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INTRODUCTION 

The economic loss occasioned by early death of young calves 

has been known for many years. Infection with Escherichia coli. colibacillosis, is a major cause of these deaths. The practicability of 

preventing this disease has recently regained some importance as it is 

now apparent that the initial promise offered by chemotherapeutic agents 

for treatment and control of colibacillosis has become conditioned by 

the emergence of drug resistant strains of E. coli. 

This study was undertaken in an attempt to determine the 

efficiency of vaccination as a means of prevention. 
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A brief description of the Escherichia coli group and of their 

nomenclature as used in this text is included here for purposes of clari-

fication. The precise and detailed definition of the E. coli group and 

the required biochemical reactions may be found in the Enterobacteriaceae 

Subcommittee Reports 1958 (29). 

The family Enterobacteriaceae is defined as being composed of 

Gram-negative rods which may or may not be motile, attacking glucose to 

form acid or acid and gas, nitrates are usually reduced to nitrites. On 

the basis of biochemical reactions, the family is farther divided into 

genera and thence into species or groups of which the E. coli group is one. 

These groups are not entirely distinct, but rather form dense populations 

having certain biochemical reactions. Within the group, the individual 

strains are identified by serological methods. There are also serological 

relationships between and within species (28). 

Early attempts at the classification and identification of 

individual strains of E. coli were of limited value and it was not until 

the 1940's that a reliable method of serological typing was developed. 

Kauffman in 1947 (65) published an antigenic schema for E. coli which 

was based on his previous work and that of Knipscheldt and Vahlne. This 

has subsequently been enlarged upon by other workers. 

There are three main antigens of E. coli which are used in their 

identification (l) 0 or somatic antigens, (2) K antigens which occur as 

envelopes, capsules or sheaths and (3) H or flagella antigens. The diff-

iculty encountered by earlier workers in serotyping E. coli was apparently 

due to the K antigen which when present prevents the agglutination of the 

0 or somatic antigen by the homologous sera. In earlier work, Smith and 



- 3 -

Bryant (129) had noticed that under certain conditions colonies of E. coli 

gave rise to translucent outgrowths which microscopically were found to 

be devoid of a capsule. This is one method of removing the K antigen in 

order to allow for 0 group identification. The K antigens may also be 

removed by heat. However, there are differences in the heat susceptibility 

of these antigens and it is on this basis that they are further subdivided 

into three groups. 

(1) L. antigens. These are K antigens which are completely destroyed by 

heat at 100°0 for one hour rendering the 0 antigen agglutinable in 

0 antisera. They retain no antigenicity and lose their ability to 

combine with homologous antisera. 

(2) B. antigens. These also are destroyed at 100°C for one hour and they 

lose their antigenicity. However, they retain their ability to bind 

or combine with the homologous B. antisera. 

(3) A. antigens. These antigens are not inactivated by heat at 100°C but 

require heat of 121°C for 2 1/2 hours before the 0 antigen becomes 

agglutinable. These antigens occur as capsules. 

The 0 antigens are not single antigens but are composed of 

several antigenic components and hence are called 0 group antigens. Different 

0 groups may share some of these antigenic components hence there are many 

cross relations between these 0 groups. Flagella or H antigens may or may 

not be present and are monophasic. All of these antigens are named numeri-

cally, the 0 group number being given first, followed by the K antigen and 

then the flagella antigen e. g. 026: K60: H8 or 26: 60: 8. Human enteropatho-
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genic E. coli strains all possess B. type K antigens and occasionally these 

are numbered separately, e. g. 026: B6: H8. When the full antigenic structure 

of a strain is known it may be called a serotype. Since it is not always 

possible to completely define a newly isolated strain in terms of Kauffman's 

schema, regional designations are given to these strains and a formula 

such as 09: K(A)RVC118 may be seen. This indicates that the strain belongs 

in 0 group 9 and possesses an A type K antigen indistinguishable from the 

Royal Veterinary College strain #118. Other strains which have been more 

fully identified may still have the original strain name following to 

identify the source 0137: K79: H? (RVC1787). 



REVIEW OF LITERATURE 

Page 
The Bacterial Flora of the Calf Intestine 5 

The Relationship of the Ingestion of Colostrum to 

Resistance to Septicaemic Invasion by E. coli 7 

The Nature of Colostral Protection 8 

Serotypes of E. coli Associated with Colibacillosis 10 

Serotypes of E. coli in Other Forms of Colibacillosis 21 

Epidemiology of Colibacillosis in Calves 22 

Factors which Influence the Pathogenicity of Individual 

Strains of E. coli 25 

The Transference of Immunity from the Dam to the Calf 28 

The Nature and Origin of the Immune Proteins of 

Bovine Colostrum 29 

Acquisition of Immune Proteins By the Calf 31 



- 5 -

REVIEW OF LITERATURE 

One of the major causes of death in newborn and young calves 

is infection with E. coli (72, 88). This may be manifest in various 

ways varying from a chronic enteritis to a peracute septicaemia. 

There are other diseases of young calves which may mimic this syndrome 

e. g. septicaemias caused by Streptococcus, Pasteurella, Salmonella and 

Diplococcus spp., viral infections and non-specific gastro-intestinal 

disorders. Many of these may be differentiated on clinical, pathological 

or bacteriological grounds, but some, especially those manifested only 

by scouring, are more difficult to identify. Because of this, the 

literature on scouring in calves is difficult to interpret - many papers 

deal with scouring as an entity rather than as a clinical sign. By nature 

of its habitat, E. coli may be isolated from the faeces in all of these 

diseases; in fact, routine cultural methods tend to select for it. Further 

difficulty exists in that a reliable method of classifying strains of 

E. coli did not exist until the 1940's. The literature on scours has been 

adequately reviewed by Lovell (74) and Fey (36). It is therefore not 

intended to give a complete review of the literature but rather to summarize 

those papers dealing with the association of specific strains of E. coli 

with the occurrence of scours and the immunity of the calf to E. coli. 

Bacterial Flora of the Calf Intestine. 

Although E. coli is incriminated in cases of scours, there is a 

surprising lack of publications on the development of the intestinal flora 

of the calf - its distribution in the normal calf, the relationship between 

the various bacterial species involved, and the aberrations of these in 

cases of scours. From existing publications, it is obvious that the 

relationships between various bacterial species in the gut, and their 
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distribution, greatly varies in the normal animal and may be influenced 

by such factors as diet, pH, oxidation and reduction potentials in the 

various portions of the intestine, and antagonism and synergism between 

species (63, 4. 5, 48). Although Hagan and Williams (49, 149) found 

evidence of in utero contamination of the intestine, it is evident that 

the main colonization of the intestine occurs after birth, the bacteria 

originating from the environment (80, 121, 122, 145, 150). In terms of 

total faecal flora, the maximum numbers are reached by 24 hours (80, 121, 

122, 14. 5) at which time the flora is comprised mainly of E. coli, Strep-

tococcus spp. and Clostridium Perfringens with Lactobacillus and 

Bactericides species appearing at day two (121, 122). The various species 

persist in high numbers for periods of time which vary with the species, but 

generally decrease in numbers following this initial peak. The relation-

ship and distribution of the organism in the intestine has been studied in 

species other than calves (45, 47; 137, 148), but only the limited studies 

of Carpenter and Woods (16) and Smith and Orcutt (127) deal with calves. 

Generally, it has been found that the upper small intestine is devoid of 

bacteria other than a few Lactobacillus and Streptococcus spp., E. coli 

being present only in the lower ileum and large intestine, the greatest 

bacterial population of the intestine being found in the large intestine. 

Sears et al (109, 110, 111) showed that the E. coli flora of normal men and 

dogs was continually changing and could be divided into resident and transient 

strains. The resident strains, which were usually not more than one or two 

in number, were the predominant strains and would persist for several days 

to several months before being replaced, whereas the transient strains 

changed all the time, individual strains usually persisting for only a few 

days. A similar relationship has been shown in infants (41) and in calves 

(119, 121, 122, 150). 



- 7 -

The Relationship of the Ingestion of Colostrum to Resistance to Septicaemic 

Invasion by E. coli. 

In a series of papers published in the 1920's (123, 124., 125, 

127, 128) Theobald Smith and co-workers observed that calves deprived of 

colostrum almost invariably died, death being due to the invasion of 

E. coli and a resultant septicaemia. They concluded that the serum of 

the calf deprived of colostrum lacked something which permitted the 

invasion of these intestinal bacteria. It was subsequently shown that 

calf sera was devoid of globulins and agglutinins until after the 

ingestion of colostrum or serum (57, 125) and it was believed that the 

acquisition of these, or more specifically, of antibodies against E. coli 

(130) was the protective mechanism. Calves deprived of colostrum which 

survived often had residual lesions of the septicaemia (123, 128). Smith 

and Orcutt (127) observed that in the scouring calf, the E. coli were found 

higher up in the small intestine, occasionally as high as the duodenum. 

They were present in large numbers and appeared to carpet or coat the 

mucosal surface. These observations were in keeping with those of Carpenter 

and Woods (16) who found that overdistension of the abomasum and leakage 

into the small intestine allowed the proliferation of E. coli in the upper 

part of the small intestine and resulted in scours. The physiological 

derangements associated with scours have been studied by Blaxter and Wood 

(12) and McSherry and Grinyer (81), and Roy et al (105). 

These observations of Smith were confirmed by a series of papers 

published shortly afterwards entitled "The Nutritive Value of Colostrum 

for the Calf" (l, 2, 3, 4, 5). The authors of these papers fed to unsuckled 

calves various fractions of colostrum or a colostrum-like substance rich in 
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vitamins. Only those calves that had received the globulin fraction of the 
colostrum or fractions containing it survived and grew well. The majority 
of the colostrum-deprived calves and those being fed high vitamin feeds 
died and those that survived failed to grow as well as the colostrum-fed 
calves. It was found that as little as 80 mls of the aqueous fraction of 
colostrum or 14- gms of immune lactoglobulins would protect the majority of 
calves against fatal scours and there was some evidence that the incidence 
of scouring decreased and the live weight gain increased as the amount of 
colostrum that was fed increased within certain limits. It would there-
fore appear that the main protective substance in colostrum is the immune 
globulin although there is evidence that the vitamin status of the calf 
to some extent determines its resistance (40, 50, 134). 
The Nature of Colostral Protection 

Briggs (14, 15) studied the strains isolated from the calves 
which died in the experiments mentioned above. By typing with immune sera 
prepared from five of these strains, he found by precipitation and agglu-
tination that the majority of the 102 strains tested would react with one 
or other of the five sera. Briggs demonstrated that the majority of his 
strains possessed K antigens, a similar observation was made by Vahlne (144) 
on strains from humans. Briggs found that to protect mice against lethal 
doses of E. coli strains, the antiserum given had to contain the relevant K 
antibody whereas 0 group antibody had little protective value. It was also 
found that the K antibody content of colostrum was related to its ability 
to protect mice. By applying this interpretation to the importance of the 
K antibody, he was able to determine that the colostrum fed to 13 calves 
which had subsequently died contained no K antibody to the strains isolated 
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from them. There was also some evidence that the calves which had sur-

vived generally had received colostrum which had a K antibody titre to the 

strains which had killed both colostrum-fed and colostrum-deprived calves 

in contact with them. Because of this suggestive evidence of an immuno-

logical protection further experiments were conducted in the years 1950 to 

1953 which established this more clearly (59, 60). Of 103 colostrum-deprived 

calves, 94 died. Sixty-six of these deaths were associated with strains 

of E. coli against which K antibodies were present in the colostrum fed to 

'in contact' calves which survived. Of 225 colostrum-fed calves, 59 died 

of which 49 had received colostrum which contained no K antibody to the 

strains which killed them (60, 150). Specific strains were associated with 

these deaths. RVC101 (035: K(L)) and RVC51 (0114: K(B)) were responsible 

for many of the deaths. of the colostrum-deprived calves; all colostrum-fed 

calves received K antibody against these strains and none died from them. 

RVC118 (09: K(A)), RVC330 (078: K80) and RVC95A (026: B6) were responsible 

for the majority of the deaths of the colostrum-fed calves, but also 

killed colostrum-deprived calves. 

The epidemiology of the disease as it occurred in these experi-

ments was also reported (58, 60, 104., 150). The calves used in these 

experiments were unsuckled calves obtained from approximately 30 farms in 

the surrounding area. They were brought into the experimental calf house 

and placed in one of 13 individual pens where they stayed until taken off 

the experiment at 21 days of age. The pens were disinfected between 

succeeding calves. The experiment was discontinued over the summer of 

each year. On arrival the calves were either fed colostrum or deprived of 

it. The basic feed was a synthetic milk, (l). It was found that white 
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scour infections developed spontaneously, but their incidence and the inci-

dence of deaths increased as the period of occupation of the calf house 

increased. It was felt that this was due to a natural selection of viru-

lent strains conditioned by the calves lack of antibody to these strains 

- resulting in a build-up of infection. This could be shown by the pattern 

of the serotypes isolated; at the beginning of the experiment a hetero-

logous group of E. coli were present, but as the occupation time increased 

certain serotypes became dominant. Isolation of certain serotypes from 

faecal swabs of calves were made with increasing frequency from the time 

of their first appearance until they were responsible for the death of a 

calf. This build-up of virulent strains could be halted by leaving the 

calf house empty for a period of time. 

