organs.

Infection with proteus gpp. and Ps. aeruginosa scoounted for

15 and € casees respeetively. Systemic infection with other

organisms were few and were responsible for six cases in all.

(B) Relationship between white scours in calvee and other
factors:

I. Butrition of Nanm

Stewart and MeCallum (1938) obtained statistically
significant resulte showing that ealves born of mothers whose
golostrum were low in vitamin-A, were mors llable to infeotinns
such as white scour, naval-ill and jJoint-1ll than calves fron
dame whoee colostrum had relatively higher vitamin-A content.
The same authors found that the vitamin-A content of the liver
of cows slaughtersd in ©.¥W. Scotland was liable to fall steeply
from November to May, although they found a good deal of
variztion from year to year. The minimum values oecurred in
April and May within a chort time after the snimals were being
transferred from stalls to pasture and they elearly demonstrated
that there was a sharp fall during February and March. The April
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Tigures for vitamine-A were only about & quarter of those of
November. Willlams (1940) stated that in his experience the
early health of the calf was influenced by the nutrition of the
embryo. Scour was observed in calves at birth and a feetal
scour was described. He also suggested that many calves born
without diarrhoea might be upon the brink of that phenomenon.
Spielman et gl(1948) said that some faotor or fuctors were
present in summer skimmed milk or in intrauterine 1life or both
which favourably influenced esurvival rates of calves dropped
from June 1 to January 1. sheedy (1048) stated that the cows
suffering from a chronle deficlency of phoephate in their diet
gave birth to weak oalves, similarly the calves Trom cows whose
dlet provided inadequate lodine might be born dead or goltrous
and cows whosze food intake during pregnancy was seriously
deficient in vitamine-A or cerotens producsd weask calves which
were highly eusceptible to scour and pneumonia and among which
cagualiies were numerous. squibb et gl (1940) mude an intergst-
ing observetion in this connexion when they showed that certain
legume geeds, l.e. vaw soyabeans, soysbean oll, lowered the
blood plasma carotene than in cows fed a eontrol ration eontain-
ing no soysbean products. Difference was observed after 8 to B
weeks. The ration also caused small variations with no partioular
trend in the vitamine-A. Payne (1949) reported that matritional
- scoure in ealves were less frequent when cows were fed large
amounte of grass sllage or artifieislly dried grass than where
a high proportion of imported concentrates wag fed. Spilelman

£l 81(1949) found that the incidence of soours was lower in calves
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born from the cowe which were fed vitamine~A ( 1 million T.U.
per day) for 30 days before parturition. They claimed that
thelir data furnished additional evidence of the importance of
the pre-partum ration in the subsequent performance of the new
born ealves. Dr. Alan Frager (1963) sald that probably the
nutrition of the cow, while pregnant will infiluence the develop=-
ment of the unborn oalf,like sheep, but that effect would be
confined mainly in the last three monthes or so of the cows
pregnaney . Mackintosh (1863) sald that the size and vigour of
the calf was also influenced by the feeding of the dam before
oalving. When the cowhs dlet is seriously deficlent the calf will
be under nourished and weak. Withers (1953) also concluded that
the nutrition of the dam during pregnancey and the standard of
housing and hyglene had some relationship to ealf mortality but
that these were of secondary importance to the effects of climate,
the methode of feeding colostrum and the personal factor. He
émphaslised that the intake of green food appeared to exercise
some influence on the viability of the ealf and that several
herds with high calf mortality reoorde were deficient in this
- respect. He suggested that probably the combined effects of
adverse weather condition and & low vitamine-A content of the
colostrum was responsible for much of the mortality in the early
months of the year. Withers also noted that the calf mortality
in dairy herds was much greater than in beef herds where more
natural management was the rule.

Inglis (1960) concluded that vitamine-A deficiency in the

Prepartum diet played a part in calf enteritis. This fits well
With the field observations.
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IT. Butrition of the calf

Smith and little (1922) showed that calves which did
not receive their colostrum sither died or grew poorly on
asgount of scouring. Since then numerous workers have
confirmed the protective effect of colostrum and also extendded
the knowledge of the nature of the protective mechanisn.
Ingham e% al (1930) claimed that too 1ittle milk would lead
to scouring, speeially in older calves. Turner (1931) found
that the calves of prepartum milked cows scoured and died
more roadily than those from dams not so treated. Stewart and
MeCallum (1938) supgested that calves fed colostrum with & high
vitamin-A potential were better able to resist scours than those
fed eolostrum which was poor in vitamin-A. lovell and Hi11(1940)
suggested after fleld observations that the mortality in the .
herds was not influenced by the 3 methods of feeding (suckling,
bucket-fed undiluted milk, and bucket-fed with diluted milk),
but their work suggested that there was an advantage in
allowing the oalf to take the colostrum naturally from its mother.
Hibbe and Kraus (194?) concluded that vitamin supplements
containing vitamin-A, niecin and vitamin-C were of doubtful
value in preventing scour where ¢olostrum was fed and Nevens and
Kendall(1947) found vitamin-A,D,and C and nicotinic scid all of
doubtful value when colostrum has been fed. Poundon and Hibhe '
(1947) stated that over feeding with milk can initiate scour
and that a serious pradiaposing cause of scour is a too high
Protein content of the dlet. Miles et al (1948) oclaimed benefits
Trom comprehensive vitamin supplement, Blakemore et al(1948) had
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Tound that vitamin-A was not effective in preventing scours

in calves which had been denled colostrum. Tsh 2t al (1948)
found that vitamin-A supplement and lecithin was beneficial
where calves Aid not get colostrum, while a supplement of
vitamin-A alone was not satisfactory. sheeby (1948) found
advantages in the treatment of calf dlarrhoea in diluting milk
with water previously boiled, and he claimed advantages in
feeding water alone for one day and then milk and water in
equal parts for the mext 2 days. He aleo found dilution of milk
with 257 water was a preventive against calf enteritis, but that
0dd animals rqutred to have the milk more extensively diluted.
Another findings were that calves could tolerate the undiluted
milk from freshly calved cows better than that from animals in
later lactation. He also found some advantage in feeding 3 times
daily instead of the usual twice, but thie 444 not by any means
eliminate scouring. shanks (1950) encountered diarrhoea in calves
coineident with having the cows producing milk for them on
luscious pastures. He considered there wae & poseibility of
substances in the rich pesture paseing through the mother's milk
to the ecalves. He succeeded in reproducing thies condition experi-
mentally on & small scele with controls which Aid not scour. Tt
is now accepted that the antibodies are abgorbed intact in the
intestine during 6 to 27 hours after the birth of a calf

(Comline et a1,1951). Aechafrenburg et al (1961) found that the
calves fed on milk of prepartum milked cows gave a proper
performance and HAll et al (1951) experienced no diffieulty 4n
rearing calves from prepartum milked cows where the importance
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of hygiene was observed. Blaxter et al (1951) found that
deliberate over loading of the abomasum by suddenly giving

the whole daily allowance of food in one feed induced scours.
Agchaffenburg gt al (1953) working at Reading found no benefit
from feeding vitamin-aland lecithin or vitamin-A alone where
colostrum has been denled. Roy (1969) stated,® without doubt
the main predispoeing cause of a;;uring is the quality and
quantity of the dlet glven after the colostrum feeding period®,
Ingl%g‘(lsso) concluded that omitting the feeding of colostrum
was not a common cause of enteritis, the calves scour and die
inagpite of re&elvlng colostrum and in some cases even when they
are gétting the colostrum by suckling. He sald over feeding of
the calves was dangeroue from the point of view of enteritis and
scour. The finding of research workers, leave one in no doubt
practical benefits of vitamin supplements fed to the young calf
in preventing enteritis especially when colostrum has been fed
although they do suggest that in some instances vitamin |
deficiency may be of importance. Tt is certain that & vitamin
supplement 1s not effective in many instances in preventing

enteritis.

(0) Physlological characters of E.coll.

mféeoharioh (1885) noted the occurrence of two blochemical
types: one E.coli (Bact.goll), formed fairly long rods,was
motile and clotted milk glowly; the other, Bact.lactis aerogenes,
formed shorter, plumper rods, was non-motile, and clotted milk
more actively. Kruse (1894) emphasized the heterogeneity of the
group covered by the term B.coli and pointed out that it included
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& variety of related species, widely distributed as

intestinal parasites and in water and soil. The use of &

emall series of fermentation tests, inoluding especially
‘Blucore, laoctose,sucrose,starch,inulin,action on 1itmus milk
and infole formatlon, resulted in the recognition of certain
primary divielons within thia group. One of the groups,B.lactis-
aerogenes ftype of Esohers.e f::';:lnted starch and inulin and
falled to form indole, the lactis being usually omitted from
the name. The second and third groups differed from Bact.aero-
genes in falling to ferment starch and inulin and in forming
indole in peptone water. They differed from esch other in their
aotion on sucrose. The suorose (-) strain corresponded with the
existing strains of Facherich's E.coll gommune. The suoroce (+)
wag later on named as Bsct.coll gcommunius (Z.g0l) communiug) by
Durham (1901).

amit; (1895) .observed that gas Was produced more rapidly
and in greater amount by Bact.aerogenes than by E.coll (B.coll);

and a rough estimation of the ratio of Co2:H? in the gas
evolved showed that this wae higher with the former organism
than with the latter. He noted also that the degree of final
2cldity was less with Bacf.aerogenes than with Z.coli(B.coli).
J@bgea and Proskauer (1898) described a colour reaction
given by Bact.aeropenes (Agrobacter aerogenee)and not by E.cold
by adding a few Arops of a strong solution of Potassium hydrate
to a oulture grown in a dextrose medium. Russell and Bagaett
(1?99) confirmed the differential value of a high or low Oo2:H2
ratlo observed by Smith (1896) and noted that the high ratio
strains appeared to be normal soil forms rather than intestinal
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Parasites. ©1 jkman (&gﬂ%) found that coli and not aerogenes
strains were able to form gas in & glucose broth medlum when
incubated at 46°0. Harden (1905) noted that the ratio between
Co2iH2 wae approximately 1:1 in EF.coll and 2:1 in derobacter
aerogenes. Harden (1906) confirmed the colomr reaction of °
Voges and Prosgkauer (1898) and showed that 1t depends on the
production of acetylmethylearbinol, which in the presenoe'or
alkall and of atmoepheric oxygen, 1s oxidized to diacetyl. The
diacetyl reacte with the peptone of ths broth to give the red
colour. Hanconkey (1909) observed the great preponderance of
V.P.negative typaa among Z.eoli etrains isolated from faeces;
positive reactione were given by 11 of 178 strains igolated
from human faeces, by 8 of 87 strains from the faeces of the
horee, and by none of 87 etraine from faeces of the ocalf,goat,
pig or goose.

Clark and Iube (1915) devised the mefhy1~red test for
the differentiation of membere of the coli-typhoid group. The
Z.gold 1s M.R.positive whereas A.agrogenes 1s M.R.negative.
Levine (1916) found a very high negative correlation between
the M.R.test and V.P.reaction and the lactose fermenting
coliform bacill) could be divided into two primary Aivisions
on the basis of the Co”:H2 ratio, the V.P, reaction ani the
M.R,test. The first of these contalning etrains giving a Co2:H2
ratio of about 2:1, V.P.positive and M.R.negative, comprised
the majority of the strains isolated from Plants,graine and
unpoliuted soil or water. Such strains were unknown in material

obtained from the intestines of man or animals. This group could
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be further divided on the basis of gelatine liguefaction,into
the non-liguefying form - A.serogenee and the much lese common
liquefying form Bact.cloacae. The second group containing
etrains glving & Co2:H2 ratlo of approximately 1:1, V.P.
negative and M.R.positive, inoluded the majority of those
efraing isolated from the intestine of man or animals, as
exemplified by E.coll commune.Further work revealed the
ocourrence of a third group of strains possessing properties
intermediate between those of the two main groupes and ie most
conveniently referred to as the intermediate group.

Brown (1921) drew attention to the usefulnese of a
medlum oontalni;é oltrate for dlstinguishing E.goli from
A.aeropenes. Koser (1924,1926) devised a synthetiec medium in
which citrate was provided as the sole source of carbon. He
Tound it poseible to divide coliform bacilli into a M.R.+,
VeP.=, citrate-, coli type; & M.R.~,V.P.+,cltrate +,aerogenes
type and & M.R.+,V,P.-,cltrate +, intermedlate typet

Koasele? (1924) suggested that bacteris produce amines
by eimple decarboxylation of anino-é%id in an aeid environments
as a protective mechaniem.

Levine ;ﬁgg;,(1934) found that the production of
hydrogen sulphid;}in a proteose peptone ferric citrate agar
medlum was the charecteristic of intermediate strain.

Levine gﬁg} (1934) and Wilgon et al (1935) confirmed
the findings of FiJkman (1904) regarding the production of gas
in glucose medium at 46°C ang showed that its success depends

on exact standardization of the incubating temperature, whiech
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must be adjusted to 43-489C in the medium iteelf. The
satisfactory means ;f doing this 48 to inocubate the tubes in
a constant temperature water-bath. The differsntial value of
the test ls greatly enhanced by the replacement of glueose by
lactose. | .

y/éale f1§46) desoribed a number of decarboxylase enzyme
in bacteria. schafnitzl (1951) found that A.aerogenes and
Friedlander!'s haoillus; differ from E.goli in the greater
resistance of their respiratary system to XCN. Moller 53954)
improved the technique of XON test and employed liquid peptone
medium with paraffinized corke to prevent the escaps of KGH,'
thus such & medlum could be stored at 49¢ for o weeks. With
this medium 1t wes possible to differentiate between E.freundii,
Ballerup-Bathesda, Klebsiella and Proteus which could grow in
this medium and gSalmonella, Arizona, shigella and E.goli which

do not grow., He further described a simplified technigue for
fhe detection of amino-acid deearboxylase activity.

Charter and Taylor {19?%}”earried out a series ér
biochemical tests of F.coli strains isolated from Mursery A and
B. They found that the serologically identieal strains often
gave different f@gmentatlon reactions. The Z.gcoli type canioni
from the three different sources, gave three fermentation
pattern though they were found by agglutination absorption
test to have identlcal "O" and B¢ antigens. The variations
indloated that any attempt of classification on biochemiesl
reactions alone would be unreliable, but thege reactions might

indicate the different origin of serologically identical strains.
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In addition they found that & serologlecally unrelated E.coli
might glve reactions similar to one of the above patterns.
All the serological types, so far, investigated by them had
given the IMVAC reactionas ++-- and produced acid or acid and
gee in MacConkey broth at 44%¢, indicating thet they were
typ&on; faecal strains of E.goll. They also described the anaere
ogenlec type of T.coli type 0111 from Mursery A and further
stated that E.coll type Q111:B4 could be subdivided into e
sucrese (+) fermenting type with B2 antigens and non-sucrose
fermenting type with Hi2 antlgens.“;,

Ewing et al (1955) desoribed biochemical reaction of
58 E.goli oultures isolnted from monkeys, which constituted
& new blotype within J-group 11i. Glucose ,mannitol,sucrose and
sorbltol were fermented within 24 hours incubation. Only two
cultures produced gas from glucose, but the ma jority of straine
formed emall gas volumes (bubbles) from n;nnitol,'auoroae and
sorbltol. lactoese was fermented, without gas formation, after
3«5 days incubation. faliein wee fermented,usually with the
formation of a small bubbles of gas, but in several instances
the reactlion was delayed. Acid was not produced from adonitol
or inositel during 30 days incubation. There was no growth on
slmmons eitrate agar; urea was not hydrolyzed, the V.P.reaction
vas negative, H2s was not formed in triple sugar iron agar and
the oultures were non-motile, The M.R.reaction wag positive anA
indole was formed. Several cultures on MscConkey 'e agar gavi
rise sither to a mixture of colonies,predominently colourless
With & few pink coloniee or to colourless colonles only which

developed pink papillae upon further inoubation, lactose was
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fermented within 24 hours upon tranefer of pink colonies or
papillae to lactose broth.

, Wilson and Milea (1985) wrote that the T.goll produced
acid and gas in gluaose,malﬁose,mannitol,lnotose,xyloeo,
rhamnose, arabinose, but not in dextrin,starch,inositol or as
& rule celloblose. Suerose,sallein,raffinose,glycerol and
duleitol were attacked by some strains,but not by others.

E.coll aoldified and clotted litmus milk, reduced nitrate,
formed indole ,produced gas in MaoConkey's broth at 44% ana
were M.R.+,V,P.-,Koser's oclitrate -, and H7s negative.

/ Rees leGOLthudtad the blochemical reaction of 0128:B12
E.coll strains isolated from 3 week 0ld calf suffering from
gastro-enteritis and compared the‘reactions with the type strain.
The 0128:B12 stralin was motile,nonhasmolytic and produced indole.
It was M.R.+, V,P.-,2and Koser's citrate negative. It fermented
glucose ,maltose ,mannitol ,arabinose,trehaloge,and rhamnose
promptly with acld and gas; pave delayed fermentation of saliein
and failed to ferment inoeitol in 16 days., Unlike the type
gtrain, 1% fermentsd sucrose,sorbitol and sorbose promptly,
xylose after several days and falled to ferment Auleitol in
16 days. The type strain fermented xylose promptly, suecrose,
duleitol and sorbitol after gseveral days and failed to alter
sorbose in 16 days.

lovell et al (1960) studied four strains of E. ooli for
haemolysin production. The strains were grown in a medium
conslsting of infueion broth and lean beef that had baen.boiled
in N/20 sodium hydroxide solution. Haemolysin was demonstrated
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in filtrates from cultures 4-°4 hours 0ld with the highest
titre in cultures 6-10 hours old. The haemolysin was destroyed
by heating and could be removed from the filtrate by 304
ammonium sulphate solution.

, Shirlaw (19890,..vutud1ed °4 straing of E.goli isolated
from scouring ealves in Kenya; 19 fermented sucrose, 2 saliein
and 3 both. m:oon (198;‘:3.,}""&"1:;1&13& the biochemical reactions
of 171 haemolytie stml;;q belonging to Q138; 0139 and 0141.

The 0138 straing,unlike 0141 straine were usually sorbose
positive, sucrose positive and aaliein_ negative; as a mile
they fermented sugars elther promptly or not at all. Many
showed urease activity. About half of the strains decarboxylated
lysine and a quarter eould bresk down arginine.

Smith ({963}-"1991&“&, 76% in cattle,83% in pigs, 637
in sheep and 187 in men, haemolytie E.coll from faecal samples
and etudled the haemolysin production. At least two different
heemolysin, designated alpha and beta were identified. The
alpha haemolysin was probably identioal with the filterable
haemolysin deseribed by lovell et 21(1960); the beta haemolysin
wag not filterable. The haemolysins were indistinguishable in
their effect on blood apar. Preparation containing high
concentration of alpha haemolysins were toxic for mice, rabbits
and guineapigs when given I/v but not by stomach tubs or injected
into the reotum or duodenum. The prineipal lesion wag Aintravas-
oular haemolysis. Mice were the most resistant and usually haq
higher blood levels of antihaemolysine than rabbits and :
gulneapips.
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() gamlagmn characters of Tacherichia coll and
aro iso ed from calves:

Fecherich (188%) was the first who deseribed E.coli

gommune. Jensen (1897) repértod. the presence of several
dirferent types of coll bacteris with fermentetive main

groups A and B, Joest (1903) found a lack of oross protection
with sera prepared against different strains of C.goli, and
sald that the bilochemical teste were of limited value.
Christiansen (1917) continued the work of Jensen (1897) on
typing of E.coll and fourd it impossible to distinguish
between pathogenle and non-pathogenie straine of E.coll on the
basls of morphology, cultural,biochemical or serologlcal tests,
as the blochemical and serologleal reactions of Z.cold etrains
from normal and dlseased calves were similar.

- emith (1927) worked with the E.gcoli isolated by Jensen
(1897) from calves suffering from whité scours. Those cold
typee grew as mucold colonies; did not decompose saccharose,
Aﬂore non-motile and were able to form mutante which were
non-mucoid, thin and translucent. The mucoid eolenies had
capeulated bacteria and were more toxiec (pathogenic) than the
non-mucold ones having acapsular bacteria. Lovell (1997) was
successful 1n preparing antisera and thus claesi;ied E.coll
etrains on the basis of serological %tests. He inoculated
rabbits with whole ocultures and prepared antigera. He was able
to divide the E.gol) etrains into specific types on the basie
ér precipitation tests and found the existence of pathogenic

atraine of _T;_;colﬂ. for calves. A herd, of course, might have
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contained more than one special strain of that organism at
a time.

Sniﬁh (1928) expressed gome doubt of the value of
capsular material of F.coli for olassifioation and henéo
he advocated serologliocal methods for the s&me. He found two
types of colonles in many straine of Z.gs0ll; one with entire
edge, low convex and mucold and the other ae grey translucent
one. The former being generally produced by capsulated and the
latter by non-enp&ulatsd organlem. Antiserum produced from the
daughter non-capsulated form agglutinated the homologous
acapsular forms to a hizgh titre but had no influence on mucoid
forms. Antiserum prepared from the‘muooid form agglutinated the
homologous capsular strain to a very low titre (1:40), but
non-capsulated Jdaughter forms to & high titre (1:40680).
Theobald smith (1928) demonstrated the prescence of a capsular
antigen in certain bovine strains.

- lovell (1937) establighed a land-mark in the serology
of E.coll. He was able to place E.coli straine,mainly from
scouring calvee, into 8 gpecifie groups and deésecribed the
presence of two different antigens in E,c0li; one -« a soluble
gpecific carbohydrate substance associated with the ecapsule(“X"),
and the other a somatic ("0") antigen. He,further,demonstrated
that the mucoid baoteria produced two corresponding antibodies
ihan injected into rabblfis and also reported that the E.o0li
strains could not be classified on the basie of biochemical testa.

Xauffmann (1943), continuing on the gerology of E.coll,

became successful in using the agglutination tes: as & reliable
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diagnostic aild in typing E.goll gommune. He showed that the
coll strains, earlier believed to be inagglutinable, were the
bearers of "L* antigen - "L" from labile, which prevented "0"
agglutination. This antigen was thermolabile. On immunisation
of rabbits with an antigen prepared by bolling E.gnli ocultures
at 100%C for 23 hours, a serum was obtained in which living and
formalin killed E.c0li did no% agglutinate if the organism was
& ocarrier of the "L" antigen. On the other hand a serum wae
prepared through the injection of living oulture, which
immediately agglutinated the living bacteria as well as the
0oli antigen prepared by boiling at 1009C for 2} hours. He
inoculated rabblits with *0" inagglutinable cultureg and obtained
antisera against 0" and "L* antigens. On absorption of such
antisera with bolled oultures the “O" antibodlies were removed,
while the "L antlbodles remained. Thus he obtained antisera
against "0" and "L" antigens separately. The pathogenic effects
of E.coli in the mouse were assoclated with the combined activity
of *"L" antigen and the heat stable somatic "0" antigen; the
antibody which might be induced agasinst the heat labile one
had a greater proftective action than the *0" antibody. Keuffmann,
thug, deseribed a olose similarity between the #vin antigens of
Felix and Pitt (1034) and velix (1952) 1solated from Salmonella
typhi and other Salmonellae and the heat labile somatie antigens
in E,e0li.

Kauffmann (1944) examined 92 E.goli cultures and found
68 motile stralns and demonstrated,initially, 3 flagellar (H)
antigens. 19 more flagellar antigens were added by Kauffmann &
Vahlne (1944) and Vahlne (1P45). The flagellar antigens of E.goli
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were similar to other flagellar antlgens; they appeared to be
monophaalic with little or no overlapping. Tn the same year
Kauffmann selected twenty "0" proups and established the first
antigenic Schema for T.coll. He demonstrated in the same year
that certaln coli strains posseseed an antigen whiloch also
prevented "0" agglutination even after heating at 1009C for
24 hours. That antigen was latter regarded as "A" antigen. The
colonies of atraines of £.coll with "A" antigen were sald to be
whiter, denser and more opadue than those without such antigen;
they were mucold colonies and 1f left standing produced trans-
lucent out-growths.

Continuing the work of Kauffmenn (1944) on Z.goli,
Enipechildt (1945) demonstrated the presence of heat resistant
"0¢ agglutination inhibiting antigen, which was not destroyed
by heating at 100°C , to which he designated “A" antigen, in the
capsulated bacteria. Vahlne (1945) demonstrated that the
inagglutinability of strains with "A“ antigen could be abolighed
by autoclaving at 120°C for 2 hours. When the technidues for
deatroying "0¢ agglutinafion inhibiting factors were established,
1t was poseible to type ecoliforms according to their heat
resistant "0" antigens. He repeated and extended the work of
Fauffmann (1944) and Knipschildt (1946) on the serology of
E.goll group and typed E.coli straine isolated from men and
animale,in normal and patholopleal conditions. Tt was tried,
particularly, to find ouf whether certain types were more
Pathogenic than others., He,further,showed that the "0 antigens
of E.¢oll remained qualitatively constant for a long period,
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atleast 3 years in storage and typed the E.goll strains which
were inegglutinable, by heating them at 120°C for 2 hours and

thus rendering agglutinable.

Yauffmann and Vehlne (1945) suggested that the
thermolablle as well as thermostable antigens in the capsule
(envelope) were to be designated by the common term of capsular
antigens "X" and by analogy all sera produced with antigene
confaining capsular factors to be termed as "¥X" gera. Yauffmann
(1944), Knipechildt (1945) and vahlne (1945) had demonstrated
; total of 87 different “X* antigens.

Kauffmann (1944) had demonstrated 58 4ifferent "0
antigens and Knipachildt (1945) increagzed the number to 110,
but in the antlgenic schems of Kauffmann and EKnipschilat (1945),
they incorporated only 25 moet common types. Their gchema was
further @laborated by Vahlne (1945) by adding mors number of
"K* and "H" antigens and established the serologlecal classifi-
cation of E.c0ll on a firm basla. This clagsification is used
at present by those who are interested in the serology of E.coll.
Thia echema dlvides the E.goll into groups,primarily according
to thelr "0" antigens, with subdivisions according to their *g»
and "H" antigens.

Enipschildt (1946) found an additional type of antigen
called "B* antigen. "B" antigen differed from the "L" antigen
by retaining 1te antibody binding properties ingpite of heating

at 100%¢, while 1t differed from "A" antigen by looeing its
- "0" agglutination inhibiting properties on heating to 1009, He
concluded that L,A,and B sntigens were localized within a
capsule enveloping the soma (0). He aleso found that strains
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posgeseing "A" antigen when treated with homologous serum
ghowed a typleal capsuler reaction.

Kauffmann (1947) published an elaborate antigenio
schema for the E.coll group which was based upon hig investi-
gation and those of his co-Workers Knipschildt (1945,19486)
and Vahlne (1948).

Since 1947, many investigators have studied E.c0ll
serotypes, especially thoese associated with osses of infantile
dlarrhoea and ocalf gecours, and as a result of their afforts,
the E.c0ll schema has been extended. More than 1485 non anticens,
100 "K" antigens and B0 "H" antigens have been recognised.

kramby (1948) studied the serotypes of T.soli lsolated
from animals, especially from calf scours and named them as
serotype 26W. He found that the strains of E.coll isolated from
diseaced animale showed a greater antigenie uniformity than
those recovered from normal animalg.

