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INTRODUCTION 

In the following study consideration was given to certain 

aspects of the condition commonly called oedema disease of swine which 

has been recognized in Canada for a number of years. This work was 
j 

undertaken in an attempt to clarify certain aspects of the disease and 

bring them up-to-date with the current theories regarding its aetiology. 

P. L. Shanks (84) first described this condition in 1938 

and since that time reports of its incidence have been presented from 

many parts of the world. It can now be regarded as a disease which is 

practically world-wide in distribution and of considerable economic 

importance. During the past twenty years much time has been devoted^ 

particularly in Great Britain, to the study of the aetiology of this 

somewhat baffling condition. Perhaps the greatest contribution by 

Canadian workers was published in 1954 by F. W. Schofield and J. D. 

Schroder (79). They found haemolytic Escherichia coli organisms in 

association with this condition and suggested a relationship between 

these organisms and oedema disease. This finding received support in 

1957 when W. J. Sojka, R. G. Erskine and M. K. Lloyd (88) reported that 

two specific serotypes of haemolytic E. coli were associated with oedema 

disease. On the basis of the evidence presented they postulated that 

oedema disease was an enterotoxaemia, the "toxin" being produced by these 

two serotypes of haemolytic E. coli. 

There are approximately five million pigs in Canada (19) and 

oedema disease has been an economically important disease in Canada for 

at least the last ten years. F. W. Schofield and J. D. Schroder (79) 
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reported six cases of oedema of the gastric submucosa of pigs between 

1926 and 1946 in the Province of Ontario. They considered that, during 

that period, the disease was of no economic importance. However in 1955 

they reported that the disease was increasing in incidence. In 1956 

forty-one cases of oedema disease were diagnosed at necropsy in the 

Ontario Veterinary College and forty-two in 1957. Most of the 

diagnoses were made on the pathological findings at necropsy and 

many other cases of sudden death in weaned pigs were thought to be 

due to oedema disease but confirmation of suspicions was not possible. 

At the present time this disease is known to be fairly common in 

Ontario and, in animals where typical lesions on autopsy are not 

marked, it is considered difficult to confirm its diagnosis. 

It was thought, therefore, that a basic study of haemolytic 

coli serotypes isolated from pigs was necessary to establish their 

role in the aetiology of oedema disease in Ontario and thereby 

facilitate its diagnosis. Such a study would also serve to confirm 

and expand the findings made in other countries. This work was under-

taken to determine if a number of specific serotypes was found consist-

ently in association with oedema disease in Ontario. If this proved 

to be the case then maximum benefit could be derived from further 

research both here and elsewhere. 
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A LITERARY AND HISTORICAL REVIEW OF OEDEMA DISEASE 

The history and literature relating to oedema disease of pigs 

can be divided into three main sections on the basis of tine and signific-

ant findings. During the first period, in the late nineteen thirties, the 

disease was first described and the foundation laid for further study. The 

second coincided with the decade, 1940 to 1950, which may best be described 

as the period of speculation concerning different aspects of the disease 

and the third period from 1950 until the present day has been one of 

elucidation, due to extensive systematic study of some of the main problems 

concerning this condition. The following brief review will consider these 

periods and the facts which were gleaned during them in an attempt to 

demonstrate the major findings which account for our present knowledge of 

oedema disease. 

The first report of oedema disease was presented by P. L. 

Shanks (84) in 1938. He described "an unusual condition affecting the 

digestive organs of the pig" which had been seen in Northern Ireland. 

Since this paper formed the foundation of the study of oedema disease the 

main points will be presented here. Sudden deaths in thriving pigs aged 

from ten to fourteen weeks after changes in the system of feeding were 

characteristic of the condition. Clinically affected pigs showed hyper-

excitability and spasmodic inco-ordination of the fore and hind limbs while, 

in protracted cases, generalized paralysis supervened. Acute congestion 

of the conjunctivae and oedema of the eyelids were often seen, body tempera-

tures were normal. Shanks maintained that post mortem examination was a 

very useful guide to diagnosis since the stomach was found to be full of 
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food and oedema of the stomach wall and of the mesentery between 

the folds of the large intestine was often found. All his attempts 

to establish the aetiology of the disease proved unsuccessful but he 

claimed excellent results for his therapeutic measures which included 
j 

the feeding of light bran mashes and administering one and a half to 

two ounces of Epsom salts to each pig. These findings were verified 

and reiterated in the same year by H. G. Lament (52), a colleague of 

Shanks. Later R. Hudson (44) claimed that this condition was also 

found in England. He had little to add to the findings of Shanks 

but observed that in some animals the mesenteric lymph nodes were 

congested at autopsy. His report established that the disease was 

found outside Northern Ireland and caused heavy mortality in young 

pigs. During the decade 1940 to 1950 many reports were published 

about this condition. In a general article on allergy in domestic 

animals Brownlee (16) compared the condition to human agioneurotic 

oedema and thus tended to classify the condition as a possible allergic 

disease characterized by an increase in vascular permeability. Austvoll 

(l) in 1947 reported the incidence of oedema disease in Norway. He 

thought that the condition was contagious and appeared to be more acute 

in younger than in older pigs. In less acute cases an ocular discharge 

and bloody diarrhoea occurred. He reported that affected pigs showed 

pustules round the snout, mouth and tongue, lesions which have never 

again been described. The post mortem lesions which he observed were 

similar to those previously described. In the same year Caffrey (17) 

considered that a high death rate in pigs could be attributed to this 
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disease. He stated that some paralysis of the limbs might be seen but 

that upon histological examination of the brain, meninges and spinal 

cord no changes were noted. In the clinical history of this condition 

a sudden change in the diet was often but not invariably noted. The 

condition occurred in pigs fed on different types of diet and often in 

newly purchased pigs. In the same year Mahony (62) described a condition 

which was very similar to oedema disease in all its aspects except for the 

fact that in most cases the animal's temperature was usually 105°F. Despite 

this it seems certain that he was dealing with oedema disease which was caus-

ing high mortality in pigs in Ireland. In animals in which the disease had 

run a longer course this author found enteritis and a darkish exudate in 

the peritoneal cavity. 

In 1949 it became apparent that the disease had increased 

considerably in incidence. In one brief review (23) it was referred to 

as an epidemic among pigs in Ireland. Lynch (61) notes that oedema of 

the pharyngeal region can occur with the other lesions of oedema disease. 

He also states that in some cases no lesions may be found on post mortem 

examination. This author is the first to question the title oedema disease 

claiming that the symptoms are primarily those of a poliomyelitis. The 

fact that the condition can occur under a number of different environmental 

conditions is borne out by Callaghan (18) who found that the majority of 

outbreaks occurred in pigs which had not been moved. 

The first step in the elucidation of this disease came in 1949 

when Timoney (92) published a preliminary report on the successful reproduc-

tion of the disease by experimental means. He accomplished this by the intra-
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venous inoculation of the supernatant fluid from centrifuged samples 

of the small intestinal contents obtained from cases of the disease. 

He produced sixteen fatal cases of the disease with material from 

eight different outbreaks. His control experiments were all negative. 

He suggested that the disease was a specific bacterial toxaemia, the 

toxin being either preformed in the food or formed in the intestine. 

He made no suggestions concerning which specific micro-organism might 

be the aetiological agent. In the support of Timoney's view that the 

disease was of an infectious nature Barron (8) stated that outbreaks 

occurred in pigs within a week of their arrival on a farm followed 

by outbreaks in "home pips" one week later. This author places 

considerable stress on the time lag of one week and quotes an instance 

where an outbreak occurred on a farm one week after the farmer returned 

from a market where pigs involved in another outbreak had originated. 

Early in 1950 two reports (24) (59) summarized the known facts 

about the condition. One author (24) added that the best "thrivers" 

appeared to be affected. The other authors (59) in a particularly good 

synopsis of the condition indicate that the oedema of the larynx can 

cause am alteration in the pig's grunt and that even young pigs still 

on the sow have become affected. The attempts of these authors to 

reproduce the disease by various means met with failure. Noble and 

Frame (66) obtained 60 per cent cures when therapy of combined 

phenergan and penicillin was instigated. They felt that "some factor 

is created which causes an anaphylaxis and allows the normal bacteria 

in the bowel to become pathogenic. " Lamont et al. (53) attempted to 
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duplicate the transmission experiments previously described by 

Timoney (92) but their results were disappointingly inconsistent. 

They reported one case in which oedema of the spinal cord was found. 

In the same paper, which is a review of some pig diseases, Lamont et al. 

mention that the condition of "mulberry heart" may be a variation of the 
j 

gut oedema syndrome which is characterized by a myocardium which is 

haemorrhagic and deep purple in colour, the colouration being diffuse 

or streaky, and by an endocardium which is usually splashed with 

haemorrhagic spots. 

One of the greatest advances in the study of oedema disease 

was made when Timoney (92) (93) (94) described the successful transmission 

of this condition by experimental methods. In an excellent review (94) 

presented in 1950 he describes in detail how he reproduced the disease 

successfully using the supernatant of centrifuged bowel content from 

affected carcasses. He injected this material intravenously into pigs. 

He failed to prove that the disease was contagious in nature and suggested 

that it was a specific toxaemia. He observed that macro - and microscopical 

examination of the brain, meninges and spinal cord revealed no abnormalities 

although the disease symptoms were predominantly nervous in nature. 

Pawley (70) contended that while the disease had increased in 

economic importance he had observed typical oedema of the stomach wall of 

pigs as early as 1916 and oedema of the mesentery in 1909 along with a 

history of sudden death in thriving pigs. The disease was overlooked 

since swine fever was the centre of interest. Daly (21) and Mcintosh 

(63) recorded for the first time the incidence of oedema disease in 

Natal, South Africa. Luke and Gordon (60) found that pigs suffering 
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from oedema disease had serum protein levels not exceeding 5 per cent 

while in normal pigs they varied from 5. 5 to 8 per cent. They therefore 

considered that oedema disease was associated with a hypoproteinaemia. 

Pinkerton (69) reported the incidence of oedema disease in 

Iowa, the first report in the United States. He described his findings 

in the disease in Iowa and stated that the condition could occur in pigs 

vaccinated against hog cholera and in pigs which were unvaccinated. 

Tabola (90) agreed that vaccination against hog cholera was not a 

prerequisite for the disease and added his observations on its incidence 

in sixty herds of pigs. 

In 1951 a considerable amount of literature was contributed 

by American authors. A large number of annotations by Quin (73) and 

others (25) (26) (27) indicated that the disease was receiving consider-

able attention and appeared to be growing in importance. A number of 

more extensive works appeared in the same year, the majority of their 

authors summarizing the results of work elsewhere and reporting some 

additional observations which had been made in America. Quin (71) 

reported heavy losses in the Mid West and stated that these occurred, 

"especially in droves vaccinated with serum or virus. " The same author 

(72) considered that he had observed the syndrome for thirty years but 

had not considered it as a specific disease entity. He adds that oedema 

of the ear or ears and vulva may be seen and that the heart may be 

petechiated and sometimes a mulberry-coloured blotching of the 

myocardium is seen, findings not unlike those of Lamont (53) who includ-

ed them under the heading of "mulberry heart" disease. Bennett (10) 
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states that in comparison to Ireland the disease was only of minor 

economic significance in Iowa during 1951 although he claimed that it 

had been present for a number of years, cases being submitted for 

examination with the tentative diagnosis of hog cholera. Woods and 

Beamer (101) observed gut oedema in three swine herds in Illinois. 
j 

These outbreaks all occurred shortly after the pigs had been vaccinated 

with hog cholera antiserum and virus. Early treatment with a variety of 

drugs proved of value in these outbreaks. In 1951 Hars (43) reported 

that oedema disease had been recognized in pigs in France and that in a 

few cases an improvement in the animals' condition had been noted after 

treatment with sulphamethazine. 