The serotypes which became dominant were not the same every year 

neither did the presence of a known pathogenic strain in the intestine of 

a calf necessarily lead to its death as these strains could be isolated 

from calves which subsequently survived. 

Serotypes of E. coli Associated with Colibacillosis 

Evidence of the pathogenicity of strains had been sought for 

some time, but it was not until Kauffman evolved a reliable means of sero-

typing that much benefit was derived from these studies. 

Christiansen (18) in 1917 extended Jensen's earlier work in 

attempting to classify E. coli isolated from scours in calves, but found 

that he could not distinguish between strains of E. coli isolated from 

scouring calves and those isolated from normal calves on the basis of mor-

phological, biochemical or serological studies. On the basis of biochemical 

reactions, Smith (123, 127) believed that certain pathogenic races did 
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exist, a view supported in 1937 by the serological examinations by Lovell 

on E. coli isolated from calves dead of colibacillosis (72, 73). Lovell 

found that he could place 79 of 110 strains of E. coli (isolated from 45 

calves) into one of 8 types, 2 of which accounted for strains. 

Although there was evidence of the same type being isolated from separate 

calves from the same herd, it was evident that there was often more than 

one strain of E. coli associated with a problem with a herd. 

Wramby (151) was the first to utilize Kauffman's scheme of sero-

logical typing with E. coli isolated from calves. He made an extensive 

study involving 4, 262 strains isolated from 484 'sepsis' calves and 1, 699 

strains isolated from 492 normal calves and typed them to antisera made 

to Kauffman's 0 groups 1 to 25 and his own types 26W to 43W which were 

isolated from calves. These latter types were subsequently classified 

according to Kauffman-Knipschildt-Vahlne scheme by 0rskov (87) and this 

nomenclature will be used here. He found little difference between 0 

groups in normal and septic calves although the 0 group in septic calves 

appeared to be more homogenous in that strains isolated from the intes-

tines of septic calves tended to fall more often into one 0 group than 

did those of normal calves, and were more frequently typed. 

The 0 groups occurring most commonly in both sets of material 

were 0 groups 8 and 15 respectively. In the septic material alone 0 

group 15 accounted for 18. 3%, 0 group 8 for 11%, 0 group 9 for 9. 3% 

and 0 group 117 for 8. 3% and 0 groups 78, 45, 115, 18, 25, 20, 28 and 13 

for 1 to 9%. 0 groups 8 and 9 showed a tendency to be more common in 

the intestine of septic material but the number of 0 groups in compari-

son to the number of strains was too great to prove this statistically 



- 12 -

for any other 0 groups (Table l). 0 groups 4 and 78 were only isolated from 

septic material. It is interesting that 73% of the strains isolated from 

this material were K negative (k-), that is they possessed no demonstrable 

K antigen. The K antigen has been cited as being associated with 

pathogenicity (14, 38, 144). 

However, similar results were obtained by Bokhari and 0rskov 

(13) who were able to 0 group 131 (from 91 animals) of 221 strains 

isolated from the lymph nodes and spleen of 155 calves which died of 

scours; of these 0 groups 78, 115 and 15 accounted for 18, 15 and 10 

strains respectively, 0 groups 117, 8 and 9 for 6 strains each and 0 

groups 45 and 26 for 5 and 4 strains respectively. The remaining 21 

strains fell into 16 other 0 groups. This high incidence of 0 group 

78 was also found by Ulbrich (143) in Germany and Fey (37, 38) in 

Switzerland. Ulbrich's study involved strains from normal as well as 

pathological material and these were isolated from a variety of animal 

species. Of the 175 strains from pathological material, he found he 

could group 94 (53. 4%) of these by using 17 group sera whereas he could 

only group 13 (9. 3%) of the 136 strains from normal material. The 

respective figures for material from calves are 78 strains from patho-

logical material of which 41 could be grouped whereas of the 36 strains 

from normal material only six could be grouped. Because of the low numbers 

of the respective strains grouped, it is impossible to draw much in the 

way of conclusion by a comparison between the two types of material. The 

types most common in the pathological material from calves were 0 groups 

8, 9 and 78. 0 group 78 was only isolated from pathological material. 

The publications of Fey (37, 38) emphasized this point. Of 105 strains 
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he was able to 0 group 91 into 20 groups of which five (0 groups 78, 115, 

86, 15 and 117) accounted for 60 strains or 57. 1% of the total strains. 

0 group 78 was the most common accounting for 29 of the strains (27. 6% 

of total strains isolated). In the subsequent paper, the number of strains 

was enlarged to 145 strains of which 37. 5% were 078: K80. Despite this 

frequent isolation of this type from calves dying of scours, an examination 

of 8, 630 strains of E. coli from normal calves and cows, sick calves 

(other than colibacillosis) and other sources for this serotype 

resulted in it being found only eight times and none of these isolations 

was from calves. However, it could be found in the environment of 

calves dying of this strain (39). 

In Britain Rees (96) published the results of his studies in 

which he stereotyped 42 of 131 strains isolated. Once again, 078: K80 

proved to be the dominant serotype although the serotype 0137: K79 was also 

common. Where clinical and epidemiological data was supplied it was 

apparent that the strains 035: K? and 078: K80 and 0137: K79 were associated 

with a rapidly fatal septicaemia whereas the other strains were only more 

commonly associated with localised intestinal infections, although they 

might result in an occasional septicaemia. 

Results of serological typing from Belgium (66) and Denmark (22) 

have also been published and are in accordance with previous publications 

in that the percentage of strains which could be typed with relatively 

few sera is quite high. The results of all these serological examinations 

have been presented in tabular form (Table 2). These figures are some-

what selective in that only the more common 0 groups isolated have been 

shown. Table 3 shows the percentage distribution of some of the 0 groups 
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more commonly isolated from colibacillosis in the total number of E. coli 

strains isolated. Table A shows the strains encountered by Woods (150) 

and Glantz (44) in natural outbreaks under experimental conditions. They 

were not included in Table 2 because they were conditioned by the presence 

of colostrum-free calves. The strains encountered however, show a 

remarkable similarity to those in Table 2. For comparison, Table 5 shows 

the percentage distribution of 'pathogenic' 0 groups in E. coli strains 

isolated from 'normal' calves (108, 143). Several isolated studies and 

reports have not been included in this table. Fey's study in which 8, 630 

strains were examined for 0 group 78 did not deal with any other 0 group. 

-*-here are also many reported incidents of single isolations of E. coli 

serotypes which are commonly found in calves being isolated from other 

species of animal which have not been included. 

A total of 727 strains of E. coli isolated over a two-year 

period from cases of colibacillosis of calves in Ontario have been 

studied serologically by Gosling (46). The most remarkable feature of 

this collection was the absence of the E. coli serotypes 078: K80 and 

0137: K79, and the larger proportion of strains possessing the 0 group 

antigens 9 and 101 in comparison to those found in the studies mentioned above. 

Serotypes of E. coli in Other Forms of Colibacillosis. 

This association of specific strains of E, coli with colibacillosis 

is not limited to this disease only, but appears true for all the diseases 

in which E. coli is believed to play an important role. Generally, the 

serotypes vary although there is some sharing of strains between diseases. 

In colibacillosis of lambs, the strains appear to be much the same as in calves 
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and include 078: K80 (97, 100, 101, 143). 0 group 78 is also of some 

importance in poultry along with 0 groups 1 and 2 (132), the latter two 

groups being of little significance in calves. The important serotypes 

in swine appear to be distinct from those in calves (32, 131) although there 

are some common strains (27, 89, 143). In man, an analogous condition 

to enteric colibacillosis occurs in infants under 1 year of age from 

which the strains 026: B6, 055: B5, 0111: B4, 086: B7 are most commonly 

isolated. Other strains 0119: B4, 0125: B15, 0124: B17, 0127: B8, 0128: B2 

are less commonly incriminated (28, 31, 139). Many of these have been 

isolated on occasion from cases of calf scours (17, A3, 86, 98, 99, 

143, 150) but except for 026: B6 and 086: B7, they do not appear to be 

significant pathogens for calves. 

Epidemiology of Colibacillosis in Calves. 

Epidemiological studies have shown that many of the human 

strains are capable of spreading and actually causing epidemics of 

diarrhoea in nurseries and hospitals (54, 135). Evidence for this is 

lacking on calves; although there are many reports of the epidemic 

and contagious quality of field outbreaks of colibacillosis, there are 

few in which these observations are confirmed by serological typing. 

The epidemiology of an outbreak of scours under experimental conditions 

has been mentioned earlier in this review (Woods, Ingram et al). It 

was apparent here that certain strains would become the dominant 

pathogen for a variable period of time, eventually to be replaced by 

another. It seems quite possible that this variation was due to the 

fact that calves were being continually introduced into the building. 

Glantz and co-workers (26, 44) have since reported on another 'natural' 
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outbreak of scours. This also was conditioned by colostrum-free calves. 

All of the colostrum-free calves scoured and died; a variety of strains 

were isolated from the faeces of these calves while they were scouring, 

but the majority of the strains in the faeces and those isolated from 

the calves after death were typed as 0119: B14: 9 or 08: K?. This would 

confirm the work of the previous authors that certain strains become 

dominant. It was also found possible to experimentally infect calves 

by oral feeding of certain strains and to transmit these strains to 

in-contact calves, both colostrum-free and colostrum-fed, with scours 

and occasionally death resulting. The success or failure of this trans-

mission was thought to depend a great deal on the immune status of the 

calf to the strain of E. coli involved. Both of these experimental 

outbreaks suggest that the occurrence of field outbreaks due to a single 

strain is quite feasible, but there is very little in the literature to 

either confirm or refute this. There is evidence in the reports of 

Lovell (73) of the same strain being isolated on separate occasions from 

the same herd, and Rees (96) was able to establish this association on 

five farms for periods varying up to 6 weeks. On the other hand, 

Kaeckenbeeck and Thomas (66) reported that on only 1 of 5 farms could the 

same strain be found over a long period (8 months). On the other farms, 

it appeared that one strain would be isolated from a series of samples 

sent in but that samples submitted several months later would yield a 

different strain. It was not stated whether there were separate outbreaks 

or if the problem had continued over the interim period of several months. 

The results of a study involving two or more calves from each of 35 farms 

have been reported by Dam (22) and give conclusive evidence of the 
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of the occurrence of single strain outbreaks of colibacillosis. In herds 

where calves were submitted for examination within 50 days of each other, 

the strains isolated generally belonged to the same 0 group. However, 

isolations made at longer periods more often fell into different 0 

groups. The majority of these single strain outbreaks were associated 

with 0 group 78. Smith and Crabb (119) studied the epidemiology of an 

outbreak in a herd using a set of 16 bacteriophages to classify strains 

of E. coli. They isolated 70 phage types from the faeces of healthy 

calves and 32 phage types from the faeces of a smaller number of scouring 

calves of which only one type was not found in the same types from the 

healthy calves. They could find no significant difference in the number 

of types found in a scouring calf to those in a normal calf and found 

that the type may even change during the scour period. The type most 

predominant during the scour period was often present before scouring and 

was invariably present for some time after. On examining specimens from 

other herds, they could find no evidence that any one type was associated 

with white scours in any herd at a particular time. On the basis of these 

results, they stated that less emphasis should be placed on scours being 

caused by specific strains; they believed it was more likely associated 

with an upset in host-parasite balance as was postulated by Lovell. 

However, Smith has since reported on the occurrence of a single phage 

type from an outbreak (120). Unfortunately, there has been no correlation 

between the phage types of Smith and the serotypes of Kauffman. It has 

been shown with infant gastro-enteritis strains that there are several 

different bacteriophage types among strains of the same serological type 

(84). 
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Factors which Influence the Pathogenicity of Individual Strains. 

From the percentage of strains typable into the serological types 

as compared to the total number of strains isolated it is evident that 

these serotypes are not the sole cause of colibacillosis (Table 3). 

This of course does not eliminate the possibility of pathogenic strains 

as yet unidentified in the non-typable material nor the fact that 

'non-pathogenic strains' may achieve a degree of virulence within a 

herd because of the lack of immunity to them. Unfortunately, there 

is no in vitro test which will determine the pathogenicity of a strain 

(55). Routine in vivo tests appear to be of little value other than 

showing that the presence of K antigen is associated with increased 

pathogenicity (14, 70). The individual 0 and K antigens of a patho-

genic serotype appear singly to play no part - that is if they are in 

combination with different antigens the different serotype is usually 

non-pathogenic. There are even variations within a serotype - some 

strains may be highly pathogenic whilst others virtually non-pathogenic 

(139). The toxicity of the group is in part associated with its endo-

toxin; however, this is qualitatively common to all organisms (55, 141). 