Orskov (1981) demonstrated the E.goli serotype 028:56
in both sick calves and infants in Denmark. Bokhari and Orskov
(1952) lsolated E.goli strains 26W from calves at necropsy and
gtated that 1%t was found in "one or two" of their 155 cases of
c0ll septicaemia. later Orskov (1952) reclassified those strains
in the "0" group eschema of Xauffmann ag serotype 0114. Bokhari
and Orskov (1962) 1solated & strain of 0103 from one of 221
cages of white geours in calvea, but 414 not attempt to determine
the surface antigen.

Fey (1953) isolated E.goli strains of 086; 055 and 028
from cages of bovine mastitis in Switzerland, but his strain of |
Q86 appeared to have an unusual surface antipen. Thus 1t would
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appear that in some instances the vehiocle of infection %o
children might be milk, Ulbrieh (1954) isolated F.coll strain
D65:BS from calves with white scours.

Pwing ot al (1964) found antigenio differences in "0" &
"B* antigens of L.goll strains. He found 086a:B7 and 0862,86b1B9:
H36 and 01°7a:B8 and 012%a, 1°27b:B10:H4, The E.goll straine
0864:87 and 0127a:B8 were recovered from cases of Alarrhoea of
the new born, while 086a, 86b:BO:H38 and 012%7a, 127b:B10:H4
from the stools of adult or children who 444 not have symptoma

of intestinal discases. Orskov (1954a) demonstrated that the
E.goll 086 cultures from bovine mastitis contained a "k antigen
which differed from the K" antigcens found in etrains from cases
of infantile diarrhoea. Xauffmann (1954) described that the
strains of E.coli isolated from cases of disease show & greater
antigenie uniformity than those recovered from normal animals.

Ioehmann (1955) isolated seven straing of E.coli 0114:84
and two straine of E.goli 085:36 from milk samples from a herd.

Ewing et al (1986) ieolated E.coli 0illa, 1110:B4,a new
serotype from monkeye suffering from diarrhoes and the E.goli of
infantile 'diarrhoea was labelled as Oliie, 11ib:B4, They commen-
ted that the described antigenic differences between E.coli
group 0111 culture isolated from cases of infantile diarrhoea and
those recovered from monkeys at Okatis farms 1llustrated the
importance of detailled analysis of strains which appeared to
belong to the same serotype especially when such strains where
from digease sources.

Wood (1985) reported that few serological types of E.co0li
appeared to be partioularly pathopenic for the young ocalves.
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Cultures antigenically the same as RVCOBA and RV(CO5B had been
recovered from cases of neonatal dlarrhoea of children in
Denmark, Finland and Ffngland and from white scours of calves
in Sweden and Pakistan. Strains antigenically reslated to
RVG118A and RVO330 had been recovered from dead calves in Sweden.
Fey (1966) isolated E.goll 078 with a new "B antigen
from septicaemia in calves., In his opinion it was a selective
pathogen for calves and not merely a secondary invador. 357 of
calf dlarrhoea examined by him, were caused by that strains.
Thomson (1986) isolated E.gold 026; 055; 086 and 0111 from 1%
of milk sample, obtained directly from the farm. Those findings

in themgelvee did not necessarily mean that strains recovered
- from milk were of direct bovine origin, ag there were many
possible sources of contamination. Charter (1986) studied
11 E.c0li strains, two from calf scours received from Professor
lovell, 5 from cages of infantile dlarrhoea received from
Dr. Rogers and four locally isolated strains from babies. On
gerologleal examination all the 11 strains were proved to be
0114 and on "H" agglutination - H2, H32, HIO and H. unknown,
were from human sources and H32 only from calf secours. There was
no obvious relationship between the type of "H* antigen and the
blochemical reactions.

Geurden et al (1957) isolated E.c0li 08 from a ocalf,
Uberko (1987) isolated E.goll strains 026:86 and 0111:B4 from
tb. liver,lymph glands and muscles of three of 445 calves
examined.Mugeles atid organs of 586 adult ecattle were free from

infgetion with those strains.
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Rees (1957) deseribed that the E.goll strains moet
frequently found in natural cases of white-scours of calves
in Great Britaln were 00:A%; 036:L7; 078:8? and 0137:179. He,
Turther,stated that 086:87 had already been isolated from
experimental calves which started to scour when deprived of
colostrum. A survey was being made of the distribution of
E.coll in the udder secretione from cases of bovine mastitis.,
The study was incomplete but at that moment no antigeniec types
assoclated with human dlsease had been found although several
well known ealf pathogens had been isolated and they inecluded
09:A2; 078:B? and 0117:X%. He,further, desoribed the isolation
of E.coll strains 088:B7 and 0103:B? from naturally ocourring
cases of white-scours in calves.

Fey (1987) examined E.goli isolated from 105 culves
suffering from coli-septicaemia and found 20, O-group and 49
serological or blochemical types. The predominant O-groups were
Q78; 0113; 015 and 0117 comprising 877 of the strains and 20%
belonged to O-group 078 only. In another paper he described that
out of 145 strains of E.goli septicsemia in calves, 37,57
belonged to a single group 078:B380.

gould (1958) isolated Q268 from the cases of white-scours.
Rees (1958) studied the Z.goli isolated from coli-bacillosis
and found the serotypes 09:K? (type RV0118), 09:A (type RVC1798);
Q15:K?; 038:K2; O78:K80 (B); 086:B7; 0103:K(B)?; 0117:K? and
0137:x79(L). We also isolated the serotype 09:A (type RVC1798);
024:X2 and 078:¥80(B) from the udder seeretions of cows suffering
from mastitis. Tatum ot al (1958) described the oceurrence of
X61(B7) antigen from O-group 20 serotypes. This antigen had been
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Tound only in E.goli 086:X61(B7) serotype. Davie et al (1958)
desoribed six new T.ooll "H* antigens and numbered them from
41 to 46. They aleo described a new “0" antigen and recorded as
0140.

Glantz gt 2l (1959) examinea 152 Z.c01 straine isolated
from scouring calves. They belonged to 16 Alfferent Degroups,
strains belonging to O-groups 026;_08; 0119 and 03 were ghown
to be pathogenie; straing of O-groups 0101 and 0109 were not
pathogenic for calves. Types 0119 and 08 were isolated more
offen from calves with gpontaneous scours '!:han the other types.
cnlveé which received colostrum were susoeptible to experimental
infection with type 08 but not with 0119,

Fauffmann (1969) proposed that serologloal types of
memberg of the family gterobaeta;;wene warranted the status
of epecies; the concept that & gpecies was & biochemically
defined subdivision of the genus should be abandoned. A nlassi-
fiuﬁon of the family wag piven. Mansson (1959) isolated E.coli
etrains 0138:X81:H14 from calves and mature ecattle.

Eaechenbeek ¢t al (1960) isolated 978 strains of E.o0li
from calves in Belgium and it was pessible to oclagsify 221 of
them. 153 straine (697) halonged:‘::ne of the following O-groups i-
Q78; 058; 086 and 018 of which the first two groups were the
commoneet.

fahab (1960) deseribed a method for titration of "R
antibodies in OB sera of ¥.goli, using the st-ainea capsular
Teaction teat, which demonstrated ocapsules on orgzanisms with
"B" surface .antigan. Smith (1980) reported that the ﬁational
Inetitute for Ressareh in Dairying (N.I.R.D.) and Royal
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Veterinary College (R.V.C.) london team used serologleal
methode of classifying the E.goli in their epidemiological
studies. They examined the serologioal types of E.00li isolated
Trom 153 oalves that dled from scours in s oalf house during
the years 1980-1953, the ocalves having been brought there from
neighbouring farmes; many of them had received either no colostrum
or only certain fractions of 1t., The death of each calf was
usually associated with one type of E.g0li that was isolated
from all the tissues or from the intestinal contents and
mesenteric lymph nodes only. Atleast 18 different serological
types were involved during the whole experimental period, one
type being dominant as & cause of de@th for a time, that type
then beling eupplanted by others, and so on, as the seamson
brogressed. Many of those types were also found freduently in
large numbers in the faeces of healthy calves in the pens,

Ingram and lovell (1260) stated that the strains of T.ooli
had three lmportant dlagnostic antigens, somatic (0),surface(K)
ani flagellar (H). There were well over 100 known Qv antigens,
nearly 100 known "K* antigens, some of which were labelled L,B,
or A and about 50 known "H* antigens and the different serolo-
glcal types of E.coll were designated by numbers.

Rees (1960) desoribed that thers were strains of E.coll
which were often isolated from outbreaks of epidemic infantile
gastro-enteritis and of those 026:B8 (Orskov,1951); 056:85
(Ulbrieh,1964); 0114:87 (Charter,1956); 086:B7 and 0103:82
(Rees,1957) had oocoasionally been isolated from calves. 8traing
of & further serotypes 0128:B12 hed been isolated from babies
by Taylor and Charter (1955). Rees (1960) also isolated 0178:B12
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from a three week old celf guffering from gastro-enteritis.
Dam (1980) serologloally typed E.coli strains isolated from

431 cases of coll-septicaemis in calves in Denmark and found
that more than 407 belonged to 078 and 167 to O-groups 3 to 116.
He also reported the work of Danish workers that 078 predominated
in calf-scours. Eigggggg}er (1982) stated that out of 30 strains
of E.coll isolated from calf-seours, o1 Qera Q78 type.

The @ifference betwesn the L,A and B antigens 6r the
g,gg;L,atrains,'as publighed by mdwards and Ewing ({g@g) is
reproduced below:-

The "K" entigens of E.coli

Variety of | Characteristics
"K" antigen |
L 1. Agglutinability of L antigen in L antigerum is

insetivated by heat at 100°C in one hour.

2. Buspensions rendered agglutinable in O antiserum
by heat at 1009C in one hour,

S+ Antibody binding power inactivated by heat at
100°C in one hour.

4. Antigenicity inactivated by heat at 1000¢ in 1 hr,

Gs Ocour as envelope or sheath, ocoasionally as
capsule.

A 1. Agglutinability of A antigzen in A antiserum is

inactivated by heat at 120% in 2} hours.

2¢ Buspensgions rendered agglutinable in o antiserum
by heat at 1209¢ in 2} hours,
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Variety of | Chareoteristics
"K* antigen |
A S+ Antlbody binding power not inaectivated by

heat at 1000C in 24 hours or at 1219¢ in 2 hrs.
4, Antigenieity inactivated by heat at 120°¢ in
24 houre,
'6. Qecur as capsule.
B 1. Agglutinability of B antigen in 5 antigerum
is inactivated by heat at 100°C in one hour.
2« Suspensions rendered agglutinable in O anti-
serum by heat at 100°¢ in one hour.
S« Antibody binding power not inactivated by heat
at 100%C in 24 hours or at 1219¢ in 2 hours.
4. Antigenicity inactivated by heat at 100°C in
one hour.
5. Occur as envelope or sheath or as capsule.
Ulendeev (1963) serologieally typed 243 strains of E.goli
isolated from 60 healthy and 181 sick calves suffering from acute
gastro-intestinal disesse. He employed 18 different O-group sera
and found O-group:09; 0119; 0115; 0117; and 078 in deereasing
frequency. Dam (1963) serologioslly typed the strains of E.coll
isolated from cases of white-scours for over 5 years. He compared
the occurrence of frequently isolsted O-groups (078;01156 and 015)
with the occurrence of same O-groups in earlier materials from
Denmark and other countries. He eoncluded thaﬁ a fairly constant

Predominance of strains belonging to those O-groups was to be
expected.
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Dam (1983) experimentally infected caivu with serotypes
078:880 and 0115 which were commonly found in connemion with
septicaemlio calf-goours and with serotype 0141, which wag rare
in calves but often agsociated with pigs. The virulence of those

types for calves wap found to decrease in order - 078 - 0115 -

0141, The virulence wag ao low that, to produce gepticaemia in

calves which had received colostrum, much larger doses were
required than thoee to which calves would be exposed under
practical conditions., Akhggdova et al (1963) studied 661 strains
of E.coll igolated in Aaénbaijan and Uzbekistan and found that
73% of calf stralne and 747 lamb strains comprised the serotypes
088; 068 and 0268. Those stralns were no%t very pathogenic for mice,
the most pathogenic was type 0127, which constituted 117 of calf
and 147 of lamb atrains.

Jadava (1965) studied serologleally 34 F.coli strains
isolated from calves an? found the serotypes 026:B6(3); 0119:B14
(7); 0126:B16(1) and 0126:B816(1). The rest 22 strains were
untypable with the avallable sera.

() Serotypes of T.coli isolated from pigs,lambs,foals,
poultry ete.:

There are many reports in the literatures deseribing a
disease very similar in appearance of calf-geours affecting
ﬁiglntn a few daye old. An inoreasing volume of evidence has
appeared suggesting an assoclatlion betwsen certgin strains of
E.coli and some of the more common enteritis esyndromes. The
coliform infectione have always given rise to active controveray

because of the ublquitous nature of the organisms, the sporadie
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onset of the troubles they produced, the difficulties encountered
in making a specific dlagnoeis and our inability to reproduce
digease experimentally in certain cases. However, a lot lsg now
known about the role played by E.coll in piglets and thise
evidence may well help us to unierstand something gbout the
possible mechanism of disease production in older pigs.

gshofield and Pavie {1986) mentioned that a heavy growth
of haemolytic E.c0ll has been noticed in faecal cultures made
from cages of oedema digease in swine. This wae the firet
indication that haemolytie EZ.coli might be esssociated with this
condition and it recelived somé support when Oregory (1955) reported
that he had found haemolytic coliform organismg in 6 different
outbreaks of oedema dlsease.

geurden et al (19568) i1solated 73 E.goll strains from
digeased foals, calves, pigs, dogs, cats and fowls and studied
the pathogzenic role and antigenic structure. None belonged to
0111:84 group. Straine belonging to O-group 086:B7 and 026:B6
were found only in poultry and those belonging %o group 055:885
only in dogs, oats and pigs. Most of the strains recovered from
dogs and cats were haemolytie. Same authors in the year 1957
studied 111 E.coll strains and found that type 08 was lsolated
from a calf, 2 sows and 2 fowls, Type 025 from a sow with puer-
peral gepsis, type 086 and 026:B6 from 2 hens with granuloma and
type 065:B8 from pige and 3 dogs.

Timoney (1956) suceessfully protected pigs from the
experimental reproduction of oedema disease by using hyper-
immune gerum prepared with haemolytiec coliform organisms isolated

from a cagse of oedema disease.
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gitter (1957) reported that the haemolytiec E.coll
could be recovered from pigs in condltions other than oedema
disease. Sojka, Frekine and lloyd (1957) found that two specifie
serotypes of haemolytioc E.goli were mssoclated with casee of
oedema dlsease. They reported that these serotypes were not
common in pige except in association with oedema dlsease and
concluded that the dlsease was an enterotoxsemia, the toxin
being produced by these specific serotypes of haemolytie E.coll.
In America, Ewing et al (1988) rfound that the etraine of haemo-
lytic E.goli isolated from swine with oedema disease fell into
two serotypes. Quinchon et al (19§8) in France also found three
serotypes of haemolytic E.goli in eaaes?oedem disease. These
authors Ioans:ldered. that Z.coll 1e an ordinary inhabitant of the
intestinal tract and becomes pathogenic under the influence of
external conditions.

Mansson (1859) ieolated 0138:K81:Hi4 an? 0141:H4 haemo-
lytie E.c0li straine from pigs suffering from enteritis. Rees
(1969) studied serologically 269 etrains of E.coli isolated from
diseased pigs. Three serotypes : 0138:¥81(B); 0139:K82(B) and
EVC2909, normally haemolytic, occurred in a high percentage of
cages of gastro-enteritis and ocedema disease. Four ao’rotypes
0101:k2(A); Q103:K2(B); Q114:K2(B) and 0117:K?, usually associsted
with coli-bacillosis in calves,occurred in o small number of
diseased pigs. A serotype 0119:B14, which has been igolated from
cases of lnfantlle gastro-enteritis, ocourred in one of the pigse.

In Canada,Felen et al (1959) reported that at lesst three
serotypes of hasmolytic F.goli were assoclated with oodema Alsease

and of these two serotypee i Q138:Xk81 and 0139:X42 were found
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in great Britain,the United States and Canada. The third Canadien
serotype and a third British serotype had an O-antigen in

common but a different K-antigen; the former was thus tentatively
designed as 0141:Xx. Campbell (1959) also found serotype @
0138:X61 1n assoolation with twelve outbreaks of scute gagtro-
enteritis and septiocaemia in recently weaned piglets in the

8 to 14 weeks age group. In the same year he isolated 197 strains
of haemolytie Z.goll from 293 normal Piga. Out of 127 strains,
48 belonged to serotype : 0138:X81; 9 to serotype Q;_a_l_:_l_ tEx and
the remaining 72 could not be typed with the three sera (i.e.
0138:¥81; 0139:X82 and 0141:¥Xx) employed. Serotype 0138:X82 wag
not isolated from any normal pige.

Thal et al (1969) described numerous E.s0ll in the prepuce
and semen of four bulls. All the four strains 4iffered serologl-
cally. Glantz (1960) stated that at present 139 "0" antigens,

84 "K" antigens and 80 "H" antigens have been recognised amongst
the E.co0li group of bacteria. various identiecal E.co0ll serotypes
have been isolated from cases of calf-scours, lamb dysentery,
pedema disease of ewine, mastitis in cows and chronioc respiratory
disease in poultry and are probably the pathogenic agents.

D'fouza et al(1961) isolated E.goll, suspected to be the
cause of relapsing type of fever, from the faeces and urine of
2 Alsatian doge. The straine were not typed serologloally,but
ite presence in the urine was correlated with the olinical
relapses. Davis et al (1961) prepared an electrophoretically
homogenous fraction from a sonic extract of a heemolytic strain
of E.coll (strain 755) associated with oedems disease of pigs,
using eontinuous paper electrophoresie. The fraction killed pige
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faeces of adult cattle and pigs and aleo from the fasces of
2 ecate in houses where infants had diarrhoea.
Lofton et al (1962) studled the incidence of pathogenie

E.coli in emall wild mammals gollected in nine counties of
Jolarado. They examined 589 animals. A total of 14 rodents
yielded E.coli knowr to be pathogenie to man, ineluding 086 ‘
0127:28; 068:BS and @_ B8. serotype 0556:85 was most frequ
isolated from Citellus lateralis and thue esaid that some rw
might,therefore, be significant reeervoirs of pathogenioc gﬂiﬂn
They also isolated 0127:B8 from wild bird. Mansson (1962) ‘/P
igolated haemolytic E.goll of serotype; 0138:k81(B):Hi4 t‘rt
diesased and healthy pigs in a piggery during nine years. ,W 2

in the same year, isolated 272 strains from 108 pigs, 17 qyfﬁ

2,
45 Aogs and 8 cats. 209 strains belonged to Pive o-groupsgf’

08; 0138; 0139 and 0141. derotypes 0141:K85(B):H1 and 01
Hi4 were the most common types from piges and were usually""
ated with acute.enteritie. Serotype 0141:X85(B):H1 was a }
isolated from dogs and cafs and 0138:K81(B):Hi4 from cat
serotype 0139:K82(B):H1 was from cattle and pigs. stmin“-
belonging to serotypes 02 and 06 were recovered from pigs
and dogs, usually with local inflammatory lesions. /.

gzabo (1962) studied, 161 haemolytic straine igo
from oaaes.or bowel oedema in pigs, 290 from cases of gnl'
enteritis in pigs, 14 from pigs suffering from various o-'
conditione and 30 from healthy pige, with 10 standard ant
by the agglutination test. Five non-haemolytic strains f‘;
of bowel oedema were also examined. Out of the BOO straif
gave poslitive resulte with one or the other of the standyf

antisera used. The standard antisera uged were againat ftl
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faeces of adult cattle and pilgs and also from the fasces of i
2 ecats in houses where infants had diarrhoea.

Lofton et al (1962) studied the inoidence of pathogenie
E.coli in emall wild mammals collected in nine counties of
Oeolarado. They examined 589 animals. A total of 14 rodente
yielded E.coli known to be pathogenie to man, ineluding 086:B7;
0127:88; 058:B6 and 02__6.§§ ferotype 0356:B5 was most frequently
isolated from Citellus lateralis and thus said that some rodents
might,therefore, be significant reservoirs of pathogenie E.go0ll.
They also isolated 0127:88 from wild bird. Mansson (1962)
isolated haemolytic E.coll of serotype; 0138:K81(B):Hi4 from
dissased and healthy pigs in a piggery during nine years. He,
in the same year, isolated 272 gtrains from 108 Piges, 17 cattlé,
45 doge and 8 cats. 209 straine belonged to five O-groups: 02;
08; 0138; 0139 and 03141. derotypes 0141:K85(B):H¥1 and 0138:¥81(B):
Hi4 were the most common types from pigs and were usually associ-
ated with aoute.enteritis. Serotype 0141:X85(B):Hi was also
isolated from dogs and cats and 0138:K81(B):K14 from cattle;
serotype 0139:K82(B):H1 was from cattle and pigs. Strains
belonging to serotypes 02 and 06 were recovered from Pigze,cattle
and dogs, usually with local inflammatory lesions.

gzabo (1962) studied, 161 haemolytic strains igolated
from caaea.or bowel oedema in pigs, 290 from cases of gastro-
enteritlis in pigs, 14 from pigs suffering from various other
conditione and 30 from healthy pigs, with 10 standard antisera
by the agglutination test. Five non-haemolytic strains from cases
of bowel oedema were also examined. Out of the 500 etrains, 416
gave poslitive results with one or the other of the standard

antisera used. The standard sntisera used were againat the
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serotypes: 0138; 0139; 0141; 08; 09; 021; 028; 041; 0101 and
2119. Out of 166 strains from bowel oedema cases, 142 belonged
to the groups 0138; 0139; 0141 and 08. Out of 290 straine from
gastro-enteritis cases, 247 also belonged to the above four
groupe of which the firet three are generally known in the
international literature &g the "oedema coli® group. According
to these findings, however, the various enteric conditions in
pige can not be aegoclated with the specific prevalence of
certain serologleal groups of E.coli. They may be reparded as
aetiologically ldentical conditions which differ in oliniesl
appearance from each cther.

BekajJle gt al (1963) examined 30,230 table poultry and
found that 211 had lesions of serofibrinous pericarditis. Tn
every dlsease poultry E.coll was 1solated in pure culture. Three
serotypee : QO71; 08 and 03 were identified. Two of the 1solatead
serotypes: 071 and 08 killed mice when injected by I/v with 0.1 ml
of & 24 hours oulture, but 1 ml dose given to 2 months 0ld chioeks
proved harmless.

Dam gt &l (1963) examined 562 pigs and 1eolated haemolytioc
E.coll from 132 cases in Denmark. The serotypes: 08; 0141:K86ac;
9141 :x86ab and 0130:X81 were equally represented. 0139:K82 was
ieolated three times.

kater et al (1963) described two outbreaks of serotype:
078:X80 infection in lambs. One was characterised by sudden deaths
of over 100 lambs, the other by lameness and signs of central
nervous system involvement. The orpanism wag pathogeniec for lambs
aged § to 8 weeke when given by parenteral route, and & polyvalent

E+c0l) immuns gerum protected lambe agalnet a lethal challange dose.
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Witting (1963) isolated 654 haemolytic E.coll strain
from 626 plges suffering from enterotoxaemia. He found that the
serotypes: Q141:K88ab(B) was 39.8%, 0139:%¥82B was 24.8%, 0138:
k81(B) was 12,4% and 0141:X88ag¢(B) was 107 in 654 haemolytic
E.colt strains. In pige which had dled of other dlsease,
incidence of haemolytioc E.goli was considerably lower.

Stevans (1963) described that ﬁhe constant site of infee-
tion was the intestinal tract in piglets but the invasion of the
other viscera might take place in the terminal stapges of disease.
The E.coll organisms were more frequently iesolated from brain
than from other visceral organs aha the reagon wag diffiocult to
explain. He,further, suggested that the disease arose when there
was & lack of balance between passive ilmmunity and certain strains
of E.ec0ll and recommendations were made for its control in the
Tlela.

Yadava (1963) in India, examined serologically 50 E.goli
gtrains isolated from cow, buffalo and buffalo calves and found
the serotypes: 056:85(1); 088:87(3); 0102:82(2); 0112:811(4);
0119:814(4); 01256:818(7) and 0128:812(1). The rest 28 strains
were untypable with the avallable antisera.

(F) Serotypes of E.coli igolated from infante;

Bray (1945) first described a particular serotype of
E.g0l} strain under the name Bacterium goll neopolitanum from
cases of infantile gastro-enteritis which wag later on designated
&g 0111 by Kauffmann and Dupont (1960). Giles and Sangster (1948)
isolated similar type of E.goli from infantile gestro-enteritis.
Smith (1949) isolated 0BS5:BS. Smith et al (1950) aleo lsolated
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the same serotype : QBS:BH1HE. Orskov (1951) igolated E.coll
028 frnm cases of infantile diarrhoea and white-scours in calves
and its blochemical and serologleal propsrties were gtudied. The
atraina could be divided into three fermentative types. The
antigenic formula of the first two being 026:B6 and were non-
motile, and the third was 026:B6:H11. Roger and Koegler (1951)
isolated 0111:B4 and 0565:B5. Taylor and charter (1952) isolated
065 from infantile pastro-enteritis and E.goll type canioni from
cages of uppér reagpiratory tract from Nursery A. They also :
teolated 0111 from Nursery A, but it was not assoclated with
intestinal eymptoms. In a series of 255 healthy control bables,
one was founi to be earrying E.coll type canioni, one - E61l1 and
two - 086. In Nureery 5 the canlonl type was endemic for 8 months,
the bablies remaining healthy. Charter and Taylor (1952) studied
gix serologieal types, bPiochemically and serologleally, which
were isolated from Nursery A and 2. They were 0111:34; 0885:85;
028:86; 086; type ocanioni and type E611. Wo relationship wag
deteated between 0 and 3 antigens of those six typee. Z.c0lil type
E811 also possesged "H2* antigen. The suorose fermenting 0111:B4
had "H2* antigen whersas non-suocrose fermenting 0111:84 had"H12¢.
smith (1953) deseribed that 0111 was predominant during
the epidemic of 1947 anl sueroze (+) strains with'H2* antigen
were more common than sucrose(-) with "Hi2® antigen. fucrose ()
With "HiP® antigen gtrains were common during 1948 and 1949.
During 1946-51, cases infected with 055:B5 were much more common.
He desoribed a new type 0119:814:H8 T.solil strain assoclated with

the dlaense.
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Ie Minor st al (1963) isolated QBB:BSIH21; 055:B5:HT &
0111:B4:021 types of T.coli from cases of infantile diarrhoea,
Zwing et al (1983) isolated 0124:B17 and N12:B817:H32 from

infantile diarrhoea. OGrourocoe (1954) described the association
of 055:85:H4 with the dlarrhoeal disease in infants. Orskov &
Fey (1954) isolated 0B5:BE:HIO and 055:B5:H8 of E.goll from
infantile dlarrhoea. Orskov (1964a) desoribed several serotypes
within 925 strains, two of which had been associated with
dlarrhoeal dlsease. Orgkov (1954b,c) mentioned the association
of 0111:B4:H11 and 086a:B7:H34 respectively with infantile
gastro-enteritis. FTwing et al (1955) and Merlin et al (1955)
1eolated 0127:88. Charter (1955) isolated 0114 and FRoger et al
(1958) 1solated 0128. ¥wing et al (1956) deseribed F.coli 019,
18¢:K77 (B121)387. Taylor and Charter (1955) isolated 0128:B12.