In 1952 very little progress was made in the advancement of 

knowledge concerning this condition. Much of the British literature 

consisted of correspondence by Beaumont (9), Forrest (33), Blount (13), 

Barr (6) (7) and Swift (89) expressing the opinion of these authors on 

the aetiology and treatment of oedema disease. Their observations were 

based on their experience and not necessarily on scientifically proven 

fact. D. Luke et al. (58) reported the experimental reproduction of 

oedema disease using Timoney's method of injecting pigs intravenously 

with the supernatant fluid from the centrifuged small intestinal contents 

of pigs which had died of oedema disease. These authors also reproduced 

the disease experimentally by preparing an extract of the oedematous part 

of the stomach wall and after centrifugation injecting the supernatant fluid 

intravenously into pigs. They observed oedema of the gluteal muscles in live 

pigs with oedema disease and this oedema caused marked lameness. 

In America in 1952 no major advances were made. Ray (75) noted 

that oedema disease appeared to be on the increase and Kernkamp (51) claimed 
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that the condition was known under a variety of names including 

paralytic toxicosis, ascites and intestinal oedema. Bennett (11) 

found two cases in which one or two proliferative ulcer-like lesions 

were found on the mucosal surface of the stomach. Directly beneath 

these ulcers an oedematous layer about one-fourth inch thick was 

present between the mucosa and the muscular layer. The same author 

observed oedema in the brain in several of the cases of well developed 

oedema disease. Until this report little work had been described on 

the lesions found in the central nervous system in this condition. 

Schondelmeyer (83) observed an outbreak of oedema disease in which 

symptoms were most marked on the sixth day after vaccination with hog 

cholera antiserum and virus. He concluded that in this instance the 

serum and virus might have been the precipitating factor. 

The years 1953 and 1954 are remarkable for the paucity of 

material published on oedema disease. Austvoll (2) in Stavanger, Norway 

reviewed the condition as it occurred in Norway and concluded that a 

living organism might be the cause of oedema disease, that toxins and 

vitamin deficiency could induce the symptoms and that toxins destroy the 

vitamin B^ in the digestive organs since vitamin B^ can in some cases cure 

oedema disease. In 1953 Schofield (78) suggested that the name oedema 

disease be changed to entero-toxaemia of swine in view of the knowledge 

recently acquired about the condition. In support of his contention he 

maintained that the history, symptoms and lesions of outbreaks suggested 

a primary entero-toxaemia and oedema was inconstantly present. He suggest-

ed that oedema disease was one manifestation of the complex disease, entero-

toxaemia. 
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In 1954 Schofield and Schroder (79) expanded their theory 

concerning the enterotoxaemic nature of oedema disease adding that in 

Canada a mild diarrhoea or scour occurs from twenty-four to thirty-six 

hours before any symptoms of oedema disease are noticed. At post mortem 

pieces of gut show the usual changes seen in catarrhal enteritis. These 

authors included some notes on the histopathology of oedema disease. While 

these notes are brief they are nevertheless significant since few reports on 

the histopathology of oedema disease had been published before 1954. They 

described oedema of the brain and spinal cord with degeneration and necrosis 

of neurons and in summing up suggest that "there were no specific changes in 

the tissues which would at this time help to throw any light on the exact 

cause of oedema disease, other than evidence of a severe toxaemia. " A report 

by Gregory (38) is of interest since he made the following suggestion. "It 

seems likely to the writer that micro-biological agents in the digestive tracts 

of diseased pigs are primarily responsible for the lesions and symptoms of 

oedema disease and with this in mind it is deemed likely that a profitable 

line of approach might lie in investigations directed toward determining the 

micro-biological floras of the digestive tracts of normal and of diseased 

pigs. " The pursuit of this suggestion finally proved very profitable in the 

search for the aetiological agent of oedema disease. 

Schofield and his co-workers in Canada devoted much time to the 

study of oedema disease in 1955. Schofield and Robertson (80) attempted to 

reproduce the disease. Despite a multiplicity of attempts these authors 

failed to reproduce oedema disease by feeding experiments, transportation and 

even using the classical method of Timoney (92) which had been successful in 

the hands of other workers. Schofield and Davis (81) observed that in faecal 

cultures from cases of oedema disease there was almost always a heavy growth 
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of strongly haemolytic Escherichia coli. Postulating a relationship 

between this organism and oedema disease they prepared a bacterin and 

administered it, results however using this bacterin were inconclusive 

and the authors claimed that the disease had occurred before the maximum 

immune response. This work is noteworthy as it was the first attempt to 

incriminate haemolytic E. coli as the aetiological agent of oedema disease. 

Finally Schofield and Nielsen (82) designed experiments to determine if 

thiamine hydrochloride was effective as a preventative or curative agent 

in oedema disease. They found that it was ineffective and concluded that 

oedema disease was not due to a thiamine deficiency per se or to the action 

of anti-thiamine or thiaminase in the intestinal tract. In the same year 

Vesselinovitch (98) carried out electrophoretic analysis of blood sera from 

pigs with oedema disease and found that their sera showed a decrease in the 

albumin/globulin ratio which resulted from a passive loss of albumen and an 

active increase of gamma globulins. In Britain Greenaugh (37) and Walther 

(99) while discussing various aspects of this condition mentioned the use 

of vitamin B]_ in its prevention and cure and Gracey (36) in a survey of 

pig losses in Northern Ireland contended that oedema disease caused 39»6 

per cent of all post weaning pig losses, thus it assumed the role of the 

most important cause of post weaning losses in pigs in that country. 

E. coll again received some attention when Lancaster (54) briefly 

mentioned that his best treatment for oedema disease was a vaccine 

made from B. coli of porcine origin. 

From the United States came Bennett's (12) fine review of 

oedema disease, followed in 1955 by Gregory's (19) paper which further 

implicated haemolytic coliform organisms as aetiological agents in oedema 
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disease of swine. This author found that beta haemolytic coliforms 

were the predominant organisms found in cultures of the small intestines 

of oedema disease specimens, these organisms were only found in one 

normal animal out of a possible of fourteen and in this instance they 

were predominantly in small numbers. He carried out some experiments 

with the toxin from these haemolytic coliforms, injecting it into mice 

and pigs. A few test pigs developed marked symptoms after the intra-

peritoneal injection of supernatant fluid of broth cultures of these 

organisms. 

In 1956 Timoney (95) carried out further experiments with 

the toxic factor isolated from the intestinal content of pigs with oedema 

disease. He found that this factor could withstand heating for fifteen 

minutes at a temperature of 60°C. but not higher. He failed to demonstrate 

the presence of this toxic factor in gastric contents of pigs which had 

died of oedema disease. Timoney produced hyperimmune serum by injecting 

pigs with a series of inoculations of alum precipitated material derived 

from formalinized supernatant fluid together with a limited number of 

intravenous inoculations of untreated supernatant fluid. He also produc-

ed hyperimmune sera by injection of lightly centrifuged deposits from 

broth cultures of a haemolytic coliform organism isolated from a case of 

oedema disease. Final inoculation consisted of a heavy suspension of the 

living organism. The protective value of these two types of serum was 

tested by mixing them with the supernatant of intestinal contents and 

then injecting the mixture back into pigs. Both of these sera success-

fully protected pigs against the experimental production of oedema disease 
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and cast further suspicion on haemolytic coliforms as the aetiological agent in oedema disease. The only other report on this condition 

in 1956 came from Austvoll (3) who advocated the use of sulfamerazine -

sulfamethazine solution in the prevention and treatment of oedema 

disease. 

One of the most significant years in the history of oedema 

disease was 1957 since in that year considerable evidence indicated 

that haemolytic E. coll organisms were the aetiological agents in 

this condition. Early in 1957 Austvoll (4) reported the occurrence 

of oedema disease in a litter of eleven pigs. These pigs were only 

four days old and this was the earliest recorded age group in which 

oedema disease had been reported. Sojka, Erskine and Lloyd (88) 

presented an excellent paper on oedema disease in March 1957. These 

authors found that, after serologically typing strains of haemolytic 

E. coli from cases of oedema disease two specific serotypes E. 4 and 

E. 57 were found in association with oedema disease cases and their 

in-contact litter mates. These specific serotypes were non-invasive 

and were not common in normal pigs. They concluded that oedema disease 

was an entero-toxaemia, the toxin being produced by these specific sero-

types of haemolytic E. coli. The same workers (32) found it possible to 

reproduce oedema disease in pigs by injecting them intravenously with an 

extract of E. 4, a specific serotype of haemolytic E. coli found in 

association with oedema disease. It was also possible to reproduce 

oedema disease with extracts of other haemolytic E. coli serotypes which 

had been associated with oedema disease outbreaks, it was not possible 
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however to reproduce this syndrome using extracts of haemolytic 

E. coli from conditions other than oedema disease. Next Lemcke et al. 

(55) recorded that they had observed oedema disease in normally reared 

piglets at 7 to 12 weeks of age and also in early weaned piglets at 3 

to 4 weeks of age. Beta haemolytic E. coll were the only organisms 

which always occurred in the gut and sometimes in the liver and spleen. 

Commercial E. coll antiserum protected pigs under field conditions from 

oedema disease when given according to a certain injection routine. 

Gitter and Lloyd (34) carried out Borne investigations on the pathogenicity 

of strains of haemolytic E. coll for experimental animals. They found that 

strains of haemolytic E. coli isolated from the parenchymatous organs of 

pigs were more virulent for mice than those isolated from the intestinal 

tract. The number of strains of haemolytic E. coli used was limited to 

three, of which two came from cases of oedema disease and one from a 

case of catarrhal enteritis. The same authors (35) failed in their 

attempts to immunize pigs, either actively or passively, against the 

intravenous inoculation of supernatant fluid from centrifuged extracts 

of intestinal contents of pips which had died of oedema disease. This 

extract was also fatal to mice on intravenous injection and the mice 

could not be protected with immune serum. These authors used live 

cultures of a strain of haemolytic Bact. coli from a field outbreak of 

oedema disease to induce active immunity and immune serum prepared against 

this strain to induce passive immunity against oedema disease. 

It appears that in 1958 haemolytic E. coli organisms were 

considered of established importance in the aetiology of oedema disease 
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since Gregory (4) in a review paper on oedema disease suggested that 

the condition be called E. coli toxaemia. At the end of 1957 Timoney 

(96) reviewed and discussed the most recent findings in oedema disease. 

He reported that the condition had a very widespread distribution which 

included, Ireland, Great Britain, Holland, Norway, South Africa, Canada, 

the United States of America, France, Belgium, Switzerland, Italy, 

Yugoslavia, Poland, Hungary, Sweden and Germany. 

In 1958 the United States followed the example of the British 

workers and Gregory (41) turned his attention to the serotypes of E. coli 

found in association with oedema disease in America. He investigated 

twenty-two outbreaks of oedema disease and found that one 0 antigen group 

appeared in almost half of the isolations, eight other 0 antigen groups 

were involved in oedema disease. He studied the sensitivity of eight 

haemolytic E. coli strains to various antibiotics in vitro and found 

that all strains were highly sensitive to neomycin, chloramphenecol, 

dihydrostreptomycin and two sulfonamides. In his experiments there 

was no evidence that recovery from E. coll toxaemia resulted in the 

production of specific 0 antibody levels in recovered or in contact 

pigs. However a measurable K antibody level in these sera suggested 

that there was some response on the part of the animals to the E. coli 

organisms. 

In America, also, Ewing et al. (31) studied cultures isolated 

in Ireland and the United States from oedema disease cases and found that 

the strains belonged predominantly to two specific serotypes. These two 

serotypes represented new additions to the E. coli antigenic scheme and 
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were thus designated 0138: K81 and 0139-'K82. In Britain, Ward (100) 

still claimed good results when vitamin B^ was administered therapeuti-

cally to pips with oedema disease. Quinchon et al. (74) in France 

referred to oedema disease as enterotoxic colibacillary syndrome since 

they considered this term general enough to encompass the different 

aspects of the condition. They found that three different serotypes 

of haemolytic E. coli were the causative agents in oedema disease. 