Recently an in vivo test has been described which holds some promise 

for the identification of enteropathogenic strains (23, 138, 140). This 

involves the injection of living cultures into an isolated loop of 

rabbit small intestine. The rabbit is killed 24 hours later and the 

enteropathogenicity of the strain is assessed according to the severity 

of the reaction of the gut. This test appears to have a good correla-

tion with regard to strains from infant epidemic diarrhoea but the 

correlation with strains from calf scours is not so definite (140). 
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The serotypes 078: K80: HNM, 026: K60: H11, 0137: K79: H41, were positive to 

this test whereas 09: K?H19 and four other strains from the study of Rees 

(96) were negative. Strains from cases of gut oedema and enteritis of 

swine were negative. It was felt that this was specifically a test for 

enteropathogenicity as strains from urinary infections and strains 

possessing the same antigenic structure as the enteropathogenic strains 

but which were isolated from normal babies or well water gave negative 

results to the test. The obvious test for the pathogenicity of these 

strains is their ability to reproduce the disease in the animal species 

from which they were isolated. Human strains have the ability of 

causing diarrhoea when fed in sufficient numbers in adults (34, 35, 64. ) 

as well as infants (82). In adults and in infants, infection is followed 

by a rise in titre against the organism (34* 35, 83, 136). The presence 

of a titre protects the adult from infection, however the presence of 

maternal haemagglutinating antibody in infants does not protect them 

(64). The feeding of non-pathogenic strains had no effect and caused no 

rise in titre. 

The first report of the reproduction of the disease in young 

calves was by Jensen (62) who produced a mild diarrhoea by feeding milk 

containing cultures of E. coli isolated from dead calves. The severity 

of the diarrhoea could be markedly increased by feeding intestinal 

irritants. In contrast Poels (94), Smith and Orcutt (127), Van Pelt et al 

(145) failed in their attempts to reproduce the condition. The serological 

identity of the strains used in the above experiments is not known. 

In 1959, Glantz et al reported on an intensive study of the 

experimental reproduction of the disease. Strains of E. coli were isolated 
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from a natural outbreak of colibacillosis in experimental calves (see 

Table 4). During this outbreak and subsequent experiments, it was possible 

to demonstrate the transmission of the many strains of the organism to 

in-contact calves. This transmissibility was most evident for the two 

types 08: K: NM (Ps 56) and 0119: K69 (B14): H9 (Ps 265). Further experi-

ments with the strain 08: K: NM showed that it was possible to experimen-

tally infect both colostrum-deprived and colostrum-fed calves; contact 

transmission to colostrum-fed calves was also demonstrated. Six other 

strains were fed to colostrum-deprived calves, but only two of these 

Ps 219G (related to 0 group 3) and 0119: K69 (B): H9 caused scours and 

death. None of these strains had the ability to reproduce the condition 

in colostrum-fed calves. From an examination of the dam's sera and 

colostrum and the calf's serum for agglutinins against the 0 antigen 

of the respective strains, it was evident that there was a direct rela-

tionship between the presence of agglutinins and the resistance of the 

calf. No such relationship existed between the bactericidal activity 

of the calf sera and its resistance. In an earlier paper (26), the 

reproduction of colibacillosis with scouring and death in both colostrum-

free and colostrum-fed calves had been reported for the strain Ps 125M 

(026: B6). Similar results have been published by Schoenaers and 

Kaeckenbeeck (106) who were able to reproduce the condition in 

colostrum-free calves with the strain RVC 1787 0137: K79(L): H41 plus 

crude endotoxin. The colostrum from cows vaccinated with this strain 

protected the majority of the calves to which it was fed against infection 

with this strain (107). Of those receiving colostrum which died it was 

stated that they had received the least amount of protection in terms of 
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total antibody which was fed. 

Fey (40) was unsuccessful in his efforts to reproduce the disease 

by feeding colostrum-fed calves with 078: K80 except for the appearance 

of a temporary dysentery. He experienced greater success when the 

colostrum was withheld for a period of time. Calves would then develop 

a fatal bacteremia in spite of the subsequent absorption of gamma 

globulin to normal level. 

It is evident from these reports that the calf does not acquire 

protection against E. coli until after it has ingested colostrum, and 

that the protection afforded the calf is in part associated with anti-

bodies against specific strains of the organism. To be successful, the 

vaccination of the dam with strains of E. coli to protect the calf against 

these strains of E. coli must depend on the transfer of the antibodies 

produced to the calf. 

The Transference of Immunity from the Dam to the Calf 

For many years the importance of colostrum was thought to rest 

with its costive action (56) although Ehrlich (30) as early as 1892 had 

demonstrated that immunity could be passed from the mother to the young 

via the milk. His observations and those following have been summarized 

up to 1912 by Famulener (33) in an extensive review. Famulener (33) 

drawing upon the results of these previous experiments and those of his 

own postulated that the young acquired their maternal passive immunity 

from the ingestion of antibodies contained in the colostrum. After 

immunizing pregnant goats against sheep red blood cells, he demonstrated 

that the colostrum contained anti-sheep erythrocyte haemolysins, often 

in titres two to three times as great as those of maternal blood at the 
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time of parturition. The serum of the offspring remained negative for 

haemolysins until after it had been fed colostrum or positive serum. 

From this, he postulated that the colostrum contained, in addition to 

the normal milk proteins, immune serum proteins derived from the maternal 

blood and that these were absorbed unchanged through the gut wall of the 

young animal. He observed however, that this absorption did not occur 

after a few days of life. Subsequent work tended only to confirm these 

observations and postulations. 

The Nature and Origin of the Immune Proteins of Bovine Colostrum 

Famulener observed that haemolysins were also present in the 

milk, but that their presence was variable. Howe (56) was unable to 

demonstrate the presence of globulins in milk, but their presence was 

subsequently demonstrated by electrophoretic and immunological methods 

(24, 53, 103, 116). Normally, these immune globulins account for 10% 

of the protein of milk whey but this level may be increased by hyper-

immunizing the cow (24). About one month before parturition the globulin 

concentration in the udder secretion commences to rise reaching a 

maximum approximately five days before calving (10, 53, 69) and this is 

evidenced by the high concentration (5A-55% of total proteins) of 

globulin found in colostrum at the time of parturition. This high level 

falls rapidly a few days after parturition. Globulins also account for 

a high proportion of the pre-colostral secretion in heifers (10, 79). 

The relationship of these colostral immune proteins to those of the 

maternal blood serum was studied chemically by Crowther and Raistrick 

(121) and immunologically by Wells and Osborne (147). No difference 

between the two could be detected by either method. 
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Smith (113, 118) fractionated the various protein constituents 

of maternal serum and colostrum and studied the various components 

electrophoretically. He found that the immune activity of the colostrum 

was confined to the two fractions associated with the lactoglobulins, 

which by dialysis could be separated into water-soluble pseudoglobulins 

and water-insoluble euglobulins. In comparing these with gamma and T 

globulins prepared from the maternal serum, he found that the colostral 

globulins differed markedly from maternal gamma globulin in isoelectric 

point and electrophoretic motility, but he could not differentiate 

between the colostral globulins and the serum T globulin by these methods. 

He also failed to detect any difference between the two with anaphylactic 

tests, but found that although they were qualitatively similar with 

regard to carbohydrate and amino-acid content they differed quantita-

tively with respect to certain amino-acids (114) the difference being 

reflected in their absorption spectra (115). On this basis, he therefore 

concluded that the immune proteins of bovine serum and colostrum were 

similar but not identical (118). This view was not supported by the 

electrophoretic studies of Poison (95) or those of Pierce (90). Other 

work also indicated that the colostral globulins were the same as those 

of the maternal serum (6, 10, 11, 42, 67). It remained for Larson (68) 

to show the association between the immune globulins of colostrum and 

those of the serum; there was a considerable fall in blood serum proteins 

in the period just before parturition and this fall coincided with the 

time at which the protein content could be shown to be increasing in the 

udder secretions. This fall in serum protein was found to be due to a 

loss of beta 2 and gamma 1 globulins (gamma 1 = Smiths T fraction) there 
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was no loss of gamma 2 globulin from the blood (gamma 2 = Smith gamma). 

The increase in protein content of the colostrum was found to be 

primarily due to a tremendous increase in beta 2 and gamma 1 globulin 

and this gain was quantitatively equivalent to the loss from the blood 

serum. 

The Acquisition of Immune Proteins by the Calf 

By means of salt precipitation Howe (56) demonstrated that these 

globulins did not appear in the sera of the calf until after the inges-

tion of colostrum and that the acquisition of antibodies subsequently 

was shown to be entirely dependent upon the acquisition of these 

globulins (71, 85). The feeding of bovine serum (57, 124) or purified 

pseudoglobulin (51) also results in the appearance of gamma globulin 

in the serum of the calf. These principles have been confirmed by other 

methods (52, 61, 75, 76, 78, 90, 95, 146). The immune proteins of the 

colostrum and those appearing in the calf sera after its ingestion are 

electrophoretically identical (113, 117). The site of absorption of 

these proteins is the small intestine, the proteins passing through 

epithelial cells to reach the lymphatics (8, 19, 20). They may be 

detected in the thoracic duct 1 to 2 hours after the introduction of the 

protein into the duodenum (19) a time interval which approximates that 

of Little and Orcutt (71) and that of McDiarmid (78) for the appearance 

of agglutinins in the blood following the ingestion of colostrum. 

Famulener's observation that the absorption of antibodies through 

the gut wall was limited to a short time after birth has been well sub-

stantiated (19, 25, 51), it appears that in ruminants very little absorp-

tion occurs after 24-30 hours (19, 25, 51, 77, 91). The absorption of 
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protein from the gut of herbivores however is not selective (7, 9, 25, 93) 

as it is for some other species (102). Proteins of low molecular weight 

are absorbed along with the immune globulins (7, 9, 91, 93) and these 

are cleared from the serum by the kidneys resulting in transient 

proteinuria a few days after birth (25, 57, 91, 92, 93, 126). The immune 

lactoglobulins are largely retained - very little being filtered out via 

the urine (91, 92, 93), the principal constituent in urine being Beta 

lactoglobulins (25, 92). 

The degree and duration of protection afforded by these colostral 

antibodies is difficult to assess. For example, Thorpe and Graham (142) 

noticed great variation in the persistence of the titre to Brucella abortus 

in the sera of calves which had suckled positive dams, and McDiarmid (78) 

believed this to be dependent to a certain extent upon the initial titre 

in the calf. Electrophoretically, the immune components of the sera of 

calves have a half-life of about 16 days, however the antibody titres 

to different antigens do not necessarily decrease in this order and their 

half-lives may vary (117). 

Fey (40) observed that 21 of 22 calves dead of colisepsis were 

agammaglobulinaemic which prompted him to study the status of normal 

calves of the same age (l week). Eleven per cent of these were found to 

be hypogammaglobulinaemic. This deficiency was thought due to a failure 

of absorption of these proteins from the gut. Fey believed that this 

was a decisive factor in the pathogenesis of colisepsis as contact of 

these calves with a pathogenic strain such as 078: K80 would almost 

invariably result in infection because of the low resistance of the 

calves. 
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It is unlikely however that this factor could account for the 

outbreaks of colibacillosis which occur in certain herds. This form of 

colibacillosis is more likely associated with a specific virulent strain 

of E. coli against which the calves have acquired no protection. 

Although there are many references in the literature to vaccination of 

the dam as a means of supplying such calves with protective antibodies, 

and hence controlling the outbreak, the only study in which this was 

assessed under controlled conditions was that of Sellers (112) who found 

it of no value. Sellers used a heat-killed bacterin prepared from four 

phage types of E. coli isolated from scouring calves in the herd studied. 

He found little difference between the incidence of scouring in calves 

from vaccinated dams and calves from 'control' dams. Unfortunately, the 

antigenicity of this vaccine was not assessed serologically nor was any 

attempt made to ascertain whether the same phage types of E. coli as were 

in the vaccine were responsible for the scouring the calves from vaccinated 

dams. 
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THE ANTIBODY RESPONSE OBTAINED FROM THE INJECTION OF ESCHERICHIA COLI 

ANTIGENS IN CATTLE AND THE TRANSFERENCE OF THIS ANTIBODY TO THE CALF 

The Evaluation of Different Escherichia coli Antigen Preparations 

in Inducing an Antibody Response 

It was the original intention to use a formalin-killed 

bacterin to assess the protection afforded the calf by vaccination of 

the dam. However, early studies with this type of bacterin gave incon-

clusive serological results thus necessitating a search for a better 

antigenic preparation. 