Charter (1956) 1solated 0114 from infantile diarrhoea gnd calf-
geoura. He sald that the F.coll 0111:B4; 055:B5 and 026:86 were

the mein eerologloeal types responsible for infantile gastro-

enteritis and less common serotypes were 0119:814; N86:R7;

0125:816 (type canioni) and 0126:3168 (type 7611).
Rees (1967) reported thet the prineipal types of EZ.goli ‘

straing assoclated with infantile gastro-enteritis were 0°68:B8:
DE5:86 and 0111:8B4. In addition _086:387 and 0103:B? were also

reported. Tavie gt al (1968) isolated Q26:B6:H46 and Uivary

(1968) 1eolated streptomyein resistant strain 04.

Iinzenmeier (1962) deseribed the chanpes in the incidence
of P.c0ll types. He found in Munich infants cliniec that the type
086 predominated from 1956 to 1988; type 0128 in ,1.85.9_and type
9114 in 1980. The incidence of 078 end 0119 had inoressed and
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many new types had been igolated in the recent years. Type 0111
and 0268 were then infrequent and 055 wag less common than
formerly isolated.

(@) Bacteriophage typing:
mwort (1918) reported sn interesting phenomenon, while

working with gtaphylocogoug isolated from calf-lymph vaccine.
He observed a visible degenerative change 1n‘aome of the colonles
which was found to be tranamiseible and he suggested a "disease
of bacteria®. Furthermore, 1t was found that filtrates of the -
changed ocultures would aleo initiate the “disease” of the
staphylococeus, d'Herelle (1917), while gearching for an evidence
of a mixed metlology for bacillery dysenteéry in man, demonstrated
the occurrence of rapid ani generallised lysis of chiga's bacillus
in broth, to which gome of the filtrate from the original mixed
culture had been added. He also transmitted the lytioc agent ®o
the cultures of susceptible organiems, in a prolonged geriecs.The
name - "Bacteriophage", that he gave to the lytic agent, came in
general use and familiarly shortened to *phage® which he consider-
ed aeg filtrable virus. This view hes won increasing support
particularly within recent years.

Volman and Volman (1925) adopted a Shiga bacteriophage
on Colon baeilli, resistant %o 16, by glving serial passages on
it. d'Herelle (1930) found that 1t was difficult to get bacteria
free from phage and referred to the phenomenon as "Symbiose-
bacterial-bacteriophaze"” a name that reflects hie interpretation
of lysogeny. He hypothesized that the bacterial population wee

compoged of individuals covering a considerable spectrum of
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Susceptibility to phage sction, while the Phage population
covered a conelderable range of virulence. The most susceptible
baeteria and phage particles, in this way, would be perpetuated
in mixed oultures,

Nylurgoe (1931) deseribed a method for igolating bacterio-
phages for various types of Colon baellli, by adding, some of
the material likely to contain bacteriophage, to the broth -
culture of the organiem against which the phage was to be pre-
pared, and then filtering after 24 hours inecubation at 3700,
Verge ani Vallie (1931) demonstrated the presence of a specific
bacteriophage in the intestines of convalescent calves, whose
virulence was exalted by passing in series in Vitro and its
lytle properties were extended by adaptation to numerous straing
of E.coll isolated from exoreta of infected calves.

Lesbouynis and Renauldon (1935) suceeeded in the treatment
of acute coliform paraplegic mastitis in cows by injecting a
vacoine composed of a killed oulture of the organism which was
followed by an administration of antl-coliform basteriophage.
Fllis and nelbruek (1938) Aescribed "one step" growth ecyele in
bacteriophages.

Inria et al(1943) described three phages of an E.coll
gtrain B which had an opaque head about 80 mm in dismeter
consisting of a pattern of granules and a lege opadue tall about
120 mm long. Demerse and Fano (1945) studied a collection of
8éven goli-phages and designated them as T,T2,73,74,75,T6 and T7.
Anderson (1948) found that all the geven coli-phages except T3 &
T7 were having tail. Delbruck (1946) deseribed the latent period
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of T2,T4 and T6 varying from 20-86 minutes; for Ti, T3 and 17 -
13 minutes and for T8 - 40 minutes and the averape burst sige
varied from 170-300 particles.

Tof'% (1946) deseribed the “Capsulo-phages® or "K-phages®
acting on the capsular forms of E.goll and with the help of nine
phages, demonstrated three phage groups, viz. one thét acted only
on capsular forms, another that acted only on acapsular forms
and the third that acted on both forms. He also found that out
of these three phage groups, the first was the most commonest
and the eecond the moet infrequent. Anderson (1951) found by the
electron-micrographic studiee that T2 phage attached Ltself to
the bacterial hoet by the tall end.

Nieolle et al (1962) concluded that the E.col) straine
of the infantlile gastro-enteritis could be classified by means
of bacteriophage typing assome of the isolated phages were found
to be showing lytlc action over the etrains of E.coli belonging
to the serotypes : Q111:B4 & 055:85.

Frager and Willlams (1963) described short %ail on T3 and
T7 phages. Willlame and Fraser (1963) studied the morphology of
all the seven T-phages by electron-microscopy of epecimens pre-
pared by normal alr-drying from aqueous suspensions and by
freeze-drying. The air-dried materials showed evidence of
conasiderable dlstortion of form in accord with previous obger-
vatione and exhibited dimensions which were considered to be
wholly unreliable. The heads of frozen-dried phages frequently
appeared hexagonal in contour and hed a height -to- width ratio
near unity. They reported the dimensions of all the seven T-phages
&s followe:~ T1 - head, 65 mm and tail,150 x 10 ma } T2,T4 &
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76 -~ head, 86 x 70 mm and %a11,110 x 165 ma ; T3 & 77 - head,
50 m m and tall doubtful and 75 - head,B80 mm and tall,180x10
mam. They eald that the dimensions listed above are believed
to be the most rellable,obtainable at present. They,further,
stated that two types of three dimenslonal ghape for the phage
heade are considered to be likely, &l rhombie dodecahedron, and
a hexagonal prism with bipyramj.dal ends. No choice can be made
at this time between these two likély forms.

Nleolle gt al (1954) clussified E.coli belonging to
serologloal groups : 0111:B4; 085:B5 and 028:B6 into different
phage types.

Smith and Crabb (1956) described a baoteriophage method
for clasgsifying E.coli strains of animal origin from the pPhages
isolated from animels. With the help of 16 phages, viz. A,B,0,D,
E,8,H,L,M,0,T,%, 2, 22, 23 & 24, they found 70 different phage
types in the faeces of healthy calves and 32 different phage
types in the faeces of soouring calves. All the phage types
Tound in the scouring calves were also found in the healthy
calves except one phage type which was not found in the healthy
calvee. They also found the eimilarity in the flors of calves
kept in the same pen, then between the calves kept in different
pens, but given the same bulk milk. They concluded that the mothc;r
414 not appear to be a potential source of origin of the E.c0ll
population of the alimentary tract of her oalf, but the pene
themeelves might be the most likely source of origin of the
E.g0l1 found in the ocalves.

Wlcolle (1957) emphasized the great importance of phage
typing in the epildemiology of infantile gastro-enteritis. It is
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Possible to know vhether the contagion 1g eocurring or
denying any relationship of cases in a commmity and in
asgesging the role of carriers to establish sevaral sources
responsible for infeetion.

Smith (1968) combined the phaga typing and drug sensiti-
vity regsults of E.co0ll isolated from calves and founi that the
smergence of resistant £.coll during ohamothsrapy was probably
due to 1n some instances to mutation of seneitive E.cold.The
dominant E.00l1 in the fasces of all the oalves that developed
seours during an observation period of one year ,belonged to one
phage type, type 2. Thie type was also found in the faeces of
some of the healthy calves, but never in the fueoces of the cows
of that herd.

Smith (1960) desoribed the complexities of phage types
that occur in animals especially in calves and stated that the
bacteriophage method of claesification would only yield inform- .
ation on the predominant types of E.g0ll present in the calves.
Many more types might be present in quite considerable numbers,
thelr presence being maeked by the overwhelming numbers of the
dominant types.

Kasatlya and Singh (1961) carried out the phage typing
of 200 strains of animal and humen origin with 43 phages isolated
locally and 21 obtsined from other Places. They indicated that
the strains of E.goli of animal origin belonged to Aifferent
Phage typee than the etrains of humen origin.,

Yadava (1965) studied 34 straing of E.c0ll isolated from
calves with Teseries of pPhages. 8ix straina'wore typable which
belonged to three phage typee.
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(§:9) Sensitivity teet of F.coli:

Various antiblotics are used either se a prophylactie
or curative acent against the white soours. Handerson and
MeKay (1949) described that on farms which had previously a
high mortality rate, the incidence of digesse was coneiderably
reduced following the administration, at birth and for the neyt
4 to 8 days, of daily doses of 0.25 gms.0f streptomyein orally.
Gardner et al (1952) desoribed that penieillin hsd no effect on
the incidence of calf dlarrhoea.

Fox (1952) stated that calves with diarvhoes when given
0.5 gn per os or 0.5 gm by injection of etreptomyein usually
.renpondaa well to a single treatment. He,further,stated that
streptomyein appeared to be more succeseful than treatment with
sulphathalidine. Bortree et al (19352) conducted some fleld trials
with chlortetracycline. In one outbreak of 58 cases of diarrhoea,
which were treated with oral adninietratlonfﬁhlortatraoyoline,

61 responded immediately to treatment and 5 gradually, Two of
the eﬁlvea 444 not respond to treatment and eventually dled. In
another investigation, 87 calves were glven one tablet (800 mge. )
of chlortetracyocline at birth. Vorty of these ocalves remained
healthy and 27 developed dlarrhoea of varying intensity. 21 of
the affected calves responded to a single trestment of 500 mgs.
of chlortetracyeline, but 6 required further treatment, one of
thoge dying.

Kon ef al (1953) reported thut penieillin reduced the
ineidence of ocalf dlarrhoea; on the other hand Knodt and Rossg
(1953) founa that penieillin increased the ineidence. Voelker
and Jacobson (1983) observed that penicillin had no effect on
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the incidence of calf diarrhoea.

Pearson (1954) desoribed the therapeutic and prophylactiec
use of oxytetracyecline in the control of field cases of calf
diarrhoea in YNorthern Ireland. 41 clinical cases of calf
diarrhoea were treated by giving 2 daily doses of 0.5 gm. of
oxytetracyoline and 40 completely recovered within 368 hours of
the administration of antiblotics. vhen 21 calves on € other
farme were given two doses of 0.5 gm. of oxytetracycline within
the first 48 houre of 1life, none developed Alarrhoea,and the
~ other untreated animals on the same farms became affected with
dlarrhoes. Taylor and Gordon (10564) and Roy et al (1955) illus-
trated well the prophylactic value of chlertetracycline under
conditions favouring the development of celf scours.

lageiter (18568) coneluded that the pgrowth rete of calves
may be etimulated by 10-307 during the firet 4 months of life by
feeding & supplement of elther oxytetracyeline or chlortetra-
eycline, most of the inereased growth occurred during the first
two monthe of 1life. When the antibliotic was fed as a supplement
they also reduced the incldence of calf diarrhoes, increased
the feed consumption and efficiency and improved the overall
condition of the animal. He recommended feeding these antibiotice
at a level of 15-20 mgs. per 100 lbs. body weirht per day, appro-
ximately 1/25th of the normal therapeutie dose.

Merlin et al (1955) performed the gensitivity test with
E.goll straine 0127:B8 isolated from acute ocases of infantile
gastro-enteritis. The test was perrormed with antibilotics disks
econtalning 10 and 30 mgs except sodium sulfadiszine which
contained 10 and 50 mgs. All 0127:B8 F.c0ll gtrains were sensitive
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to neomyoin, aureomycin, chloramphenicol and tarfﬁmyoin and
resistant to etreptomyein and sodium sulfadiszine.

gmith and Orsebb (1958) carried out rapid plate test to
determine the sensitivity of N.coli ieolated from white scours,
with drled paper disks containing each of 20 megs. of dihydroe-
streptomyein sulphate, chlortetracycline hydrochloride (Aurec-
myein), oxytetracycline hydrochloride {Terramyein), chloram-
phenieol, and with 130 megs. of sodium sulphadimidine (sulpha-
megathine). The plates were incubated at 28%0 for 18 hours and
the zone of inhibition around the disk noted. Alternatively, if
& more rapid result was reguired, incubation wes carried out at
3790 for 7«8 houra. Out of 58 straing tested, 15 were resistant
in Vitro to sulphadimidine, 11 to streptomyoln and 2 to chlor-
tetracyeline and oxytetracyeline; all were sensitive to chlorame
phenicol. Further, studies revealed that resistant strains of
E.c0ll were commonly assoclated with cases of white scours on
~some farme, but not on others. On the two farms where chlortetra-
eycline and oxytetracyeline resistant stralns were found, it had
been the practice for several years to feed a chlortetraeyeline
supplement to all calves for the first month of life.

gould (1958) performed sensitivity test of the organisms
1solated from white scours and found them resistant to tetra-
eyeline. He concluded that the resistant straine developed after
the introdustion of oxytetracycline prophylaxis, at first succesge-
fully, to preven® infectious white scours. “mith (1958) gtudied
Ehs sensitivity test on the E.coli isolated from white scours.

He described many more drug reslstant E.c0li in the fasces of
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calves in herdg where the oalves were glven drugs therapeutl-
eally or prophylactically than in ealves in herd in which
chemotherapy had never been employed. The value of basing the
~drug treatment of white aoourslon gengitivity test was oanfirn&d.
E.goll with multiple resletance to streptomyein, éatraoyolino,
chloramphenicol (each 50 megs.) and sulphadimidine (130 mogs.)
evantuﬁlly formed the predominant faecal flora in cases of
white scours in some of those herds. It was posslible in Vitro
to make drﬁg,senaitive culture of T.coli resistant to strepto-
myein, chloramphenicol and sulphadimidine,both singly and |
mltiply, but not to tetracyoline or furamazone.

Ingram et 51(1958) reported the redustion in mortallity
of their experimental calves deprived of colostrum when chlor-
tetracycline was given; there was a coineidental improvement
in growth rate. They,further,stated that there were disadvan-
tagee in the use of antibiotics because of the increacse resise-
tance exhibited by stralns. Tﬁey demons trated an increased
reslstance to penleillin and chlortetracycline in E.coll etrains
isolated from the small intestine of calves that had received
supplements of these antiblotles in their milk during 1ire,
compared with gtrains from ealves that had been fed milk
without antibliotics. Osborne et al (1969) reported the obger- ‘
vation of three groups, each of 21 oalves only and gald that
the incidence of diarrhoesa wee reduced by both neomyein and
furampzone but the death rate waes reduced by the latter drug

only.
Smith and Crabb (1980) carried out the effect of chemo-

therapy on the number of Z.gcoli count in the faeces of healthy



Galves. They found that 0.5 gm of streptomyein by mouth

reduced the number of T.c0li per gramme of faecee from
100,000,000 %o 10 in all the treated calves. The depressant
effect Was observed for ae long as 5 days after the adminis-
tratlon of drug. The effect of glving a donse 4 timee greater by
injectlon was much less pronounced, & point of some importance,
when the chemotherapy of calf scours is gonsidered. The
‘depressant effect of neomyein wes equal to that of streptomycin.
Treatment with péymyxin conelstently resulted in a marked |
reduction; oxytetracycline, chlortetracycline, sulphadimidine
~and phthalylsulphathiazole had a considerable depressing effect
on the Z.coli faecal count, although in s small proportion of
calves no decrease was found. The administration of chlorem-
phenicol to 6 calves had no effect on the coliform gount ana
glmilar results were found when calves were given furazolidone
and furamazone. They also showed that the continued daily
adminietration of streptomyein,neomycin and polymyxin had a

very marked depressent effect on the growth of faecal E.goll.

A much greater depressant effect was noted when the tetracyocline
and gulphonamides were given daily, than given in & gingle dose.
Only a slight depreseant effect wag noticed when chloramphenicol,
furamazone and furazolidone were given twice daily.

The uge of 32 mgs. ohlortetracyeline hydrochloride twice
dally in milk resulted in the development of 84% feeintant E.o0li
against tetracyeline in the faeces of croup-B calves, compared
with only 6% in the group-A calves which never regeived thess
or other ghemotherapeutic agents.



€e

The efficiency of chemotherapeutic agents in eliminating
sensgitive straine of T.coli is matohed by the extreme spread
at which resistant strains may replace them during chemotherapy.
They, in another paper, had ghown that the changes from &
predominantly seneitive o & predominantly resistant ZT.coll
faeoal flora often took place within 24-48 hours of adminis-
trating a chemotherapeutic agent.

Dalton gt al (1960) carried out the experiment with nine
different preparations of antiblotiecs i.e. streptomycin, neomyein,
oxytetraoyeline, chlortetracycline, chloromycetin, penieillin
and phthalylsulphathiazol, on the incidence of calf diarrhoes
but they did not get significant reduction in the incidence of
dlarrhoea and death in young calves. The treatments were glven
twice dally on 14 successive days and at full therapeutic dose
levels and the calves were housed in separate pens. Tn the end
they concluded that the further evidence had been obtained to
show that antiblotics had a part to play in the control of
dlarrhoes and the reasons for the 1rreguiar effect of the antibe
loflee remained to be elucldated.

Inglis (1960) reported that the prophylactic effects of
inecluding antibiotlc supplements in the calf s food had been
the subject of many studies. A number of workers have reported
beneficial results both on the ineidence and severity of ecours
by feeding a chlortetracyoline supplement specially under
conditions favouring the development of oalf seours. Others
have reported that under the conditions of their experiments
chlortetracycline had no effect on the incidence of seours

particularly under conditions of “low infeotion®. These



67

experimental findings fit in well with fiels observation.

He belleved the finding wae that chlortetracyocline wes frequently
effective aa a preventive of oalf enteritis and some time Lt wag
not. He,further, stated that, although oxytetracyecline had not
been so extenslvely studled, a number of workers had observed
that this substance had also prophylactiec effect on the incidence
of goours. It hae been,indeed, sugpested its effect is gimilar
to that of chlortetracycline.

Glantz (1962) tested with antibiotics a total of 287 strainsg
of Z.goll isolated from animale and poultry diseases. The most
effective compounds were colistin, chloremphenicol ,furazolidone,
N?(5-n1tro-2-furrury11deneJ-laamino-a-pyrrolidena, thiofuradene
and polymyxin. Intermediate in activity were dihydro~streptomyein,
chlortetracycline, tetracyeline and oxytetracyeline. The least
afrective wers psnieillin, oleandomyein, furaltadone and

nidroxyzone.
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MATETRIALS AND METHODS

MATERIALS

The materials for the present investigzation were mainly
collested from healthy cslves as well as calves showing
‘@larrhoea at Covernment Cattle Farm, Patna. A total of 246
calves wers examined. out of these 46 calves were having dia-
rrhoea of varying intensity at the time of eollection of
meterials, Materials from 7 deed calves of Government Cattle
Farm,Patna, wers aleso collected from the post-mortem room at
Bihar Veterinary Collepe,Patna. Altogether 253 ealves were

examined for the prevalence of ETscherichia coll. The age of

the calves varied from zero day to one year or slightly more.
' The:feeding and management of the Covernment Cattle
Ferm,Patne, were according to standerd schedmles. The oalves
are weaned at birth and are pail-fed. They are kept in a
separate calf-pen where there is ample space to roam about.
After weaning they are given ecolostrum from the mother and
subsequently mother's milk for one week &t the rate of 3 litres
& day. "hey are also given terramyein soluble powder one tea-
spoonful dally for seven days along with mother's milk. The
Teeding of ferramyecin soluble powder hag Seen introduced from
the beginning of the ourrent year. After one week they are fed

aceording to ration-cheet given below:-

Periods ¥hole milk Concentrate Rouphages
a mixture (preen crass)
Firgt month 4 litres nil nil

fecond month 4 litres 4 kg ad 1ib.
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Periods Whole milk Concentrate Nouphages

— mlxture {green grass)
Third month 3 litres 1% -  ad 1b.
4 to 6 months 2 litres 1} kg ad 1ib.

7 to 12 months Nil 1} kg ad 1ib.

The concentrate mixture contsine gaurmeal, bran and
groundnut cakes equal pérta plus 29 minersal mixture and 29
common salts.

calves up to two sonths of age are not allowed to go
out for grazing. After two months they are taken out for
grazing and are regularly drenched for parasltic infestatlons.
Calves above slx monthe are also vsccinated against Haemorrhagic
septicaam}a, Blaek-quarters and Anthrax.

. ‘!‘hé‘ antiblotice most commonly used in thig farm ag &

curative messureg are Pronapen, Cambiotiecs and Terramyocin.

METHODS
The techniques adopted are deseribed in defzil under
the following headings:-
(A) Collection of materizls
(B) Isolation of organiems
(C) Test for purity of the isolated straine
(") Preliminary identification
(E) Studies of bloohemical charaoters(Sugar fermentation)
() Bacteriophzge typing |
(@) serological typing
(H) Antiblotic sensitivity tests.
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(A) Collection of ma terials:

Faeoal samples from the young calves were collected
with the help of swabs, whereas from the older calves, faeces
were collected with the help of hand and kept in sterile
containers. Tntestinal ingeeta were collected from the poste-
‘moraom cases. fterile precautions were taken during the
collection of materials.

: 9% :

(B) Isolation of organisms:

The most commonly employed Maofonkey agar medium was
‘used throughout the present investipation which faoilitates
the isolation of lactose fermenting orpanisms. The medium wae
ngparad and about 20 ml. quaentity was poured into sterile
petridishes and dried at 37°C for 24 hours. raecal samples were
direotly atreaked'on the dried MacConkey &gar medium and
- inoubated at 370C for 24 hours. A single colony which wae red,
-round,tranalucent, convex and about 2 mm. in Atameter wag
Picked up from sach sample and transferred 6n plain agar glant
which was incubated for 24 hours at 3700, L

(C) Test for purlty of the isolated straine:

This wee done by replating the cultures on MacConkey

agar medium, obeerving the growth on agar glant ana studying
morphologioal characters after dram's etaining.

(n) Preliminary identification:
The oultures were tested for indole production, M.R, &

ViP.renctions, nitrate reduction and growth 1h Koser citrate
medium. These tests were done by adopiing ususl methods after

four days ineubation. The ocultures which were positive fop

~
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indole, M.R, and nitrate and negative for v.P, and citrate
were taken for further studies and the rest of the cultures
were disearded.

(%) Studies of blochemieal charaoters (Sugar fermentation):

Fermentation of carbohydrates and aleohols such &8s

arabinose, glucose, lactose, raffinose, sucrose,adonitol,
duleltol, mannitol and sorbitol were done as desoribed by
Mackie and MeCartney (1953). I1quid paraffin wae used for the
detection of ges production. 24 hours peptone water culture
wag used for inooulation of suger media. Incubation at 37°0
was prolonged atleast for 10 daye and reading was taken at
avary 24 hours intervals., Oare was taken to notiece the gas
production, if any. Tubes showing clear positive reaction,

acld or acld and gms, were removed and others incubated further.

(F) Bacteriophaze typing:

The T.zeries of bacteriophage from T to T7 along with
propagating atrain,f.coll gtrain B, were obtained from the

kind courtsey of nNr. Yeville Symonds, Mediocal Regearch Couneil,
Miorobiel Genetics Ressarch Units,ﬁammeramifh Hoaspital, 180,pu
Uans Road,London,w-12. Phages were received in one ml quantity,
which were not sufficlent to carry out the Pregsnt work and as
such they were propagated in this laboratory. The method
employed for the propagation and titration of phages, was the
‘eame,with slight modification, as desoribed by smith & Crabb
(1968).

Two loopful (4 mm loop) of phages were added separately
%o 3 ml of 18 hours broth culture of propagating strain and
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ineubated at 37°C for 24 hours and then left at room temperature
for another 24 hours. Complete lysls was observed after this
period. 3 ml of 18 hours broth sulture of the propagating
strain was added to all the phage tubes and inoubated at 3700
Tor 24 hours and then left at room tempersture for another 24
hours. The room temperature varied from 22.89C to se°d during
the experimental periods. This Process was repeated for four
times %o get a high titre phage preparation. Side by eide the
titre of the phages was tested. ‘

The phage preparation were centrifuged at high speed
for 30 minutes and the supernatante were collected with sterile
precautions. 0.1 ml of chloroform was added to every 10 ml of
the phage preparations and shaken well. This wag done to kill
bacteria, if any, present in the phage preparations. These
preparations wefe tested for sterility and stored in the
refrigerator.

Ten-fold dllutiona-ar the phage preparations were made
in phosphate buffer (ngPD4-3.4g;xagHFo4-Bg; distilled water?
1000 ml) to determine the critical test dilution, 8ix hours
broth sulture of the propagating strain was spreéd evenly over
the surface of an agar plate, allowed to Ary and then spotted
with one loopful (4 mm loop) of each dllutions of the phage
Preparations. Plates were incubated at 3790 for six hours, left
at room temperature for over night and then read. The highest
dilution which produced confluent lyeis was chosen ag the
oritiocal test dilution(cTn). 71, T2, T4 & 1 gave one 07D 4n
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10° dilution wheress 75,76 and 16 gave one 0™ in 10°°
dilution. 100 CTD was usea as routine test dilution (RTD) in
the present work,

Method of setting up test:~ The method om;aleyed for
the phage typing of the E.goli strains ig the same, with elight
modification, ag deviged by wilson and Atkinson (19453 and
modified by Smith and Orabb (1988). Nutrient agar plates were
prepared and incubated at 370¢ for 24 hours. The contaminatea
pPlates were discarded, 8ix hours broth oulture of the strain

of E.,goli to be typed was spread evenly over the surface of

one of the nutrient agar plates by means of a bent glags
spreader. The plate was dried on the working bench fror one hour
and then divided into 7 sectlons egual to the mimbar of phages

to be spotted, with the help of greese peneil. A loopful (4 mm
loop) of phages in their routine test Ailution (i.e. 100 eritiecal
test dose) were spotted after proper numbering. Cane was taken

to avold mixing of the dropes together. After phage apot;'ti.ng,

the plate wae left on the working bench for half an hour for the
drops to be absorbed over the Plates and then incubated at 37%

for six hours. After this period 1t was kept at room temperature
(22.8 - 3690) for overnight. Reading was taken after 18 hours of
phage spotting. A1l the strains of E.goll 1solated from calves
were tested similarly. side by gide a control test was setup
with propagating strain.