These three serotypes elaborate a thermolabile enterotropic toxin, which, 

when inoculated into a pig, forms specific antibodies. These authors 

considered that E. coli is an ordinary inhabitant of the intestinal tract 

which becomes pathogenic under the influence of external conditions. 

In 1959, Dunne (22) in a comprehensive review of colibacillosis 

in domestic animals mentioned the diseases in animals which are associated 

with selected serological types of E. coli. He discussed the role of 

E. coli in white scours in calves, mastitis and abortion in the bovine, 

septicaemia in lambs and gut oedema in swine. While this paper does not 

deal specifically with oedema disease of swine it expresses the author's 

opinion on the relative importance of E. coli in these conditions and 

discusses colibacillosis in animals in the light of modern theories con-

cerning the pathogenicity of E. coli organisms. 
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MATERIALS AND METHODS 

In the following discussion the relevant materials and 

methods employed in these experiments are described. It includes 

details concerning the sources of pigs, the methods used for isolating 

haemolytic Escherichia coli from these pigs and the biochemical tests 

performed to confirm the identify of the haemolytic E. coli isolated 

from pigs. There is included a brief description of the tests conduct-

ed to determine the sensitivity of these micro-organisms to various 

chemotherapeutic agents. It concludes with a detailed description of 

the serological methods employed for the final serological typing of 

these organisms. 

A. Source of Pigs with Oedema Disease. 

Pigs with oedema disease were obtained from routine cases 

submitted to the Ontario Veterinary College. They were predominantly 

animals which had died and were presented for autopsy but a few were 

alive and had been admitted for treatment. In the case of dead pigs a 

diagnosis of oedema disease was made on the history of sudden death in 

weaned pigs in the eight to sixteen week age group, unnatural alertness 

and excitability, spasmodic inco-ordination of the hind legs and on the 

post mortem findings of oedema of the eyelids, oedema of the stomach 

wall or mesentery between the folds of the large intestine, a stomach 

full of food and thickening of the wall of the small intestine. Classical 

oedema disease as described by Shanks (84) was therefore sought, but it 

was borne in mind that Schofield and Schroder (79) when describing some 

aspects of oedema disease as seen in Ontario remarked upon the fact that 
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oedema of these viscera is a variable finding and indeed is often 

absent. Care was therefore taken in the selection of these cases 

and considerable importance attached to the clinical history present-

ed with these pigs before a diagnosis of oedema disease was made. 
. 4 

A small minority of pigs was presented alive at the Ontario 

Veterinary College and they were also included in this survey when a 

well founded diagnosis of oedema disease in these animals was made. 

The diagnoses were based upon the history of sudden deaths in other 

weaned pigs on the same premises and in the eight to sixteen week age 

group. Very often these deaths occurred shortly after weaning or after 

a change of environment with the live pigs showing various degrees of 

inco-ordination, unnatural alertness and excitability, absence of 

pyrexia and frequently oedema of the eyelids. The presence of these 

signs being considered typical of oedema disease. Since these pigs 

survived and were returned to their respective owners post mortem 

examinations were not carried out on them, but in most instances post 

mortem examinations had been conducted on their similarly affected 

litter mates and the diagnosis of oedema disease was in little doubt. 

B. Isolation of Haemolytic E. coli. 

Two of the thirty pigs included in this survey were presented 

alive. They showed distinct signs of oedema disease. From these animals 

rectal swabs were taken. Rectal swabs were also taken from pigs which 

had died of oedema disease, arid from live normal pigs. The procedure 

adopted for the isolation of haemolytic E. coli from rectal swabs will 

now be described. 
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Cotton-tipped swabs contained in glass test tubes were 

o 

autoclaved at 15 lbs. pressure for 20 minutes at 120 C. A swab 

was removed from the tube, inserted into the pig's rectum, applied 

to the rectal mucosa and rotated. It was then removed and replaced 

in the test tube. As much care as possible was taken to avoid con-

tamination from the environment. On the same day the swabs were 

streaked directly onto plates of tryptose agar (Difco)* with 5 per 

cent citrated sheep blood added and also onto plates of MacConkey 

agar (Difco). The plates were incubated at 37°C. overnight under 

aerobic conditions. 

The next day the blood agar plates were examined for the 

presence of circular, low, convex, smooth, greyish-white colonies with 

an entire edge and a wide zone of haemolysis as described by Gitter (34) 

for colonies of haemolytic E. coli. The MacConkey plates were examined 

for the presence of lactose-fermenting organisms which grew in the 

presence of bile salts and produced a faecal odor as described in 

Bergey's Manual (15). Organisms which corresponded to the above 

description were subcultured and isolated in pure culture after their 

relative percentage in the original culture had been estimated. 

Accurate bacterial counts were not made on the original plates but 

estimations of the percentage of haemolytic E. coli colonies were 

based on the percentage of these colonies, compared with all other 

types of colonies present in a small section of each plate. These 

haemolytic micro-organisms were considered to be haemolytic E. coli 

and were stored on tryptose agar slopes (Difco) until biochemical tests 

*Difco Laboratories Inc., Detroit 1, Michigan, U. S. A. 
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could be carried out. 

The twenty-eight pigs which had died of oedema disease were 

autopsied as soon as possible after death. All post mortem examinations 

were carried out as carefully as possible, maximum precautions being 

taken to ensure that contamination of specimens from the environment 

was minimal. Sojka et al. (88) reported that no haemolytic E. coli 

organisms were isolated from the heart, liver, spleen and kidneys of 

recently dead pigs showing lesions of oedema disease and Gitter (34) 

reported that he recovered haemolytic Bacterium coli in pure culture 

from the intestine and lung of a pig from a field outbreak of "bowel 

oedema. " Workers in the Ontario Veterinary College were of the opinion 

that haemolytic E. coli organisms could be isolated from viscera other 

than the intestine and mesenteric lymph nodes and since this view was 

opposed to that of workers elsewhere, specimens were taken from a variety 

of organs in an attempt to clarify the distribution of haemolytic E. coli 

in the internal organs of pigs which had died of oedema disease. 

From the pigs which were presented dead, the following viscera 

were examined for the presence of haemolytic E. coli; the stomach, the 

first third of the small intestine, the first third of the colon, the 

rectum, the spleen, liver and lung. Before the carcass was opened a 

rectal swab was taken in the manner previously described. The thoracic 

and abdominal viscera were then exposed and a portion of the liver, spleen 

and lung removed. The parts of the alimentary tract to be examined were 

then ligatured at both ends before being removed, in this way the stomach, 

parts of the small and large intestines were removed with very little 
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contamination due to spillage of the intestinal contents. The above 

procedure was rigorously adhered to throughout the complete survey. 

The rectal swabs were plated directly onto plates of blood agar and 

MacConkey agar as previously described. Specimens from the other viscera 

were seared, opened carefully with a sterile scalpel and then seeded with 

a 2 m. m. platinum loop onto plates of blood agar and MacConkey agar. 

After twenty-four hours incubation at 37°C. the plates were 

examined for the presence of haemolytic E. coli. The criteria used for 

the recognition of these microorganisms were the same as those previously 

described for the identification of haemolytic E. coli from rectal swabs. 

The presence of non-haemolytic E. coli was also noted. The percentage of 

both haemolytic and non-haemolytic E. coli was determined. The percentages 

were mere estimations of the numbers of the two types of E. coli present in 

the cultures compared to all other types of colonies. 

As it was intended to perform confirmatory biochemical tests on 

these haemolytic E. coli organisms and later to serologically type them, 

typical representative organisms were selected from each pig, subcultured 

onto blood agar plates where necessary, and preserved in pure culture on 

slopes of tryptose agar. These strains were designated "G" strains and 

numbered from G1 to G30. Since haemolytic E. coli were isolated most 

consistently from the colons of dead pigs, whenever possible strains for 

preservation were selected from isolates from the colon. However in one 

case (G6) there were no haemolytic E. coli found in the colon and in this 

instance the organism was isolated from the stomach contents and preserved. 
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C. Sources of Normal Pigs. 

It was decided to investigate the incidence of haemolytic 

E. coli from normal pigs and to serologically classify any haemolytic 

E. coli which were isolated since Sojka, Erskine and Lloyd (88) claimed 

that haemolytic E. coli could be isolated from the faeces of normal pigs 

but that the specific serotypes associated with oedema disease were isolat-

ed predominantly from pigs which were suffering from oedema disease and 

their healthy in-contact pen mates, they could not be obtained to any 

extent from other healthy pigs. 

Normal pigs were obtained from three sources. The nature of 

these sources is described in detail later but they included two large 

Government owned piggeries and a survey conducted at a public auction 

market. It was thought that, whereas the two self-contained piggeries 

would provide sources of pigs whose herd history would be easily traced, 

the public market survey would provide a good random sample, representative 

of pig herds in Ontario, thus providing a more general impression of the 

distribution of haemolytic E. coli serotypes in Ontario. 

The first farm surveyed was Arkell Piggery, property of the 

Department of Agriculture of the Province of Ontario. Here, pigs of the 

Large White breed and of both sexes were housed in one large piggery. The 

pigs were kept in pens which had access to outside concrete runs. The hous-

ing and husbandry of these animals was very good, pigs being fed from self-

feed hoppers. All the pigs sampled were weaned and between ten and sixteen 

weeks of age. In this way it was hoped to include pigs in the oedema disease 

age group which Shanks (84) thought consisted of weaned pigs between ten and 
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fourteen weeks of age. The pigs were in good health and there was no 

history of recent disease in the piggery. 

Available records concerning the incidence of oedema disease 

in this piggery revealed that since April 1, 1957 a number of outbreaks 

had occurred, see table 1. 

When the survey was conducted no cases of oedema disease had been reported 

on the premises for nine months. The herd was therefore considered to be 

free from oedema disease for all practical purposes. Rectal swabs were 

taken, as described later, from eighty-two pigs distributed in eleven 

pens. 

The second piggery belonged to the Ontario Reformatory. Here 

again the pigs were of the Large white breed and included both sexes. 

All pigs were housed in the one piggery and sixty-eight pigs were used 

in the survey. The housing and husbandry of the pigs were similar to 

those on the first farm. All pigs were weaned and between ten and 

sixteen weeks of age. Some of the pigs were heard to cough occasionally 

but otherwise the} appeared to be in good health. The herd history of 

the incidence of oedema disease was investigated and it was found that 
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from April 1, 1957 until November 1958 only one case had been 

recorded on December 31, 1958. Six months had elapsed between 

the appearance of this case and the survey reported here. It was 

again decided that these pigs were free from oedema disease at the' 

time of sampling. Rectal swabs were taken from sixty-eight pigs 

distributed in seven pens. 

The third survey was conducted at Kitchener Auction Market 

to which pigs from Southern Ontario are brought for sale. It was 

thought that pigs passing through this market would be representative 

of the pig population of Southern Ontario. The pigs sampled were 

estimated to be between the ages of ten and sixteen weeks. Age 

estimations were made on the size of the pigs since no details of 

this nature were available at the market. For this reason too the 

incidence of oedema disease in the herds from which these pigs had 

come was not known. However all pigs sampled appeared to be in good 

health and had passed the examination for soundness conducted by the 

market's veterinarian. Pens containing pigs of the desired age group 

were selected and a number of pigs from each pen selected at random. 

Every pig in a particular pen was not sampled as it was considered 

undesirable to catch, sample and mark pigs before the eyes of 

prospective buyers. One hundred and forty-three pigs distributed in 

twenty-three pens were sampled. 

Rectal sampling and isolation and estimations of the number 

of haemolytic E. coli were carried out as previously described. 

Haemolytic E. coli organisms from Arkell were designated "A" strains, 
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from Ontario Reformatory "R" strains and from Kitchener Market "K" 

strains. 