Materials and Methods 

Preparation of E. coli Antigens 

a) Formalin-killed Bacterins. The selected strain of E. coli was grown 

overnight in trypticase soy broth after which it was seeded onto the 

surface of 150 ml. tryptose agar (Difco) in Roux flask in sufficient 

quantity to flood the surface of the media. The formula for the 

Tryptose agar was modified from that of the manufacturer so that it 

contained 30 gm. of agar per litre in order to prevent its collapse. 

Following incubation at 37°C for 18 hours, 100 ml. of sterile isotonic 

saline was added and the growth washed off the surface of the medium with 

sterile glass beads. The resulting suspension was removed, a loopful 

of the suspension was grown aerobically on blood agar as a test for 

purity. Formalin was then added to the suspension to a concentration 

0. 4% and this was incubated overnight at 37°C. Sterility tests were 

conducted by adding a few drops of this formalized suspension to ten 

milliliters of thioglycollate media. The suspension was standardized 

to 2, 200 million bacteria/ml. using a Wellcombe nephalometer by the 
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addition of sterile isotonic saline. 

Toxicity tests were conducted by injecting each of two mice 

with 1 ml. of this diluted suspension, one intraperitoneally and the 

other subcutaneously. These mice were observed for hours and 

providing that the suspension proved non-toxic in this test 0. 5% 

phenol was added as a preservative. 

b) Heat-killed Bacterins. These were prepared in the same manner as 

the formalin-killed bacterins except that the bacteria were killed by 

heating at 58°C for 12 hours instead of by the addition of 0. 4% formalin. 

c) Formalin-killed Alum Precipitated Vaccines. The selected strain 

of E. coli was grown in trypticase soy broth at 37°C for 48 hours after 

which formalin was added to a concentration of 0. 4% and the culture 

re-incubated overnight at 37°C. Purity, toxicity and sterility tests 

were conducted as for the formalin-killed bacterins and the culture 

standardized to the desired density using sterile isotonic saline. 

Potash alum (AlKfSO^'^HgO) was added to a concentration of 2. 5% 

and the pH was then raised to between 6. 8 and 7. 0, using 0*1N NaOH, to 

obtain maximum precipitation. This was then left at room temperature 

for 48 hours. 

d) Heat-Killed Alum Precipitated Vaccines. These were prepared in the 

same manner as the formalin-killed alum precipitated vaccines except 

that the bacteria were killed by heating at 58°C for 12 hours. 

e) Formalin-killed Oil Adjuvant Vaccine. The selected strain of E. coli 

was grown in trypticase soy broth at 37°C for 48 hours following which 

formalin was added to a concentration of 0. 4% and the culture 

re-incubated at 37°C overnight. Purity, toxicity and sterility tests 
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were conducted as described previously. Providing that these were 

negative equal volumes of this formalised culture and Freund's 

incomplete adjuvant* were homogenized to a water in oil emulsion by 

repeated mixing using a syringe with a 12 gauge needle attached. 

The emulsion was tested by placing a drop of it in water. If the 

water in oil emulsion was effected, the drop would float on the 

surface of the water in the form of a tear drop with very little 

spreading of oil over the surface of the water. 

f) Heat-killed Oil Adjiuvant Vaccines. These were prepared in the same 

manner as the formalin-killed oil adjuvant vaccines except that the 

bacteria were killed by heat at 58°C for 12 hours instead of by the 

addition of 0. 4% formalin. 

g) E. coli Strains Used for Vaccination Studies. 

1) OVC 22. This strain was isolated from a faecal swab of a scouring 

calf in a private herd. It is untypable using our sera and appears to 

possess no K antigen. 

ii) Ps 56. (08: K(B): NM) 

iii) Ps 125M. (026: K60) Both of these strains were taken from the 

0. V. C. stock culture collection and were originally received from Dr. 

Glantz at Pennsylvania. 

2) Serological Methods. 

In order to determine the antibody response of the cow, blood 

samples were taken before vaccination and at weekly intervals after. 

These were allowed to clot at room temperature and the serum was removed 

with a Pasteur pipette. The serum was then frozen at -20°C until tested 

for 0 and K antibody. 

* Difco 
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a) K Antibody Estimations. The strain used for the antigen was grown 

on a blood agar plate. After 18 hours incubation a subculture was taken 

from the centre of a typical colony and transferred to trypticase soy 

broth. A live 4 to 6 hour broth culture of this was used as the antigen. 

The sera to be tested were titrated out in doubling dilutions 

from 1: 10 to 1: 640 and an equal amount (0. 5 ml: 0. 5 ml) of the antigen 

was added. These were placed in a water bath at 37°C for 2 hours after 

which they were centrifuged at 2, 000 r. p. m. for three minutes using an 

International centrifuge, Size 2, with the head 250A. 

Positive reactions were read as a distinct disk of bacteria 

which rose from the bottom of the tube when the tube was lightly flicked 

with the finger. The end point was usually reasonably distinct as in 

negative and control tubes the bacteria rose as a thin line from the 

centre of the mass when the tube was agitated. 

0 Antibody Determination. As the K antigen, when present, prevents the 

agglutination of 0 antigen it is necessary to destroy or remove this 

antigen before 0 antigen-antibody tests can be conducted. Therefore the 

0 antigens were prepared as follows: 

i) E. coli strains with K antigen of the B or L variety 

These were grown in trypticase soy broth at 37°C. After 6-8 

hours incubation, the 0 antigen was rendered agglutinable by heating the 

broth culture at 100°C for one hour. This was then used for 0 antibody 

determination. 

ii) E. coli strains with K antigens of the A variety 

The usual method of inactivating the A type K antigen by 

heating at 121°C for 2 1/2- hours was not used in this study. If the 0 
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group antigen of the strain was known then a different strain possessing 

the same 0 group antigen but a B or L type K antigen was used. This 

was prepared as outlined above. If this was not possible K-ve mutations 

were selected from a blood plate. These mutations were found to occur 

more regularly if the individual colonies on the plate were well separated 

from each other. If these colonies failed to yield a K-ve form the 

strain was replated as a single streak. They were usually apparent 

after 3 days incubation. The K-ve bacteria were carefully subcultured 

onto a blood plate and after 18 hours they were checked for absence of 

capsule by morphological and serological methods. The antigen prepared 

from these was a formalised 6-8 hour culture in trypticase soy broth. 

The antigen was added in equal amounts (0. 5 ml: 0. 5 ml) to 

the serum dilutions (1: 10 to 1: 2560) and incubated for 18 hours in a 

water bath at 48 - 50°C. 

Positive reactions were read as a fine agglutination which 

was best observed in indirect light against a dark background. The 

end point was taken as the last dilution in which complete agglutina-

tion had occurred. 

H antibody determinations were not conducted. 

B) Experiment 1. The Antigenicity of a Formalin-Killed Bacterin 

Autogenous formalin-killed bacterins have for many years been 

prepared by the Diagnostic Laboratory of the Ontario Veterinary College 

at the request of practitioners for herds in which colibacillosis has 

become a problem. As reports on the effects of these bacterins had been 

generally favourable it was thought at first that such a bacterin would 

be used as the antigen in this study. An opportunity arose to study the 
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serological response to this type of vaccine in a private herd of Jersey 

cattle. The E. coli strain used as the antigen was OVC 22, it possesses 

no K antigen. The bacterin was administered subcutaneously to the cows 

in two doses of 5. 0 ml. and 3. 0 ml., 4 and 2 weeks respectively before 

the estimated time of parturition. The results of this serological study 

are shown in Table 6. 
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It is possible that the lack of response to the formalin-killed 

bacterin evidenced by these results is only apparent in that the low 

levels of antibody at 14 days post injection might be accounted for by 

the loss of these antibodies to the colostrum. If more calf samples 

had been available more favourable results might have been evident. 

However, because the response to the bacterin did not appear exceptionally 

good, the use of adjuvant vaccines was tried. 

C) Experiment 2. Preliminary Trials Using An Alum Precipitated Vaccine 

An alum precipitated vaccine was the first adjuvant vaccine 

tested. In a pilot study of its antigenicity it was compared with a 

formalin-killed antigen and a live antigen. The five animals used in 

this study were of a variety of breeds and ages and were obtained from 

the Research Station of the OVC. The antigen used in this study was 

E. coli strain Ps 56. All vaccines were standardised to 2, 200 million 

bacteria per ml using a Wellcombe nephalometer. The results are shown 

in Table 7. 
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The injection of the live culture of E. coli in BB resulted 

in a severe reaction with abscess formation. Marked fibrous swellings 

also developed at the injection sites of the animals which received 

the alum precipitated vaccine subcutaneously. No reaction was observed 

in the animal injected intramuscularly. 

Although the numbers are too small for comparison there 

appears to be no marked difference between the vaccines used and the 

various routes of administration. 

D) Experiment 3. The Efficiency of Heat and Formalin-killed Bacterins 

and of Adjuvants in Inducing an Antibody Response in the Bovine. 

The previous two experiments failed to indicate any marked 

degree of antigenicity in the antigenic preparations used. Because 

of this, antigenicity of oil adjuvant vaccines was tested in this 

experiment and compared to that of alum precipitated vaccines and of 

bacterins. In addition, the effect of killing the bacteria with heat 

as opposed to formalin was investigated. E. coli strain Ps 125M 

(026: B6) was used as the antigen in these experiments. All vaccines 

were standardised to 5, 250 million bacteria per ml. using a Wellcombe 

nephalometer and injected into the cattle in 5. 0 ml. doses. The oil 

adjuvant vaccines were given intramuscularly in two separate sites of 

3. 0 ml. and 2. 0 ml. each. The alum precipitated vaccines and bacterin 

were given subcutaneously in one site. 

Twenty-five animals were used for this study. They were 

obtained from the Research Station at the 0. V. C., and were of various 

ages and breeds. The serological results are shown in Table 8. 
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The samples were tested in lots, all the samples of one bleeding 

date being tested together. The variation in antibody titre of any indi-

vidual cows in the control group may be a result of either natural fluctu-

ations of antibody titre or a difference between the tests. The differences 

between vaccine groups on the same bleeding date however are real. 

The oil adjuvant vaccines possessed the greatest antigenicity 

for both 0 and K antigens as is reflected in the corresponding antibody 

titres. The response appears greatest at approximately 21 days post-

injection. There appears to be very little difference between the 

antigenicity of the formalin-killed and heat-killed bacterins. 

The K antigen-antibody test in this experiment was incubated 

in a water bath of 37°C for 2 hours following which it was left overnight 

at 4°C and read the following morning. Subsequent K tests were centrifuged 

after incubation at 37°C for 2 hours and read immediately. This latter 

technique is more sensitive and may increase the reading by 2 dilutions. 

Thus the low K titres in this test and their absence in some of the 

vaccinated animals may be only a result of the relative insensitiveness 

of this method. The numbers in brackets in the 21-day samples show the 

titres after centrifugation. The relationship between the vaccines 

remain the same. 

E) Experiment The Response To A Single Injection of An Oil Adjuvant 

Vaccine. 

A further study involving six cattle was undertaken to determine 

the serological response to a single intramuscular injection of 3. 0 ml 

of the formalin-killed oil adjuvant vaccine. The vaccine used was the same 

one used in the previous experiment. The serological results are shown 

in Table 9. 
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Conclusion 

It is evident from Experiments 2 and 3 that the E. coli strains 

used in these studies did not induce a marked antibody response. This 

is especially true with respect to the K antigen. It is not possible 

to say from these experiments whether this is true of all E. coli. 

Both strains Ps 56 and Ps 125M have been associated with colibacillosis 

(26, 44). 

The marked ability of an oil adjuvant in facilitating the 

antigenicity of these strains is shown in Table 8. Because this type 

of antigen preparation stimulated the greatest degree of antibody 

response it was decided that such a vaccine would be used to assess 

the efficiency of vaccinating the dam in preventing colibacillosis of 

the calf in herds where this disease had become a problem. 
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Serological Studies in Private Herds Experiencing Difficulties with 

Colibacillosis with Special Reference to the Antibodies Acquired by the 

Calf as a Result of Vaccination of the Dam. 

The serological findings in this section were obtained as a 

result of vaccination of cows within private herds. 

Materials and Methods 

1) Source of Herds. A detailed description of these individual private 

herds can be found in the second section. 

2) E. coli Strains used in the Preparation of Vaccines. Formalin-killed 

oil adjuvant vaccines were used in these studies. These were prepared 

as outlined previously except that the water in oil adjuvant was 

emulsified by use of a 'Vir Tis Model 45' homogenizer. 

The E. coli strain used for the antigen in a herd was isolated 

from a calf of that herd which had died of colibacillosis. The following 

is a list of the strains used in each herd and their antigenic structure 

if known. 

Herd 0. V. C. strain number Antigenic structure 

JB 4030 026: K60(B6): H? 