{¢) Serologieal typing:

The 0B c¢oll antisera &gainet the serotypes; (1 1026:886;
(2)__9_6_@_:_?_5;; (3) 086:87; (4) 0111:B4; (5) 0127:B8; (8) Polyvalent
(Pooled) antisera of the above five; (7) Biea.mo:em(a)ono:nu;
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(9) 0126:B18 and (10) 0128:B12 were received from Dr.f.N.Sinha,
neputy Bacterlologlst, Public Health Institute, Patna. He had
recelved the first six antisera from Dr.¥.0rskov, Director,
Tnterna tional Tsoherichia Centre, Copenhagen,denmark ahd he
was kind enough to spare some amount for my work. The last
Tour antisera, which he supplied, were raised by him in his
laboratory. The E.goll strains to raise these antisera wers
also received from vr. r.Orskov. Polyvalent (pooled) antisera
of the laet four serotypes was made by adding equal amounte

of the four antisera,

The method adopted for the determination of specifle
serotype was the same, with modification, as sdvocated by
rauffmann (1947) and Barus et al(1966). 24 hours broth cultare
of the E.coli straln to be typed, wae heated at 1009C for one
hour. Three loopful (4 mm loop) of the heated oculture was
thoroughly mixed geparately with two loopful of the two poly-
valent coll antisera, on the eclean mioroscoplc slide and kept
in the petridish with moist filter pacer at the bottom %o
prevant drying up. They were examined afrter 15 minutes under
low powjr microseope for the presence of agglutination. If
poeitive with eny of the two polyvalent antisera, the hested
culture was c%milarly examined with different monovalent
specific sera corresponding to the polyvalent group to determine
the specific "0" serotype. The strain was taken to belong to
the partioular O-group with whose serum 1t gave positive glide
agglutination. After determining the specifiec "0" serotype, the

living oulture was examined for the presence of "B* antigen.
-
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A loopful of the 18-20 hours culture, grown on agar
slant, was suspended in normal saline golution and a loopful
of the correspnding OB antisera was mixed and examined as above.
In cage of positive slide agglutination with living eulture,
1t wae taken that the eulture ie having the corresponding
“Be antigen of the specific "0Y gerotype. The posesibilities of
acapsular form (without surface antigen) of ¥.eoll strain
giving positive slide agglutination with this method eannot be
ruled out.

side by side control test with normal saline solution
(An place of serum) was set up to check autoagglutination.

(H) Antiblotic sensitivity tests:

Tetracycline hydrochloride (Achromyein),chlortetra-
eyoline hydrochloride (Aureomyein), Demethylohlortetracvoline
hydrochloride (ledermycin), Dihydro-streptomycin sulfate,
Mysteelin-v (each capsule contained 250 mgs.of tetrecycline)
ulnd Penicillin @-sodium have been used in the present work to
teet the sensltivity of EF.goll straing, isolated from calvesg.
The Achromycin, Aureomyein and ledermycin were received from
M/$ Oyanamid India Ltd., Agricultural Division,18,Queen's
Road ,Post-box no.1994, Bombay-1i. The Dihydro-gtreptomyein
sufate, Mysteclin-v, and penieillin were recelved from M/S
farabhal Chemicale, S.P,Verms Rozd,rost-box no.44, ratna-1.

The method adopted for the sensitivity tests by dlsk
method is the same, with slight modification, as desoribed by
Mackie and MeCartney (1953). Whatman filter paper no.1 has been
used to prepare the disks. The disks were out out of the gheet
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with a paper hole-puncher having a dlameter of 6.5 mm. The
disks g0 prepared were fractionally less than 6.5 mm. in
dlameter. They were counted accurately into lots of 100 and
put into emall sorew capped bottles. These bottles were then
sterilized in the hot air oven at 180°¢ for one hour.

The antibiotic solutions were prepared quantitatively
in sterlle distilled water. One ml of the required solution was
then added to each bottle of 100 disks, and, as the entire
voiume was absorbed, we might assume that each disk eontained
approximately 0.01 ml. Thus the dilutions of the antibiotics
were so prepared that 1 ml contained 100 times the quantity
required in each disk. The disks were prepared in five
different concentrations of 6§ mogms.,10 mogms. ,25 mogms.,

50 megme. and 100 megme. per dlsk of all the different anti-
blotics used exeept penleillin in which 850 unite,100 units,
200 units, 6500 units and 1000 unite were used. These disks
were used wet. The bottles containing disks of different
antibiotics were astored in the rerrigerstor at 4%¢ for 10 deys
to complete the antiblotic sensitivity tests of the entire
E.go0ll stralns, ‘

Agar plates were prepared and inoubated at 37%C for
24 hours and contaminated plates were dlscarded. 18 hours broth
culture wae used to inoculate the agar plates. These were inocu-
lated uniformly from the broth culture by flooding the surface
and then removing the excess with the help of a fine capillary
Pipette. The plates were then allowed to dry in the 1nverée&
position in the incubator for 45 minutes. The incubated plates
.vero marked and numbered at five different pointe, suitably
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spaced apart, corresponding to the five dirferent coneentration
of antibiotlecs usead. Finally, the antibloties impregnated
filter paper disks were p&a;ed'on the surface of the medium
with a aterile fine pointed forceps. The forceps were kept
with their tipe immersed in 704 a&leohol, which wae flamed off
every time before use. These plates were incubated at 379¢ for
overnight and next day the readings were taken. For each
antiblotic the diameter of the circuler areas of inhibition
were measured, the areas of inhibitlon measured included the

dlameter of the disk as well as the surrounding zone of
inhibi tion,






RESULTS

Faecal samples from 246 living calves and intestinal
contents from 7 dead calves of Government Cattle Farm,Patna,
were collected for the igolation of E.coll. out of 246 living
calves, 46 calves were having diarrhoea of varying intensity,
at the time of collection of materials. The gamples were
streaked on MacConkey agar media and after 24 hours ineubation
at 379¢, they were examined. A single colony, which wag red,
round, translucent, convex and about 2 mm. in diameter and
representing the ma jord ty group, wae pleked up from each
sample and transferred on Plain agar slant. Faecal samples
from three new-born calves of zero-day old were sterile. Thua
& total of 250 cultures were lsolated and tested for purity.
All the 250 pure cultures were teated for indole production,
M.R. and V,P, reactlons, growth in Koser's cltrate medium and
for nitrate reduction. This was done for preliminary identifi-
cation and screening. The cultures, which gave IMVig reactions
++== and nitrate positive were selected for further studies.
Thus, out of 250 cultures, 174 cultures were selected for
further studies and the rest 76 cultures were discarded. The
174 cultures, which were selected for further studies, belonged
to healthy calves (131), dlarrhoeal calfes (37) and dead calves
(6). The 78 cultures, which were dlscarded, also belonged to
healthy calves (86), diasrrhosal calvee (9) and dead calf {1).

The three calves of zero-day old were from healthy group.
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All the 174 selected cultures were tested for augar
fermentation, susceptibility to T-geries of bacteriophage,
determination of serotypes and sensitivity to eix antibioties
in Vitro. The age, sex and the clinlocal conditions of 174
calves (inoluding eix dead calves), from which the 174 E.c011
astraine were lgolated » @nd the results of aerologleal typing,
phage typing and sugar fermentation have been preocisely
presented in Table T.

Yortallty in calves (Male and Female combined):

The mortallty rate in the Government Cattle Farm ,Patna,
varlea from year te year and is considerably high ingpite of
satisfactory managements. This data has been collected from
the Government Cattle Farm,Patna, from the beginning of the
year 1960 up to 28th geptember,1965. The year and monthwige
mortality in calves is given in Table IT below.

TABLE-TT
Mortality in calvesg . I
|
] 1960 1961 1962  [1963 [1964 1985 fTotal

Pariod . I
I (165 {1356 {141 (1568 J(194 (118 j(911
calv calvil calving foalving foalvi calvi calvi
1 2 3 4 5 7 ;

January 7 nil 18 3 2 2 32
Pebruary ? 5 5 1 2 3 24
March 8 1 8 3 2 4 21
April 9 1 5 1 4 g 25
May 1 1 1 5 2 2 12
June 3 2 1 R 2 2 10
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TABLE~II {(continued)

ST SRR NI W . 0 B W A S R B e o
July 1 2 2 1 3 : 10
August 5 3 1 5 1 1 16
September 3 i 2 2 nil nil

Ootober nil 1 2 nil 1 - 4
November 3 4 : § 1 - 10
December 1 16 4 i 4 = 26
Total 24 37 47 24 24 21 19%
Percentage of

mortallty 26.66 27.4 33,33 15.19 12.37 17.8 -

The highest mortality was 33.33% in 1962 and lowest
wae 12.374 4in 1984. On an average the mortality rate varies
from month to month and is comparatively high from December
to Aprlil and is low in the rest of the months. It 1s,thus,
evident that the winter and apring.aenaona are the dangerous
periods and during that perlods the mortallty ie comparatively
high. :

Sugar fermentation tests (reesctions):

. The results of éugnr fermentation reactions have beaen
given in Table T. All the 174 E.coll strains fermented
arabinose, lactose aml uann&tdl promptly within 24 houre except
one strain which fermented arabinose in four days. All railed.
o ferment aﬂonito; in 10 days - the period of observation., all
the 174 straine attacked glucose promptly within 24 hours
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89

produeing acid or acld and gas. 64 strains produced acld

and gas and the reet 110 strains produced acid only. 84

straine fermented suorose ( 64'0(347) g2 30 . sa e

b
8d 104

37 and 17°7) and 90 falled to ferment. 110 strains fermented

raffinose (10718, 128 ana 248y o14 64 falled to ferment. 57 5% ‘

etraine fermented duleitol ( 193¢, iszd, g g, o84 o6
84 ,94
- IS

and 11%%) and 117 failed to ferment. 139 strains . *
fermented sorbitol ( 1281d,126, Ssd, 5""‘1 and esd ) and 35 .
falled to do so. _ &
Altogether 24 biochemical patterns of sugar fermentation,
representing 24 blochemical types have been found in 174 E.goll
strains. The biochemical types of E.coli, thelr number end thelr
correlation with age groups in healthy, diarrhoeal and dead
calves have been given in Table TII. The majority of F.coli i
belongs to the blochemical types.l, 2,3, 4, 12, 19 and 24, all.
the 24 blochemical types of E.¢oli have been encountered in the, ‘J
healthy calves, whersas only few biochemiecsl types were found |
in dlarrhoeal and dead calves. Out of 24 blochemical types, |
10 and 5 biochemical types were found in dlarrhoesl ani dead 3
calves respectively. All the blochemieal types found in |

diarrhoeal and dead calves, were also found in healthy calves.

Baoteriophage typing:

All the 174 E.coll strains were tested ,for suaoeptibility,
Udth Thaarias of bacteriophage from 7y to Tp and the results
Of bacteriophage typing have been precisely given in Table T.
The confluent lysis (clear plaque) was given 4444+ and the
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semi-confluent lysle were given 4+ to +++ mcoording to the
proportion of lytic area and baoterial growth on the spot
where the phages were deposited. If the lytic area covered
more space than the baoterial growth, the sign ++4+ was given
and in reverse ocase +. The sign ++ was glven when the lytie
area and bacterial growth were equally represented in the
specified area.

Flgures 1 and 2 indloate the action of T4 phage on the
E.coli straines number 21 and 22 respectively, producing
confluent lyeis (clear plaque) on the spot where the phage was
deposited and the sign +++4 hasg been awarded in both the cases.
Flgure 5 indlcates the aotion of Tp, T4 and Tg Phages on E.coll
etrain number 3. T4 has produced confluent lysis ( ++44e )@ To
has produced semi-confluent lysis and the lyfic area ig more
than the bacterial growth and the sign +++ has been awarded.

Tg has produced semi-confluent lyeis, the clear and lytic areas
were equally represented and the sign 4+ hag been awarded, but
unfortunately this semi-confluent lytic area is not very elear
An the photograph. Figure 4 indicates the setion of all the

7 phages. Tp has produced confluent lysis ( +4ss )o Ty, semi-

confluent lysis (++) and the rest of the five phages have produced
semi-confluent lysis of low grade where the bacterial growth
is more than the lytic area and the slgn + has beeﬁ given to
each. Figure 6 indicates the semi-confluent lysie of various

grades, T, (+4+ ), Te (++) and 75 & Tg (+) on Z.g0li strain

number 12. wigure 6 indiocates the semi-confluent lysis of two



g e




Fig-m.l

ghowing the action of T4 phage on E.coll
gtrain no.21 producing confluent lyeis
(elear pladue on the epot where the phage
u;s depogited and the gign ++++ has been
given.

Fig.no.2

showing the action of T4 phage on T.goli
strein no.22 producing confluent 1ysle
and the sign ++++ has been glven.






F‘ig.no.:S

Showing the action of To , T4 & Tg
Phagee on E.coli strain no.3.T4 produced
confluent lysis (+4++),To produced semi-
confluent lysis (+++) & Tg produced semi-
confluent lyeis ( ++).

T e T

Fig.no.4

Showing the action of all the seven
phages on E.goll atrain no.5. Tg
Produced confluent lysis (++4+),Ts
produced semi-confluent lysie (++) &

the rest 5 phagee produced semi-
confluent lysis (+).




- Fey- o



F‘lg.no-ﬂ

Showing the action of Tg ,Tz ,Ty & Tj

on E.goll strain no.i12. T4 produged

semi-confluent lysis (+++),To Produoced
gemi-confluent lysis ( ++) & Tz and T3
produaed gemi-confluent lysis (+).

Fig.no.8

Showing the action of Ty ,To ,Tz ,T4 ,7s

& T7 on Z.coll strain no.44. mo 73 74

& Tsproduced semi-eonfluent lyeig (+++)

and Ty & T produced semi-confluent lysis(++).
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grades on Z.00li strain number 44, +++ with Tp ,T3 ,T4 and Tj
and ++ with Ty & Tv . '

Out of 174 E.coll strains, 134 could be typed with the
T-series of phages and 40 were untypable. The g.g_gii_ gtraineg
behaved differently with regard to the susceptibllity to
bacteriophage. Among 134 typable L.coll straine, 32 phage types
have been found. The various phage types of E.goll, their
number and their correlation with age groups in healthy, |
diarrhoesal and dead oamlves have been given in Table IV. The
majority of E.coli belonged to the phage types, 1, 20, 25 and
31. Altogether 28,10 & 5 phage types have been found in healthy,
dlarrhoeal and dead calves respectively. The phage types,which
were not found in the healthy calves, were 2, 9, 10 and 18. All
the 10 phage types found in dlarrhoeal calves, were also found
in healthy calves except the phage typee 2, 9 and 10, which
were exclusively confined %o the dlarrhoeal calves. The E.coli
from dead ocalves belonged to the phage types 1,16,19,20 and 26.
All the phage typee found in dead calves were also found in
healthy calves except type 16, and dlarrhceal salves except
types 168 and 19. The phage type 16 was found in one dead calf or

gerological typing:

All the 174 Z.00ll strains were tested with nine
avallable standard antisera to d.etarﬁine the serotypes. The
results of serological typing have been given in Table T. 59
E:goll strains could be tybed with the nine standard antisers

and the rest 115 strains could not be typed serologleally, they
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were \mtymﬁla with the available antisera. The serologically
typable E.c0li strains belonged to the serotypes: 026:B86 (8);
088385 (10); 086:B7 (13); 0111:84 (3); 0119:B14 (13) and
Q126:B16 (12)s All the slx serotypes were found in healthy
calves as well as oalves showing enteric digorders. Only two
serotypes: 0B55:B6 and 086:B7 were found, one each, in dead
calves. Various serotypes of E.coli, their number and their
corrslation with age sroups in healthy,disrrhosal and dead
calves have been presented in Table V. The ma jority of typable
Z.goli strains belonged to the serotypes: 086:B7 (13); 0119:B14
(13) end 0126:B16 (12). Next in order were the serotypes: 055:BS
(10) and 026:B6 (8).The serotype: 0111:B4 wae from three cases
only. _

Altogether 39 E.coll strains belonging to the serotypes:
026:38 (6); 055:B5 (7); 086187 (9); 0111:34 (2); 0119:814 (10)
and 0126:B18 (6) were found in healthy ocalves. 23, 9, 5 and 2
were found in the age groupe, 181 days and above, 31 to 60 days,
81 to 180 days and 16 to 30 days respectively. None of the
serologloally typable E.goli strains were detected in the healthy
calves, age group zero to 16 days.

Tighteen E.coll strains belonging to the serotypes;
926186 (3); 0B5:BS (2); 088:B7 (3); 0111:B4 (1); 0119:B14 (3)
and 0126:81€ (6) were found in calves showing enteric Aisorders.
Four z&alna representing four different seroiypes were found

An the age group, zero %o 15 daye; one serotype;: 055:B5 was

found in the age group, 16 to 30 days; three strains representing

three different serotypes were found in the age group, 31 to 60
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days; five strains representing four different serotypes were
found in the age group, 61 to 186 daye and five strains repre-
senting three different serotypes were found in the age group,
1891 days and above.

The serotypes: 055:BS and 086:B7 were isolated from dead
calves showing gastro-enteritis belonging to the age groups,
zero %o 15 days and 31 to 80 days respectively.

Each serotype of E.coli belonged to various phage types
and blochemical types. The correlation of serotypes with phage
typee and biochemical Typ-es have been given in Table VI below.

TABLE - VI
Correlation of serotypes uith phage types and
biochemical types
Berog%pee _i__ Fhage txg;s -i Biochemicalsgxpos
028:86 (8) i(2), 20(1), 28(1), 2(1), 3(2),4(1),11(1),
31(1),untypable (3). 12(1), 14(1),& 21(1).

085:88 (10) 1(1),11(1),25(2), 3(2), 8(1), 9(1),11(1),
26(1),31(4), 17(1),19(1),22(2) & 24(1).
untypable(1). ‘

086:87 (13) 1(2),6(1),8(1),14(1) 1(2),2(2),3(?).9(1).10(1).
19(1),20(1),22(1), 13(1),19(1),20(1),21(1) &
26(1),31(1), P4(1),
untypable (3).

O111:34 (3)  1(1),28(1), 1(1), 3(1) & 4(1).

untypable (1),
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TABLE- VI (continued)

1 T 3 % a2
Q119:814 (13)  1(2),14(1),20(2), 1(1), 3(3), 4(1),7(2),
: 26(4),31(2), 10(1),12(2),19(2) and
untypable (2). 24(1).
0126:B18(12)  1(1),2(1),101), 2(2),5(1),4(3),12(1),
30(1),31(1), 15(1),19(1) and 24(3).

untypable (7).

Total - 1(9),2(1),6(1), 1(4),2(8),3(11),4(8),7(2),
8(1),10(1),11(1), 8(1),9(2),10(2),11(2),12(4),

14(2),19(1),20(4),  13(1),14(1),15(1),17(1),19(8),
22(1),25(9),26(1), 20(1),21(2),22(2),and 24(8) =
30(1),31(9), 19 blochemical types (§9).
untypable (17) =
14 phagetypes (42)

| & untypable (17).

N.B,~ The number in parenthesi |
NeBe= sie indicate
etrain or strains in that type. & ¥ae ZiNmr of E.geld

The majority of serologlcally typable r.gol4 strains

e T

belenged to the phage types 1,25 and 31. Then come phage types

20 and 14 respestively in order of frequency. The vest of the

Phage typee were rare. The majority of serologleslly typable

E.goli atrains belonged to the biochemical Types 11,4 & 24,28 190
Pl 2 P PR ’

and 1& 12 in order of freQuengy, The rest of the biochemical types

came onoe or twice.
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Fig.no.?

Showing the bshaviour of the sensitive
E.g0ll strain no.72 with difrerent
concentrations of achromyein. The zone
of inhibition produced were 9,10,12,14,
& 15 mm.dlameter with $,10,25,50 & 100
mogme. concentration respectively.

Fig.no.8

fhowing the behaviour of the registant
E.e0ll strain no.81 where the zone of
Inhibition produced were 8.5, 7,7,8 & 9
mm.diameter with 5,10,25,50,& 100 megme.
concentration of achromyein regpectively.
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senaltivitz tepts:

All the 174 E.goli strains were tested with different
soncentrations of six antibiotics used. The results of the
sensitlvity teste in g;ggg,ha;a been precisely given in
Table VII, which indicates the action of antibiotice on
individual gtrains geparately. The dlameter of the disks
employed were near about 6.5 mm., and the zone of inhibition
were produced around the diaks.‘The dlameter of the zone of
inhibltion was measured, which ineluded the dlameter of the
disk in the centre. The E.coli strains behaved Alfferently with
different concentrations of six antibiotics used. Some of the
concentrations inhibited the growth of the L.goll strains around
the digks whereas others failed to do so.

Flgure 7 indiecates the bshaviour of the gensgitive @

ot
E o)

strain number 72 with different concentrations of schromyein.

Sty

The zone of inhibitlon produced were 9, 10, 12, 14 and 15 mm.
dlameter with 6, 10, 26, 50 and 100 megms. concentrations of
achromycin respectively. Figure 8 indicates the behaviour of
the resistant £.00l1 strain number 81 where the zone of inhibie
tion produced were 6.5, 7, 7, 8 and 9 mm. dlameter with 6, 10,

28, 50 and 100 megms. concentration of aohrofﬂ-_ respectively.

Figure 9 indicates the behaviour of sensitis '7‘3211 strain
number 8¢ with different concentrations of dihydrostreptomyecin
sulfate. The zone of inhibitions were 9, 10, 12, 13, & 15 mm.
dlameter with 5, 10, 28, 60 & 100 megms. concentration of

dihydrostreptomyein sulfate respectively. Figure 10 indicates



8t It OorT & gy T 01 o _
B O T S c” M“ ” M “ M” c“ & B TT OF O oF B M MMM nMak s e
LR B Gl B T a _2 SRR UAY OF WEBE, (VAR N NS RN
E TG 8 W oWt et R et M“ H“ AR e L
A VRWRERS L TR e L B e g*g M et wa Wa R0 iy, e
3 I SR A e Mﬁ $'0 8'9 9'9 8 &4 §'99°98'9 OF w 4 8'98'9 o
e (i O, oF 6 9T € SF OF OF ¥ 3T I B OT g
| 9°0°9 9*'¢ @T Pt 1T OF OT gt e 3T BT OF ¥t ST OF O & g
PPET TT OV 8 Ol O OF 6 9'99T ¥I o1 2t of, @ ¥T BT &% OF 91 9 %L &% & e% ¥ e & oF g
ST 8 3T OFT 8 3T BT IT OT & ST PT a1 Of 1
¢! @t B OF OF ¢ Sf o ST of OF B M B O 2w
€ 8 4 o199 8'08°98'99°98 L4 9'96°9 Q'Y B8 4 998989 8 4 898999 8 4 898989
16 8 4 994 999999894 99996969 8 & 996999 8 8 4 8999 4 99 69 9°9 8'9 g
® 4 $'9€'99¢'93 TU 11 OF OF 9 ¥ ¢ & oF ¥ OF Ol of 6 &4 99g'9g9gy ¥y ¥ O ot o
ST 8 TT OT 6 %I o e 1 OL 9T ¥T ¥ ST O 8T T O OF OF €% er 31 I 0F ¥i LI I O g
ST E Ol 6 1T OV OV OF OF Gy € & OF 6 & 9'9896'98'9 ¢ g or o of ¥& @ OF O g
WIS YT 0L 8 Ti YT OF OF & 9% 95 @1.0LUe | €T % OF of o3 g @ B I o1 3 T OO 4
1 1T OF Or 8 TI¥ OF OF OF OF &% 9t ¥#»v &t :ow“ 33 1T Ol of 6 ¥»T s¢ 8¢ 11 or 9T gF %P &1 O 9
QT BT TT ST 8% ST TEOOE OF. 8T ¥t stowidElisr ot oenoshoe WO OSEGR e A3 B 3t oF %
TEL IR TR TE GUEt e TR R L e e R A B GAEOF R ¥1 6T OF OF 3
S 3T 3T OF OF I IT OF OF 6 T 3T 1T 6 n.m AR IR P S BB L
ot ot St R G e 15640 e R RR R L AN Y RS . g°g °9 8°9 8°9 3
B WP e v T T R L ek ot et %t &t @ OF
T T TS W T 3 W 3 0 3 T T 3 L T 3 23 LT B s P o e
ot Lomalobetoxtibs_oorios | ss otl s | corl ool galor | e cor | oai gal oxl 6} corios [ I otl 8 1etl-d placi Ay
b )L gone | utoluzepet) | (ugosmosany) | (utodwoxusv)] ‘o
ol B e O L o e Bt

-g93eWeTP WU U} USAT3 €7 UOTITATUUT 30 8107 8yi *89
UATA SOAT®0 WOIJ POYELOST BUTBIALE aaooww_wo 83803

© ue xX18 JO SUOT4BJ}USOUOD JUBISIITP
il gaTnsea ays Jugmoye oTq¥L

£37a19T8U88 JO

| 71a- E16VE

1

107




i
(8] 3

T
¥
e
21
¥
¥
48

ot

144
&8F

eT
1§
et
13

1
(A) ¢

et
et
31

gt
g1
&t

o1
F 4

eT
() §
et
il

el @ 4 21
6 6 8 &1
8'9 g9 89
g1 01 ot o%
¢1 01 01 ®
T 0T 6 01
0r 0T 8 8
gt Ot o1 g1
8% @81 o1 @t
IT ot & @t
¢'9 ¢'9 8°9 &t
4 g8°'9 ¢°9 o1
(4] ¢ 8 8 1t
&r It or gt
¢'9 ¢'9 §'9 &
8T IT o1 ¥1
) & 9°9 6
88 0% 0%
B % 8 I
g's 9°9 8°9 8
g9 8°9 8'9 6
8T Ot O ¥
T ST oF gt
g°'9 9'9 g'9 ¥

MH MH M” M MH HH M“ M“ MH €1 81 10T 6 ¥T ¥ 3T O OF 9T VI 31
. ¢l BT 1T 0T OF ev a1 1T oF of ¥ ¥1 A
4 8'98°99'98 4 9909 g9y 4 99 9'99°96 4 9999898 4 g
YI BT TTOL BT OTNT ST Of W% er BIIL 6 81 BT g1 g 31 81 9T ¥t
& 4 8989 QT QT ¥l 21 OF @ oT 1T op o1 €T €T eT O O %I 31 3z
Of O O0Té gTwyrer 8t O 8 I OTOT 6 @&T BF It OF Of gt 2T of
4 €°98°99°98T Q9T ¥T BT ©1 & BT 1T Ol OF €T & 11 Or OF €F 21 ot
81 G 0T 0T 8T QI ¥T 2T O ¢r 21 ITOT OF € 8t IT Or Of 9 97 ¥1
8L 11 016 9T ¥T QT ST OF IT 1T OT OF OF F & IT Ol Of o ¥% <ot
1T 0T O0rTé #T 2T &F OF OF 1% O OL OF OF %¥T ¥T OF O Of 9T ¥I &t
8¢ 3T OTOT & @9 9°9€°98°9 €T 2T TT O O %I %% €1 23T Of 1 af 2I
g1 ST T 3T PI g1 OF 6°9 €9 9T €T 9T ¢ 2T 61 9V 8T %I 3l g1 81 sl
1T OF OTF & St o © 8°9 €*9 8T ST TT OF OF ¥%T ©F 3T 1T Ot %1 o B
€T €T BT 0T 03 ,.F 8T 1 BF ¥I @ ST BT T QT 9V QT 2r ar 4% or P
4 €'909'9¢8'98 L G'00'008'98B LG'9P G 9°9B 4L 9°98°98'96 4 g'9
#T 3T TT OT BT QT ®T 3T OF 8T &% 1T OF OF %I &T 3T Of OF of #T &%
8 4 8°98'9 68 4L €°9G°D G896 4LG'9SC9 8'90T 6 4 S°98'90T 6 8
8¢ Tt OT O ¥r ar &r OF 8 3T IT OTOF 6 @&t @&t 1T O Of 9F #1 21
OF Ot OotT6 O0zZ9T#F &I OF It Tt OT OFL 6 1T It OT OF Of 61 81 o1
& $8'98'968'949'98'98°9€°98T 3T BTOL 6 ¥I ©F 2 BT 0T 83 02 ST 3 Or o
L ©°96'96°94T ¥ @l OT 6 &1 TT OTLOF 6 &I 1T O OF 6 %I &1 38T 11g
€T 3T TTOT 9T ¥T ST OF 8 €T &1 TTOT CF €T @F 3F 1T OF 8T 8T €T 7T 0f g
3t IT TTOT AT ST ¥T 3T O 8 4 8°98'99'9 ¥T eI & &1 Or 9T ¥P 31 Ovoy 4,
ST BF OTOT BIGTI 31 OF OF 0a8T 9T ¥l &I 12 03 BT 91 ¥l %302 8T QI gl g
6% ] val celee Jisjosler Jet Jax I oijeri yuler et Jerjorj 6 TeJ 2 I9Je T » TeTEyy
ToenuT3uo0) IIA-318Ve




a1
81
w1
A !
ex

o1

ot
at
144
13
15

It
at
(4
1§
i

8
ot
et
ot
01
@
&
&
ot

o O O o

6

() ¢
T
et
13
e 3

@« © £~

g*9 89 8
g°‘p G°9 8
g°g 8'9 8

6

0 &

§'9 6’9 6'9 8
9'9 8¢9 8'9 8
9°9 €'9 €'9 4
8*9 6'9 8°'9 &
g8*'¢ 6°'9 ¢°9 8

8

(8] ¢
(0] §
0%
4

o1
13
ot
ot
er

8°9 89 8

6 g @t
é 8 I1
6 g8 1T
g*9 ¢°9 8

6 8 8

0t 6 @t
6 6 €1
6 8 &l
3t 01 &}

joe 162 ige )