D. Biochemical Tests. 

The haemolytic lactose-fermenting organisms isolated f r o m -
Jf 

normal pigs and pigs with oedema disease were presumed to be haemolytic 

E. coli. However it was considered necessary to carry out biochemical 

tests to ensure that these organisms were in fact haemolytic E. coli 

meeting the requirements for haemolytic E. coli given in Bergery's 

Manual (15). In 1954 F. Kauffmann (48) published the following 

definition of Escherichia coli i "A large species of serologically 

related Cram-negative non-sporing rods, showing, with certain exceptions, 

a motile peritrichous phase in which they normally occur. The biochemical 

characters of the species Escherichia coll are, as follows: 
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Methyl red reaction Positive. 

Urea Mot decomposed. 

Nitrates Reduced 

All of the above reactions with the exception of adonitol 
Jf 

fermentation were investigated. SIM medium (Difco) was used to assess 

the degree of motility of the strains under examination. After twenty-

four hours incubation diffuse growth or turbidity away from the line of 

inoculation was noted and the motility arbitrarily assigned. In addition 

to the carbohydrate media employed to confirm that the micro-organisms 

conformed to the definition of E. coli twelve other carbohydrate media 

were used in this survey. They were Included in an attempt to determine 

whether any relationship existed between the biochemical reaction of 

haemolytic E. coli from normal pigs and those from pigs with oedema 

disease, or if any biochemical relationship existed between the different 

specific serotypes of haemolytic I. coli found in pigs with oedema disease. 

The additional carbohydrates were: Arabinose (Fisher^), Dextrin (Difco), 

Galactose (Difco), Inulin (Difco), Laevulose (Difco), Mannose (Difco), 

Maltose (Difco), Raffinose (B. D. H**), Rhammose (Difco), Sorbitol (Difco), 

Trehalose (Difco) and Xylose (Fisher). All the carbohydrate media were 

inoculated with a few drops of broth culture of the test strains and 

o 

incubated at 37 C. for four days. They were examined daily and the 

presence of acid and/or gas noted. 

#Fisher Scientific Co., 245 Carlaw Avenue, Toronto, Canada. 

*The British Drug Houses (Canada) Ltd., Toronto 14, Canada. 
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In order to study urea decomposition test tubes of Urease 

test medium (B. B. L. ) were inoculated with the strains under test, 

incubated overnight and the colour of the phenol red indicator noted 

next day. The standard materials and methods described by the Society 

of American Bacteriologists (87) were used for the performance of the 

following biochemical tests: indole production, gelatin liquefaction, 

H2S production, citrate utilization, Voges-Proskauer and Methyl Red 

reactions and nitrate reduction. During all biochemical tests un-

inoculated control tubes were included with each set of tests. The 

results of these biochemical tests were noted and isolates which did 

not conform to the definition of E. coli were discarded and those which 

did were preserved on Tryptose agar slopes (Difco) for further study. 

E. Sensitivity Tests. 

Before the importance of haemolytic E, coli in the aetiology 

of oedema disease was proposed by Schofield and Davis in 1955 (81), 

various authors (13) (66) (43) had described methods of treating 

oedema disease with different chemotherapeutic agents. In 1956 

Austvoll (3) reported that after prophylactic treatment with 

sulphonamide solution 50 per cent of pigs recovered from oedema 

disease and in 1958 (5) he reported the results of treating pigs with 

hydrocortisone and combined hydrocortisone and sulphonamide. Gregory 

(41) in 1958 reported the results of investigations carried out, in 

vitro, to determine the sensitivity of haemolytic E. coli strains to 

different chemotherapeutic agents. He found that eight strains were 

all sensitive to neomycin, chloramphenicol and dihydrostreptomycin. 
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Thirteen strains were inhibited to a marked degree by two sulphonamides 

and three by nitrofurazone. 

Studies by Smith and Crabb (85) on the treatment and prevention 

of white scours in calves have shown that the use of chemotherapeutic 

agents, including tetracyclines, sometimes leads to the development of 

a Bacterium coli flora in the intestinal tract which is predominantly 

drug resistant. Hore recently the same workers (86) found that a very 

much higher proportion of tetracycline-resistant Bact. coll was found 

in the faeces of pigs which had been fed on diets containing low levels 

of tetracyclines than was found in the faeces of pigs kept on farms where 

these agents had never been fed. In 1954 McKay (64) reported that the 

effect of antibiotic supplementation of swine rations seems to be one 

of stimulating the evolution of resistant mutants in specific genera. 

It has been common practice in Canada for a number of years to feed 

pigs on diets containing various antibiotics, either singly or in 

combination, in an attempt to promote more rapid growth. Antibiotics 

and other chemotherapeutic agents are also widely used in the control 

and treatment of many bacterial diseases. Due to the constant exposure 

of pigs to these chemotherapeutics it was thought that certain strains 

of haemolytic e. coli may now be resistant to some of these agents. It 

was therefore decided to determine the sensitivity of the haemolytic 

E• coli organisms isolated from swine with oedema disease to a limited 

number of chemotherapeutic agents. 

Strains of haemolytic E. coli which had been stored after 

isolation from canes of oedema disease were inoculated into nutrient broth 
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and incubated overnight. Next day large Petri plates containing sheep 

o 

blood agar were dried for two hours in a 37 C. incubator and then 

Inoculated by means of a platinum loop with an overnight broth culture 

of haemolytic E. coli, a glass spreading rod being used to ensure that 
Jf 

the inoculum was evenly distributed over the surface of the plate. 

Commercially prepared discs, 7 m. m. in diameter, were then evenly 

distributed on the surface of the medium according to the method of 

Smith and Crabb (86). These discs had been previously impregnated with 

eight different chemotherapeutic agents, as follows: 

The plates were then incubated at 37°C. overnight. Next day they were 

examined for zones of inhibition of growth round the discs. The results 

of these tests were read as sensitive (positive) or resistant (negative) 

to the various agents. A positive reaction was demonstrated by a zone 

of inhibition of growth of a minimum width of 1 m. m. surrounding the 

disc: a negative reaction by either a zone of inhibition of growth of 

less than 1 m. m. surrounding the disc or a complete lack of inhibition 

•^Baltimore Biological Laboratory, Inc. 
**Difco Laboratories, Inc. 
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of growth round the disc. Within the limitations of this simple 

technique it was thus hoped to determine the sensitivity of the 

haemolytic E. coli organisms to these chemotherapeutic agents. 

F. Serological Tests. 

In 1957 Sojka et al. (88) found that specific serotypes 

of haemolytic E. coli were associated with oedema disease. In the 

same year Erskine et el. (32) reported that it had been found possible 

to inject pigs intravenously with an extract of these serotypes and 

produce a syndrome indistinguishable from oedema disease. In the 

United States of America Ewing et al, (31) carried out studies on 

haemolytic e. coli cultures isolated in Ireland and in the United 

States from c a s e s of oedema disease and found that serotypes belong-

ing to the two E. coli groups 0138: K81 (B) and 0139: K82 (B) occurred 

most frequently in pigs suffering from the disease. 

Biochemical reactions of specific strains is valuable in the 

preliminary identification of the E. coli organisms but valueless in 

the final definitive typing of these strains into specific groups. 

Parnas et al. (68) considered that the typing of E. coll from pigs 

with phage is not very useful since too many types exist. Due to the 

apparent inadequacies of the alternative methods and the desirability 

of serological typing it was decided to conduct serological investig-

ations on the 0 and K antigens of e. coli in a manner similar to that 

of the American and British workers (31) (88). Early accurate studies 

on the serology of members of the E. coli group were Impeded since 
' t * 

early workers in this field Improperly understood the complexity of 
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the antigenic structure of these organisms. It was not until Kauffmann's 

(46) discovery and clarification of the K antigens of this group that 

definitive studies really commenced and led to the establishment by 

Kauffmann of a satisfactory E. coli antigenic scheme. 

There are three types of antigen which are of importance in the 

serological identification of the E, coli group. They are 0, K and H 

antigens. The 0 antigens are somatic antigens and are not inactivated 

by heat at 100 C. or 121°C. The K antigens are subdivided into thermolabile (L and B) antigens and thermastable (A) antigens, the L and B antigens 

are mainly "envelope" antigens while the A antigens are usually of the 

visual "capsular" type. The K antigens act as masking antigens which 

inhibit agglutination of living suspensions in 0 antisera. This in-

hibitory effect is inactivated by heat at 100°C. and 121°C. The H 

antigens are flagellar antigens and since some strains of E, coll are 

non-motile H antigens are inconstantly present. When present however 

these antigens are inactivated by heat at 100°C. The number of recogniz-

ed E. coll serotypes has increased steadily since the inauguration of the 

E. coli antigenic scheme. According to recent reports (31) (30) the number 

and distribution of E. c d i antigens are 

The present study had three main purposes, (l) It was hoped to 

prepare three OK diagnostic antisera and to ascertain if the haemolytic 
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E. coli organisms isolated in Canada from pigs with oedema disease 

could be classified into specific serotypes on the basis of their 0 

and K antigenic structure. (2) If such specific serotypes existed it 

was hoped to determine what relationship these serotypes bore to the 

serotypes which had been discovered in Great Britain and the United 

States. (3) Finally it was hoped to relate these serotypes to the 

international E. coli antigenic scheme. 

1. Strains for antisera production. 

Three type strains were selected initially for the 

production of antisera in rabbits. A brief description of the sources 

of these strains and the reasons for their inclusion follows. 

Strain 1 was isolated from a case of oedema disease in 

Ontario and A. E. Kelen* (49) reported that this strain had common 0 

and K antigens with the British strain E„57, a strain found in cases 

of oedema disease in Great Britain. 

Strain 11 was also isolated from a case of oedema disease 

in Ontario. A. E. Kelen (49) reported that this strain possessed an 

identical 0 antigen but a different K antigen from the British strain, 

E. 68 which was another strain found in cases of oedema disease in Great 

Britain. 

Strain E. 4 was included by courtesy of W. J. Sojka, Weybridge, 

England. This strain had not been isolated in Canada so a type strain 

was obtained from Britain where it was found commonly in association with 

oedema disease. 

Central Laboratory, 360 Christie Street, Toronto 4, Ontario, 
Canada. 
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the above three strains 1, 11 and E . 4 were used for the 

production of antigens for use in OK antisera production. The methods 

used were those of Edwards and Ewing (28). These authors stress the 

importance of selecting non-motile strains of E. coli for the production 

of OK antisera. Therefore these three type s trains were examined for 

motility by the "hanging drop method" and by observing the degree of 

motility of overnight cultures in semisolid medium, (Trypticase Agar 

Base, 8. B. L. ). The three strains were found to be weakly motile and 

therefore were considered suitable for OK antibody production. Then 

the strains were inoculated onto plates containing Blood, agar Base 

(Difco) and incubated overnight. Passage on this medium was® carried 

out since it appears to enhance K antigen production (28). Three such 

passages were carried out on blood Agar Base. The cultures were finally 

left to stand at room temperature for twenty-four hours thereby enhancing 

K antigen production and facilitating the selection of colonies of 

the organism which appear as smooth, opaque and mucoid colonies. From 

these cultures a colony of the smooth "K+" type was selected for final 

inoculation onto Blood Agar Base. After fourteen hours incubation on 

this medium the resulting growth consisted of colonies of haemolytic 

E coli which were markedly mucoid in type. This fourteen hour culture 

was washed off the plate with 10 ml. of sterile normal saline. To each 

suspension was added 0. 14 ml. of formalin producing a final concentration 

of 0. 5 per cent formalin. 