" 2984 unknown. A type K antigen 

BP 2664 026: K60 (B): H? 
EC 250 08rel (OVC 2600): K(A): H? 

GB 2756 0101: K(A)RVC 118: H? 

TB 75 0115: KPs 306l: H? 

" 2995 unknown. A type K antigen 

3) Procedure of Vaccination within Herds. Approximately half the cows 

in a herd were vaccinated, the other half were left as controls. The 
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controls were left unvaccinated or were vaccinated with a different 

strain of E. coli. usually 09: K(A)Ps 274. The dosage given was 3. 0 ml 

by intramuscular injection approximately 3 weeks before the estimated 

calving of the cow. 

The herds were visited every second week at which time such 

cows as were at the required stage of gestation were vaccinated. A 

blood sample was taken from the cow at this time. Samples of colostrum 

were taken by the herd owner within 24 hours of calving and frozen until 

collected on the next visit to the farm. Blood samples from the calves 

were taken on the first visit after their birth unless they were only 

1 day old at the time in which case a sample was taken on the next visit. 

4) Laboratory Methods. Blood samples were allowed to clot at room 

temperature and the serum was removed and frozen at -20°C until tested 

serologically. 

Ten ml of the non-fat portion of colostrum were transferred 

to a tube containing a few drops of rennin. This was placed in a water 

bath at 37°C for 15 minutes following which it was centrifuged at 2, 000 

r. p. m. for 3 minutes using a Clay-Adams safety head centrifuge 

(CT-1000). The clear whey was transferred to another tube and was 

frozen at -20°C until tested serologically. 

Serological methods for the detection of antibody were the 

same as in the previous experiments. Some sera were subjected to 

electrophoretic analysis by Dr. Ingram. They were tested in a buffer 

at pH 8. 9 at 225 volts for 16 hours. 

B) Results 

The serological results are shown in Table 10. In this table 
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the data of each individual herd is presented separately. The column 

headed 'Vaccine strain' indicates the antigen with which the individual 

animals were vaccinated. The column headed 'Antigen' indicates the 

antigen against which the samples were tested for antibody. 
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Discussion 

All of the E. coli used as antigens for these antibody esti-

mations were isolated from cases of colibacillosis - the strains 09: KPs274 

0101: K RVC118, 026: K60, 0115: K Ps306l have been associated with coli-

bacillosis in other studies (26, 46, 96). 

It can be seen from these studies that the majority of the 

cows possessed antibody to the 0 group antigen of these strains, however 

very few possessed antibody to the K group antigen at the levels tested. 

It is possible that if lower serum dilutions had been used more cows 

would have been found to possess K antibody as K antibody was found in 

the colostrum of some cows whose serum had been negative. The one 

exception to this is strain 0VC75 (0115: K Ps306l). 

This strain when grown on blood agar presents a characteristic 

K+ membranous type of colony which appears to be in the R phase. It 

gives a smooth K- mutation. When the K+ colony is grown in trypticase 

soy broth, it appears to be in the S. phase and does not autoagglutinate 

on standing, but when plated on solid medium, it reverts to an apparent 

R phase. This morphological characteristic might account for the higher 

K antibody readings of all samples tested with this strain in comparison 

with samples tested with other strains. 

The antibody content of colostrum falls rapidly after parturition. 

The variation in colostral antibody within both the control and the 

vaccinated groups is probably associated with variations in the time that 

the samples were collected. Some of the variation in the vaccinated 

group is due to the length of time that the cow was vaccinated. 
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Two observations can be drawn from the colostral samples: 

1) That vaccination of the dam occasioned a definite increase in the 

specific antibody levels of the colostrum to the antigen. This is 

especially true of K antibody levels. 

2) That most calves received colostrum which contained good level of 

antibody to the specific 0 antigen used in the test. In the vaccinated 

group, the colostrum also contained a good level of antibody to the K 

antigen. 

Despite this, the antibody acquired by the calf is in many 

cases surprisingly low and in some cases could not be detected. Calves 

in the unvaccinated group generally possessed antibody to the 0 antigen 

of the strain tested but seldom to the K antigen, whereas calves in the 

vaccinated groups generally acquired antibody to both the 0 and K 

antigens of the strain with which their dams were vaccinated. 

Several calves possessed no detectable antibody to the test 

strain, however most of these were found to possess specific antibody 

to other E. coli strains with which they were subsequently tested. 

Fey (40) has reported that 11% of 'normal' calves tested by 

him were hypogammaglobulinaemic. In view of this, 11 calves' serum 

samples which possessed low or negative antibody titres and six calf 

serum samples possessing high antibody titres were subjected to electro-

phoretic analysis. Six of the 11 'low titre' calves were markedly 

hypogammaglobulinaemic, the other five possessed gamma globulin levels 

equivalent to or slightly less than those of the six 'high titre' calves. 

Three of the markedly hypogammaglobulinaemic calves subsequently died. 
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THE EFFICIENCY OF VACCINATION OF THE DAM WITH SPECIFIC STRAINS OF E. 

COLI AS A MEANS OF CONTROLLING OUTBREAKS OF COLIBACILLOSIS 

The assessment of the efficiency of vaccination of the dam 

as a means of protecting the calf against colibacillosis was determined 

in private herds in which colibacillosis had become enzootic. Half of 

the cows due to calve in such a herd were vaccinated with an E. coli 

strain isolated from cases of colibacillosis from that herd, the other 

half were left as controls. Calves which subsequently developed coli-

bacillosis were examined, and the antigenic structure of the E. coli 

strain isolated was determined in order to compare it with the strain 

used as the vaccine antigen. 

Materials and Methods 

1) Source of Material 

The experimental herds in which these studies were conducted 

were selected from private herds which had been referred to the Ontario 

Veterinary College by practitioners because of the problems they were 

experiencing with colibacillosis. These private herds were located over 

the southern part of Ontario and were generally ones in which the disease 

had become or was becoming refractive to drug treatment. 

The first sample received from these herds was usually a dead 

or dying calf. If this calf was unsuitable for examination (e. g. 

because of prolonged illness or treatment) the owner was requested to 

keep his next bull calf, and submit it for examination when it developed 

colibacillosis. In some instances, such as pure bred beef herds, this 

was not possible and in these cases, a series of faecal samples of freshly 

scouring calves were solicited. These were taken by the owner using a 
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sterile cotton swab to obtain a deep rectal sample. This was then placed 

by him into a tube of Stuarts transport media and mailed to the laboratory. 

In all instances, the owners were requested to bring in any further 

calves which might die. 

2) Examination of Specimens 

a) Faecal Swabs. These were cultured onto blood agar and MacConkey 

agar. Following incubation for 18 hours at 37°C colonies of E. coli 

were subcultured onto trypticase soy agar slants and stored in the dark 

at room temperature for future reference and serotyping. 

b) Calves 

i) Clinical Examination. The majority of the calves presented for 

examination were dead. Clinical examination of the few calves which 

were presented alive was conducted with the prime object of eliminating 

the possibility of other causes of illness and mortality in young calves. 

ii) Pathological examination. The macroscopic pathological changes 

associated with colibacillosis are non-specific and have been described 

elsewhere (22). The main object of this examination was also to eliminate 

other causes of death in young calves. 

iii) Bacteriological examination. Portions for bacteriological examina-

tion were taken routinely from the following sites: abomasum, upper 

jejunum, lower jejunum, ileum, caecum, mesenteric lymph nodes, liver, 

spleen and kidney. Samples were taken from other sites such as joints, 

brain, navel, lungs, if the clinical and/or pathological findings 

indicated abnormalities in these areas. 

The internal organs were cultured by first searing the surface 

with a hot spatula and then incising with a sterile scalpel, the sample 
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being taken from the depth of this incision. The intestines were sampled 

by cutting obliquely through the gut wall with sterile scissors and 

carefully introducing a bacteriological loop into the lumen contents. 

The caecum and abomasum were sampled by means of swabs. These were all 

cultured on blood agar and MacConkey agar. A sample from the ileum 

and the spleen was plated onto Brilliant green agar. Gram stained 

smears were made of the contents of all intestinal portions and of 

the spleen. 

All plates were incubated aerobically at 37°C for 18 hours. 

The Brilliant green agar plates were incubated for a further 24 hours -

if they proved negative for Salmonella sop. after this first incubation. 

Colonies of E. coli were picked off the plates of each sample 

and subcultured onto corked slant tubes of trypticase soy agar. The 

number of colonies subcultured from each sample varied in proportion to 

the number of colony types observed. These tubes were incubated overnight 

at 37°C after which they were sealed with wax and stored in the dark at 

room temperature for future reference. 

3) The Establishment of a Diagnosis of Colibacillosis. 

The criteria used to establish a diagnosis of colibacillosis 

were as follows: (l) a clinical and/or pathological examination which 

negated other causes of scouring and death in calves and which was 

compatible with a diagnosis of colibacillosis; associated with the 

following bacteriological findings; (2) a proliferation of E. coli in the 

upper small intestine, preferably with the involvement of the associated 

lymph nodes, with or without an E. coli bacteremia; (3) absence of other 

known pathogenic organisms affecting calves. 
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A) Selection of Herds for the Assessment of a Vaccine. 

The experimental herds were chosen from those which fell into 

the above category and satisfied the following criteria: 

a) a high morbidity rate in the calves under two weeks of age. Prefer-

ance was given to those suffering a high mortality; 

b) a closed herd; 

c) management and husbandry conditions average or above; 

d) a sufficient number of cows calving through the experimental period; 

e) location within a 50 mile radius of Guelph; 

f) a co-operative owner. 

The herds selected for experimental study were visited every 

second week for purposes of vaccination and collection of samples for 

serological study, as outlined earlier. Serological studies were 

discontinued after a suitable number of calvings had been followed. 

5) Bacteriological Studies of the Experimental Herds. 

a) Receipt and Handling of Samples. The owner of each herd was supplied 

with cannisters containing a sterile swab and a tube of transport media 

so that faecal swabs from scouring calves could be sent in by mail. They 

were requested to bring any calf which died into the College for examina-

tion. These samples were handled as described before. 

b) Serological Examination of E. coli Strains Isolated from Samples. An 

attempt was made to classify serologically all E. coli strains isolated 

from these herds and relate them to the strain used for vaccination. The 

antisera used in this examination were part of those prepared by Gosling. 

They were made from the following: Ps 292F (01), OVC 2600 (08 related) 

Ps 274 (09), RVC 118 (09), OVC 2964 (09), OVC 3323 (015), 



- 71 -

PsF326B (017), Ps 223G (020), Ps 125M (026: K60(B6)), Ps 132G (0101), 

Ps3061 (0115), Ps 265 (0119: K69(B14)). 

i) 0 Group antigen determination. The E. coli strain was first tested 

by slide agglutination. The antigen vas a saline suspension of the strain 

made from an 18-hour culture on solid media. This suspension vas heated 

at 100°C for one hour to inactivate a B or L type K antigen and tested 

by mixing one drop with one drop of the respective antisera on a glass 

plate over a 60°C water bath. The results were read after ten minutes. 

Positive reactions were confirmed by tube agglutination to the titre of 

the test serum using as the antigen a six-hour culture grown in trypticase 

soy broth and heated at 100°C for one hour. This test was read after 

incubation at 48-50°C for 18 hours. 

Should the boiled antigens fail to give a positive reaction, 

K- forms were subcultured from the original plates and were tested against 

the antisera by slide agglutination. Positive reactions were confirmed 

by tube agglutination using a formalised six-hour culture in trypticase 

soy broth. 

ii) K antigen determination. Only those strains whose 0 group had been 

identified were tested. Strains were first tested by slide agglutination 

using a live antigen grown on solid medium. The reactions were read 

immediately after mixing. Positive reactions were confirmed by tube 

agglutination to the respective titres of the sera using as the antigen 

a live five-hour culture in trypticase soy broth. The test was 

incubated at 37°C for two hours following which it was centrifuged at 

2, 000 r. p. m. for three minutes (International Centrifuge Size 2 head 

250A). Positive reactions were read as a disk-like agglutination. 
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The E. coli strains isolated before September 1961 were 

serologically identified by Mrs. Gosling. 

Results 

The results of these studies in 11 private herds were as follows. 

1) Herd EC 

Jersey - 40 Head 

History. During the year I960, the owner completed a change from Holstein 

cattle to Jersey cattle. He experienced no trouble with colibacillosis 

during this period. In March, 1961, an outbreak of colibacillosis 

occurred which resulted in the death of four calves. All were affected 

between one and two weeks of age and died within two days of the onset 

of illness. One of these calves was submitted for examination at this 

time. The carcass had begun to putrify. E. coli was isolated from all 

levels of the intestine of this calf but not from the internal organs. 

The E. coli isolated could not be serologically typed. Because of the 

state of the carcass, the owner was advised to submit further specimens. 