6
ot
1t
(4] 4
071
g*'9
g9
g9

g*'e
g's
g8°s
G'9
g*'9
g*'s
1T
ot
ot
g°9
e°9
13
) ¢
13
17

8

ot
01
o1
01

01
6

01
g*9 8°9

at
14
8
i
8

g°9 8°9 B
e'e §°9 8

&

8'9

00@ m-w

89 99

g'9 8°9

g*9 8°9
g°9 8°'9
8°9 89

1}
6
(0] ¢

g9 8°9
8°e 8'9

[
13
ot
14

ot
g
6

ot
ot
(4} ¢
ot

at
8
8
g
8
&
&
81

ot

i
ot
81

e
¥

at

gk 8'9
4t 0%

gt ot

g°e nrn
0F ot

g8'a g'¢
g*'9 69
g°e ¢°9
0t ot

g°'s 8°9
g°g ¢°9
g*e ¢°9
g 9°9
' 8°9
g*g ¢'9
¥1 @l

3t Ot

g'9 8°9
g°9 ¢°9
g8'9 8°'9
€9 8°9

g9
(41

g9

g*9
g*e
g9

g8°e
99
g'9
g9
g9
99
0%

g*®
g°'s
g*'s
g°e

[ ¢
gt
et

ér

at
14

gt
ot
a1

0t 01T 6 €%

0%
al
g*9
1T
g9
g*9
R
ot
g*9
1 R
g*e
g9
g°9
g°p
T
(9} %
et
g8°e
g8°9

(4] ¢
01
Q'
01
g°9
8*9
g9
ot
g9
g°e
g*9
g9
a°9
g9
0%
) ¢
(#] ¢
)
9

0% gt
o1 ¢1
g9 8

g‘s ©
¢*9 8
a*g 01
0F ¢t
g9 8
g‘g 8
g9 8
g°9 8
a°9 8
6'9 ©

g'e 8
g‘e 8

8§ ¥
0T 9ot

et
ot
i

- 23

Tt

~ = B P

g9
(3 4
at
Gt

Tt
11
27
g°e
et
g*o
89

ot
8'9
g*9
g°9
g*9
§°9
8*9
13
3
13
g°9
g*9
at
13
at
et

£] ¢
o1
et
g9
Tt
g‘e
a*9

o1
99
g9
g9
g9
g°9
8°9
(#] 4
94
ot
g*e
g°9
Tt
o1
(9] ¢
el

0F 8 4
01 9% ¥t
01 @t gt

g9 9t ¥i
0T 91 ¥1

49 8 &
g'9 6 8§
8'9 6 ©
or 1T 1T
29 8 4
3'g 8 &
898 4
898 4
8'9 8 4
g'9 8 2
o1 91 %1
6 g1 ¥l
o1 91 8T
g*9 4 8°9
g+9 91 #1
o1 o1 71
o1 eI &t
o1 91 ¥%
o1 gt

aca 06@ aoﬂ ..

T 8T Ot 0
é1 01 8 8
st 01 O% I
¥t &1t o1 %

4 9°9 9%

ot 6
g'9 8%9 g9 g,
6'9 8'9 8'9 g,
%9 &9
S'9 8°9 8%9 g,
§°9 9°9 89 q,
g'9 8°9 994,
¥i 21 o1 g
et 0% 6 g
et 8T O o,
g°9 8°9 8%9 gy




8
91
8

21
)

»1
1
a1
%
et
ot
A
(4] §

& 9°'9 @'9 &
PT &1 OT ¥1
4 8'9 8*g 01
0T 8 &4 31
g*9 ¢*9 g¢'9 &1
T OF o1 Ot
€T IT 8 4 ¢
8T €% oOF @1
it OF & 2%
3T 0T 8 ¥l
€6 8 4 et
€T ©oF 8 1%

§ 8 g'seat

¥1 &1 o1t & =@t
, O ot 8 &4 Wl

w QV & 8 L Ot

L 8§
&

8 g'96'9 8
€'9 ¢'90 ¢8'9 6

44 sl I1T O 8 @t

gt T 81 ©Y OF ¥1

6 8 @g'98'98'9e
5t & © 4 8968
L &t & Q% ©

8 4 ¢'9 8'9S°9 8

1T 6
2T et
6 @
1T Ot
it o1
01 0Ot
IT Ot
It OF
¢l a1
4 T4 ¢
T 1
0% ot
el a1
¢t 11
T 11
Q1 Ot
8 &
6 ©
¢t It

& 9'9 91 o1
g1 o1 02 81
L 8'9 81 o1
g8 §°9 9T o1
OT 84 8T 81
6 & 0381
oT 6 4T g1
o 8 o1 @1
Tt o1 8% @1
Ot & 81 91
ot & Tt of
6 6 91 ¥l
1T 0T 1T 1Y
of OT 81 ot
01 01 08 8%
6 8 ¥I L

g*'9 ¢'9 81 &t

A

Ot 6

8'9 &t ¢t
gt et

¥ 2t &1 0% 81 ot

8 4
g8 8

L 8°9 99998 &
YWTGE 168 1ee Y2a | 9elas Yve 180 184

g*9 ¢°9 81 ¥1

&

TT T OF OF @&

g*9 81 ot
8 &

1 4}
o1
a1
21
81
gt
et
et
et
¥
8
a1
)
a1
gt
et
o1
ot
14
91
a1
vi

g*9 ¢°s €°8 &%

0%
&l
53 ¢
&t

4 ¢

(9] 4
01
01
0t
ot
ot
ot
(8] ¢
ot
o1
8

ot
g

0t
r44
(4} &
[

8

(4]
ot
(433
ot

vi
et
v
3
91
et
21
gt
vl
¥
53
¢t
31
¥l
1
ot
gt
ot
v1
)
1
i

g'9 90 8'9 8

v
@1
44
(3
91
(A
at
a1
vt
a1
at
et
(4
et
14
it
21
vi
er
et
vi
vi
et

4

74 8
7% A

el
¥t
3
et
et
a1
it

ot
(24
(9
1T
iy d
4] 4
134
o1
ot
1t
1T
1%
(6] 4
¢T
(8] !
0%
11
el
o1
a¥
i1
11}
(9] 4

(9] ¢
o1
i1
o1
ot
6

(9] ¢
-]

ot
() ¢
8

01
01
1}
01
6

oF
o1
6

o1
ot
ot
ot

at
ot
a1
1544
4t
el
ar
14"
at
¥1
et
1
ot
et
a1
gl
A
81
vi
o1
i
gt
et

g*9 8'9 §°9 ©

i
it
14
54 ¢
91
et
i
21
¥1
1
at
144 4
ot
i
et
et
gt
5]
71
o1
vi
14
et

&

el
0t
£t
(4§
¥
11
54 4
(=38
et
&l
Tt
al
11
at
£7
1t
et
gl
eT
14}
1
el
114

o1
g

A
o1
el
0¥
01
0t
[
1
6

(4] ¢
0T
Tt
et
Ot
1T
&t
o1
o1
ot
ot
o1

08
81
o1
ot
02
g1
o1
14
g1
gt
et
ot
vi
o1
"
1
ot
gt
gt
08
o1
8t
4

g*9 6°9 8°9 6

bl
o1
vi
1
03
1
a1
et
i
13
3t
gt
&1
gt
03
g1
6

et
at
81
3
et
g1

g

gt
i
ot
at
21
e1
i

at
et
at
et
11
el
81
ot

cl
Tt
o1
et

¥1
gt

g9

61 0T 631
61 Ot @31
0t 8 431
ot Ot 931
81 Ov ¥al
g1 o1 I8r
g1 o1 o031
1T 6 611
1T OF 911
3t OF QI1
01l © 711
oF ot ert
o1 6 601
o1 of €0t
g1 &1 401
o1 6 8ot
L 8°9 %01
ot 6 o1
or 6 301
¥T 2T 66
0T 6 &6
gt OT 96
gl Ol ¥8
§*9 8°9 96




T 8T OF 6 B8 @y BT 1T O Of
I B L T T T
)T T BT IT OT ©F ot 8T &1 o1
3T ¥T 3T TT OT 9T ¥ 81 11 of
ST @1 2T OF 6 &1 I 0% o1 of,
Q1 %1 @ &l Ol BT 81 1 It OF
9T %1 81 Ot & 8t S IT O Ot
¢t 31 Oor € 8 ¢ ot BT OT Of
€T 2T Or OF 6 € 3T BF IT OF
8 4 9°9g'98'9 3T IT OF OF 6
ot ¥ er 81 OT 3T &I TIi O Of
8T 81T #%1 381 6 1 €1 E1 &y Ot
8T %1 €I @t OF &1 &1 It O Ot
@1 3T Tt OT 8 T OT OF 6 8
3T OF 8 ® 4 It O Of 6 @
¥T 8T Ot 8 8 €T % 1T Of O%F
ST »I BT OF 8 &I IT O Or ®
9l 9T 3T O 6 BT TT O OF 6
et SF 3T Tt 86 5 $3.90% @& 8
@t 3T OT OF 6 @ 3 It O Of
8t &% 01 6 8 ¢t 8T IT TIT O
9T €T 8% OF 6 e ST TIT OF 6
@t 2t Ot 8 8 3T TT OT O 6
gt T 3T OT 6 3t IT OF OF 6
B 10 §c 8¢ g 19¢ jS¢ -

i
&

(V) 4
81
o1
81
8T
81
81
81
81
Oa
0g
154 4
81
02
13
08
8t
02
6t
81
0e
0a

[
&

€

a1
¥
o1
ot
91
o1
o1

91
81
8t

ol
] ¢
81
¥i
8t
£1
02
ot
97
8t
ot

at
g9
FA
at
et
o1
vt
14
1
at
91
gt
8t
a1
91
o1
et
gt
3
o1
vl
12
¥
et

et 01 11
¢*'g 8'9 ®B

8'9 €9 21
¢l 01 &t
¢t 0T g1
et O0F g%
gt 0T g1
1 O &t
at 01 ¢%
P ST ©

¢1 Ot ot
ef O1 3t
¢t O @t
0F 8 £
T T 21
1 &1 €1
It 01 #1
¥ O gt
oFf &8 ¥t
¢t 01 €3
¢t OF &1
gl OF @&t
gt Ot ®

2T o1 ¢t

it

et
12
(] 8
et
at
1t
(] 8

&
et

ge Jge It Joo Jet 8T fat i9T S

OF OF 6 & TT 0T OT OF ¢F g &F & OF ggy
9'96°9 8908 4 9°99°98'98 4 99 8'9 89 ¥y
81 3T OT ¥T ¥T eT 31 O 9T 6% €T OF OF 1igy
Tt 01 6 €T 2T ST OF OT 9F 6T 9F &t 0 egy
YT OF OF €% 2T 1T Ot OF §% ¥T 2T I OF ooy
Tt Or OT ¥T ¥T 3F IT OF 8t €I 2T OF OF ggy
TT IT O ¥T eT 8T BT T 9T ¥T YT OT OF gy
OY O OF @ 3T OT OF 6 81 %I €1 &1 0T gu
TT Ot 6 €T <¢F &t 3% OF %I &I 2% Or OF a0y
§*9 €°9 8'98 4 9'96°98°9 9T ¥I ¥T BT OF Igy
TT OT 6 QT ¥ &% O 6 9F & %I OF O 6%
OT OF 6 €t TT 1T OF 6 8T 9T %I 3T OL ey
T OT 6 %I 27T 2T Or OF 8% 9Ot ¥I 3% OF 4y
T OT OT ©T 2T @F TT OF %% e 23T Of 8 3y
OF 0T 6 &1 31 OT OF 6 &T 3 &T 1T OF o¥p
3T TT OT ©1 €1 &I 8% &I 8T oF 91 ¥ 8T &
g1 2T OT ST QF €F &1 OF 9T #I 2T IT O Tyt
IT IT OF 2% ST TT IT OF %I &t 1T OT 6  Oby
g1 31 OT %I €1 oF 31 OT € 3T 2T OF 6  6gr
31 IT O ©f € BT IT OF oF 9T %I 31 OF gy
fT OL 6 €1 2 &t OF OF 6T @ 2T OT OF ggy
0T 01 6 &I 2t 1T OF OF 9T ¥I &F 3l OF Qg
8¢ G*9 g*9 €T 31 IT OF OF %1 3T &1 0T 8  2gr
31 TT IT T €T e7 &% 1T 8% 9T ¥i 3T OF gl

[Z [6T 1 6 1 ¢ 51 olviglealt

Tpenutguoe 1IAa1eve

g0t




i v = e

1
T
44
)T
3T
31

o1
gt
91
A4

at

at

o1
¥
81
¥i
91
i

el
el
ot
a1
ot
i
[ ¢

i
A
vi
(61§
1}
ot
(83 4
1 4
et
o1
(Y
1 4
&t

QL

al
o1
el
ot

A
¥

¢t OF &
OF & 11
¢f OF @1
6 ® &1
1T 01 &1
ct 6 11
6§ 8 @1
ét 01 ¢t
0T 68 31
0F 01 <1
0t 8 g1
el Ot @1
0y 8 2%
a*g 8°9 &
6 8 31
& §'9 et
4 §°9 11
0f 6 ¢t
¢ 8 ¥
€t 6 ¥
ot 8 @&t
4d 89 ¢t
or 8 &t
et 01 ¥}

8
133
1
at
at
3] ¢
11

e1

L& 8°9 8°9 91
0T 0t ot et
1T OFT OF @t
IT 0T 6 871
L O 0F 81
0T OF% " 9t
0F Ot 6 81
&t &t T1 ¢t
et 11 01 &t
i1 01 01 91
It 0T 8 @9t
IT IT Ot @t
é1 1T 01 9t
8'0 8°0 6°9 6

0T 01 OF @1
It Ot O @1
0t 01 6 &8I
gt 1T OF #I
12 B & ' PE
¢1 01 OF 81
Of Ot 6 81
1 0T OF W%
It Ot 8 &1
¢ &1 O% 0%

71
14}
st
14
71
14}
(44
1 4
21
i
ay
er
i

i

i
2T
434
14
¥i
et
it
() ¢
¥i
at
ét

11
544
&t
)
T3

e1
Ot
11

at
(4 1
g9

) ¢
at
o3
01
(4§
o1
01
ot

o1
0t
01
ot
g9
ot
o1

eT
et
13
14

) !
e
eT
[ 4
a1
a1
eT
ot

et

It
1
Y 4
13
1544
2%
it
11
ot
21
(3 4

1t
it
Tt
(4} 4
(A ¢
o3

&1
i1
01
1
a1
it
Q°9

ot
ot
(8] ¢
o1
] |
(8} 4
ot

Tt
01
13
it
ot
8°9
ot
1
($14

14
o1
0] 4
(9] ¢
11

et

ot
01
Ot

1t
01
13
[
ot

0t
ot
01
g°s

01

Ot

01

4] ¢

0t
13

i
it
Tt
154
ot
(4
a1
() 8
él
et
et
¢l
&

[3 8
159 §
ot
at
e
159 ¢
et
et
et
41

1
21
It
13
e?
a1
14
i
1%
61
1
et
1t

01
at
o1
01
(34
it
er
vt
it
(734
T
13
It
g°9

01
ol
0t
1] §

01
at
ot
il
1T
13!
o1
o1
g9
it
01
ot
1t
it
1Y’
it
13
o1
ol

o1
01
O
o1
1T
0T
11
at
ot
4]
ot
o1
($)4
e*9
o1
o1

LA 4
¥l €1
¥l &t
¢l ot
€% o1
¥r ¢1
91 et
g gl
T 11
¥1 et
¥ €1
194 S} §
¥ g1
g &

g1 ot
¥i 91
et 11
g1 ol
¥1 <1
81 €1
81 91
i €1
¥ €1
81 9t

44
el
at

at
(4
ot
14
134
at
(A
o1
=4 4
8°9
01
i
01
[
ot
i
St
&l
et
gt

at
(73 ¢
ot
01
(6] 4
1t
ot
1544
01
134
a1
at
o3%
g9
0t
ot
(6] ¢
it
)4
et
ét
et
A
i

13
13

O

0%
(914
ot
0T
at
o1
0t
ot
ot
o1
g°9
ot
ot
¥
ot
(9]
ot
ot
) 4
1

2t

[DONUTRUCD) 11/ -A18Yd

807

¥0g

681
881
881
81
g8t
841
bl
841
241
341
04t
691
491
est

bl e lvielel ¥t




- sggiun = 8gn J0 30

T 6 2 ¢'9g94 &4 S'98'98°98 4 89 9'9 G096 &4 9969 89 8 4 9999898 4 9% g*9 S°9 903
T & 4 G'9Q'94 $°9 9°98°99'98 4 9989998 4L 9989 979 8§ &4 ©'99'98'98 & 8°9 9°99°0cE
0t 6 B $9894 A& T9WNE 4 SOTRANE L S9RH 9D O L ©'98'98°98 4 9°9 6°9 9% 1%
Pt @t St O & @t T OT OF 8 4% 4T 8¢ 3 oF BT T 0% OF of &I 21 11 Ot OF eFgr 3 OF OF 6¥3
e & 4 heEn 2 TR & TRNEGRE 0 09 Bhe gt & 8 4 Fattem A €9 370979 G
6 8 L 8'98'9¢4¢ & g*9 G*9 8'9 B8 & g'0 8*9 G*9 8 4 g*9 ¢'9 6°9 8 8 & g*p g°9 8 & 8°9 g*9 8°9 4¥g
41 61 9t 81 & ¥U 3T 3T Or ot e er B Or.0v ¥ Wi st @1 1T 9T %I ¥T 9F OF 6% 4T 9% 2 T
5t SEVFEUE 8 BT T OTVOT W WY RUINE OLp% W &3 et %1 of 8% 91 21 B OF &V & 0T 6 %3
gT £t &1 O &® gt B &% ¢ ¥ gr %1 21 O1.6 81 ¢} T It 6 g1 1 8t o1 &1l gt ¢t &% 01T 8 0%

0% 16¢ 188 1se {9c {9¢ j¥c |86 130 1¥c o5 Y61 Joi 141 1ot 16t Jvy Jev 1 av Jee jor 1 6.1 9 *TTrs 181118 )

( PanuT Juo0) ) . Bmﬁ._

80T




109

th
® Zone Of inhibition produced by the different concentra=
tilo
Ne or &ohromyein and dihydro-gtreptomyein sulfate on
E.
201 strasy musber 195: e w65 of inhibitions were 10,15,

13 .
* 14 2 150 ity o b 6, 10, 26, 50 & 100 mogms.

eo
nOan:ration of achromycin respectively, wherese the zone of

1nh1b1tiona were 12, 13, 15, 18 & 20 mm. diameter with 5, 1o, :
28, 80 2 100 Megms. concentration of dihydrostreptomyein sulfate
mﬂpectively. ' '
The zone or inhibitlone produced by the six antibioties
in difrerent concentrations and the number of E.coll strains
Tound in thas Zone have been given in Table VITT. This table

has been deduoeg from Table VII and indicates the maximum,

minimum ang intermediate zone of inhibition produces by the

antibiotice and the number of E.c0ll etrains falling in that

Zone. From Table VITT 1t appears that the achromyein hsd no

effect in 10 megms. concentration on 31 E.coll etraine and in

20 mepms. concentration on 27 E.co0ll strains. The E.e0ll straing

whilch resisted the action of achromycin up to 25 Megms. concen=~

tration were regarded as the resistant strains and as such the

regicstant straine against achromycin were 2% (15.61%).8imilarly
the resistant strains agalnst aureomyecin, ledermyoin, dihydro-
streptomyelin sulfate and mysteolin-v were found to be 29(16.009),
37 (21.26%), 39 (22.41%) and 35(20.117) respectively. p,nioil’lm
6 sodium in 100 units concenfration had no effect on 41 (23.858%)

14 strains and they were regarded as reslaetant strains.
F.C0 8 - .
B The maximum number of resistant sftrains were found in
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the zone of inhibition produced by the different consentra=-
tions of achromycin and dihydro-streptomyein sulfate on

£.coli strain number 121. The zone of inhibitions were 10,12,
13, 14 & 15 mm. dlameter with 5, 10, 25, 50 & 100 mogms.
goneentration of achromyecin respectively, vheress the zone of
inhibitions were 12, 13, 15, 18 & 20 mm. diameter with 5, 10, 3
26, 50 & 100 megme. concentration of dihydrostreptomycin sulfate
respectively.

The zone of inhibitions produced by the six antibiotics
in different concentrations and the number of E.c0ll strains ‘
found in that zone have been given in Table VITI. This table
has been deduced from Table VIT and indicates the maximum,
minimum and intermediate zone of inhibition produced by the
antibiotics and the number of E.coli straine falllng in that
zone. From Table VIIT it appears that the achromycin had mno
effect in 10 megms. concentration on 31 E.coll strains and in
26 megms. concentration on 27 E.coli strains. The E.coll strains
which resisted the action of achromycin up to 26 megms. concen-
tration wers regarded as the resigtant strains and as such thé ;
registent straine agalinst achromycin were 27 (15.61%) .8imilarly
the resistant straing against aureomyein, ledermyein, dihydro-
gtreptomyeln gulfate and mysteclin-V were found %o be °9(16.097),
a7 (21.26%), 39 (922.41%) and 35(20.11%) respectively. Penicillin
g sodium in 100 uniis concentration had no effect on 41 (23. 667)
E. gg;;,gtraina and they were regarded as resistant strains.

The maximum number of resistant stralns were found in
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penieillin and the g&nimum in achromyein., Dihydrostreptomyein
came next to peniecilliin, then ledermycin,mysteclin-v and
aureomyein in that order. The percentage of resistant E.coll
strains found, were Quite considerable. 24 stralnd were
reslistant to all the six antiblotice; one to aurbomycin,
1ederﬁyoin, dihydrostreptomycin and mysteoclin-V; one %o
aureomyein, ledermysin and #lhydrostreptomycin; one to aureo-
myein, ledermycin and penicillin; one to dihydrostreptomyein,
mysteolin-v and penicillin; two to dihydrostreptomyein and
penicillin; and one to achromycin and dihydrostreptomyein.one
gtrain was reelstant to-aureomyoin; two to achromyocin; nine %o
dihydrostreptomycin; ten to ledermyein; nine to myeteclin-v;
and 13 to penieillin.

The correlation of serotypes with sensitivity tests
have been given in Table IX below.

TABLE - IX
gorrelation of serotypes with sensitivity teets

Serotypes [ Results of sensitivity tesfs
026:88 (8) (1) Two strains were resistant to all the

eix antiblotics.
(2) one strain was resistant o mysteclin-v.
(3) Five streins were sensitive to all the
gix antiblotiocs.
056 :BS (10) (1) Four strains were resistant to all the
six antibiotics. '

(2) One wag resistant to ledermycin.
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TABLE—IX(oontlnucdz

Serotypes 1 Tesults of sensitivity tests
(3) One was resistant to dihydroetroptomyoin

(4) rour straine were sensitive to all the
elx antibiotiecs.
086:87 (13) (1) Four strains were resistant to all the
~elx antiblotiecs.
(2) One strain was registant to achromycin
and mysteclin-v.
(3) One was resistant to ledermyecin.
(4¢) seven strains were gensitive to all
the six antiblotics.
0111:B4 (3) (1) One strain wae reeistant to all the
six antiblotics.
(2) Two atralﬁs were asensitive %o all the
eix antibioties. '
0119:814 (13) (1) Two straine wers resistant to all the
8ix antibiotioes.
(2) One was resistant to aureomyein,ledermyein
and penieillin.
(3) One was resistant to dihydrostreptomycin.
(4) Wine were sensitive to all the eix
antiblotics.
0126:216 (12) (1) One strain was resistant to all the
slx antibiotics.
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JABLE-TY (continued)

serotypes I Fepulte of esnsifivity tests,

{(2) One was resistant to dihydrostreptomyein.

(3) one was resistant to penieillin.

(4) Nine were sensitive to all the gix
antibiotics..

¥:8.- The number in the parenthesis indicates the number of

EJ.coll straing in that type.

Two serotypes: 0865:B6 and 086:B7 were resistant to
all the eix antibiotics used. These two serotypes were isolated

from two dead calves.



DISCUSSION AND CONGCLUSION



General:

In the present investigation the materials were
eollected from March,1965 to July,1965 from the calves of
Government Cattle Farm, Patna. Altogether 246 living calves
and 7 dead calves were examined for the prevalence of

Escherichia goli. Out of 248 living oalves, 46 calves were

having diarrhoea of varying intensity. out of 7 dead calves,
3 were having gastro-enteritis and rest were having enteritie
only. The elinieal coniitions along with age and sex of 174
calves which revealed the presence of E.coli have been gilven
in Table I. The E.goll from 131, 37 and 6 healthy,diarrhoeal
and dead calves respectively were isolated and subjected to
biochemical tests, phage typing, serological typing and
gensitivity teste in Vitro with 6 antibiotics.

T.coll is widely distributed among man, varieties of
animals and birds. It ie the predominant orggniam in fhe
intestinal canal of man and animale. The organisms gain
enterance to the intestinal canal shortly after birth and
perﬁlat throughout the life. Most of them are intestinal
parasites. Investigationscarried out, so far, revealed that
every animal species is found to harbour these orpganisme in
their bodles especially in their intestinal tract . The

serotypes isolated in the preeent investigation are potential
Pathogens for man and animals.
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Calf mortality:

Information regarding the death of calves, from one
wesk to one year old or slightly more, at Government Cattle
Farm,Patna, was oollected from 1960 to 28th september,1965.

The mortality was 26.08%, 27.4%, 33.33¢, 15.197,12.37% and

17.87 in 1960, 1961, 1962, 1963, 1964 and 1985 respectively.

It was also found thet the mortality rate varies from one

season to another. Out of a total of 197 deathe Auring the
periods of nearly slx yeurs, 32 (16.24%) occurred in Jamary,

24 (12.18%) in February, 21 l(lO.GB%) in March, 25 (12.897) 1in
April, 12 (6.09%7) in May, 10 (6.07%) in June & July, 18 (8.12%)
in August, 8 (4.067) in geptember, 4 (2.03%) in Oetober,10(5.07%)
in November and 25 (12.697) in Necember. The mortslity was higher
in January,April and December than the reet of the months.