Since it was hoped to increase the density of later suspensions, 

the number of organisms per millilitre of formalised saline was calculated 

O 
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using "Wellcome Opacity Tubes"* and the concentrations of the 

suspensions adjusted to the figures recorded in table 2 by the 

addition of 0. 5 per cent formalized saline. The formalized 

suspensions for the first subcutaneous and intravenous injections 

were left in a refrigerator overnight and next day all the antigens 

were for sterility. Antigen suspensions for the second and 

third intravenous inoculations were formalized just before injection 

without overnight incubation. Antigens for the fourth and fifth 

intravenous injections were not formalized but cultures of haemolytic 

E, coli organisms suspended in appropriate amounts of sterile normal 

saline were used as antigens for rabbit inoculation. 

2. Inoculation of rabbits. 

Healthy rabbits of approximately 5 lbs. weight were used 

for the production of the three OK antisera. Before immunization 5 ml. 

of blood were collected from each rabbit and the serum harvested. These 

sera were later tested to establish if the rabbits possessed any naturally 

occurring 0 and K antibodies against the three strains of haemolytic E. coli. 

Each OK antigen was injected into rabbits in duplicate to insure 

against any deaths which might occur. On the first day a desensitization 

dose of 0. 5 ml. of antigen was injected subcutaneously into each rabbit. 

This was followed by 0. 3 ml. of formalized antigen intravenously on the 

second day. All intravenous injections were given into the marginal ear 

vein, injections were given at four day intervals. A summary of the inocula-

tion scheme is presented in table 2. 

•Burroughs Wellcome and Co., London, England. o 
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Seven days after the fifth intravenous injection blood samples were 

taken from each rabbit. The sera were submitted to serial tube 

agglutination tests to determine if the titres of 0 and K antibodies 

were sufficiently high for diagnostic purposes. Edwards and Ewing (28) 

state that antisera which have a K antibody titre of 1: 160 to 1: 640 are 

satisfactory for purposes of agglutination tests. The sera from three 

rabbits contained a K antibody titre of 1: 1600 against the three type 

strains. One of the OK antisera produced against E. 4 was discarded 

since it possessed a K titre lower than 1: 160. As the K titres were 

considered to be high enough it was decided to discontinue rabbit in-

oculation since a high mortality had been experienced among the rabbits. 

A total of ten rabbits was finally used for the production of three suit-

able antisera and of these six died during the course of injections. It 

was thought that further injections of whole culture did not justify the 

risk involved since the sera produced had sufficiently high 0 and K titres 

to produce clear cut results in tube agglutination tests. The rabbits were 
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th en bled by cardiac puncture and destroyed. The serum harvested from 

each rabbit was preserved with Merthiolate* added in a concentration of 

1: 10, 000 and stored in the refrigerator in 5 nil. amounts for final 

standardization and use. 
J 

3. Standardization of the antisera. 

In this work antisera were prepared in rabbits against 

three specific serotypes of haemolytic E. coli. The pre- and post-

inoculation antibody titres of these three sera had to be ascertained 

against homologous 0, K ana E antigens in order to standardize them. 

For this purpose slide agglutination tests, followed by confirmatory 

tube agglutination tests were used. To insure that there was no inter-

action between the three strains all three type strains were tested 

against each of the three diagnostic antisera. Pre-inoculation serum 

samples were tested to ascertain the presence of any naturally occurring 

0, K or H antibodies against the three type strains. 

4. Rapid slide agglutination test. 

The method adhered to in the execution of this test was 

that described by Hannah (42). A portion of a haemolytic E. coli 

colony was suspended in a drop of normal saline on a glass plate. 

To this was added a drop of undiluted OK antiserum and the mixture 

stirred vigorously with a platinum loop. The instantaneous appearance 

of a coarse, granular type of agglutination was considered to be a 

positive reaction. If a positive reaction did not occur a number of 

individual colonies were tested and if they too were negative a sweep 

*Eli Lilly and Company, Indianapolis 6, Indiana, U. S. A. 
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from the confluent growth was taken and tested before a negative 

result was given. 

All the hyperimmune sera prepared were tested against the 

three strains E. 4, 1 and 11 to ensure that no interaction occurred 
J' 

between the strains. The undiluted sera gave satisfactory results 

in rapid slide agglutination tests, see table 3. No interaction was 

demonstrable between the three strains. 

Table 3 

Results of Rapid Slide Agglutination Tests with Unstandardized 

Diagnostic Antisera 

Strain Hyperimmune Serum 

E. 4 1 11 

E. 4 + 

1 + 

11 + 

+ = agglutination. - = no agglutination. 

It has been found satisfactory to use such antisera in 

dilutions of 1: 5 or 1: 10, eg., for rapid slide agglutination tests 

(28) (29). This permits of more economical use of the antisera. 

Therefore the sera were diluted with saline. Dilutions from 1: 6 

to 1: 16 were prepared and rapid slide agglutination tests carried 

out using these diluted sera against the homologous antigens. A 

control test was also carried out using antigen and saline alone. 

The results of these tests are summarized in table 4» 
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Upon consideration of the results of these tests, table 4, it was decided 

to use the three antisera for rapid slide agglutination tests in the follow-

ing dilutions with sterile normal saline - E. 4> l/lO; 1, l/lO and 11, l/8. 

Thus a slight margin of safety was maintained and the requirements of Edwards 

and Ewing were met. 

5. Single tube 0 agglutination test. 

The antigens used in these tests were prepared by isolating 

smooth colonies of the three type strains E. 4, 1 and 11 and inoculating 

them into tubes of infusion broth which were incubated for six to eight 

hours at 37°C. Then they were heated at 100°C. for one hour in a water 

bath to inactivate the L and B as well as the H antigens which might be 

present in the cultures. To one ml. of 0 antigen suspension was added 

. 01 ml. of each of the three diagnostic antisera. In this way a final 

dilution of serum of approximately 1: 100 was produced. The contents of 

the tubes were mixed thoroughly and then incubated at 50°C. for sixteen 
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hours in a water bath after which the results of single tube 0 
' i 

agglutination tests were read. A finely granular type of agglutina-

tion was sought and the results read and recorded in table 5. 

Table 5 

Results of Single Tube 0 agglutination Tests on Unstandardized 

Diagnostic Antisera 

Strain Hyperimmune Serum 1: 100 

E. 4 1 11 Control 

E. 4 + - - -

1 + - -

11 + 

It is apparent from table 5 that at a dilution of 1: 100 each antiserum 

reacts with its homologous antigen, and only its homologous antigen. 

6. Serial tube 0 agglutination test. 

Cultures were inoculated into tubes of infusion broth 

and incubated at 37°C. for six to eight hours. The tubes were heated 

at 100°c. for one hour in a water bath. These antigens were used in 

tube agglutination tests with the homologous hyperimmune sera in serial 

dilutions of serum ranging from 1: 50 to 1: 12, 800. Pre-inoculation sera 

were tested in a similar manner for 0 antibody titre. The tubes were 

o 

placed in a water bath at 50 C. for sixteen to eighteen hours before 

the results were read. In both 0 and K serial tube agglutination tests 

the end point was read as being that dilution where 5 per cent of the 

antigen was agglutinated and where compact pellicle formation occurred. 

In the case of 0 agglutination this pellicle dispersed into typical 
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finely granular particles when shaken. In all tube agglutination 

tests a control tube containing antigen alone was included to ensure 

that the strains under test were not auto agglutinable. The results 

of serial tube 0 agglutination tests are contained in table 6. 
4 

Table 6 

Final 0 Titre of the Three Diagnostic Antisera 

Strain Dilution of Homologous Serum 

1: 5 0 : 1 0 0 : 2 0 0 : 4 0 0 : 8 0 0 : 1600: 3200: 6400: 12800 Control 

E. 4 + + + + + + - - -

1 + + +• + + + 

11 + + + + + + 

No naturally occurring 0 antibodies were found to exist in any of the 

pre-inoculation samples of rabbits' sera. It was presumed therefore 

that the titre of agglutinins shown above developed as a result of the 

series of inoculations. 

7. Serial tube K agglutination test. 

The antigens for this test were prepared by inoculating 

tubes containing 15 ml. of infusion broth with the stock strains under 

test and incubating them at 37°C. for four to five hours. T h e n . 203 ml. 

of formalin was added to each tube producing a final concentration of 

0. 5 per cent formalin. The antigens thus prepared were used in tube 

agglutination tests with serial dilutions of the corresponding homologous 

hyperimmune sera ranging from 1: 10 to 1: 2, 560. Pre-inoculation sera were 

also tested for naturally occurring K antibody content. The tubes were 

placed in an incubator at 37°C. for two hours before being removed and 
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placed in a refrigerator for overnight incubation at 5°C. The results 

were read on the next day. The final titre of K agglutination was con-

sidered as the dilution in the last tube where a distinct pellicle 

formed at the bottom of the tube. This pellicle could be dispersed 

with shaking into smaller "dandruff-like" particles which are 

characteristic of K agglutination. The results of serial tube K 

agglutination tests are shown in table 7. 

The results of serial tube K agglutination tests on pre-inoculation serum 

samples proved that no naturally occurring K antibodies were present in 

the three rabbits' sera. 

8. Serial tube H agglutination test. 

The method used was that of Kauffmann (47). Stock strains 

of E. 4, 1 and 11 were passaged in semi fluid 1 per cent Trypticase Agar 

Base (B. B. L. ) which was contained in Cragie tubes (97). After five 

passages in the above medium and by successive subcultures of the most 

motile portion of the bacterial population, highly motile cultures of 

these strains were selectively acquired. These strains were then 
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transferred to tryptone broth and incubated at 37°C. for five hours. 

The cultures were killed by the addition of formalin in a concentra-

tion of 0. 5 per cent and the formalized culture used as antigen in 

serial tube agglutination tests with pre- and post- inoculation 

rabbits' sera. * 

The antigen was included in serial tube agglutination 

tests with homologous antiserum in dilutions of sera ranging from 

1: 10 to 1: 2, 560. The tubes were then incubated in a water bath at 

50°C. for two hours and the results read immediately. The end point 

of the serum was considered as the last dilution at which good H 

agglutination of a fluffy "cumulus-cloud" type occurred. Table 8 

contains the results of serial tube H agglutination tests. 

Table 8 

Final H Titre of the Three Diagnostic Antisera 

Strain Dilution of Homologous Serum 

1: 10 J 2 0 : 4 0 : 8 0 : 1 6 0 : 3 2 0 : 6 4 0 : 1, 2 8 0 : 2, 560 Control 

E. 4 + + + + + + + + + 

1 + + • » • + + + - -

11 + + + - - - -

As was the case for both 0 and K antibodies the rabbits' sera contained 

no naturally occurring H antibodies since their pre-inoculation sera 

showed no titre of agglutinins to any of the three antigens E. 4, 1 or 

11. 

9. Summary of standardization of antisera. 

three rabbits whose initial sera showed no titres of 

0, K or H antibodies to any of the three strains of E. coli. E. 4> 1 
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or 11, were used for the production of antisera against these three 

strains. Because of the results of these tests, (tables 4, 6, 7 and 8), 

it was decided to use the sera in the following dilutions for rapid slide 

K agglutination tests: 
4 

E. 4, 1: 10; 1, 1: 10; 11, 1: 8. 

The titres of 0 antibodies in the three antisera were established as: 

E. 4, 1: 800; 1, 1: 800; 11, 1: 1600. 

The titres of K antibiodies in the three antisera were established as: 

E. 4, 1: 160; 1, 1: 160; 11, 1: 160. 

According to Edwards and Swing these K agglutination titres are consider-

ed satisfactory for use in both slide and tube agglutination tests. The 

0 agglutination titres were satisfactory and produced distinct end points 

on repeated testing. Despite the fact that the H agglutinin titre was 

high in E. 4 it was found that the results of 0 and K agglutination tests 

were not masked by this high flagellar antibody titre. Since no investi-

gations were being carried out on the H antigenic structure of unknown 

strains of E. coli it was decided that the three hyperimmune diagnostic 

antisera prepared were adequate for the identification of homologous 

strains of E. coli on the basis of their 0 and K antigenic structure. 