April, l96l, 

Two further calves were received on April 16th and 17th. Both 

calves yielded an E. coli strain 08 (rel) from all levels of the intes-

tinal tract in conjunction with another untypable strain. The internal 

organs were negative for E. coli. 

An oil adjuvant vaccine was prepared from this strain 08 (rel), 

(OVC 250). Vaccination of this herd commenced in May of 1961 and ceased 

in May of 1962. During this period 23 cows were vaccinated and 11 were 

left as controls. 

May. 1961 through October, 1961. Fifteen calves were born during this 
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period 8 were from vaccinated dams and 7 were from unvaccinated dams. 

One calf of the unvaccinated group scoured mildly and subsequently 

recovered. An untypable strain of E. coli was recovered from a faecal 

swab taken from this calf at the onset of scouring. According to the 

owner, all other calves remained clinically normal. 

November, 1961. Four calves were born in this month. All were from 

vaccinated dams. 

Calf EJE 12H. Born on November 1st, 1961, died November 25th of infect 

tion with Salmonella typhimurium. 

Calf NJD IN. Bom November 2nd, 1961, remained clinically normal. 

Calf UJLIL. Bom on November 24th, 1961, died on December 1st of 

infection with S. typhimurium. 

Calf E0R13K. Bom on November 25th, 1961, died November 28th, of 

infection with S. typhimurium. 

S. typhimurium was isolated from the intestine and internal organs 

of all three calves. Two weeks previous to these deaths, the owner had 

purchased a Holstein calf from his neighbour. S. typhimurium had been 

isolated from a calf from this neighbour's herd submitted to the College 

for examination on October 30th. The purchased calf evidenced no signs 

of illness at any time. An attempt to isolate S. typhimurium from the 

faeces of this calf failed. 

Formalin-killed S. typhimurium bacterin was prepared and the 

whole herd was vaccinated in the latter half of December. 

December. 1961. Three calves were bom in this month - one from a vaccinated 

and two from unvaccinated dams (E. coli vaccine). The two from unvaccinated 

dams died within one day of each other at the ages of 11 and 16 days. The 
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cause of death in these two calves was not ascertained as the owner 

considered that they were similar to the deaths in November and did not 

submit them for examination. 

January, through March. 1962. Five calves were born in these months. 

All remained clinically normal. 

April and May 1962. Seven calves were born in this period, four of 

which died. 

Calf AEC 12L. This calf was born in the early morning of April 7th. On 

the morning of April 8th, this calf was reported to be extremely 

depressed. At this time a faecal sample was taken by the 

owner and sent in by mail. E. coli strain 0101: K(A)RVC118 

was isolated from this sample. This calf died later in the 

day on April 8th and was presented for examination on April 9th. 

0101: K(A)RVC118 was isolated in pure culture from the small 

intestine of this calf. A few colonies of this strain only 

were also cultured from the liver, but the kidney and spleen 

were negative. 

Calf CCPG1. This calf was bom on April 6th. It started scouring on 

April 13th and died April 15th. A faecal sample was taken 

during this scour period. A post mortem examination was not 

done until April 18th. The calf had been frozen during this 

period. The E. coli isolated from this calf and from the faecal 

sample could not be serologically typed. 

Calf FWB6K. This calf was born April 23rd. It was found moribund on 

April 25th and brought in for examination. The E. coli 

0101: K(A)RVC118 was isolated from the intestines and associated 
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lymph nodes of this calf. A Pasteurella spp. and Strep-

tococcus spp. were isolated from the navel. The internal 

organs yielded no bacteria. 

Calf AECJ2. This calf was born on May 8th and died on May 12th. The 

owner had first noticed it sick 12 hours before it died, 

on gross post mortem examination, the calf evidenced signs of a 

generalised polyserositis. E. coli 0101: K(A)RVC118 was 

isolated from the intestine of this calf. The internal organs 

yielded a non-mucoid strain of E. coli non-0101: K(A)RVC118. 

The three calves recorded above from which E. coli 0101: K(A)RVC118 

was isolated presented a similar clinical and bacteriological 

picture. All died within 18 hours of the time that they were first 

noticed sick, prostration and extreme depression being the major 

clinical signs noticed. Smears of the intestinal contents of these calves 

showed masses of Gram-negative short plump rods in the middle jejunum, 

lower jejunum, ileum and caecum. These tended to occur in groups or 

colonies but often would completely cover the whole field being observed. 

Gram-positive rods in comparatively few numbers could be seen in this 

mass. The smears of the abomasum, duodenum and upper part of the jejunum 

showed a normal flora of Gram-positive rods and cocci with very few 

Gram-negative rods. On culture, these latter areas yielded a few colonies 

of E. coli which were not 0101: K(A)RVC118. The one exception to this 

was calf AEC12L where this strain accounted for approximately 20% of the 

E. coli isolated from the abomasum. Culture of the middle and lower 

jejunum, ileum, caecum and associated lymph nodes yielded 0101: K(A)RVC118 

in pure culture. 
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Calf JDW12L was bom on April 4th. Its dam had been vaccinated with OVC250. 

It was brought into the College on April 7th for experimental 

purposes. 

Calf AECJL was born on May 1st. Its dam had been vaccinated with 0VC250. 

Calf NTC13L was born on May 3rd. The dam of this calf had been vaccinated 

with 0101: K(A)RVC118. 

These three calves survived without clinical illness despite the fact 

that they were raised in the same area as the four calves which had died. 

This area had not been cleaned between calves. Faecal samples from the 

two calves AECJ1 and NTC13L were taken on May 16th. Samples from their 

bedding, the walls and floor around the calf area as well as faecal 

samples from six cows in close proximity to the calves were also taken 

at this time. These were checked for the presence of 0101: K(A)RVC118. 

All were negative with the exception on one site in the bedding which 

yielded almost a pure culture of this strain. 

The antibody levels to 0101: K(A)RVC118 in the colostrum of 

the dams of these calves bom during May and April and the levels acquired 

by those calves from which blood samples were taken were as follows. 

Antibody to 0101: K(A)RVC118 Fate of calf Strain isolated 
Colostrum Calf 
O K O K 

AEC12L 80 0 NT NT died 0101: K(A)RVCH8 

CCP6L 160 5 NT NT " untypable 

FMB6K 160 0 0 0 " 0101: K(A)RVC118 

AECJ2 20 0 NT NT " 0101: K(A)RVC118 

JDW12L 80 10 10 0 survived 

AECJ1 160 0 0 0 " 

NTC13L 320+ 5 10 0 " 
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All calves received antibody to the 0 antigens of this strain although 

it is evident that from those sera tested it was not always demonstrable 

in the serum of the calf. The three calves which died in association 

with 0101: K RVC118 did not receive antibody to the K antigen of this 

strain however, neither did one of the calves which survived. No 

conclusions can be drawn from these results because of the lack of know-

ledge of the immune status of three out of four of the calves which died. 

The sample from calf FWB6K was taken shortly before it died. Although 

it possessed no demonstrable antibody to the antigens of 0101: K(A)RVC118 

neither did the sample from the calf AECJ1 which survived. 

Summary. Thirty-four calves were born in this herd over a one-year period 

23 from vaccinated cows and 11 from unvaccinated cows. Nine calves died 

during this period. No death could be associated with the strain which 

was used for vaccination in either the control or the vaccinated calves. 

The organisms isolated from dead calves in this herd were as follows: 

March, 1961 E. coli untypable 1 calf 

unexamined 3 calves 

April, 1961 E. coli 0 group antigen related 

to 08 2 calves 

a vaccine was prepared from this strain 

November 1961 S. typhimurium 3 calves 

the whole herd was vaccinated with this strain 

December unexamined 2 calves 

April E. coli 0101: K(A)RVC118 2 calves 

" untypable 1 calf 

May " 0101: K(A)RVC118 1 calf 
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Discussion of Herd EC. 

It is apparent from these results that no calf examined scoured 

or died in association with the E. coli strain used as the vaccine antigen 

even though the control calves possessed no K antibody to the strain 

(see Table 10). For the first six months, an equal number of cows were 

left unvaccinated as were vaccinated. However, these months coincide with 

the months of lowest incidence of colibacillosis. Only four control 

animals were born in the winter months (out of 19) which might account 

for the absence of further isolations of this strain from this herd. 

In addition to 3. typhimurium at least two strains of E. coli 

were involved in the deaths of calves during the winter months. Although 

the barn was kept quite clean the husbandry in this herd was not as good 

as most of the other experimental herds. Calves were tied along one 

wall within a very short distance of each other or were placed with 

older calves in one pen. The bedding in these areas was changed 

occasionally, the areas themselves were seldom cleaned or disinfected 

between calves. All cows calved in the same calving pen which was 

never disinfected. Under these circumstances, the chance for one strain 

to become dominant would seem quite favourable, yet this did not occur 

in spite of the fact that none of the calves at risk, which were tested, 

possessed demonstrable antibody to the K antigen of the strains involved. 

The only calf in this herd from which a serum sample was obtained 

and which subsequently died of infection with E. coli was calf FMB6K. 

This sample was taken shortly before the calf died. It possessed no 

demonstrable antibody to either antigen of 0101: K RVC118 and on electro-

phoretic analysis was found to be markedly deficient in gamma globulin. 
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This deficiency in this calf might be an effect rather than a cause of 

the E. coli infection as it was only 36-48 hours old at the time of death. 

However, a four-day old calf from another herd dying from a sudden 

infection with the same strain also proved to be markedly deficient in 

gamma globulin. 

2) Herd JB 

Jersey. 50 head. 

History: This herd had experienced considerable trouble with colibacill-

osis in the winter of 1958. At this time an autogenous formalin-killed 

bacterin was used to vaccinate the cows which stopped further mortality. 

In the late' winter of 1960-61, the problem started to recur. In 

March 1961, a six-day old dead calf was brought in for examination. It 

had been scouring for three days and had not been treated. E. coli 026: K60 

(OVC 4030) was isolated from the intestines of this calf. The internal 

organs gave no growth. A vaccine was prepared from this strain and 

vaccination of the herd started in April 1961. 

April 1961 through December 1961. A total of 29 calves were bom, 17 

from vaccinated dams and 12 from non-vaccinated dams. An outbreak of 

scouring occurred in late April and early May of 1961 which resulted in 

the death of two calves. One was from a vaccinated dam - the other 
* 

from a control dam. Samples were not received from these calves. One 

five-day old calf 15P from an unvaccinated dam, died in November 1961. A 

mucoid strain of E. coli was isolated from the intestines and associated 
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lymph nodes of this calf. It could not be serologically typed and hence 

is identified as OVC 2984. 

The antibody level to this strain in the serum of this calf 

and other calves bom during the same period is shown below 

vaccination with this strain started in January. 

January 1962 to May 1962. Twenty-two calves were born, 13 were from 

vaccinated dams. One 'vaccinated' and one control calf died during this 

period. The E. coli strains isolated from these calves could not be 

stereotyped. They did not appear to be similar to OVC 2984. 

Discussion. 

The husbandry of this herd was excellent. Each calf was 

housed in an individual pen which was cleaned between calves. Apart 

from the outbreak in April-May 1961 all deaths in this herd occurred 

sporadically. The vaccine strain was not isolated from any of these 

that were examined. Calf 15P from which OVC 2984 was isolated remained 

clinically normal until five days of age when it suddenly became sick. 

It died the same day. The bacteriological examination showed masses 
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of this E. coli strain in the small intestine. Although the serum of 

this calf possessed a low titre to the 0 antigen of OVC 2984, it was 

found to be deficient in gamma globulin when tested electrophoretically. 

3) Herd T3. 

Jersey. 50 Head. 

History. The owner of this herd was a brother of the owner of the 

previous herd (JB). The two farms were located within a half a mile 

of each other and the history of this herd was similar to that given 

for the other herd. In April 1961, this owner presented a dead two-

week old calf for examination. E. coli strain 0115: K Ps306l was 

isolated from the duodenum and jejunum of this calf - E. coli strain 

015: K? was isolated from the ileum and caecum. The internal organs gave 

no growth. A vaccine was prepared from the strain 0115: K Ps306l and 

vaccination commenced in this herd in June 1961. 

June 1961 through December 196l. Twenty-five calves were born, 13 

were from dams vaccinated with 0115: K Ps306l. Three calves died during 

this period, two were twins. 

Calf 10K. This calf was moribund when presented for examination at two 

days of age. An untypable strain of mucoid E. coli which was 

isolated from the intestine and mesenteric lymph nodes of 

this calf has been designated OVC 2995. The case presented 

a similar bacteriological picture to that described for E. coli 

strain 0101: K(A)RVC118 (EC). The antibody level to OVC 2995 

in the serum of this calf and other calves born during the 

same period is shown below. 
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isolated from this calf could not be typed serologically, 

but were morphologically different from OVC 2995. 