Iovell and Hill (1940), descussing the mortality incidence
in great Britain have coneluded that "factors inimical to calf's
lifre have a greater influence in the first half of the year,
chiefly 1% seems in the first quarter, and that their effect is
more pronounced in Scotland than in Ingland and Walse®, Withers
(1952) in a statietlicsal study of calf mortelity in relation to
management and environmental factore hae suggested that the
seasonal scouring mortality during the early months of the year,
is related %to wlde temperature variations and absence of sun
shine common a% this time in great Britain. Tarlier, Jordon

(1933) attributed thie higher susceptibility tf spring born
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in the winfer and spring seasons (December to April) in

calves. Keeping of calves together in calf-pens, close
congregation of calves, easpecially during winter, nutrition,
geasonal vaeriation in resistance %o infection and lack of
personal attention are some of the factors favaourable for

the gpread of infection from one oalf to another susceptible
oalf, But, in the presence of reported satisfzctory managements
in the farm, it is extremely difficult to assign the reason or
reasons to the heavy mortality. It appears that a number of
factors are involved in the oalf mortality which need close

observation to elucidate the possgible factors.

Biochemlical characters:

All the 174 E.coli strains, of the present observatlon,
were positive for 1ndolo; M.R, and nitrate and negative for
VY.P,, citrate and adonitol. They gave the IMViC reactlons ++-< .
All fermented glucose, lactose, arabinose and mannitol promptly
within 24 hours except one strain which fermented arabinose in
four days. The fermentations of sucrose, raffinose, duleltnl,
sorbitol and production of gas from glucose were variable., 64
gtraine produced gas from glucose and 110 etrains were anacro-
genle. 84 strains fermented sucrose in 1 to 10 days, 110 raffinose
in 1 to 4 daye, 57 duleitol in 1 to 10 daye end 139 gorbitol in
1 to 5 days time. Altogether 24 blochemical patterns of sugar
fermentations, representing 24 bioochemical types have been
detected in 174 L.coll strains. The bilochemiocal types and thsiw
correlation with age groups in healthy,diarrhoeal and dead calves
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have been shown in Teble IIT. All the 24 blochemical types
of E.coli were found in healthy calves and only 10 & B
blochemical types were found in dlarrhosal and dead calves
respectively. All the biochemical types found in Aiarrhoeal
and dead calves were also found in healthy calves.

In the present gtudy the IMVAC reactions were +4--
whlch corresponded with the IMViAC reactions reported by Charter
and Taylor (1962), Ewing et sl (1956), wilson and Miles (19885),
Breed et al (1957) anmd Rees (1960). The anserogenic type of
E.coll has also been reported by Charter and Taylor (1952)
and FTwing et al(1955) in the F.goli type canioni and E.c0li
serotypes .0111. In the present work, the aerogeniec as well as
anaerogenic typesof E.coll have been found in the serotypes:
026:86; 085:B5; 006:87; 0111:B4; 0119:B14 and 0126:B16 as well
as in serologically untypable E.coli .atmina. Sfucrose posltive
E.coll strains have been reported by Charter and Taylor (1952),
and EZwing et al (1855) in the serotype: 0111, Rees (1980) in
the eserotype: 0128:812, Mansson (1962) in 0138 and also by
shirlaw (1960) in E.cold etrains. In the present investigation
the sucrose poeitive & sucrose negatlve, raffinose positive
& negative, duloitol positive & negative and sorbitol positive
& negative strains were found in all the above mentioned
serotypes as Well as serologically untypable streilns. Raffinoge '
and duleitol positive strains have been described by Wilson
and Miles (1965) and Breed et al (1957) . Rees (19680) described
duleitol negative straln in the serotype 0128:B12, but the type
strain .remented duleitol. sSorbitol positive strain hag been
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desoribed by Twing et 2l (1958) in the serotype 0111 and
Rees (1960) in 0128:812.

In the present investigation serologically identical
Z.g0l1 strains gave different blochemical pattern of reactions
and serologleally unrelated strains gave 1dentical blochemical
reactlions. The correlation of serotypes with biochemioal pattern
(types) have already been given in Table VI. Charter and Taylor
(1982) found that the serologically identiecal strains gave
different fermentation reactions. F.ooli type canioni, from
three different eources, gave three fermentation pattern. Tn
addition a serologleally unrelated Z.0011 may give reaction
eimilar to one of the above pattern.

Fey (1957) found twenty O-groupe and 49 biochemical types
in 105 F.c0ll strains isolated from coli-gepticaemia in calves.
Sinha (1965) carried out the biochemiocal teste of &1 E.co0l)
etraine, ieolated from infantile pastro-enteritis. The E.coli
belonged to 9 different serotypes. He found that the serologically
related strains often gave different fermentation reactions.

All the 174 E.coll straing were tested for susceptibility
with T-series of phages. Results of bacteriophage typing have
been glven precicely in Table I. Altogether 32 phage types
have been found in the calves. Out of 32 phage types, 28,10
and 5 were found in healthy, diarrhoeal and dead ocalves,
respectively. Varloues phage types of E.goll, their number and
their correlation with age groups in healthy,diarrhoeal and
dead ocalvees have been shown in Table IV. All the 10 phage types
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found in diarr!ioenl calves were also found in healthy calves
except the phage types 2, 9 & 10 which were only found in
dlarrhoeal calves and not in healthy or dead calves. All the
five phage types observed in dead ocalves were also found in
healthy calves except the phage type 168 and in diarrhoeal
calves except the phage types 18 & 19. The phage type 18
was only found once in 2 dead calf.

The fact that many more phage types of E.c0ll were
identified in the present survey by means of phage typing
is not surprising. Nicolle et al (1952), working with strains
of E.coll of human origin found that several different phags
types could be found amongst strains of the same serologiecal
type. Nicolle et al (1954) classified E.coll strains belonging
to the serotypes: 0111:34; 0B85:88 and_026:36 into Aifferent
phage types. 2mith and Orabb (1986) classified E.coll straine
of animal origin into phage types. They used 18 vhages isolated
from animale and found 70 phage types of E.coli in healthy
calves ani 32 phage typés in scouring calves. Kasatiya and
singh (1961) indicated that the E.goll strains of animal origin
belonged to different phage types than the strains of human
origin. Yadava (1965) found three phage types of E.c0ll in eix
typable E.po0li straine, out of 34 straine isolated from calves.
Aeoording to Smith and Orabb (1956) a possible explanation of
this 1e that many of the phage types Aiffer from sach other
by means of aequired phage resistance only,i.e.some straine
through contact with different phagee in the field have become
reslstant to them and as a result their susceptibility to the
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test phages may have altered; such strains would then
accordingly be differentiated from other-wise identical etrains
which had been exposed to other and different phages.

The E.gold from the healthy and diarrhoeal calves Aid
not behave Aifferently with regard to the phage typing. All
the 10 phape types found in dlarrhoeal calves were aleso found
in healthy calves except the phage types 2, 9 & 10. This
observation ie not the new finding of the present investigation.
smith and Crabb (1956) found that ell the 32 phage types found
in geourirgozlves were also found in healthy ecalves except one
phage type. Spith (1968) deseribed that the dominant F.coll
15 the faeces of all the calves that developed scouring during
~ an observation perlod of one year, belonged to one phage type,
type 2, which was also found in the faecces of some of the healthy
calves, but never in the faeces of the cows of that herd. One
ecan wonder here what part the E.coli plays in the digease
process of the scouring calves, when the same phage types are
prevalent in the intestine of healthy calves. fhe association of
E.ocoll with white scours has been so well establiched, that it
does not need any further explanation.

The classification of E.coli on phage typing resulted
in a oomplex problem. Serologically identical strains gave
aifrerent phage types and serdiogically unrelated strains were
identical in phage types. There 1s no correlation between
serotypes and phage types, which have been shown in Table V7.
amith and Crabb (1956)'round up to eight phage types from the
same specimen of faecees in calves. smith (1960) described the
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complexities of phage types that oceur in animals especlally
in ealves. He further stated that the bacteriophage method
of claseification would only yield information on the predomi-

nant types of E.eoll present in the calves.

Serological typing:

Out of 174 Z.coll straine tested with nine standard
antisera, 59 were typable and 115 wers untypable. 39, 18 & 2
serologically typable F.coli strains were found in healthy,
dlarrhoeal and d'oad ealves respectively. various serotypes
of E.coll found and thelr correlation with age groups in healthy s
dlarrhoeal and du:l calves have been shown in Table V. All the
6 serotypes: 026:B86; 0556:85; 086:B7; 0111:B4; 01191814 and
0126:B16 were found in healthy as well as in dlarrhoeal calves
and only serotypes: 055:B5 and 088:B7 have been found one each
in two dead ocalves.

The serotypees in order of frequensy in healthy calves
were - Q119:B14 (10); 088:B7(9); QBB5:B6(7); 0126:316(6);026:86
(6); and 0111:B4(2). The serotypes in order of fredueney in
diarrhoeal calves were - Q126:316(6); 026:B6(3); 086:B7(3);
0119:814(3);085:88 (2) and Q111:B4(1).

Fach of the serotypes of F.coll belonged to various
phage types and blochemical types. The correlation of sarotyp&s
with phage types and biochemical types have been ghown in
Teble VI. The msjority of serologically typable E.coli strains
belonged to 1, 26 & 31 phage types and 11, 4 & 24 biochemical
types.
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The resulte of the present survey are Qult;e comparable
with the results obtained by others. Orskov (1981) isolatea
I.00li serotype: 026:B8 from sick calves. Ulbrich (1054)
isolated Z.gcoli serotype: 055:35 from calves with white scours.
Tey (1986) isolated E.coli serotype -w with a new "B" antigen
from septicaemic calves. In his opinion this serotype was %he
selective pathogen for calves. geurden et al (1957) isolated
E.coll serotype: 08 from & calf. Uberko (1987) isolated E.goli
serotypes: Q28:88 and Q}_u_:s_&_'trum calvee. Rees (1957) reported
that the T.coli strains most freduently found in natural cases
of white scours in Great Britain were - 9_?_;&?; 085:L%; 078:B?
amﬁ 0137:1L79. He also reported the i1solation of 086:B7 and
0103:37 from naturally ocourring cases of white scours in
calves.

Fey (1987) examined E.coll igolated from 105 calves
guffering from coli-septicaemia and found twenty O-groups.

The predominant Q-groupe were - 078; 0113; 0185 and 0117,

comprising 577 of the strains and 297 were 078 only. In another
paper he reported that 073:B80 represenfied 37.5%, out of 145
etrains studlied. gould (1958) isolated 028 from the cases of
white scours. Rees (1988) reported the E.coll from the coli-
bacillosls in calvee. They belonged to the serotypes: 09:K7;
09:4; 018:K?; 036:K?; 078:XK80; 086:87; 0103:87; 0117:X? and
0137:K79(L). Glantz gt gl (1989) found that the 162 E.eoli
strains 1solated from scouring calvee belonged to 16 different
o—groupa- 8trains belonging to the serotypes: 026; 08; 0119 and
03 were pathogenio. The serotypes _o__;__;_g and 08 were isolated

———

more often from calves with spontaneous scours than the other
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serotypee. Kaechenbeek et al (1960) found the serotypes:
078; 085; 086 and 015 in calves. The first two serotypes were

commonest. Smith (1960) reported the work of N.I.R.D. and
R.Y.C. Llondon,team. They found 18 different serotypes involved
in the experimental ealves. Only one type was isolated from
each calf. Most of the serotypes were also found in the fasces
of healthy calves in the pens.

Rees (1960) reported that the eerotypes: 026:B6;
085:85; 0114:87; 086:87; 0103:B? and 0128:812 which were often

lsolated from outbreaks of epidemic infantile gastro-enteritis i
were aleo occasionally been isolated from ecalves suffering
from gastro-enteritis (white scours). Dam (1960) found that
more than 40% E.coll,out of 431 caseg of coli-septicaemia in
calves in Denmark, belonged to the serotype: 078. linzenmeiler
(1962) found that out of 30 E.coll etrains, 21 belonged to the
serotype: m. Ulendeev (1963) typed 243 L.coli 1isolatsd from
€0 healthy and 181 sick calves suffering from acute gastro-
enteritis. Ye fbund the serotypes: 09; 0119; 0115; 0117 and

Q78 in decreasing frequency. Dam (1963) found that the serotypes:
078; 0115 and 015 were frequently isolated from cases of white
scours in Denmark. Akhmedova et al (1963) found that 73% of
calf strains and 747 of lamb strains, out of 881 gtrains,
belonged to the serotypes: 086; 055 and 026. Yadava (1965) in
Tndia found the serotypes: O0R6:86(3); 0119:814(7); 0125:315(1)
and 01268:816(1), out of 34 F.coli etraing isolated from calves,
In the present survey, 026:B6; 086:35; 086:B7; 0111:B4;
0119:B14 and 0126:316 have been found in healthy ae well as in
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ealves showing enterie digorders. From the 14terature reviewed,
1%t appears that all the six serotypes have been reported by
various workers. 026:86 has been reported by Orskov(1951),

Uberko (1957), could (1958), alantz et al (19569), Rees(1960),
Akhmedova et al (1963) and Yadava (1965). 0B58:B5 hae been reported
by Ulbrich (1954), Rees (1957,1960), Kaechenbeek et al (1960)

and Akhmedova et al (1963). 086:B7 has been reported by Rees (1957,
1958,1980), ¥aechenbeek et al (1960) and Akhmedova et al (1963).
2111:84 hae been reported by Uberko (1987). Q119:814 has been
reported by glantz et al (1959), Ulendeev (1963) snd vadave
(19688). 0126:516 has been repdrted by Yadava (1965).

With regard to the frequency of occurrence of these
serotypea, 1t differs from workers to workers and also from ons
place to another and the resulte of the pregent investigation
do not tally exaetly with any of the workers.

Sefotype: 0128:B12 has been isclated by Rees (1960) but
this serotype could not be detected in the present investigation.
The isolatlon of the serotypes: 018a, 180:821 and Q127:BS from
ealves have not been reported so far in the literature reviswed.
This finding is in complete agreement with the present findings.

The serotypes: 03; 08; 09; 015; 036; 078; 0103; 0113;
0114; 0116; 0117 and g&gg.hava been reported from calves by

various workers. The serotypes: 08; 09; 018; 078 and 0115 are

potential pathogens for calves, and very often been reported in
the llterature but in the present investigation due to non-

availability of the antisera against these serotypes, theee

gerotypes could not be determined.
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Sensitivity teste:

All the 174 E.coll strains were tested with eix
antibiotics. The resulftis of the sensitivity tests on individuasl
streins are given in Table VII. Another table (Table VIIT) hae
been deduced from table VIT which indlieates the zone of inhibi-
tion produced by the antiblotics on the number of E.coli straing
collectively. Altogether 15.51%, 16.00%, 21.269, 22.41%, 20.11%
and °5.587 resistant strains were found againet achromyein,
aureomyoin, ledermyein, dihydroatraptomybin, mysteclin-vV and
penicillin respectively., 24 stralns with multiple resistance
te 21l the six antiblotice were found and the rest were resistant
to either eingle entibiotic, two or three antibiotics. The
correlation of different serotypes with sensitivity tests have
been shown in Table I¥. 2, 4, 4, 1, 2, & 1 strains were found
registant in the serotypes: 026:88; 0565:B5; 086:B7; 0111:B4;
0119:B14 and 0126:B16 respectively. Two serotypes:085:B6 and
086:87 from the dead calves were reslstant %o all the six antil-
bioties used.

The resulte of the present survey are quite comparable
with the results obtained by other workers on aenaifivity testa.
The fact: that many more resistant straine, some with multiple
resistance and the others with single or double resistance,
have been founl in the present survey, is not surprising. The
poseible explanation for thie 1e that there is & practice of
feeding terramycin soluble powder to young calvee during the
early 1ife up to 7 days. This feeding practlce might have resulted

in the increased resistance of F.goli straine egainst the anti-
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-blotics used in the present survey. rositive evidence exigts |
that such changes take place in the I.coli strains. Smith and
Orabb (1956) found 11 E.co0ll straine resistant to streptomyecin
and two to aureemyein and terramyein, out of 58 E.goll strainsg
isolated from white goours, by using 20 megms. concentration:
dried dlesks of antiblotiee. They stated that the resistant
strains of EZ.goll were commonly asaoniated with cages of white
goours in farms where the aureomyecin was used as feed supplement
to calves. Gould (1968) found tetracyoline resistant F.coll
straine which were responelble for white seours in calves. The
recistant strains developed after the introduction of terramyein
prophylaxie. Smith (1568) found more resistant etrains in herds
where druge were used either as prophylactic or curative
measuree, than the herds where no drugs were used. F.coll with
multiple resistance to streptomycin, tetracycline and chloranm-
phenicol sventually formed the predominant faecal flora in cases
of white acours in calves, Tngram et sl (1958) demonstrated an
inoressed reelstance to penieillin and sursomyeln in E.coll
straine where the calves were glven these antibloties in milk
during early lire.

Further support ie also avellable regarding the changes
takihg place in E.,c0ll straine, Smith (1858) found that 1t was
poseible in Vitro to make, drug sensitive cultures of E.goll,
resistant to streptomycin, chloramphenicol and sulpha dimidine,
both singly and multiply, but not %o tetracycline or furamazone.

There was no correlation between the serotypes and

sensitivity tests. derologiecally identical sgtrains behaved
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differently with different antibloties and serologically
unrelated strains gave identical sensitivity remetlons. Sinha
(1985) carried out sensitivity tests with 61 T.coli etraing
belonging to 9 different serological types and found multiple
resistant strains to streptomyoin, chloromycetin, terramyein,
neomyein and achromyoin. Some of the stralns exhibited multiple
resistance to 2, 3 or 4 antibiotices. There was no correlation

between the serotypes and resistant strains.

goN¢LUSIONS

Altogether 174 T.goll straine,isolated from healthy,
dlarrhoeal and demd calves,were examined for guger fermentation,
gueceptibility to T-geries of ﬁhnges, serclogical typing and
eengltivity tests with six antiblotiee. No dlagnostic oriteria
or relationship, between serotype and biochemical type or
serotype and phage type, was found in the present gtudies.
serologically ldentical straine belonged to various blochemical
types and phege types, and serologically unrelated strains were
gimilar in blochemlcal types and phage types. Similarly there
was no relationship between serotype and sensitivity tests
carried out.

The cause of heavy mortality in ocalves of government

Cattle Farm,Patna, as already discussed, could not be ascertained.

The managements of the Covernment Cattle Farm,Patna, as per
report, are satisfactory and according to standard schedules, but
it needs close observatlon. The calves are given colosgtrum from

the mothers, still they are suffering from enteric disorders.



130

.

It has already been established that the E.coll 1s one of the
me Jor causes of gastro-enteritis in oalves producing s syndrome
of white scours. The serotypes, whioch have been igsolated from
diarrhoeal calves, are also found in heslthy calves. All the
pix serotypes i1solated in the present survey are potential
pathogens for man and animals, especially the calves and child-
ren. Thus to setablish the correct epildemiology of the dimease,
white scours in calves, an extensive investigation, extending
for & number of years, is necessary to elucldate the various
factors assoclated with mortality and sources of infection,
whether they are from calf pens themselves or from outside
sources including human beings.

The inereaged resistant strains of E.coll found in the
government Cattle Farm,Patna, might be due %o the feeding of
terranycin soluble powder to young celvee. They were found in
healthy, diarrhosal and dead calves. This necessitates the
testing of T.coll strains in Vitro with antibiotice before
adopting the ocurative measures. This procedure is the basis of
modern therany, especially when there is increased resistant
£.0011 etrains prevalent,

Tn the present studies, 1t was round that the penicillin
@ sodium produced zone of inhibition varying from 7 mm.diameter
to 20 mm. dlameter with different concentrations of antibiotie,
though the percentage of resistant strains, with 100 unite of
penieillin, were more than the other antibiotics used. It is
the prevalling concept that peniecillin has no effect on grame-

nezative organiems. The resulte of the present studles are Quite
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eontradictory to the prevalling concept and it has been Ffound
that peniecillin do have eome effect on E.coll strains in Vitro
tests.

The serotypes: &2&%3&: 0B65:B86; 086:87; 0111:B4; 0119:314
and 0126:8168, isolated in the present survey are potential
pathogens for human beings, especlally the children. From the
literature reviewed, it appears that they, especlally the
first four, are very often been lsolated from the ocases of
infantile gastro-enteritis. Thus they are of public health
importance.

Though the findings of this esmall survey may not reveal
the exact picture of the prevalence of pathorenic Z.coli in
the intestine of calves in health as well as in enteric
dleoriers, these certainly indicate that our animale are not
free Trom pathogenic g,ég;;_of epidemiological importance and
also public health point of view. To determine the actual
stete of affaire, an extensive research work will have to be
undertaken by examining, not only a large number of animals
in the farme and in the nsighbouring rural and urban areas ,bub
also possibly a good number of faeoal samples of human origin,
extending over a period of number of years for establishing
the various predominant serotypes,Phage types,blochemlcal types,
ete.,0of E.coli in animals & man and the epidemiological relation-
ghip of sastro-enteric disorders recorded in both animals and

man.
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The materials for the present investigation weére mainly
collected from healthy calves as well as calves showing
dlarrhoes at Government Cattle Farm,Patna. A total of 248 living
calves and 7 dead calves were examined. Out of 248 living calves,
46 calves were having diarrhoea of varying intensity at the time
of eolleotion of materials. The feeding and management of
government Cattle Farm,Fatna, as reported, were satisfactory and
according to standard schedules. The calves are given coloatrum
from the mothers and one tea~-spoonful of terramycin soluble
powder along with milk, during the early life up to 7 days. In
gpite of reported good mansgement, the farm is experiencing
heavy mortality in calves. The mortality rate from 1960 to 28th
september ,19685 has been given, which varies from one year %o
another and from season %o geason. The heavy mortality has been
recorded in the winter and spring seasons (from December to April).
The ressons for the heavy mortality in calves could not be
explored.

out of 253 calves examined of the age group, zero day fto

one year or sllightly more, 174 E.coll were isolated. All the
174 Z.co0li gave tha IMVAC reactions ++-~- and were nitrate bonitiva.
They were subjeoted to blochemical ftests, phage typing,serologloeal
typing and sensitivity tests. The methods uged for the blochemical
tegts and sensitivity ftests were the same as described by Mackie
and MeCartney (1963); the method adopted for phage typing was the

& =
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same, with slight modification, ss described by Wilson and
Atkinson (1945) and modified by emith and Crabb (1988), and
the method adopted for the gerologleal typing was the same,
with modification, as advocated by Kauffmann (1947) and Barua
et al (19886).

The resultes of blochemioel tests, phage typing ang _
gerologloal typing'have besn given in Table T and of sensitivity
tests in Mable VII. The fascas of three calves of zero-day old
were sterile. All the 174 F.coll strains fermented glucose,
lactose, arabinose and mannitol promptly within 24 hours,except
one strain which fermenfiad arabinose in four daye. The reasults
of gas formation from glucose, fermentation of pucrose, raffinage,
duleitol and gorbitol were veriasble. Altogether 24 rfermentation
patterna were found whioch constituted 24 blochemicsl fypes. All
the 28 biochemiecal typee were found in the healthy calves, and
only 10 & 5 blochemical typee were found in diarrhoeal and dead
ealveg respectively. All the bilochemicel types found in diarrhoeal
and dead calves were also found in healthy cslves. The majority
of the E.coll belonged to the biochemloal %types 1, 2, 3, 4, 18,
19 and 24. The corrslation of biochemlical types with age groups
in healthy, dlarrhoeal and dead oslves have beecn shown in Table
17T, and the correlation of serotypes with biochemical types
in Table VI.

Altogether 32 phage types were found in calves, Out of
32 phage types, 28, 10 and 5 phage types were found in healthy,
ajarrhoeeal and dead calves respectively. All the phage types

found in diarrhoeal calves, Wers also found in healthy calves

—
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eéxcept the phage types 2, 9, & 10, which were exolusively
confined to the diarrhoeal ocalves. All the five phage types
found in dead calves were algo found in healthy calves, except
the phage type 16, and in diarrhoeal calves except the phags
types 16 and 19. The phage type 16 was found once in a dead ocalf.
The correlation of phage types of E.coll with age groups in
healthy, diarrhozal and dead calves ae well as the correlation
of serotypes with phage types have been shown in Table IV and
Table VI,respectively.

Fiftynine F.o0li straine were typable with the nine
standard antisera available and the rest 115 atrains could not
be typed with the avallable antisera, Serologioally typable
E.g0li strains belonged to the serotypes: 028:B6 (B); 0B5:1B5(10);
086:87 (13); 0111:84 (3); 0119:B14 (13) and 0126:B16(12). All
the six serotypes were found in hoa.lthy calves arg well as calvee
showing enteric dlsorders, Only two serotypes: 0B55:B6 and 088:B7
were found one each in two dead calves. The correlation of
serotypes with age groupe in healthy, dlarrhoeal and &ead ocalves
as well as the correlation of serotypes with phage types and
biochemical types have been shown in Table v and Table VI,
respectively. Out of 59 serologloally typable E.coll straine,39,
18 and 8@ atrains were found in healthy, diarrhoezl and dead calves
respectively. The correlation of eerotypes with sensitivity tests
have been ghown in Table IX.

Oout of 174 E.00ll etraine tested with different concentra-
tione of eix antiblotiocs in Vitro, 27 (156.18%) were found to be
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resistant to 25 mogms. of achromycin. similarly 28 (18.097)
strains were regiatant to sureomycin, 37 (21.26%) to ledermycin,
39 (22.41%) %o dihydrostreptomycin and 35 (20.11%) %o myeteclin-V.
41 (23.56%) ptrains were resistant to 100 unite of penleclllin.

94 strains were resistant to all the six antiblotics; one to
aureomycin, ledermyein, dthydrostreptomycin and mysteclin-V;

one to aureomyein, ledermyein and dihydrostreptomycin; one to
aureomyein, ledermyoin and penicillin; one to dihvdrostreptomyecin,
mysteclin-v and penicillin; two to dihydrostreptomyein and
penicillin and one %o aehromyein & dihydrostreptomyein. One
gtrain uaé resigtant to aurceomycin, 10 to ledermycin, 9 to
dihydrostreptomyein, 9 %o mysteelin-v, 13 to penicillin and

two to achromyein. '

The serobtypes: 026B6; asa:gg; EEEFEZF 0111:555 0119:814

and Eiﬂﬁﬁﬁiﬁ_ﬂra potential pathogene, particularly the first
four serotypes, for animals and man, especially for the calves
and children. They are very often been isolated from infantile
gastr~entsr1tis and &g such they are of pubiia health importance.

An extensive research work on entero-pathogenic group of
organisms has Deen suggeeted to study the epldemiology of the
disease, white scours in calves ,and its epidemiologleal

pelationehip with infantile gastro-enteritis in children.