10. Serological identification of unknown strains. 

Haemolytic E. coli for serological identification had 

been obtained from three main sources, (l) apparently normal pigs, 

(2) pigs with oedema disease and (3) type strains from Great Britain 

and the United States. Since flagellar antigens were not present in 

all these E. coli organisms it was decided to investigate the relation-



-45-

ship between the Canadian type strain E. 4, 1 and 11 and E. coli from 

these three sources on the basis of their 0 and K antigens. For this 

purpose the three antisera prepared in rabbits against the type strains 

E. 4, 1 and 11 were included in a number of agglutination tests with all 

the strains of haemolytic E. coli from different sources. ' 

As an initial screening test all strains of E. coli were 

subjected to a rapid slide K agglutination test conducted as previously 

described. The "unknown" strains were tested against each of the three 

diluted antisera. Strains which gave a positive reaction on the rapid 

slide agglutination test were then submitted to serial tube 0 and K 

agglutination tests using specific antisera. the methods used in 

conducting the tests and the criteria used in reading the results 

were the same as those used to standardize the antisera initially. 

Strains which were agglutinated to the final titre of the 

typing sera in both 0 and K agglutination tests were considered to 

have 0 and K antigens identical to those of the test strain used to 

produce the serum and were classified as such. Strains which caused 

agglutination nearly up to the K titre of the serum used were passaged 

three or four times on Blood Agar Base to enhance their K antigenicity 

before the agglutination test was repeated. Some strains gave only a 

slight reaction in the 0 or K serial tube agglutination tests, that is, 

they caused agglutination only in the lower dilutions of serum and not 

up to the end point of the serum. These strains were considered to have 

only a slight minor relationship to the test strain. Some strains 

agglutinated to titre in serial tube K agglutination test but not in 
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the serial tube 0 agglutination test. They were considered to have 

identical K antigens but different 0 antigens to the type strain. 

Their 0 antigen content was further investigated by means of single 

tube 0 agglutination tests. 

Those strains which gave a negative reaction to the rapid 

slide K agglutination test apparently had no K antigens in common with 

the three type strains and so were submitted to single tube 0 agglutinat-

ion tests to determine if their 0 antigenic structure bore any relation-

ship to these type strains. If a positive reaction occurred in the single 

tube 0 agglutination test then 0 antigen was prepared and the final 

identification of the 0 antigen portion determined by serial tube 0 

agglutination tests with homologous antiserum. 

In brief it will be seen that the scheme for identifying 

unknown strains of haemolytic E. coli on the basis of their 0 and K 

antigenic structure consisted of the following steps: 

(1) rapid slide agglutination test to which all strains were 

submitted initially to tentatively identify their K antigens. 

(2) if (l) was positive then serial tube 0 and K agglutination 

tests were carried out with specific sera to finally type the K and 0 

antigens. 

(3) if (l) was negative or if the serial tube 0 agglutination test 

in (?) proved negative for the 0 antigen then single tube 0 agglutination 

tests were carried out with each of the three specific antisera to tentative-

ly identify the 0 antigen. 

(4) if one of the single tube 0 agglutination tests was positive then 

a serial tube 0 agglutination test was carried out using specific serum. 
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RESULTS 

G. Distribution of Haemolytic E. coli in Pigs. 

1. Pigs with oedema disease. 

In this survey a total of thirty pigs was used. In the 
j 

majority of instances the haemolytic E. coli isolated was very mucoid 

in appearance and surrounded by a marked zone of clear haemolysis. The 

detailed results will be found in table 9 and a summary in table 10. 

Briefly, the findings in the various organs were as follows; 

twelve out of twenty-seven pigs showed the presence of this organism, 

predominantly in low numbers, in the stomach; eleven out of twenty-seven 

showed the presence of the organism in the small intestine but the per-

centage present had increased; the organism was isolated most frequently 

from the colon, in only one case was it absent from this viscus, the 

numbers of organisms found in the colon were consistently higher than 

those found in other viscera, in the twenty-seven sampled pure or very 

nearly pure cultures of haemolytic E. coli were found in the colon, 

plates one and two show pure cultures of haemolytic E. coli and plates 

three and four show practically pure cultures of these organisms as they 

were observed on primary isolation from the colons of two pigs which died 

of oedema disease; in the rectum the organisms were again isolated quite 

consistently and in fairly large numbers being second in incidence only 

to the colon; in the spleen, liver and lung the organisms were seldom 

found and when present were in very small numbers, in the vast majority 

of pigs haemolytic E. coli were not found in these viscera regardless 
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Plate 1 

Haemolytic E. coli 

Primary isolation from the colon of a pig which 

died of oedema disease. The plate shows a pure culture 

of haemolytic E. coli. 

Plate 2 

Haemolytic E. coli 

Primary isolation from the colon of a pig which 

died of oedema disease. The plate shows a pure culture 

of haemolytic E. coli. 
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Plate 3 

Haemolytic E. coli 

Primary isolation from the colon of a pig which 

died of oedema disease. The plate shows the haemolytic 

E. coli organisms in practically pure culture. 

Plate 4 

Haemolytic E. coli 

Primary isolation from the colon of a pig which 

died of oedema disease. The plate shows the haemolytic 

E. coll organisms in practically pure culture. 
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of how many were found in the intestinal tract. 

Discussion. 

Certain important facts emerge from the above findings. 

It appears that the haemolytic E. coli organisms found in pigs in 

association with oedema disease are predominantly isolated from 

the intestinal tract. The few instances where the organism was 

found in the spleen, liver and lung might be explained if one were 

to assume a post mortem redistribution of the organism or one might 

incriminate invasion of devitalized tissue by these organisms while 

the pigs were in the moribund state. However most pigs were autopsied 

very shortly after death and since it is not possible to assess accurate-

ly the redistribution of these organisms while the pigs are moribund the 

few instances where these haemolytic organisms occurred in the spleen, 

liver and lung remain unexplained. 

Among the regions of the alimentary tract sampled, the first 

third of the colon was found to be the portion where haemolytic E. coli 

were found most consistently and in the greatest numbers. Next in order 

was the rectum and rectal swabs contained these organisms quite consistent-

ly in fairly large numbers. the organisms were also found in the stomach 

and in the first third of the small intestine but to a lesser degree. It 

appears therefore that of the sites initially selected the first third 

of the colon is the site of choice for the isolation of haemolytic coliforms in cases of oedema disease. 

2. Normal pigs. 

Arkell piggery, the results of investigations into the 
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number of haemolytic coli present in rectal swabs of normal pigs 

are shown in table II. It will be seen from this table that at least 

one pig in every pen contained a haemolytic E. coli. in varying percent-

ages, in its faeces. the total number of pigs in each pen showing the 

presence of haemolytic E. coli in their faeces was very variable. Out 

of a total of 82 pigs sampled 35 or A3 per cent had a haemolytic K. coli 

present in their faeces and of these 19 per cent were in the 1-40% group, 

15 per cent were in the 40-80% group and 9 per cent in the 80-1O0% group 

(table 15). It is of interest to note that whereas all the above-mentioned 

organisms were haemolytic E. coli possessing the biochemical properties 

attributed to this group of organisms they differed considerably in colony 

characteristics. Some colonies were very smooth and mucoid on blood agar 

plates while others were markedly rougher. There was also some difference 

in the degree and quality of the visible haemolysis produced by these 

organisms. 

Ontario Reformatory, the distribution of haemolytic e. coli 

in normal pigs in this piggery is shown in table 12. At least one pig 

in every pen showed the presence of a haemolytic E. coli. The total 

number of pigs in each pen showing haemolytic E. coli present was very 

variable. Out of a total of 68 pigs sampled 30, or 43 per cent had a 

haemolytic E. coli present in their faeces and of these 17 per cent were 

in the l-40% group, 11 per cent were in the 40-80% group and 15 per cent 

in the 80-100% group, (table 15). 

Kitchener market, among 143 pig® sampled in this case 62 or 

43 per cent of the total number sampled had haemolytic E. coll present 
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distributed in the following way; in the 1-40% group 17 per cent, 

in the 40-80% group 23 per cent and in the 80-100% group there was 

3 per cent (table 13. ) It is of interest to note that in five pens 

no haemolytic E. coli organisms were found in the pigs sampled. 

Discussion. 

The results of the distribution of haemolytic E. coli 

from the three sources are summarized in table 14 and 15. It will 

be seen that from a total of 293 pigs sampled 127 strains of e, Haemolytic 

E. coli were isolated, this represents 43 per cent of the total number 

of pigs. Of this 43 per cent, 18 per cent were in the 1-40% group, 

17 per cent in the 40-80% group and 9 per cent in the 80-100% group. 

It should be noted that whereas the percentage number of haemolytic 

E. coli present in each individual pig is very variable, the percent-

age number of pigs from which a haemolytic E. coli organism could be 

isolated was fairly constant, within the three sources examined. 

From this survey it appears that haemolytic E. coli 

organisms are indeed common in normal pigs as claimed by Gitter and 

Lloyd (35) occurring in some 43 per cent of the pigs in this survey. 

Of this group only 9 per cent had haemolytic E. coli present in pure 

or very nearly pure culture. The majority of pigs had these haemolytic 

organisms present in relatively low numbers. 

3. A comparison between normal pigs and those with oedema 

disease. 

A comparative study was made between the number of 

haemolytic E. coli in rectal swabs from pigs with oedema disease and 
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normal pigs. Table 16 was compiled to include the percentage of 

normal pigs with haemolytic E. coll present in rectal samples and 

the percentage in pigs with oedema disease. A study of table 16 

reveals that out of 293 normal pigs 43 per cent had a haemolytic 

coliform isolated from their rectums. On the other hand out of 

30 pigs with oedema disease 83 per cent showed the presence of a 

haemolytic E. coli in rectal swabs and generally this organism was 

present in much larger numbers than in normal pigs, 43 of the 83 

per cent being found in pure or practically pure culture. 

Discussion. 

From the above results it appears that whereas haemolytic 

E, coli organisms can be found in rectal swabs from normal pigs they 

occur much more frequently in rectal swabs from pigs with oedema 

disease and in this condition they are often present in pure or nearly 

pure culture. Pure cultures of haemolytic E. coll can however be found 

in normal pigs in a number of cases (9 per cent) and for this reason the 

incidence of a large number of haemolytic E. coli organisms in a rectal 

swab is not necessarily an indication that the animal is suffering from 
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oedema disease, although considered in the right perspective along 

with other factors such as clinical history and post mortem findings 

this fact may be a useful aid to diagnosis. 

H. The Incidence of Organisms other than Haemolytic E. coli in Pigs 

with Oedema Disease. 

In the course of the examination of pigs with oedema 

disease the incidence of non-haemolytic as well as haemolytic E. coli 

organisms was noted. The results are summarized in table 17. It will 

be seen from this table that there was quite an extensive distribution 

of non-haemolytic E. coll in pigs with oedema disease. These organisms 

also appear to be non-invasive since very few were found in the spleen, 

liver and lungs. In the intestinal tract the greatest difference between 

the incidence of haemolytic and non-haemolytic E. coli can be observed in 

the colon and rectum, see tables 10 and 17. Here the haemolytic E. coli 

organisms are more consistently found and in much greater numbers than 

the non-haemolytic organisms in cases of oedema disease. No organisms 

other than haemolytic and non-haemolytic E. coli were consistently found 

in pigs with this condition. 

Discussion. 

The original motive behind this part of the survey was to 

ascertain if any cases of oedema disease existed in which haemolytic 

E. coli organisms could not be found but non-haemolytic E. coli could, 

as suggested by W. H. Ewing et al. (31). No cases of this type were 

found and it was possible in every case to isolate haemolytic E. coll 
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from at least one viscus. It was also possible in most cases to 

isolate a non-haemolytic E. coli from every pig, the greatest 

difference being that the non-haemolytic E. coli were not found in 

pure or nearly pure culture whereas the haemolytic E. coli were 

frequently found in pure culture, particularly in the isolates from 

the colon and rectum. 