A vaccine was prepared from OVC 2995. Vaccination with this strain 

commenced January 1962. 

January 1962 to May 1962. Fifteen calves were bom during this 

period, nine were from vaccinated dams. No further losses were reported. 

Discussion 
The ownership of this herd changed in the Fall of 1961. The 

new owner was not exceptionally co-operative in forwarding samples from 

calves with colibacillosis and undoubtedly several incidents of scouring 

occurred from which samples were not received. This was further com-

plicated in that the new owner was a poor husbandman. Several older 

calves were received in which the cause of death was not considered to 

be colibacillosis. Calf 10K from which OVC 2995 was isolated and 

considered significant, possessed no antibody to this strain. However, 

it did possess antibody to the strain with which its dam was vaccinated 

(see Table 10). 
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A) Herd GB 

Jersey. 60 head. 

History: In the spring of 1961, an outbreak of colibacillosis occurred 

in this herd which resulted in the death of five calves. Two of these 

were submitted for examination. The E. coli strains isolated from these 

calves could not be serologically typed. No trouble was experienced 

in the summer of 1961, but in the fall, another outbreak occurred which 

resulted in the death of a further seven calves. Two of these calves were 

submitted for examination. They had died within seven days of each other. 

Calf 1. This calf was two days old. E. coli 0101: K(A)RVC118 was isolated 

from the intestines and associated lymph nodes. The internal 

organs gave no growth. 

Calf 2. This calf was approximately one month old. E. coli 0101: K(A) 

- RVC118 was isolated from the intestines and internal organs 

of this calf. 

A vaccine was prepared from this strain and vaccination commenced on 

November 1961. 

November 1961 through May 1962. A total of 43 calves were born during 

this period, 19 were from dams vaccinated with 0101: K(A)RVC118. 

December 1961,. Two calves from dams vaccinated with the control vaccine 

scoured severely. Samples were not received from these calves. 

February 1962. One calf died at one day of age in early February - no 

samples were received. Two weeks later an outbreak of scouring occurred 

involving three calves, one died after four days. Faecal samples were 

received from all these calves. The E. coli strains isolated could not 

be serologically typed. 



- 84 -
April 1962. A three-day old calf from a control dam died, 24 hours after 

the onset of illness. E. coli 101: K(A)? was isolated in pure culture 

from the intestines and associated lymph nodes of this calf. This 

strain possessed a different K antigen from that of the vaccine strain. 

The internal organs gave no growth. 

Discussion. 

A total of three calves died in this herd following vaccination, 

two deaths were isolated incidents, the other death vas associated vith 

a small outbreak of scouring. The strains isolated from these calves 

vere different from the vaccine strain. 

5) Herd BP 

Guernsey. ' 70 head. 

History. This herd had a severe outbreak of diarrhoea in new born calves 

in the winter of 1960-61. A formalin-killed bacterin prepared from the 

strains isolated at this time appeared to stop the outbreak. In October 

1961 an outbreak of scouring occurred in this herd. A dead calf and a 

faecal sample from a scouring calf vere brought in at this time. E. coli 

026: K60(B6) vas isolated from the upper part of the small intestine of 

this calf. The E. coli strains present in the ileum and large intestine 

of this calf and strains isolated from the faecal sample of the second 

calf could not be serologically typed. A vaccine vas prepared from 

E. coli 026: K60(B6). Vaccination in this herd commenced in November. 

November 1961 through June 1962. Thirty-seven calves vere born, 17 vere 

from vaccinated dams the others vere from control dams. Two calves died of 
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coli septicaemia and one calf scoured during this period. E. coli 0101: K? 

was isolated from the scouring calf. The E. coli strains isolated from both 

of the dead calves could not be serologically typed. In both cases, the 

E. coli isolated from the internal organs were morphologically different 

from those isolated from the intestines. 

Discussion. 

It is debatable whether this herd was actually a problem herd 

with regard to colibacillosis. The manager told me that he believed the 

outbreak in October was attributable to a new farm hand who did not feed 

the calves properly. The control calves born shortly after this period 

possessed no antibody to this strain (Table 10) yet they remained 

clinically normal. 

6) Herds in Which All Cows Were Vaccinated With the Strain Isolated. 

a) Lazy Pat Farm. 

Guernsey. 60 head. 

History. The problem in this herd started in January 1961, but did not 

become serious until August. Between August and December 1961 eight 

heifer calves died. All died at one to three days of age. In December, 

a two day old calf was submitted for examination. E. coli 09: K(A) Ps274 

was isolated from the intestines and mesenteric lymph nodes of this calf. 

An untypable E. coli strain was isolated from the internal organs. 

A vaccine was prepared from E. coli 09: K(A) Ps274 and vaccination 

commenced in this herd in January 1962. In this herd all calves bom after 

the isolation of the organism from the dead calf, but before vaccination 



- 86 -

commenced, survived. All calves born after vaccination commenced also 

remained healthy, 

h) Guardhouse herd. 

Shorthorn. 80 head. 

History. The problem with colibacillosis in this herd was primarily with 

scouring calves, a high proportion of the calves scoured but these would 

recover with treatment, consequently the mortality rate was low. 

A vaccine was prepared from E. coli strains isolated from a 

faecal swab of one of these calves. They could not be serologically 

identified. All cows were vaccinated but the calves from these cows 

still scoured. E. coli strains isolated from these calves could not 

be serologically identified. 

'The following herds were not visited personally because of 

the distance involved. Vaccination was conducted by the veterinarians 

servicing the respective herds. All vaccinations were controlled with 

a second vaccine containing a different strain as will be described. 

Faecal swabs from scouring or dead calves were taken by the owner, and 

sent in by mail in a tube of transport media. Instructions were given 

to collect the faecal samples before the calf was treated. 

7) Wilhelm herd. 

Shorthorn and Hereford cattle. Approximately 50 head. 

History. This herd was experiencing losses from colibacillosis since 

the winter of 1959-60. Strains isolated in the winter of 1960-61 from 

this herd included 09: K? and 017: K?. A dead calf was received from this 

herd in February 1962. Twenty calves had been bom during this season 
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up to this time - all had scoured and eight had died despite the fact 

that all calves were treated at the onset of scouring with antibacterial 

agents chosen as a result of sensitivity tests performed by the veterin-

arian. The dead calf received was one month old and had been scouring 

intermittantly during this period. Because of the unsatisfactory nature 

of this sample, the owner was asked to submit further specimens. The 

E. coli strains isolated from this calf were not tested serologically. 

The samples subsequently received from scouring calves in this herd and 

the antigenic structure of the E. coli strains isolated were as follows: 

March lst/62 Samples from a four day old freshly 08(0VC2600): K? 

scouring calf 

March 8th/62 l) faecal sample taken from a dead 08(0VC2600): K? 

eight day old calf. It had been 

treated. 

2) faecal sample from freshly scouring 015: K? 

three day old calf. 

A vaccine was prepared incorporating these strains and labelled 

vaccine A. A second vaccine was prepared from E. coli strain 09: K(A) 

Ps274 and labelled vaccine B. Both vaccines were sent to the veterin-

arian servicing this herd with instructions to vaccinate half of the 

cows with one vaccine and the other half with the second vaccine three 

weeks before the estimated calving. Vaccination commenced on March 23/62. 

In the meantime the following samples were received and tested: 

March 15th/62 faecal sample from four day old freshly 020: K? 
scouring calf. 

March l6th/62 1) faecal sample from an eight day old E. coli strains 
purchased calf. This calf had been untypable 
scouring for four days and had been 
treated. 
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2) faecal sample from four day old 020: K? 
freshly scouring calf. 

March 31st/62 faecal sample from a five day old 020: K? 
freshly scouring calf. The dam of 08: K Ps56 
this calf had been vaccinated with 
vaccine A two days before calving. 

April 9th/62 1) faecal swab from three day old 08: K Ps56 
scouring calf. The dam of this calf 
had been vaccinated with vaccine A 

twelve days before calving. 

2) faecal swab from one day old 08: K Ps56 
scouring calf. The dam of this calf 
had been vaccinated vith vaccine A 
14 days before calving. 

April 17th/62 l) faecal swab from six day old scouring 020: K? 
calf. Dam vaccinated vith vaccine B 
17 days before calving 

2) faecal svab from eight day old 020: K? 
scouring calf. Dam vaccinated vith 
vaccine B, 15 days before calving. 

3) faecal swab from six day old 020: K? 
scouring calf. Dam vaccinated with 

vaccine A, 19 days before calving. 

A vaccine vas prepared from this strain (020: K?). It vas labelled C 

vaccine. A control adjuvant preparation containing no E. coli vas 

also prepared (vaccine D). These vere sent to the veterinarian on 

May 4th, 1962, vith instructions to discard vaccines A and B. 

April 24th/62 faecal svab from seven day old E. coli untypable 
scouring calf. Dam vas vaccinated 
vith B vaccine 23 days before calving. 

June 3rd/62 faecal svab from tvo day old E. coli 
scouring calf. Dam vaccinated vith untypable 
vaccine D. 

Six other calves vere bom in June and July, four of vhich 

vere treated vith vaccine C and the rest vith vaccine D. No calf 

scoured during this period. 
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Discussion. 

According to the veterinarian the owner maintained a good 

healthy herd in which the management and sanitation were excellent. 

The cows were housed in loose boxes and stanchions and calved where 

they stood. The calves were then placed in communal pens with eight 

calves to a pen. For a period of time, they tried individual isolation 

of every new born calf, but had little success in preventing scours, so 

they returned to the use of communal pens. Assuming the calves were 

suffering from colibacillosis the history and pattern of this outbreak 

would suggest the presence of an especially virulent strain of E. coli. 

It can be seen from these results that several strains were involved. 

The change of strains from OVC 2600: K? to 020: K? was not as a result of 

vaccination but occurred naturally as did the appearance of strain 

08: K Ps56. The latter strain was associated with scours in calves 

where dams had been vaccinated with a strain possessing a related 0 

group antigen - OVC 2600. (The 0 group antigen of OVC 2600 is related to 

0 group 8, but it does not have a reciprocal agglutination with strain 

Ps 56). This strain 08: K Ps56 subsequently disappeared to be replaced 

once again by strain 020: K? which persisted for a short period to be 

replaced by an untypable strain (or strains). The outbreak stopped 

coincident with the cattle being turned out to pasture. 

8) Other herds. 

Three other herds were examined by these methods. Because 

the E. coli strains isolated from these herds could not be serologi-

cally typed they are not presented in detail. 
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Two of these herds experienced no further trouble following 

vaccination neither in calves from control dams nor those from the 

vaccinated dame. 

One herd continued experiencing problems with colibacillosis 

after vaccination. Both calves from control dams and those from vaccin-

ated dams were affected. 

Discussion. - Results of Vaccination in Herds 

The E. coli strain which was used as the vaccine antigen in 

any one of the herds was not isolated from a calf which scoured or died 

subsequent to vaccination despite the presence of control calves which, 

on the basis of their antibody status, would appear susceptible. This 

could be attributed to one of two factors: 1) that the vaccination of 

even half of the cows resulted in a sufficient number of protected calves 

to cause the supression of this strain, or 2) that the outbreak caused 

by this strain ceased of its own accord. The latter postulation is the 

most feasible in view of the fact that in most herds calves bom between 

the death of the calves from which the vaccine strain was isolated and 

the commencement of vaccination with this strain remained clinically 

normal. Also outbreaks of colibacillosis due to other strains which 

occurred in some of the herds at various times ceased of their own accord. 

Because of this the efficiency of vaccination of the dam in 

preventing further cases of colibacillosis caused by the vaccine strain 

cannot be evaluated from these results. It is apparent however that 

the majority of the herds continued to suffer losses from colibacillosis 
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in spite of vaccination. The losses that occurred were sporadic or were 

the result of small limited outbreaks of colibacillosis. Outbreaks 

were each associated with a different strain of E. coli. In two herds 

(EC and Wilhelm) the losses were quite considerable, however even in 

these herds several strains of E. coli were incriminated. In one of these 

herds (Wilhelm) a total of five different strains were isolated from the 

faeces of twelve freshly scouring calves within a period of seven weeks. 

From these results it could be concluded that an individual strain of 

E. coli was only responsible for a small outbreak of colibacillosis 

which resolved itself spontaneously. Several such outbreaks combined 

could result in a high morbidity and mortality. A single strain was 

not responsible for an extensive outbreak of colibacillosis in these 

studies. 
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THE EXPERIMENTAL PRODUCTION OF COLIBACILLOSIS IN CALVES FROM VACCINATED 

and NON-VACCINATED DAMS. 

The purpose of this study was to assess the protection afforded 

calves against a specific strain of E. coli by vaccination of the dam 

with that strain. This was assessed by experimental challenge with the 

E. coli strain of calves from both vaccinated and unvaccinated dams as 

well as with calves deprived of colostrum. 