PART«II

IRTIRODUCIION
(SALMONELLA)
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Cattle of all ages may become infected with various
Salmonella organisms whiech may give riss to either clinleal
or subelinieal infection., In adults éna yearlings, olinical
salmonellosglsg is ﬁsually sporadic., Affected animale typically
show signs of septicaemlia followed by profuse diarrhoea or
dyesntery, and death commonly ocours within a few days of the
onset of symptome., In calves the digeage tends to epread
rapidly and often reaches epidemic proportions; symptoms are
more variable and may include pneumonia or arthritis, and the
gourse is often more prolonged (3ibson,1961). _

The history of the bacteriology of galmonella 4id not
commence until the end of the 1Sth century, but the olinical
degeriptiong of fever in man were described and published long
before. Tberth (1880,1881) obsgerved "typhoid bacilli" in
1nreoted tissues and Garfkey (1884) first succeeded in ieolating
the oausal organism by culftural methods. At about thie fime
¥lein, in England, had studled the disease of hog cholera to -
which he gave the name "Fneumo-enterltls of plgs*® and during
1885-86 Salmon et al in the U.2.A., igolated and described in
detall galmonells gholerae suis. Following this, many related

organisms were leolated and given various names by different

workers, including g.typhimurium (B.typhimurium, Laaftlor,
1892; B.aertrycke, de Nobele,1898), g.abortus equi (Kilborne,
1803; smith,1893), S.bovis-morbificans (Basenau,1594),

s.gallinarum (B.sanguinarium, Klein,1889), s.pullorum
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(B.pullorum, Rettger,1909) end S.enteritidis (Beeillus of
Gaertner,1888).

agrly in the 20th century there wag great confusion
as %o the reiationship betﬁaen these various oYganisms because
the properties and characteristics of some of these gtraine had
been imperfectly desoribed. In 1893, Theobald sSmith noted a
slmilarity betwsen the so-ecalled hog cholera bacillus, the
bacilli of the gasrtner grdup and B.typhlmurium. Following the

lead of Iignieres (1900) that the hog cholera bacillue should
be named talmoneila, a number of people suggesteé that other
similar organisms should &lso be clasgified as Salmonella.
Detalied studles of the entigenic structures of these organisms
began %o be made, but due to the 8-R variastions of the eomatic
antizens the fesults were confusing untll the imporitance of
White (1976) and the diphasic nature of the flagellar antigens
on somes serotypss, wae understood (Andrewes,1922,1926). It was
not until the publication of the report of the Tnternational
Agsoclation of Mieroblologists in 1934 that the position wes
clarified. A sub-committee of that Association recommended the
adoption of the terminology introduced by white (1929a,b) and
modified by Kauffmann (1931), which recognimed the generie
status of the salmonella group and the specifie rank of each of
the antisenically distinguieshable typees{Buxton,1858).

The Salmonella group of organisme comprise over 800
serologically distinet typee, all of which are believed to cause
digesse in human beings, in animals or in both {Taylor,1960).

Voreover, new serotypes are being added anmually to this '
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extensive list} and it is apparent that, with few exceptions,
there ie 11tt1q,host specificity - the majority of serotypes
being potentially pathogenic to man and animale allke. This
12 the complex problem which fases the veterinary profession’
today, end it is of concern to those engaged in lavge and small
animal practice, to those working in diagnostic and advisory
gervice, and to those engaged in food inspection and publieo
health.

aslmonellosis in animsls oseurs in sll parts of the
world. The occurrsnce of salménelln among poultry ie relatively

high, and is assosiated with a very wide variety of serotypes,

It is significant that the majority of outbreaks are RTREY
sanzed by relatively few sarotypes, being confined mostly %o

g-pullorum, J.gellinarum and g.typhimurium, From time to time,

other gerotypes may temporarily predominate in a particulsr
distriot or country; as was the cmse of 8.thompson infection
in the United Kingdom and of Z.niloese in Denmark. In the U.S.a.

g.oranienburg, E.bareilly and g.montevideo are mors common. Figs

are also known to be commen carrisrs of falmonella and many
gerotypes have been isolated from these animales. However, the

ma jority of elinieal infections are confined to 3.oholsrae guls

and S.typhimurium. eimilar eircumstances occur in other animal

‘speoiea in whioh the burden of clinlocal infections le assoclated

with few serotypes. Among cattle, the common infections are

‘g.aubltn, §,~zgh1murium and g.enteritidis; those in horses are

g.gbortus equl and S.typhimurium and in sheep are g.abortus-ovis
and S.typhimurium. From thiz oversll ploture it ie apparent thal
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the world problem of salmonsllosis in farm animals ie
agsoclated with g.typhimurium and relatively few host-speeifio
serotypes (Buxton, 1988).

The chief causes of Salmonellosis in ecalvee are
8.dublin and g.typhimurium. Secondary factors such as ace,
immunity, management, nutrition and cconcurrent infections with
other micro-organisms have influsnce on the susceptibility of
the individuals. Adult carriers ars an important source of both
S.dublin and g.typhimuriuw infectlon for the yowng celves. Calves
may contract the digease through the medium of contaminated food,
water or other utensils used in the farm or szlf-pen. Calves
may be infected in utero or &t any time during calfhood. The
elinioal signs of inrection ars variable, and include atill
birth and neonatal losses, acute septicaemle in young calves,
and more prolonged i1llness, with diarrhoce,pnreumonia or arthritis
or any combination of these in older calves. Other ecases are
subelinical. Very few calves remain carriers of the organism.

galbraith (1861) haa pointsd out three main sources of
infection to human belngs. These are mealb, meat products and
bulk egg products. These materials are produced in bulk and this
1s probably related to thelr high rates of contamination with
galmonellae. Water and milk are algo produced in bulkx for the
conmmunity but sirict measgures of hyglene are imposed to prevent
water-borne and milk-borne infeotions. He furthar pointed out

that ¥nacker's dog meat may be a source of human Salmonellosis.
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In the present study, an attempt ves mads to examine
various physiologlsal characters, sérologlcal behaviour and
action of antibiotics on Salmonellse 1sclated from calves.

This emall survey was undertaken with a view to find out the
various serotypes of Salmonella prwalont in the normal asg well
ae dlseasnd ocalves at dovernment Cattle Mmarm,ratna, and o

know whether they are of public health importance, ao that,

in fature, an extensive survey may be undertaken to slucidate

the epidemiology of the digeanme and their eradication.



(SAIMONELIA)




REYIEY®r LIZTERAZIURE

(A) galmonella serotypes ieclated from calvesy

Obich (1868) was the first to inoriminate an
infeotlous azent as the oauaa.of enteritis in calves, but it
was not studled bacteriologioally. Jensen (18§1,1895) investi-
gated outbreaks in Denmark and isolated an oval colifomm
bacillus from the viscera of affected ealves. He was unable to
distinguish the organism morphologically and eulturally from
strains of Z.coli recovered from the intestines of normal calves,
but found thaet unlike the latter it was pathogenic for new born
celves, reproducing the disease when fed to them in milk.
Huticheon (1883) reported a disense of ocalves in south Africs
that can be reparded as calf-paratyphoid. This digsease wag
apparently identleal with the condition desoribed as "lewersiekte
(liver disease)" or "yellow liver® by Otto Henning (1894).
futcheon (1893) thought that infectlon was epread from farm to
farm by means of the faesceag of infeocted calves. Outbreaks in
calveeg were also investlgated in Holland by Thomassen(189%7) and
Poeis (1899), who isolated "Gaertner -like* organigm resembling
B.goll and S.typhi, which they named "Pseudo-typhoid bacilli®
and "rgevdo~-coli-bacilli" respectively. Jensen (1903) used the
term "Bacillus paracoli” or “Paracolon-bacillus® for the
organism isolated from the Danish outbresks. langer (1904)
gtudied oultures of bacteris obtained from calf livers dissemina-

ted with greyieh-~yellow necrotic nodules of paratyphoid and found

poe—
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that these formed Hos but failed %o produce indole, and the
suspencions of the organisme were agglutinated by S.typhi
gntieerum. Schmidt (1808) also sgolated "caertner-liker

vacteria from the organs of calves affeoted with gepticaenia,
d4arrhoes and pneumomiz. He siated that the dlsease wag

jdentieal  with "Psendo-coll paeillosis® of Poel and “Para-coli-
vecillogis® of Jensen. Titze and Veichgel (1998) examined 28
etyaine of the so-called *Parscolon-bseillus® and were unable

to differentiate 23 of them from ageertner's bacillus®. Savage

(1909) concluded that Bacterium parstyphosue B end ° baellll of

the aertrycke type® were gerolopgieally dietinet, but thieg view
wee not accepted at that time.

thlenhuth and Hubener (1913) and Jensen (1913) reported
thet moet of the strains labelled wRacterium peraccll" were,
anfact, Salmonells snteritidis, but some resembled g.paretyphl B

Further,outbreaks of disesse in calves causad by sgaertner'ts
bacillue® or s.enteritidie were reporied by Iaxwolda (1915),
ohristiansen (1914), sarnecke (1914), Douma (1918), Meyer et al
{(1916) and geveral others. =

@ vhite (1926) re-examined a number of atrains isolated 1n
copanhagen from G888 of falmnnelloeis in calves and desoribed
by Christiansen (1914) as B.peratyphosus B, gchottmuller (i.e.
g,ggratgﬁhi B). All were round to be typieal strains of
o, syphimurium.

wnite (1999) differentiated the strain 3,dublin from

8 ,enteritidls serologleally and gave 1% the status of an inde-
pendent gpecies, which clarified most of the earlier confusion.

siome 014 laboratory stralns, obtained from outbreaks of food
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poisoning, mepticaemia and meningitis and labelled aé
B.enteritidis,Geertner, were re-cxamined by Smith and fcott
(1930) and found %o be serologleally ldentical with g.dublin
of Bruce ¥hite(1929), 8ix strains of "Bacterium paracold®
isolated from ocases of calf paratyphold in Denmark wers also
examined and all six were found to be identleal with g.dubiin.
They eonelvded that this organism had a gpecial assoclation with
cattle and cow'e milk was ths common vehicle of human infection.
Bogworth and lovell (1931) reported two outbreaks of

.Adublin infection of czlves. One outbrsak was characterised by

B N s -

fin

acute dlarrhoea with fluld offensive faeoes. Some of these
calves also developed pnéumonia, but in the gsecond ouftbreak the
predominant olinicel signe were those of pneumonia and dlarrhosa
was not observed.

when the Salmonells group had been more clearly deflned,
1t became apparsnt that the organisn moat commonly assoclated
with bovine Salmonallosis,in those parts of Turope where the

Aisease was endemia, was S.dublin. 8.typhimurium was next in

ordsr bf fraequency, being found in gome ceeses 1in sdult cattle
and in a fow oaéea in cslves. Other Sslmonella typee were
inorininated only occasionally. In other paris of Zurope whers
bovine Salmopellosis was un-gommon , £, ty phimurium tended to be
the predominant organism (Bartel,1938; Lubje,1939). Hemning
(1939) chowed that 5.dublin was by far the most common cauee

of paratyphoid in calves, Cralg gt al (1941) raported the out-
preak in calves with 8.4ublin infaction and #ialﬂ (1948) reportag



144

that this organism wae re'eponaiblo for the vast majority of
cases of paratyphoid in adult _oa.ttla. ‘

In Wewzealand, where, mecording to Josland (1950),
£.4ublin has not been recorded go far, all the 80 isolations
Bade from bovine sources were found to be 2. typhimurium,
8imilarly in Australia outbreaks of calf Salmonelldsis due to
S.typhimurium infection l.;:;:pea:'; to be the commonest ascording '
to simmone and Sutﬁerland (1960). out of five outbresks recorded
by these authors, four were due to this organiem.

Henning (1953) in a comprehensive review of the
literature on the subject has shown the’_ wWorld wide distribu-
tion of calf Alsease due to Salmonella infeotion and etated
that the infection with g.dublin is by far the most common.

He also isolated 507 straine of salmonella from outbreaks of
calf paratyphold during the period 1939-19850 in south Africa.
Of these 491 were identified by him ae S.dublin, eleven as
g2.5yphimurium, four as S.enteritidis and one as g.bovis-

morbificans. Tn addition, he also isolated 12 strains of
S.dublin from adult cattle.

Collard et al (1956) examined mesqnteris lymph glands
and faeces of 200 Zebu cattle in fburﬁan, ‘and found a carrier
rate of 5.5%. The typeas ilsolated wére £-$yphimurium, 8.dublin,
S.elizabethville, d.rubislav, S.oranlenbyrg, S.monschaul and
" g._Johannesburg., Muller (1956) oxaminw!_.ﬁ_t_om dead calves in
gopenhagen from July 1948 to April 1956 4nd found 2,177
ineidence of Salmonella infection; _s_.ggz__l;gg_ infeotion wvag 1.79%

£ d
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and S.typhimurium 0.268%. Other serotypes isolated were
S.enteritidis (2), g.enteritidis var danyez (3), g.bredenoy(2),
and one each of g.duessoldorf, g.saint-paul and f.chester.
Kampelmacher (1987) examined 1600 slaughtered cattle in
Netherlands and found Z.dublin in 4 cases and g,bireillx in
5 cases.

salisbury (1968) reported the isolation of 1388
Salmonella strainas of eix serotypes from animale and birds
in Newzealand from 1948 to June 1967. out of 418 strains from
eattle, 412 were S.typhimurium,two were S.bovis-morbificans &

2 g.cholerae-guls and S.newington cases were usually sporadie

in eattle. Muller (1958) reported that S.dublin and S.typhimurium
comprised 74% and 147 respectively of 229 isolates from calves,
but he aleo found a high incidence of infectlon with exotic
gerotypes, in that 28 (i?%) of the isolates belonged to 17
difrerent serotypes. Khera et al (1988), elting the older
literature, stated that the infeotion with g, typhimurium appeared
to come second in the order of incldence, both ae a cause of
Aisease in calvesg and in adult bovines.

Rokey et al (1959) ipolated g.dublin from nesenterio
lymph nodes of 2 ocalf which died of uncontrollable foetid
Alarrhoea. There was & previous history of similsr sickness
and high mortality among calves and out of 20 calves in the pen
of the present case, there was a morbidity of 857 and mortalifty
of 3354%. shirlaw (1959) desoribed that out of 884,000 cattle
population in Kenya settled areas, the average mortality amonget

calves in the first 6 months of life was about 26%. The main
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causes were white scours, pneumonia, anaplasmosis, & non-
gpecific glomerulonephritis and most important calf paratyphoid
due to Z.dublin. shith (1969) examined mesenteric lymph nodee
and faeces of apparently healthy plge, cattle, sheep, doge and
cate for salmonella. Salmonella was isolated from the mesenterie
lymph nodes of aeixty (127) of 500 pigs, nine (4.57) of 200 dogs,
five (2.57) of 200 cats and none of 200 cattle and 100 sheep.
Buxton (1960) reported that young calves are more suscepiible
to Salmonella infection than the adult and g.dublin and
S.typhimurium causes the majority of outbreaks.

Gibsen (1981) ,eiting the older literature,reported that
the S.4ublin was found to be the predominant salmonella infee-
tion of calves in cermany, Holland, nenmarik, Italy, fouth
Africa, Veneszuela and Brazil. He, further, reported the
aalmonella isolation work from calf, carried out at Veterinary
investigation centre, Tngland and South Wales, during 1958-1960,
and ligted 14 serotypes out of 969 isolates. Two serotypes,
g.dublin and S.typhimurium, acoounted for 98 to 877 of the

jgolations. Other serotypes were, f.agama, a.bovig-morbificans,

os.brancagter, S.enteritidisg, S.give, _s_.hsidal‘uerg-, g.menston,

S.pullorum, S.reading, g.saint-paul,s.tennisese & §.5hompson.
Rude (1963) described 48 cases of calmonellosis in

cattle caused by S.typhimurium. Of these 9 occurred in mature

ecattle and 37 in calves.



147

(B) galmonella serotypes igolated in India:

I. cattle and buffalo:- shirlaw (1936) igolated a
salmonella like organiem from an outbreak of pyocepticasmia
in calves in lahore &rea but merologloeal identity was not
worked out. This organism was later on identified by Rajagopalan
(1938) as S.enteritidis var dublin. After that though outbreaks

of disemse in oalves were some time suspected to be due to
Salmonella infection, these were not confirmed by bacterislogiocal
dlagnoeis. ‘

Friestly and Artioli (1948) encounfered heavy mortality
among buffalo-calves in Military farme in lahore area. Out of
282 oalves born at various farme kept under their observation,
ae many as 204 (729) died within 14 days of birth. Organisms
resembling Z.typhipurium were recovered from 76 of the 124 calvee
examined. 2. dublin waes not recovered from any case in this
group. From six calves over one month of age, died of scouring,
organisme resembling S.dublin were isolated from Mesenteric
iymph glands of five.

> ¥hera and Dhanda (1988) 414 an extensive investigation
for finding the aetlology of diarrhoeal infeotlon in &oung
calves at the Aarey Milk Colony,Bombay, Government Dairy FYarm,
chalkganjéria (Iﬁuxnow) and Tndian Veterinary Research Institute,
nairy rarm, Mukteshwar. The aerdtypea of Salmonella recorded

were S.dublin (46), g.typhimurium(i1), f.enterifidis (4),
'g,weltevreden(sj, falmonella gpecies unidentified (probably

g.weltevreden)(2), S.newport(2), g.richmond(2) g.chester,
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Salmonells pomona, f.uchanga, s.hvittingfoss and g.butantum
one each, The laect five gerotypes were reported for the first

tims in Tndia. Taecal samplee from 100 she-buffelo of the
Anrey Milk Colony were negative for falmonella, but four cows
and one burfalo, out of 100 cows and 100 buffaloes of _
Chalkganjaria Farm were found to exorete same falmonella tybea
isolated from oalves, in their faeces. danguli (1958) lsolated
S.dublin and S.typhimurium from calves and S.enteritidis from
cattle.

. - Sherma and singh (1960) isolated S.sba, S.anatum, 8.charity,

g.mtopeni, a new type of salmonella with i%s antligenie structure
ag (9) 48:i:enzyg for which the authors proposed the name
apimonella mathura, £.pomona, £.typhimurium and g.weltevreden
from ocattle and buffalo during the course of & survey work.

. Prasad 2 Ahmed (1985) isolated S.typhimurium and g.dublin

from o fatal outbresk of gastro-enteritis in buffalo-calves which

wes & mixed Salmonells infection and stated that vacclination was
ineiting factor for the falmonellosis in buffalo-calves.

TT. Piggi- fehal and Wilakantsn (1947) isolated five
gtrains of Salmonella organiems from the materisls collected
¢rom dead, siek and apparently healthy pige at Keventers plggery
1n Aligarh during an ivestigatlion of a digease, causing heavy
mortality among pige. Out of these five strains, 2 were S.bovis-

morbificans, 2 g.derby and one g.snatum,

aharme and gingh (1960) reported the isolation of S.anatum
and s.newport from pigs. The materisls examined were pieces of

11ver ,spleen,gall-bladder and intestinal serapings from dead and
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rectal swabs from live animale. ;
Makholia and Singh (1963) isolated an atypical strain
of Salmonella from pige with salmonella "0" and *H" antipens
45:ate,n,x and *0" and "H" antigens of Arizona 11:35-28. The
blochemical characters were not typlcal for either Salmonells
or Arizona. The authors proposed the name fSalmonella vrindaban

for this atypleal strain.

Datta and singh (1964) isolated 29 Salmonella straing
comprising nine serotypes, 1nqluéilng & new one, S.gokul, from
apparently healthy pigs. The antigenic formula of 5.goRul is
1,61:4; ~ and the organism has been placed in sub-genue I on the
basls of 1ts blochemical behaviour. Murty et al(1964) ieolated

S.cholerae guls var kunzendorf from pigs. The strains were

highly sensitive to aureomycin, sensitive to terramycin and
chloromycetlin, but resistant to Dihydro-streptomycin,Peniecillin,
Bacitraecin and Triple sulfa (fSulfadiszine,sulfamethizine and
sulphamerazine ).

TITI. uinesgi- rrobably, the first record of the
igolation of Salmonella from animal paratyphoid in India wae

the isolation of S.abortug edul from mares and foetuses in an
outbreak of contagioms equine abortion at the government Cattle
Parm, Hissar (Ann.Report.a.C.¥.,Hlssar,1019-20),

cordy and Davis (1946) reported an outbreak of severe
g;aatro-entoritis among horses anf mules in the American
Quarter Mauster Pack Imif, stationed in India, wive,out of elght

afrected animals , 8ied. The first case ocourred within three
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weeke of arrival, and from all of the dead animals and one
destroyed "in extremes® cultures of Salmonella were isolated

which were later identified as g.bovis-morbificans.

IV. Sheep and goats:- During an investigatlon carried
out at Tndian Veterinary Research Tnstitute, Mukteshwar in
1988-567, dn the bacterial aetiology of pneumonie in sheep and
goats, H.dublin was isolated from 2 out of 178 pneumonic lungs
of sheep, 10 out of 111 pneumonic lungs of gosts and Salmonella
typhimurium from 10 out of 178 pneumonic lungs of sheep (Ann.

Report.I.V.R.I.1956-57).
° gharma and Singh (1960) isolated S.magna, £.matopani

and S.weltevreden from goats.

V. Poultry:~ In 1931, Cooper and Nalk reporited galmonella
gallinarum infection for the firet time in India, durling the

course of an investigation of an outbreak of a disease among
poultry at Bhowali (Xumaon Hillas).

one outbreak of fowl typhoid occurred at runjab and
another at Mukteshwar in 1932. S.gallinarum was isolated from

each outbreak (Ann.Report.T.V,R.I.1930-31 & 1931-32).

organism resembling S.anatum was isclated from the deed
chieks, 1-17 days old, which hatehed out from egge supplied
fyom & village, neighbourhood of Mukteshwar,though the culture
was not typed serologleally. The organism was obtalned almost
¢pom every dead chick (Ann.Report.I.V.R.I.1952-33).

chirlaw & Tyer(1937)isolated g.enteritidis from an out-
preak of Salmonellosis in pigeons. '



161

Hayes and Freeman (1945) recorded S.litechfield from
sick duck with non-specific digease. The same organism was
also isolated by Rao (1966) from chioks suffering from
diarrhoea resulting in 507 mortality and by danguli (1988)

from fowls.

galmonells bovismorbificans was lsolated from chickens

dying due to septicaemla with 607 mortality at a Poultry Farm
in Delhi (Pande and Wlilakantan,1983).

Iyer and Rao (1950) recorded g.typhimurium from chlckens.
The same organiem and S.gnatum were isolated by Dixlt (1962)
from chicks suffsering from diarrhoea with high mortality, at
vgona Poultry Farm. £.tyhpimurium was also recorded by Gupta
and Rao (1960) from chickens in an outbreak of sub-socute
disease and tiblo-tarsal arthritis.

Das and Jayaraman (1955) lsolated g.alachua from
chickens showing gastro-enteritis and prostration.

calmonella pullorum has been isolated from materials
received from Allahabad (Ann.Report.I.V.R.I.Mukteshwar.1968-89),
though Rao (1966) had reported the igolation of a varient
etraln of thias organiesm.Pag et g_; (1989) isolated g.g‘ullorum
fprom chickens in Vest Bengal,where they observed necrotic
myocarditis, hyperaemia of lungs snd mild enteritis. They also
1golated S.gallinarum from the cases of peritonitis in fowl and

S.%yphimurium from plgeons showing haemorrhagle enteritia.
g.gallinarum has also been reported by Rao et 8l (1962)

fpom the cages of fowl and also by canguli(1958). supta & Rao

(1660) isolated S.eoncord and a_.naﬁﬂrt from an outbreak of
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paratyphold with heavy mortality in ohickens.
Sharma and Singh (1960) recorded the presence of

S.gnatum, sS.champaign, S.chester, S.hvittingfoss, S.matopeni,
2.pomona, S.richmond, S.sandiego and S.weltevreden in fowls
examined by them during a survey work. S.,richmond and f.sendlego
were .taolated from dead embryos (in shell) and ducks

respectively.

VI. Human beings:- Hayee and Freeman (1945) did a
eyetematic gurvey and isolated 3.tvphi, S.paratyphi A,B,& G,
S.enteritidis, S.4dublin, 8.typhimurium, S.anatum, S.virchow,

S.choleras-gulg, and S.bovis-morbificans from typhoid and para-

typhold cases of human beings. Other serotypes isolated occasion-
ally from the cases of human salmonellosis are S.bareilly
(Bridege & Scott,1931), S.poona (Bridge 2 Soott,1935), S.kirkes
(Bridge & Scott,1936), S.oubana (Chapekar et al,1957),S8.bovis-

morbifricans (Nutta,1954), S.weltevreden (Freeman,1953 & Mathur,
1959), S.morehead (canguli et al, 1956),8.banana (Gangull,1956)
and S.chittagong (Taylor et al,1948). '

., Gangull (1958) mentioned 502 S.typhi, 164 S.paratyphi A,
37 S.typhimurium, 14 S.enteritidig, 10 S.chester,? S.bareilly,
4 gS.paratyphl C, 2 S.anstum, 2 S.bovis-morbificans, 2 S.orion,
3 s.weltevreden, S.banana, S.gubana, g.london, S.morehead,
S.reading and S.virchow one each. Materials examined were
faecee, blood, pus and cerebro-spinal fluid.
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MATERIALS AND METHODS

-

MATERTIALS

The materials for the present investigation were mainly
collected from healthy calves as well as calves showing dlarrhoea
at Government Cattle Farm,Patna. A total of 248 calves were
examined; out of these 46 calves were having diarrhoea at the
time of.collection of materials. Materiale from 7 dead ealves
of Covernment csttlé Farm,Patna and 12 experimental pigs,which
were killed, were aleo collected from the post-mortem room at
Bihar Veterinary College,Fatna. Altogether 257 ocalves and 192
pigs were examined for the presence of Salmonella. The age of

the calves varlied from zero-day to one year or slightly more.

METHODS

Mogt of the organiems belonging to the family
Tnterobacteriaceae are closely related in respect of their
morphological and cultural characters and one finds it
difficult to choose a satisfactory methed avolding pitfalls.
gome workers obtained excellent results with a particular
method while others with other different methods. %o one has
to adopt a method or procedure which should not fall below
certain minimum standards. The method adopted in the present
work hae been proved to be satisfactory and excellent in the
nands of & number of bacteriolopgiste, especilally those working
on enterie group of organisms for a long time (Xauffmann,
1030-31; Hormeeche et 21,1936; seott,1940; Robin et 81,1941;
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Ewing,1966). e

The techniques adopted are described in detail under
the following headings:-

{A) Collection of.matariala

(3) Proceseing of materials

(¢) Isolation of organisms

{n) Preliminary 1dent1f1oation'

(£) Identifloablon of gerotypes

(¥) Sensitivity tests.

(A} collection of materials:

vaeecal samples were collected from the living calves.
Caecal contents, mesenteric lymph glands, spiReen,lung,heart
blood and bile were collected from the post-mortem cases. The
faccal samples from the young calves were collected with the
help of swabe whereas from the older calves faeces were
collected with the help of olean fingers and kept in sterile
conteiners. sterile precautions were taken during the collectlon

Kauffmann & Tdwards,1947; sSmith & Buxton,1961; Edwards and
of materlials.

(B) rrocessing of materials:
(T) Mesenteric lymph glands, spleen and lungs:- The

connective tissue and fats weres removed agoptieally from the

above organs (tissues) and instead of burning the external gurface
after dipping in ethylalcohol (smith,1959), the tissues were |
plunged into boiling water for 10 seconds (Scott,1940). The

treated tlssues were placed in a gterile mortar and with the
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help of & sterile pestle ground into pulp in gufficient
quantity of sterile sand. Two to three ml. of sterile normal
saline solution was added, mixed well, allowed to sediment and
one ml. of the supernatant was transferred into tubes of
enrichment medium separately.