1. Biochemical Tests. 

The haemolytic E. coli organisms isolated from normal pigs 

and pigs with oedema disease were all submitted to the biochemical 

tests already described. Those organisms which did not meet the 

requirements of the Enterobacteriaceae Subcommittee for Haemolytic 

E. coli were discarded. Therefore, it can be assumed that practically 

all the organisms included in this survey met these requirements in that 

they failed to liquefy gelatine, or to produce H ^ , they did not produce 

ammonia or utilize citrate, they gave a positive Voges-Proskauer reaction and a negative methyl red one, they reduced nitrates and most 

produced indol, their motility was very variable. These reactions were 

reasonably but not absolutely constant, for example, out of the 157 

strains of haemolytic E. coli isolated from normal pigs and pigs with 

oedema disease ten strains appeared to be able to utilize citrate in 

part and four strains failed to produce indol when grown in tryptone 

broth. The reaction on carbohydrates were also taken into consideration 

and here again the requirements for haemolytic E. coli organisms were met 

in general. 

The vast majority of strains isolated produced acid and gas 

when grown in the presence of carbohydrate media. Strains G26 and G30 
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were two strains isolated from pigs vdth oedema disease, neither of 

these strains produced gas in any carbohydrate-containing medium. 

In the Kitchener Market survey eight strains of haemolytic E. coli 

v/ere isolated from the pigs in pen 8, see table 13. None of these 

eight strains produced gas in any of the carbohydrates. 

Table 18 shows the results of a comparison between the 

fermentation reactions of haemolytic E. coli from pigs with oedema 

disease and normal pigs. For purposes of simplicity fermentation 

was defined as the production of acid or of acid and gas but in the 

vast majority of cases the strains produced both acid and gas in the 

time stated. The reactions of the organisms from the two sources is 

practically identical on the following carbohydrates, arabinose, 

dextrose, galactose, inositol, inulin, lactose, laevulose, mannitol, 

mannose, malose, raffinose, rhamnose, salicin, sorbitol, sucrose, 

trehalose and xylose. There are only two carbohydrates which appear 

to be of some value in differentiating strains of E. coli from normal 

pigs and those from pigs with oedema disease. They are dextrin and 

dulcitol, the strains from normal pigs seem to take longer to ferment 

both of these than strains from pigs with oedema disease which ferment 

these carbohydrates predominantly in the first day. 

Discussion. 

The strains of haemolytic E. coll isolated from pigs and 

included in this survey met the requirements for haemolytic E. coli 

as stipulated by the Enterobacteriaceae Subcommittee. One batch of 

normal pigs contained in their intestinal flora a strain of haemolytic 
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E. coli which produced acid but not gas when grown in carbohydrates. 

It is remarkable that the strains of haemolytic E. coli from eight 

pigs were all similar in this respect, presumably a mutant strain 

of haemolytic E. coli exists in this particular pig herd and this 

strain does not produce gas when grown in media containing various 

carbohydrates. 

Upon comparing the reactions of strains of haemolytic 

E. coli from normal pigs with those from pigs with oedema disease there 

does not seem to be any marked difference in the ability of the two to 

ferment carbohydrates. Their reactions were very similar in seventeen 

carbohydrates and in another two, dextrin and dulcitol, a difference in 

degree does appear to exist. The author is prepared to attribute this 

difference to an error in technique rather than a real difference, since 

in the case of both dextrin and dulcitol clear-cut readings were not always 

possible. The two types of organisms were submitted to these tests at 

different times and it is thought that a discrepancy in interpretation 

rather than one in the reaction itself has occurred. 

J. Sensitivity Tests. 

Table 19 contains the detailed results of tests conducted to 

determine the sensitivity of the haemolytic E. coli organisms isolated 

from pigs with oedema disease, to various chemotherapeutic agents. It 

will be seen from this table that these organisms as a whole conform to 

a fairly definite sensitivity pattern, exceptions being few and occurring 

at random among the strains. A summary of these results is presented in 

table 20. From an examination of this table it will be observed that the 



-69-



-70-



-71-

majority of the strains of haemolytic E. coli from pigs with oedema 

disease are sensitive to Chloromycetin, dihydrostreptomycin, furacin 

and neomycin. On the other hand the majority are resistant to aureo-

mycin, bacitracin, penicillin and terramycin. 

Discussion. 

The methods used in these sensitivity tests are simple, 

the results being read as resistant or sensitive to the appropriate 

chemotherapeutic. The size of the zone of inhibition was not considered 

as a valid index of the degree of sensitivity of the strains under test 

since the zone size varies with a number of other factors, for example, 

rate of diffusion of the agent through the medium. 

The greatest value of the above results lies in their qualita-

tive estimation of the present sensitivity of these strains of haemolytic 

E. coli to the listed chemotherapeutics. It is apparent from a study of 

tables 19 and 20 that the drugs of choice in the prevention or treatment 

of oedema disease would probably be Chloromycetin, dihydrostreptomycin, 

furacin and neomycin. Since there are no previous references to the 

in vitro sensitivity of these specific haemolytic E, coll to chemo-

therapeutic agents it is difficult to determine whether their sensitiv-
> < 

ity to these agents has altered. In 1957 Smith and Crabb (86) during 

studies on E, coli from normal pigs entering a bacon factory found that 

a high proportion of these organisms were resistant to tetracyclines, 

rihe present survey indicates that an even higher proportion of haemolytic 

E. coli is also resistant to aureomycin and terramycin. They also found 

that E. coll isolated from pigs were completely sensitive to Chloromycetin 
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and streptomycin, findings very similar to those of the present 

survey. In finally assessing the results of the above survey it 

must be borne in mind that the history of these pigs' exposure to 

antibiotics and other chemotherapeutic agents was not determined. 

It can be assumed that the majority of them had had considerable 

exposure to these agents both prophylactically and therapeutically, 

therefore in a number of cases a high proportion of sensitive 

organisms may have been destroyed leaving behind only resistant 

strains. 

K. Serological Tests. 

1. Serotypes from pigs with oedema disease. 

The thirty strains of haemolytic E. coli isolated from 

pigs with oedema disease were subjected to serological tests using the 

three antisera prepared. The results of these tests are presented in 

table 21, in detail. The results of "K" rapid slide agglutination tests 

are noted and then the titres to which the strain agglutinated the 

homologous antisera in 0 and K serial tube agglutination tests. Where 

pertinent, the results of single tube "0" agglutination tests •re also 

included. It will be seen from table 21 that of the thirty strains 

examined from pigs with oedema disease three Canadian strains were 

identical to the British strain E, 4, nine Canadian strains were 

identical to the Canadian type strain 1 and eleven Canadian strains 

were identical to the Canadian type strain 11. Three Canadian strains 

were described as having a minor relationship to serotype 11 as a study 

of their agglutination reactions showed a slight relationship to the 0 
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It will be seen from table 22 that of the thirty strains examined 

23 or 77$ could be classified within the three serotypes E. 4, 1 

and 11, E. 4 included 10$, 1 included 3C$ and 11 contained 37$ of 

the total. Seven strains representing 23$ of the total number were 

either incompletely identified or not identified at all, 

2. Relationship between antigenic structures and bio-

chemical properties. 

Once the antigenic structure of the strains had been 

established it was decided to determine whether any relationship Exist-

ed between the antigenic structure and the fermentative capacity of the 

-74-

and K antigenic structure of serotype 11, and four Canadian strains 

bore no relationship to the three type strains E. 4, 1 and 11. A 

summary of these results is included in table 22 which also includes 

the percentage distribution of these three serotypes. 

4 
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specific serotypes when grown in the presence of different carbo-

hydrates. Ihe results of this study are listed in detail in table 

23. In the majority of carbohydrates the fermentative properties 

of the three serotypes were very similar showing no consistent 

variations between the three serotypes. Since there were only 

three representatives of serotype E. 4 it is difficult to assess 

the value of results from this serotype. Seventy-eight per cent 

of serotype 1 fermented raffinose promptly, for example, within 

two days, with the production of acid and/or gas while only 9 

per cent of serotype 11 possessed this ability. Strains of sero-

type 11 tended to ferment salicin more constantly than those of 

serotype 1. The strains which were not typed showed no marked 

difference in fermentative ability from those which were. 

3. Relationship between Canadian serotypes and those 

found in other countries. 

In an attempt to integrate the results of investiga-

tions on oedema disease in Great Britain, the United States and 

Canada, it was decided to obtain type strains from these three 

countries and using the antisera E. 4, 1 and 11 attempt to determine 

any similarities which might exist between type strains from these 

three sources. W. J. Sojka, Esq., Weybridge, England supplied strains 

E. 4, E. 57 and E. 68 which are found in association with oedema disease 

in Britain and W. H. Ewing, Esq., Atlanta, Georgia, U. S. A. supplied 

strains 0138: K81 (B) and 0139: K82 (B) associated most commonly with 

that condition in Camerica. As representatives of the strains E. 4, 
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1 and 11, Canadian strains G21, G1 and G2 respectively were selected. 

Serological investigations into the antigenic structure of these 

eight strains were conducted as before. 

The results of these tests are listed in table 24, from a 

study of which it is apparent that the strain E. 4, originally isolated 

in Great Britain, is identical to the American strain 0139: K82 and to 

the Canadian representative strain G21. It is also apparent that the 

British strain E. 57 is identical to the American strain 0138: K81 and 

to the Canadian representative strain Gl. The British strain E. 68 

which does not appear to have an American counterpart has an identical 

0 antigen with the Canadian representative strain G2. Its K antigen 

is however different. 

Discussion. 

The results of these serological studies are in general 

agreement with studies in the British Isles and in America. A direct 

numerical comparison between the results from the three sources is 

difficult since only two serotypes were included in the British (88) 

and American (31) reports in contrast to the three listed in this 

work. However the situation is analogous in the three countries since 

the majority of strains of haemolytic E. coli found in association with 

oedema disease can be classified into a limited number of serotypes. 

Similar findings were made in epidemic infantile gastro-enteritis in 

humans which according to some authors (77) (20) (65) (91) (14) is 

caused by specific serotypes of E. coli. In young calves also, other 

specific serotypes of E. coli have been found in association with the 
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condition known as white scours (20) (45) (102) (76). A number of 

strains from oedema disease cases remain only partially typed and 

a number have not yet been typed at all. They represent some 23 

per cent of the toal number of isolates in Canada. A similar state 

of affairs exists in Britain and America. It is suggested that the 

next logical step in this study would be an attempt to serologically 

classify the untyped strains in this group hoping that they could be 

classified into one or two serotypes. 

It was thought that the results of the biochemical tests 

carried out in this survey tended to support the view of Lovell (57) 

and others who maintained that differentiation of specific s erotypes 

on the basis of their biochemical properties w Rs unsatisfactory. The 

number of strains in each serotype was low, there being only three 

representatives of serotype E. 4, and nine and eleven in serotypes 1 

and 11 respectively. Despite these limited numbers it was thought 

that there might be a difference between serotype 1 and serotype 11 

on the basis of their relative abilities to ferment raffinose and 

salicin. A larger number of strains would have to be studied before 

this relationship could be firmly established. 

The results of studies to compare the antigenic structure 

of strains of haemolytic E. coli found in Britain, American and Canada 

have proved very interesting. In 1957 J. F. Timoney (96) stated, "It 

is highly probable that the same serotypes prevail in all countries 

where oedema disease occurs. " The present studies showed that Britain, 

America and Canada have certainly two serotypes in common, the American 
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serotypes 0138: K81 and 0139JK82 have been found to occur in Britain 

and Canada where they were designated strains 1 and E. 4 respectively. 

The third serotype reported only frora Britain as E. 68 had an identical 

0 antigen to the third Canadian serotype 11, this 0 antigen Jias been 

designated 0141 (67). The K antigen of the third Canadian serotype 

appears to be different from that of the third British serotype E. 68 

and it is at present being investigated more completely by the Statens 

Seruminstitut, Copenhagen. 