(1T) Heart blood and bilei- About one ml. of heart
blend or bile was added to the enrichment medium geparately
directly at the time of collection.

(TIT) Faseces:- Approximately 1 gm. of faeces was
tranasferred into tube containing enrichment medium.

(1v) gSwabs:- The swabs were oultured into tubes of
enrichment medium by rubbing against the internal wall of the

d

5 :!

tube.

(0) Isolation of organiems:
(1) Enrichment:- The most commonly used enrichment

medis viz. tetrathionate broth (Muller,1925) modified by
xauffmann (1930-31) was prepared and used in the present
investigation which facilltates the isolation of “almonella
group of organisms from contaminatsd materi&ls like faecal
mattér. The medium was tubed about 10-12 ml. in each and after
adding the inoculum i.e. tissue suspensions, blooﬂ, bile or
faeces, incubated at‘svocﬁfnegarding the perlod of incubation
of eultures in enrichment medium &t 37%¢, opinion of workers
varies. Smith (1952) in an experimenﬁal work %o evaluate the
effectivity of different enrichment media, found that maximum
1solation of Salmonella organisme could be obtained after 30 hrs.
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Hormaeohe et al (1969) advocate that the culture in tetrathionate
broth should be incubated for 24 hours and 3 days. In the present
investigation, the inoculated tubes of tetrathionate broth were

inoubated at 37°C for 36 to 40 hours and then subbultured on
selective media.

(IT) Selective mediai- Tor primary culturs brilliant

green aga® (Kristengen,lester and Jurgens, 1925) modified by
Hormasche et al (1989) wae used throughout the present investi-
gation. MamcConkey apar was used occaalonally. The medium was
prapared and about 20 ml. quantity was poursd into gterile
petridishes, dried at 37°C for 24 hours &nd stremked from
enrichment cultures and incubated at 37°0 for 24 houra and then
reading was taken. If no growth was obse: on the selective
medium after thie perlod, the plate,s'mg.re reincubated for another
o4 houre and examined. The brilliant green agar glves excellent
results 4T used for primary 1eolat;on of saimonella after
enriching in combined Muller - Kauffmann's tetrathionate broth
(Kau‘ffmann,lsm ; Hormaeche et al,1969).

(117) Plcking up of susplelous golonies:- The colonies

which were red, round, translucent, convex and about i mm. in
diametar on brilliant green a@r were fished out and t:ranaf‘ermd
on plain agar glants. In each case flve calonies were picked up.
care was taken %o plck & colony only by touching ite centre and
not to toueh the surface of the medium ae no gelective medium
i completely satisfactory and some organisms remain alive

without growing on 1t (Hormaeche et &1,1969), The transplanted
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agar slant was incubated for 24 hours.

(1v) Test for purity of isolated gtraingi- This wes
done by replating the oultures on moAified Naaoqpkey égar medla
containing mannitol in place of lastose and pleking up mannitol
and non-mannitol fermenters on agar slants, which were incubated
for 24 hours at 37°C and then observing the oharaéfers of erowth
on agar slants and morphological characters after aran's

gtaining. .

(D) Preliminary jdentification:
(1) gtudies of biocchemical characters:- Uremae activity

wae observed in fluid medlum prepared aecording to Kristensen
(1946) and modified by Hormseche and Mun}lla (1957). The
snooulated medium was observed for four days. Tests for motility,
jndole productlon, M.R. and V.P. reactlons, nitraie reduction,
growth in Koser citrate medium and gelatine ligusfachion were
done by adopting usual methods. regte for indole, M.,R., V.P.
and nitrate were dons after four days incubation, arowth in
vorer cltrate and golﬁtine 1iquefeotion were observed upto 10
daye only. Test for Hydrogen sulphlde production wes done in L 4
bacto-peptone water as advocated by Hormaeche et al (1959).
rermentation of carbohydrates and &lecohols such &s
Bxahinoso,"gluoose,"iactose,wbarrinoae,vsuorose,iﬁdanitol,
hulcitol,‘ghnnitol nnﬂfgorbitol wWere done as described by
Maokle and MeCartney (1953), 24 hours peptons water eulture was
used for inmoculation of sugar medis. Inoubation &t 37°0 was
prolonged atleast for 10 days and reading wag taken at every

24 hours intervals. Care was taken to notice gas production.
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Tubes showing clear positive reactlon, acld or acld and ges,
were removed and others inoubated further.

cultures which fermented glucose, with the ﬁroduotion-
of acid or acid and gas, mannitol, dulelitol and eorbitol and
failed to ferment laotose, sucrose, adonitol and n%rrlnose
and were positive for citrate, Fp8, M.R. and nitrate and
negative for gelatine, indole, urease and V.P. reaction were
subjected to phageslysis fest and sgplutination ftest with

polyvalent Salmonella *"O" serum.

{11) Bacteriophape-lysis test:- The salmonella genuse
specifioc "0=-1* bacteriophage was supplied by the bhacteriology
geotion, Bihar Veterinary College,Patna which in term had
regeived from Dr. G.M.8ingh, Head of the nepartment of Fathology
and Bacteriology, College of Veterinary Sclence and Animal
Huebandry, Mathure, U.P. #ix hours broth cultures of the
organisms were evenly spread on aghr plate with the help of
platinum loop on gpescified areas marked with greese pencil and
the plate waes allowed to dry for half an hour on the working
beneh. A loopful (4 mm) of the phage Wwas deposlted in the
sentre of the marked areas geparately and incubated at 3790
for 8 hours and then left at room temperature for overnight.
The room temperaturs varied, during the experimental period,
rrom 20 to 51°0. Next day the lysis was noted on the spot
where the phage was deposited.

(111) 1utinlt1'n test with polyvalent @almonella

"o gerum of group A-T i~ The group sera A to éﬁ as obtained
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from the National Reference Centre for Salﬁonella and
Tsoherichia, fentral Remearch Tnstitute, Rassull and the
polyvalent "0f gerum of group A-T was prepared by adding

equal amounts of A to ¥ group sera. fuspension of culture was
made in normal saline solution on a olean microscopic slide

and two loopful of Salmonells polyvalent "0" gerum was added and
mired well. Positive reaction was observed within 30 seconds,
the organiems forming into fairly large elumps, but the result
wag noted after b minufes. Control test with normal saline
golution only wasg alwayes included sice by side to cheok the

suto-agglutination.

(r) Tdentification of serotypes:

Twentyfour hours agar slant cultures wers uged %o
determine the gerotypes by slide agglutination test. The
cultureg were first placed into different groups (A-%E) of
¥auffmann - white schema (1955) by mixing group sera with the
guspensions of organisms in normal saline soluglon &s described
above and then individual spacies speoific sera wers used %o
determine the serotype of salmonella. The individual specific
gera wers received from the bacteriology section, Bihar
veterinary College,fatna which in term had received Trom

pathology Department,Armed Torces Medieal College,Poona(Tndia).

(F) Sensitivity tests:

The Salmonella cultures were also %tested with imprep.
nated filter-paper dlske containing varying concentration of
aifrerent antibiotios to determine their semsitivity in Vifrs,
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The antiblotics used were Tetracycline hydrochloride
{Achromyein), Chlortetracycline hydrachloride (Aureomyein),
nemophylohlortetracycline hydrochloride (Iadermyocin),
nihydro-strepionyein sulfate, Mysteelin-v (which contalned

250 mgms. of Setraeycline per capsule) and reniecillin d.sodium.
The concentration of antibiofice used were 8, 10, 25, 50 and
100 megme. of the actlive prinelples and 50, 100, 200, 500 and
1000 units_or Penieillin. The method for the sensitivity tests
and the preparation of antibiotics impregnated filter-paper

disks has already been described under the heading T. coli.
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(A) zalmonella isolated from livine calves:

Faeces from 2468 living calves of Government Cattle Vamrm,
Patne were examined for Salmonella. Out of these, 46 calves
were having diarrhoea of varylng intenelty. Suspscted coloniee
from 18 caces were fished out and traneferred on plain agar
slants. Organisms from three caces produpged pigments at room

temperzture indicating Pseudomonas sPp. &nd were digecarded.

Rest of the organisms were replated on modified MacConkey
medium. Red and white coloniecs were picked up separately from
the plate. The idea of picking white colonlee from the modified
MaoConkey madium wag to look for Shigella organiems also. Thess
organicns were tected for urease activity. Organisms from five
cases were positive for urease and wers dilscarded. The remalning
organisme from 10 cases were tested for bilochemical actlivities.
Organisms from six oases were identified ag late lactose
fermenter belonging to coll-zroup and fermented lactose after
3-7 daye. Organisme from four casss fermented glucose (with

the production of asld and gag), mannitol, duleitol ani sorbitol
and falled to ferment lactose, sucrose, adonitol and rarffinose.
They were motile and were also posltive for ecitrafe, Hof, M.R.
and pitrate and negative for gelatine, indole, urease and V.P.

reaction. These were tentatively identified ag Salmonella

organisme.
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None of the organisme were suspected for ¢higella on
biochemlical characters.

The Salmonella identified organisms were subjected to
phage-lyeis test with Salmonella genus gpecific #0-1" bacterio-
phage and & clear confluent plaque was observed in all the cages.
They aleo reacted with polyvalent sSalmonella ¥O" serum of group
A-E. The late lactose fermenters belonging to coli-group were
also tested with bacteriophage and polyvalent Salmonella "Q"
serum. They neither showed lyels with bacteriophage nor reagted
with polyvalent salmonella "0" gerum and thus proved negative
for salmonells and were discarded.

The remaining organisms were tested with A,B,¢, D & T
salmonella group sera. One reacted with group B, two wlth group D
and one with group ¥ sera. These organlesme were then tested with
gpecies specific sera. The organiem of the group B reacted wlth
salmonells fyphimurium and the organieme of the group D reacted
with ealmonella Adublin. The orpanism of the group ¥ could not

be identifled with the avallable sera.

All the four cultures of Salmonella have been sent to
nr. Joan Taylor, Director, Salmonella Reference laboratory,
golindale Avenue, london, N.W.9 for final typing and conflrmation.
The result is awaited.

S.5yphimurium has been lsolate? from a female calf aged
one month and 18 daye. The calf was having diarrhoea and wase
passing bloody stool mixed with mucous. The condition wae
deteriotating at the time of collection of material.
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falmonella dublin haes been ieolated from two calvese

one from healthy female calf aged 5 monthe and 2 daye and another
from male calf aged one month and 13 days. The male calf was
having dlarrhoea, passing bloody:stool and the condition wae
deteriorating at the time of collectlion of material.

salmonells belonging to group ¥ was lsolated from a male
calf aged one year and 2 monthe. Thie ocalf was having diarrhoes
winﬂ loose stool mixed with mucous at the time of collectlon of

material.
(8) salmonella isolated from dead calves:

Materials were examined from 7 dead calves. fuspected
colonies from two cases were isolated but one was identified

as Pseudomonas spp. and another as Proteus epo. No Salmonella

and shigella could be 1eolatea from dead calves.

(0) salmonella isolated from experimental plgs:

Materiale from 12 slaughtered experimental plge wers
exaﬁined and suspected coloniss from two cases were isolated .
nne was identifled as Proteus gpp. and another late lactose
rermenter belonging to eoli-groups NO salmonells and shigella
could be isolated from the plgs.

(D) sensitivity tests:
The resulte of the gensitivity tests carried out with
gix antibloties are precisely presenfed in Table T. 10 mcgms.

ddsks of tetracycline, chlortetracycline and deme thylohlortetra-
eyeline produced the zone of inhibition 10 mm or more with all
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the four Salmonella tested. Mhydroatmﬁtomycm with 10 mbgme.
sonecentration produced the zone of inhibition lese than 10 mm.
in g.typhimurium and g.dublin, but produced 10 mm. in Salmonella
belonging to group T. Mysteclin-Y with same concentration produ=
ced less than 10 mm. zone of inhibition in all the four
Salmonella strains. Penicillin at 100 units coneentration
produced 10 mm. zone of inhibition in all the four Salmonella

gtraine.

TABLE - T

Table showing sensitivity teste in vitre of salmonells
straing with gix antiblotics in differsnt concentrations.

fConcen- | zZone of inhibition in
Antibioticsftration{ s.typhi-Je.dublinis.dublinjceimonellis of
] murium. | (2) i (3) feroup E.

pAE i [ (mm, dia.)] (mm.dia)] (om.d1a)] (mm. dia.)
1 & 4 5 ]

Tetracycline 6 g 10 10 1o .
hydrochloride -
(Achromyein) 10 mg 10 12 12 12
28 mg 12 14 14 14
80 mg 14 15 15 16
100 ng 16 i8 - 186 18
Chlortetra- 5 /ug 10 10 10 10
Gycline
hydrochloride 10 jug 10 i2 12 11
(Aureomyein)
28 ng 11 i2 12 i2
50 ng i2 13 12 12
100 mg 12 13 13 13
Demethylchlor- 5 mg 10 10 10 10
tetracyeline
hydrochloride 10 ug 10 5 11 10
(Ledermyoin) gs mg 12 . 12 11 12
80 mg 13 13 13 12

100 mg 14 14 14 13
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TABLE-I (continued)

i j N T T T T 5 -
Dihydro-atrepto~- Smg 7 7  d 10
myein sulfate

10mg 8 8 8 10

28mg 9 9 9 1?2

80 mg 10 10 10 14

100 g 11 12 12 18

Hysteﬁlin‘v 5] g 6.5 8.5 6.6 8
(Tach capsule

contained 2850 10mg 7 7 7 9
mge.of tetra-

cyeline) 29 mg 9 9 9 9

60 pg 9 10 i i0

100 mg 10 10 10 10

Penieillin 50 uts.7 9 8 0

¢. sodium

100 uts.10 io 10 10

200 uta.io 12 12 12

500 uts.12 13 13 16

1000 uts.14 14 14 16

u%s = unites.
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RISCUEBSION AND CONQLUSIONS

General :-

The Salmonella group of organismes comprise over
800 seroiogioally dletinet types (Taylor,1960). These are
widely dlstributed among man and verieties of animale and
birde. Most of them a&re intestinal parasites and they can not
multiply and live in soll, water and other materials, exocept
for & short period of time. Investigation ocarried out so far
revealed that every animal species is found to harbour these
organisme in their body, especially in their intestinal tract.
For example S.typhimurium which causes typhoid like disease in
mouse and other rodente; septicaemis and death in young animals
and blrds; ocecasional gastro-enteritis in sdult animals, is the
"most prevalent cause of meat-borne salmonellosis in man. It
displays the capacity to pass from animal to man and back arsin
by devious routes. The members of the genus Salmonella can get
adapted %o any kind of multicellular animal species and,thus,
the control of Salmonellosis in man and animals ig,indeed, a
difficult problem. All the serotypes recorded are potential
pethogens for man, animals and birds.

Technique:-

The method adopted has ylelded positive isolation
of Salmonells and negative for shigella. The difficulty was
encountered in the course of processing the material. A number

of cultures which showed delayed fermentation of laotose or
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hydrolysed urea or produced Plgment and ghowed the reaction
of Peeudomonas specles grew well in the enrichment medium =
combined Muller - Kauffmann's tetrathionate broth, used for
preliminary oulturs. The enrichment media allowed the growth
of lactose fermenting organisms to more than desirable extent.
Though, 1t is stated that Proteus is highly inhibited in
Muller - Xauffmann's tetrathionate medium, & number of cultureg
of these organisms were obtained after enriching the faecal
matter in the above medium. Brilliant green agar was used
throughout the present work and the result was found
satisfactory.

Verious workers on enterie bacteriology have encountered

difficulties with Proteus and Pseudomonas while isolating

salmonella organisms by using enrichment and selective media.
Iactose fermenting organiems, growing in enrichment media, can
easlly Dbe eliminated when plated on selective media. But,
Proteus, Pseudomonas and other late lactose fermenters can nof
be easlly dlfferentiated. Galton et sl (1952) used nombined
tetrathlonate broth with 0.128 mg of sodium sulphathiazole

per 100 ml. to suppress Proteus. The same authors (1954) noted

that in the examination of materials in which Peeudomonags were

present in larpge numbers, the addition of 8-8 mge.of sodium
sulphadiazine per 100 ml. of enrichment medium gave excellent
resulte. Jeffries (1959) used 40 mogms. of novobioein per ml.
of tetrathionate broth to suppress the growth of Froteus
organiems and found that 1t was superior to plain tetrathionate
broth. Opinion of workers varies regarding the efficacy of
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selective media. Hobbs et al (1946) and Thomas (1964) stated
that desoxycholate citrate agar and bismuth sulfite agar gave
better results if used after enriching the materials in
gselenite broth. Hormaeche et al (19569) advoocated the use of
brilliant green agar after enrichment in combined %tetrathlonate
broth. Regarding the perlod of 1noubat16n of the inooulated
enrichment media, smith (1952) preferred 30 hours of incubation
at 37°C while Hormaeche st al (1969) advocated inoubation for 1
and 3 daye in combined tetrathionate broth and 30 hours in
gelenite broth. Tn the present work 36-40 hours incubation was

used and the result is satisfactory.

Resulta:-
A total of 253 calves (including 7 dead calves) and

12 pige were examined for Salmonella and fhigella. None of the
animale examined revealed the presence of Shigella organiam.
perhaps this fallure might be due to the fact that the method
adopted was sultable for sSalmonella and not for shigella
jsolation and brilliant green agar probably inhibites the growth
of shipella organisms (Hormaeche ef 21,1069), The desoxycholate
citrate agar - the best suited medium for the leolation of
shigella erganism was not used due to some technical difficulties.
None of the dead ocalvee and slaughtered pigs revealed the
presence of Salmonella organisms. This failure might be due to

the fact that emaller number of animals have been examined for
the isolation of Salmonellsa.

il
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Out of 246 living calves examined, 200 were apparently
healthy and 46 were having dlarrhoea of varying intensity.
Four straine of Salmonells have been isolated, one from
apparently healthy calves and three from calves showing -
diarrhosa. Correlation of age and sex with the type of
salmonella infection has been shown in Table TT belowi-

TABLE - 1T

Table showing ocorrelation of age and sex with
the type of Salménella infection.

T Tumber of elves exnmined I
Salmonella [Oday to | L t02 ] 2 to 6 € monthe J Total
type I 1 month | months J montha ! & above |

I 1 i i i

M. 9+1d M. 11424 M. 22 M. 61 L. 246

F.2141a Fo 21434 F. 44 Fe 857 da. ?

= 32 = 37 = 66 = 118 = 253

. typhimurium nl iF Nil Nil 1
S.dublin Nil i ir Nil 2
salmonella
group E Nil Ml M1l im i

M= male; F= female; 1= iiving; d- dead.

It would be observed from the literature reviewed that
principal serotypes of Salmonella related to fSalmonellosis in
calves are 8.4ublin, 8.typhimurium and S.enteritidis. Other
serotypes have ocecaslonally been isolated from salmonellosis
in calves. Henning (1953) iesolated 507 gtrains of Salmonella
from outbreaks of calf paratyphoid in sSouth Africa. Out of
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these 491 were identified as S.dublin, 11 as 8.typhimurium,
4 as g.enteritidis and one as S.bovis-morbificans.Muller(1956)

examined 8016 calves in Copenhagen and found 2,177 incidence
of Salmonells infection, S.dublin infection was 1.797 and
S.typhimurium 0.287. Other serotypes lsolated were f.enteritidis

(2), S.enteritidis var danysz (3), gS.bredenoy (2) and one each
of S.duessoldorf, gS.saintpaul and S.chester. Muller (1988)

reported g.dublin 747 and g.typhimurium 14% of 229 isgolates

Trom calves. EKhera et al (19568) examined 191 calves and isolated

S.dublin (45), g.typhimurium (11), S.enteritidis (4),
S.weltevreden (3), Salmonella species unidentified (probably

S.weltevreden) (2), g.newport (2), S.richmond (2),3.chester,

S.pomona, S.uchanga, S.hvittingfoss and gS.butantum one each.

Smith (1952) examined mesenteric lymph nodes and fasces of 200
apparently healthy cattle and falled to igolate the Salmonells
from them. Gibson (1961) listed 14 gerotypes out of 989 Aigolates.
Two serotypes, S.dublin and g.typhimurium, accounted for 96-977

of the isolation.
In Newzealand wheve g.8ublin has not been recorded go far, |
all the 80 1solations made from bovine sources were found to be
8. typhimarium (Jaahn&,isao). Similarly, S.tyohimurium appear
to be the commonest in Australia (Simmons and Sutherland,1950).
The senegitivity tests carried out showed that the
aalmonella straing 1solated are aénsitive to broad spectrum
antibiotlies like Tetracyeline Aydrochloride,Chlortetrasyeline
hydrochloride and Demethylchlortetracyeline hydrochloride. These

antiblotics can be employed to exterminate the infection as well ag
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the carriere present in Government Cattle Farm,Patna. The '
feeding of Terramyein soluble powder to calves up to one weak
age might have eliminated the salmonella :l.nfectmn'in young
stock and as such no Salmonella could be isolated from the

young calves up to one month age group.

Publiec health importancei-

It is needless to stress the public health importance
of the serotypes isola ted. Man does not seem to sot as &an
important reservolr of infeoftion, except for one or two members
like typhoid and paratyphoid bacillus, and the invading
organisme are quickly thrown off and the chronic carrier rate
ie unusual (Wilgon and Miles, 1965). Salmonella organisms are
most commonly associated with human food polsoning. Taylor

{1960) reported igolation of g, fEyphimurium, S.newport, 8.

enteritidis, S.derby and g.snatum from 3087, 118, 7€, 68 and

55 eceses of human food poleoning respectively during the year
1958. The other gerotypes isolated can also produce enteric
fever and gastro-enteritie. Anderson et al (1861) described
an outbrezk of 90 ocases of infection with g.typhimurium phage
type 20a in South-fast England which were ageociated with
infection in calves., A high proportion of the initial cases
were in orthodox Jews suggesting Kosher meat as a possible
vehiele of infaction. In our country, Hayes and ¥reeman (1945)
isolated S.typhl, S.paratyphi A,B & ¢, g.enteritidis,g.dublin, 4
getyphimuriun, g.gmatum, g.yirchow, §.cholerse guls and gS.bovis-
morbificans from typhoid and peratyphold cases of human beinge.




172

Mathur (1969) described an outbreak of food poisobing in a
family due to S.weltevreden after consumption of contaminated
rmilk,

Sourges of infeetion in human being ia consumption of
contaminated foods and drinks. Contamination may take place
from infected animals or through the agencles of flies,rodents,
handlers and processing plants (Dolman,1957; Taylor,1960).
Galbralith (1961) pointed out that meat, meat products and bulk
egg products are thres main sources of infectlon to human |
beinga. Out of 645 outbreaks where vehicle of infections were
identiried with reasonable certainty, 477 were due %o meat and
meat products, 274 to eggs including egg products, 157 %o
gweetmeats and 114 to other vehicles. 419 of &.typhimurium
outbreake were caused by meat and 667 of outbreaks due to other
gerotypes were alego caused by meat.

In our gountry, though, the meat 1s generally consumed
after proper cooking, the indireot waye of contamination of
other gtuffs, water, milk and utensils from the cantaminhted
meet can not be ruled aut: gontaminated meat in the retall meat
ghop ie also a danger to publie, especially, in this gountry.
Tn the market there are number of shops where prepared food and
sweete are eold. If theee are in the heighbourhood of the
meat shop, flies can easlly spread the falmonella organiems to
these.

In the abattoirs of our country, the bowels of slaughtered
animals are emptled on the saﬁs floor where all the carcasses

are dressed, fome time even the dressed carcagses are washed with

28
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the water from the drain in which intestines of animals are
emptied.

There ig algo close association of human beings and
varions animals in our country. The villagers are in the habit
of living and sleeping in & place where the animals are kept
(tied). So there ie chance of infection %o humen beinge due to
close agsociation. '

Therefore, Af control measures a&re to be adopted for
salmonellosis in human beings, the needs for & high etandard
of hygiene in dwelling places and in abattoirs can not be over-
looked., Detection of carriers and improving the me thod of
huebaniry will surely lessen the number of infected animals and,

thus, the danger to the public.

CONCLUSIONS

I our country, where sanltary meagures are not adopted
to the Aesirable extent and it seems from the available litera=-

ture that no serious attempt has been made %o determine the

adietpribution of salmonella types among different domestic animals,

especially bovines, such an in7ormation will be highly desirable
for the control of Salmonellosis both in livestock and man. The
present investigation was,therefore, undertekxen to study the
prevalence of salmonella in the intestine of calves in health
as well as showing enteric disorders.

Though the finding of this investigation may not reveel

an exact ploture of the prevalence of asalmonells in the intestine

of oalves in health as well as in enteric dlgorders, these

certainly indicate that our animals are not free from galmonellae
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as thought %o be. For an accurate estimate, extensive research
work will have to be carried out by examining a large number of
animals extended over & number of years, not only from wsll

managed Government mfms but also from rural and urban areas.







SUMMARY

A total of 253 calves (including 7 dead calves) and
12 slaughtered pigs (experimental) were examined for the
presence of galmonella and shigella organisme. Out of 246 living
ealves, 46 calves were having dlarrhoea of varying intensity 1
and the rest of the living calves were apparently healthy.
Faeces were collected from the living calves. Caecal contents,
mesenteric lymph glands, spleen, lung, heart blood and bile
were collected from the dead ocalves and experimental pigs.
Materials were inoculated in enrichment medis and after 36«40
hours incubation at 37°C, the cultures were etreaked on
brilliant green agar medium. fuspected colonles were isolated

and etudlied. Your Salmonella strains - one g.typhimurium, two

S.4ublin and one fSalmonella belonging to group ¥ were identified.
¥o shigella organism could be isolated. This failure might be
due to the fact that the method employed was not suitable for
the isolation of shigolla.orpanism. One strain of £.4ublin was
from apparently healthy calf and the rest of the three salmonella
etraine were lsolated from the ocalves showing dlarrhoea of varying
intenslity. No Salmonella could be isolated from dead ealves and
experimental pigs.

Microbial sensitivity t;ata were carried out in Vitro
with six antiblotlos. The concentration used were 5, 10, 26, 50
and 100 megms. with five antibliotics and 60, 100, 200, 500 and

1000 units of penieillin, All the four Salmonella strains were
gensitive to Tetrasyeline hydroohldride, chlortetracyeline
hydrochloride and Demethylchlortetracycline hydrochloride.
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Salmonella belonging to group F was aleo sensitive to Dihydro-
streptomycin whereas the rest of the organisms were resistant
to 1t. All the four straine were resistant to Mysteelin-v.
Penicillin at 100 unite concentration produced 10 mm. zone of
inhibition in all the four Salmonella strains.

niffioulties were encountered in the isolation and
jdentification of Salmonella orgenisms as Pseudomonas, Proteus,
late lactose fermenter coli-group and E.coli also grew in
enrichment media., It becomes difficult to identify and differen~
tiate with certainty the Proteus colonles and some time late
lactose fermenter and Pseudomonas colonies from the salmonella
colonies. This type of difficulty has also been encountered by
the workers engaged in salmonella works. lactose fermenter coll
are sasily identified on brilliant green ager medium.

A1l the salmonella organiems lsolated are potential
pathorens for man, animals and birds. They are of public health
jmportance. Public health importance of galmonellae has also

been Algcussed.
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