The implications behind the above findings are interesting. 

While some workers have failed in their attempts to protect pigs (81) 

(35) either actively or passively against oedema disease more recently 

others have reported some measure of success in this matter (56) (96). 

Considerable work must be done in this field of study but it is felt 

that the initial serological typing of strains of haemolytic E. coli 

from oedema disease cases will prove useful in the search for suitable 

biological products to combat the disease. A knowledge of the similarit-

ies and minor differences which exist between these serotypes in differ-

ent countries will help to integrate research and facilitate the local 

application of any biological products which may be forthcoming. 

4. Serotypes from normal pigs. 

All of the haemolytic E. coli organisms isolated from 

normal pigs were submitted to serological investigation after their 

identify as bona fide E. coli had been confirmed by biochemical tests. 

The results of the findings at Arkell are shown in table 25 and summariz-

ed in table 28. It will be seen from these that of the original thirty-
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five strains isolated only four could be typed using the three anti-

sera prepared and these four all belonged to serotype 1. Two of the 

strains A34 and A35 were found to be non-viable when subcultured for 

serological study. At the Ontario Reformatory on the other hand, 

twenty-six of the thirty strains isolated from pigs could1 be identifi-

ed, see tables 26 and 28. They belonged to serotype 1 also. Tables 

27 and 28 show the results found at Kitchener Market. Here sixty-

two strains of haemolytic E. coli were isolated from normal pigs and 

of these twenty-five could be typed, sixteen belonging to serotype 1 

and nine to serotype 11. Three strains had an identical 0 antigen to 

the strain E. 4 but their K antigen was different. 

From table 28 it is apparent that the specific serotypes found in 

association with oedema disease in swine do in fact occur in normal 

pigs. From a total of 293 pigs, one hundred and twenty-seven strains 

of haemolytic E. coli were isolated and of these forty-six belonged to 

serotype 1, nine belonged to serotype 11 and the remaining seventy-two 

could not be typed. Serotype B. 4. was not isolated from normal pigs. 



Table 29 shows the distribution of specific serotypes in pens which 

contained normal pigs. At Arkell 27 per cent of the pens contained 

at least one pig harbouring one of the serotypes E. 4, 1 or 11 in its 

intestinal flora. In the Ontario Reformatory 100 per cent of the pens 

had these organisms present and at the Kitchener Market 30 per cent of 

the pens contained the serotypes 1 or 11. 

Discussion. 

The results of these experiments have shown that haemolytic 

E. coll are indeed common in normal pigs. This finding i6 in agreement 

with the results of other workers (35) (88). Sojka et al. (88) claimed 

that in a survey of 106 healthy pigs only five strains were agglutinated 

with "OK" E. 4 serum and that the number of typable colonies per plate 

was very small. The present results also verify this finding since 

strain E»4 was not found in any normal pigs. Sojka et al. (88) 

maintained that two main serotypes (E. 4 and l) were found in pigs 

suffering from oedema disease and in their healthy in-contact litter 

mates but were rarely found in normal pigs and, when present, were only 

in small numbers. A study of table 28 will reveal that two of the 
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specific serotypes (1 and 11) did in fact occur in normal pigs and 

from table 29 it vd. ll be seen that in the Ontario Reformatory at 

least one isolate of each could be made in every pen sampled. The 

incidence was however lower at Arkell (27 percent) and at Kitchener 

Market (30 per cent). A study of the original isolates revealed 

that of the fifty-five strains of serotypes 1 and 11 isolated from 

normal pigs nineteen strains occurred in the 1-40 per cent group, 

twenty-one strains in the 40-80 per cent group and fifteen in the 

80-100 per cent group. These percentages represented the percentage 

of haemolytic E. coli compared to all the other colonies present in 

the original isolates. Thus it is apparent that serotypes 1 and 11 

can sometimes be isolated in pure culture from apparently normal pigs. 

Since no recent history of the occurrence of oedema disease was 

attributed to the pigs at Arkell or Ontario Reformatory and the pigs 

at the Kitchener Market appeared healthy, it was thought that these 

pigs could not be classed as in-contacts. 

On the basis of bacteriological findings, the differences 

between pigs with oedema disease and normal pigs may be summarized 

thus: in 83 per cent of all rectal swabs from the former haemolytic 

E. coli organisms were isolated, whereas from the latter they were 

isolated from only 43 per cent of the rectal swabs: it was possible 

to type the majority of haemolytic E. coli from pigs with oedema 

disease into three serotypes, whereas it was only possible to type 

a small percentage of the haemolytic E. coli from normal pigs into 

these three serotypes: these serotypes occurred in pigs with oedema 
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disease in pure or nearly pure culture and in normal pigs they 

did not necessarily occur in large numbers but in a few instances 

they were found in pure culture. 

From the above comparison it is obvious that the 

differences in distribution of haemolytic E. coli serotypes in 

normal pigs and in pigs with oedema disease is a difference in 

degree which is quite marked, the finding of one of the specific 

serotypes of haemolytic E, coli. either E. 4, 1 or 11, in pure 

culture may be indicative that the pig had oedema disease. How-

ever these strains are sufficiently well distributed in pens of 

normal pigs and on occasions in high numbers in individual pigs 

that one might suspect that the pathogenesis of the condition of 

oedema disease is dependent upon some factor "triggering off" the 

mechanism of multiplication of these specific serotypes. These 

serotypes would thus assume the role of facultative pathogens, a 

role attributed to other E. coli organisms in colibacillosis of the 

newborn by Dunne (22). Sojka et al. (88) found that the specific 

serotypes of E. coli found in association with oedema disease were 

infrequently found in normal pigs. The present study has shown that 

these specific serotypes occur in 10 per cent of normal pigs and 77 

per cent of pigs with oedema disease. The author thus maintains that 

they occur sufficiently frequently in normal pigs to indicate that 

predisposing factors such as change in feeding, change in housing or 

change in environment in general are still essential ingredients in 

the pathogenesis of this condition as suggested by a number of authors 

(84) (44) (59) (66) (71) (72). These factors should not be overlooked 
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in the future study of oedema disease. 

L. Addendum. 

The production and use of an additional Diagnostic 

Antiserum. 

Since it was possible to type 77 per cent of the 

haemolytic E. coli organisms from oedema disease cases using only 

three diagnostic sera it was decided to produce one further diagnostic 

serum and using it attempt to discover if all or at least some of the 

strains from oedema disease cases which had not been typed or only 

incompletely typed could be classified within one further serotype, 

thus establishing the presence of four serotypes of haemolytic 

E. coli associated with oedema disease of swine in Canada. 

The type strain chosen for the production of antiserum 

was G12. This strain was chosen at random from the four strains which 

could not be typed using the three antisera previously prepared, see 

table 21. Strain G12 was found to be very slightly motile so it was 

passaged several times on phenolized agar plates prepared from veal 

infusion agar with the addition of 0. 1$ phenol. This procedure, 

according to Kelen (50) reduces the H antigenicity of motil E. coli 

strains for use in the production of OK diagnostic antisera. The K 

antigenicity of this strain was enhanced by passage on sheep blood 

agar plates and the inoculation of two rabbits carried out as before, 

when satisfactory 0 and K titres had developed in the rabbits they 

were bled out, the serum separated and preserved. Pre-inoculation 

serum samples proved to be free of both 0 and K antibodies when tested. 
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and after inoculation the serum had final titres as follows: 

final 0 titre of preserved serum GL2, 1: 1600 

final K titre of preserved serum GL2, 1: 320 

The serum was found to be satisfactory for rapid slide K agglutina-

tion tests in a dilution of 1: 10 and H antibodies were absent from 

it. The serum was therefore considered satisfactory for diagnostic 

purposes and the strains G10, GL3, G20, G12, GL4, G18 and G25 were 

tested against it. The scheme for determining the 0 and K antigen 

structure of unknown strains of haemolytic E. coli was the same as 

that previously described. 

It will be seen from table 30 that none of the untyped 

strains could be typed using the OK diagnostic serum GL2 with the 

exception of the type strain G12 which was used for the preparation 

of the serum. 
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Discussion. 

The attempt to type the seven originally untyped or 

incompletely typed strains thus proved unsuccessful using one further 

antiserum. From this it can be deduced that these seven strains do 

not all belong to one serotype but to a minimum of two. In order to 

determine how many serotypes these strains include it would be 

necessary to prepare diagnostic antisera from further members of 

this group and attempt to type the others in a manner similar to 

that employed in the case of G12. 
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SUMMARY AND CONCLUSIONS 

(1) The production and use of four OK diagnostic antisera for 

the serological identification of specific serotypes of 

haemolytic E. coli are described. 

(2) The distribution of haemolytic E. coli organisms in pigs with 

oedema disease and in normal pigs is described. It was found 

that whereas haemolytic E. coli can be found in forty-three 

per cent of rectal swabs from normal pigs they occur in eighty-

three per cent of rectal swabs from pigs with oedema disease, 

and in this condition they are often present in pure or nearly 

pure culture. 

(3) The incidence of organisms other than haemolytic E. coli in 

cases of oedema disease is recorded. It was found possible to 

isolate a non-haemolytic E. coli from many pigs with oedema 

disease. However, these organisms were generally few in number. 

(4) The biochemical tests conducted to confirm that the organisms 

conformed to the classical definition for haemolytic E. coli 

are described. All the organisms included in this survey met 

the requirements for haemolytic E. coli. There appeared to be 

no difference in the biochemical properties of strains of 

haemolytic E. coli from pigs with oedema disease and those of 

strains from normal pigs. 

(5) The sensitivity of strains of haemolytic E. coli isolated from 

pigs with oedema disease was investigated with respect to various 

chemotherapeutic agents. The majority of these strains proved 
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to be sensitive to Chloromycetin, dihydrostreptomycin, furacin 

and streptomycin and resistant to aureomycin, bacitracin, penicillin 

and terramycin. 

(6) Serological investigations were carried out on thirty strains of 

haemolytic E. coli isolated from pigs with oedema disease. It was 

found that seventy-seven per cent of these could be classified within 

three serotypes and that twenty-three per cent could only be partially 

identified or not identified at all. An attempt to classify this 

twenty-three per cent within one further serotype failed. 

(7) The relationship between the antigenic structure and biochemical 

properties of serotypes of haemolytic E. coli from pigs with 

oedema disease was investigated. The results indicate that minor 

differences might exist in the ability of specific serotypes to 

ferment carbohydrates but it was thought that the results should 

be considered inconclusive due to the limited number of these 

serotypes currently available for study. 

(8) The relationship between Canadian serotypes and those found in 

Great Britain and America was investigated. It was found that 

two of the Canadian serotypes are identical to those most 

frequently found in association with oedema disease in Britain 

and America, the third Canadian serotype and a third British 

serotype have an 0 antigen in common but their K antigens are 

different. 

(9) The incidence of these three "oedema disease" serotypes was 

investigated in normal pigs. This study revealed that these 
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specific serotypes occur in ninteen per cent of normal pigs 

compared vdth seventy-seven per cent of pigs with oedema 

disease. In normal pigs these serotypes are infrequently 

found in pure culture. 

(10) It appears therefore that at least three specific serotypes of 
j. 

haemolytic E. coll are associated with oedema disease in Canada. 

The antigenic structures of these serotypes are similar to those 

found in other countries. They appear to be non-invasive and 

have a fairly definite sensitivity pattern to various chemotherapeutic agents. These serotypes are found in pure or 

nearly pure culture in the intestines of pigs with oedema 

disease and can be recovered from normal pigs to a lesser 

degree. They occur sufficiently frequently in normal pigs 

to indicate that predisposing factors such as a change of 

environment are still essential ingredients in the 

pathogenesis of oedema disease and might provide a fruitful 

field for further research. 
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