Materials and Methods 

1) Source of Calves. 

The colostrum deprived calves were obtained from two government 

institutional herds situated in the Guelph area. They were transported 

to the Research Station within a few hours of birth. Calves which had 

been fed colostrum were obtained primarily from the experimental herds 

but a few were also received from other private herds in the vicinity 

of Guelph. These calves were allowed to suckle the dam for at least one 

day and were usually received when three days of age. 

2) Management. 

The first few calves were housed in an isolated Quanset hut, 

but the majority of the experiments were conducted in isolation units. 

These were of a size that would comfortably house three calves. They 

were cleaned and disinfected chemically or with live steam. The calves 

were pail fed whole milk twice a day at 1 lb. of milk per 10 lbs. body 

weight. A vitamin mineral supplement was added to the milk. 

3) Challenge. 

E. coli strains, 09: K(A)RVC118 and 09: K(A) Ps274 were chosen 

for the study of experimental reproduction of the disease. They are among 

the more common strains isolated from calfhood colibacillosis in Ontario, 
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(46) and had been isolated from some of the experimental herds. The 

capsular antigen of RVC118 is also found in conjunction with other 0 

groups. 

In later experiments strain RVC 1787 (0137: K79) was used. 

This strain has not been isolated from natural cases in Ontario (46). 

The challenge was effected by the oral dosing of 5 ml. of a 

6-18 hour culture of the chosen strain in trypticase soy broth, unless 

stated otherwise in the calf history. The day of the first challenge 

is recorded as day 1. This was repeated the next day - day 2. The 

calves were usually challenged within a few hours of arrival. 

4) Examination of the calves. 

a) Serological Examination. Blood samples were taken on day 1 from all 

calves fed colostrum. They were examined for the presence of 0 and K 

antibodies for the respective strains as outlined previously except 

that the presence of K antibody was tested in doubling dilutions 

commencing at 1 in 2. 5. In recording this all titres are expressed in 

reciprocals of the highest dilution positive. 

When calf sera ware tested for the presence of antibody to 

RVC 1787 some difficulty was encountered in reading the results of the K 

antigen - antibody reactions. This antigen was unstable in the presence 

of many sera but was stable when suspended in saline. When the agglutina-

tion tube was flicked with finger after centrifugation these reactions 

would be apparent in the form of flakes which resulted from breaking of 

the lightly agglutinated bacteria in the bottom of the tube. The end 

point of these false position reactions varied with different sera. 

These flakes would completely disintegrate with stronger agitation. 
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However, positive reactions (from 'vaccinated' calves) which at first 

rose from the bottom of the tube as a distinct disk could also be 

broken with similar agitation, although clumps of bacteria would 

usually remain. Because of this, the end point of these 

agglutinations was difficult to determine. 

b) Bacteriological Examination. Faecal swabs and calves which died were 

examined and cultured as outlined previously. These cultures were then 

examined serologically for the presence of the strain with which the 

calf had been challenged. This was achieved by testing individual 

colonies by slide agglutination with homologous antisera and by this 

means a crude estimation could be made of the percentage of this strain 

present in a given culture. In the case of the strains possessing 

the capsular antigens Ps274 and RVC118 this estimation was facilitated 

by their morphology. These strains grow on blood agar and MacConkey 

agar as glistening mucoid colonies and are distinct from most other 

strains of E. coli. 

The results of this estimation are recorded in the following manner: 

++++ = pure culture of test strain 

+++ = approximately 75% of the colonies were the test strain 

++ = 25% to 75% of the colonies were the test strain 

+ = agglutination when a swipe from the confluent area of 

growth was tested 

- = test strain could not be detected 
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Of six calves deprived of colostrum and fed E. coli strain 

Ps274 three died of a bacteremia. These deaths were associated with 

strains of E. coli other than Ps274. Ps274 was isolated from the intestines 

of two of three calves but in conjunction with other E. coli strains. It 

was not isolated from the intestinal contents of the third calf. In the 

light of these results, it is debatable whether Ps274 played any part in 

the initiation of the deaths of these calves. The three other colostrum-

free calves showed evidence of scouring associated with the isolation of 

Ps274 from the faeces. One of these calves (823) failed to scour for a 

second time when rechallenged with strain Pa274 

Of the four colostrum-fed calves, only calf 822 could be consi-

dered as having scoured as a result of being challenged with Ps274. This 

calf possessed antibody to the 0 group antigen of this strain. Although 

the 'vaccinated' calf (1115) did not scour when challenged neither did 
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the 'unprotected'calf (1116) (calf 1116 scoured in association with RVC1787). 
2) Studies With Strain OVC4lOO 

This strain was isolated from a one-day old calf which was one 

of three in a herd which had died suddenly within a few days of birth. 

All died within a few days of each other. The strain possesses a K antigen 

identical to that of RVC118 but its 0 group antigen is different. Three 

calves were challenged with this strain - all were deprived of colostrum. 

Calf 835 - evidenced no ill effects despite the presence of the strain 

in the faeces. 

Calf 837 - scoured from day 2 through day A but subsequently recovered 

without ill effect. The strain could be isolated from the 

faeces during this period. 

Calf 838 - was found dead on the evening of day 2. Bacteriological exam-

ination showed the presence of strain 0VC4100 in pure culture 

throughout the small intestine and mesenteric lymph nodes. 

Two strains of E. coli. not 0VC4100, were isolated from the 

internal organs and the navel. 

3) Studies with E. coli strain RVC118 

a) Experimental challenge of colostrum-deprived calves. 

This study involved four calves deprived of colostrum. They were in 

contact with one another. 



This calf subsequently faired poorly even though it was not 

scouring and was sacrificed on day 15. The gross pathology 

showed residual signs of septicaemia. An E. coli strain was 

isolated from the kidney. It was not strain RVC118. No 

evidence of strain RVC118 could be found in the intestines. 
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A) Discussion 

The clinical and bacteriological results obtained by challenging 

calves with these three strains are very similar. It is difficult to 

determine the role played by these strains in inducing scours in 

colostrum-deprived calves because those calves of this group which did 

not scour also excreted the strain in the faeces often in pure culture. 

The deaths of the colostrum-free calves cannot be attributed to the 

strains fed. It appears from these studies that these strains are not 

exceptionally invasive, which is verified by the patterns of natural 

outbreaks of colibacillosis associated with these strains. These strains 

or strains possessing the mucoid capsular antigens of Ps274 and RVC118 

generally present a distinct clinical and bacteriological syndrome when 

responsible for field cases. They are usually associated with a small 

isolated outbreak of colibacillosis in calves, although strain Ps274 

is occasionally associated with prolonged outbreaks, and tend to affect 

these calves about two to four days of age, although older calves may be 

affected. The onset is sudden and is quickly followed by death often 

within 12 hours. During this period, the calf is extremely depressed 

to the point of being comatose, the muscles are flaccid and it responds 

weakly or not at all to stimuli. The temperature is subnormal and the 

heart rate slow and irregular. Clinically dehydration is quite apparent 

although death may occur before scouring is ever evident. If scouring 

does occur the faecal material is extremely fluid and watery. Stained 

smears of the intestinal contents usually show a normal flora in the 

abomasum and duodenum, but that of the jejunum and ileum consists of 

masses of short, fat, Gram-negative rods resembling cocco-bacilli. 

These are often in such numbers that it would appear almost impossible 
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to fit another one in on the slide. An attempted plate count of 1 ml. 

of this material in a dilution of 10-20 still gave E. coli too numerous 

to count. Bacteriological culture yields a pure culture of the strain 

from the jejunum, ileum and associated mesenteric lymph nodes. The 

large intestine usually yields a pure culture of the strain but occasionally 

other strains may be found in low numbers. The abomasum will yield a 

few colonies of E. coli - the mucoid strain usually accounts for one or 

two colonies. The duodenum is virtually free of E. coli. These calves 

die primarily from a toxemia; a bacteremia is uncommon and vhen it occurs 

may be associated vith the same strain as is present in the intestines 

or vith a non-mucoid strain. It is possible that these bacteremias 

originate from the navel. 

This syndrome vas not reproduced in any of the experimental calves. 

Because of this, experiments vith these strains vere abandoned and instead 

the E. coli strain RVC1787 (0137: K79) vas used. The successful reproduc-

tion of colibacillosis of colostrum-deprived calves vith this strain has 

been reported by Schoenaers and Kaeckenbeeck (106). 

5) Studies vith E. coli strain RVC1787 

a) Experimental challenge of calves deprived of colostrum 

Preliminary experiments vere vith four calves deprived of 

colostrum. They vere conducted separately. 
Calf 923 

RVC1787 culture Clinical Faecal culture 
Ayrshire Day 1 PM fed 5 ml. no scours RVC1787 -
age=l day 2 AM fed 5 ml. scouring RVC1787 -

PM dead 

Culture. RVC1787 vas predominant throughout the intestine and 

vas isolated in pure culture from all internal organs cultured. 
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These calves presented similar clinical and bacteriological 

findings. Their deaths occurred within approximately 24-48 hours of the 

first feeding of E. coli strain RVC1787 and could be attributed to this 

strain as it was isolated in all cases from the internal organs in pure 

culture. These calves did not scour until a few hours before death, although 

in all cases the intestinal contents were quite fluid at post mortem 

examination. In two cases the contents of the small intestine contained 

a considerable amount of blood. The success of these experiments led to 

a further study involving in-contact transmission of this strain to calves 

deprived of colostrum. 

b) Studies on the 'In Contact' transmission of colibacillosis to calves 

deprived of colostrum using E. coli strain RVC1787 

The transmission of this condition was studied by placing calves 

deprived' of colostrum into the same pen as a colostrum-fed calf which 

had been challenged with RVC1787 and was scouring (calf 1097). 
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Calves 1105 and 1110 began scouring on the third day of resi-

dence in the contaminated unit. This coincided in both cases with demon-

stration of RVC1787 in the faeces and it persisted throughout the scour 

period. The scouring was quite severe - the faeces very fluid and yellow 

to green in colour. RVC1787 could not be demonstrated in the faeces of 

calf 1111 or 1112 - these calves did not scour. Although calves 1111 

and 1112 possessed antibody to the K antigen of RVC1787, so did calf 

1110. Because of the difficulty in reading these K antigen-antibody 

reactions with RVC1787, as was mentioned earlier, this observation is 

difficult to interpret. The resistance of calves 1111 and 1112 could 

also be attributed to the failure of RVC1787 to establish itself in 

the intestinal flora of these calves. Strain Ps274 although fed to 

three calves was only established in the intestinal flora of one (llll). 

A further demonstration of the infectivity of strain RVC1787 was 

encountered accidentally. After the experiment above the pen was vacated 

and washed and disinfected chemically. Immediately following this, three 

calves were introduced for experiments involving strain Ps274. These 

calves were calves 1115, 1116 and 1117 mentioned in the previous section 

dealing with experiments using strain Ps274* Calf 1116 started scouring 

on day 3, this could not be attributed to strain Ps274 and because of 

this, the experiment was discontinued on day 5. Later the MacConkey 

plates of the faecal swabs of this calf from day 3 to day 5 were tested 

and found positive for the presence of RVC1787. Since this strain has 

never been isolated from natural outbreaks of colibacillosis in Ontario 

it is most probable that it was picked up from the pen. 
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d) Studies with RVC1787 challenge in 'vaccinated' calves and 'normal' 

calves. 

Trial 1 - Two 'vaccinated' calves 1135 and 1136 were challenged with 

this strain. Despite the presence of RVC1787 in the faeces of both 

these calves over a period of several days both calves remained clini-

cally normal. The antibody titres of these calves were as follows: 

_0 K 

1135 AO 80 

1136 80 10 

These calves were together in the same pen. An unvaccinated calf was 

not available to run with them. 

Trial 2 - Two more 'vaccinated' calves were challenged with this strain. 

These also failed to develop scours. The results of the bacteriological 

examination of the faeces of these two calves during this experiment 

and their antibody titres were as follows: 
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Trial 3 - One vaccinated calf (1168) and two unvaccinated calves (1169, 

1170)were challenged with this strain. RVC1787 could be demonstrated 

in the faeces of all three calves, but only one of the unvaccinated calves 

scoured. The others possessed antibody to RVC1787 (Table 13). 

Trial A - Two calves, 1173 and 1174 were introduced into this pen on day 10 

of trial 3. They were intended as in-contact calves and were not 

challenged with RVC1787 at this time. They were in contact with the 

three calves, 1168, 1169 and 1170 for three days after which these 

latter calves were removed from the pen. For convenience of description 

below the days of introduction of these two calves into the pen has been 

designated as day 1. On day 4, therefore, 1168, 1169 and 1170 were removed 

from the pen. On day 6, four more calves were introduced into the pen. 

Three of these calves, 1181, 1182 and II83 had been 'vaccinated' with 



- 113 -

RVC1787, the other calf 1180 was a normal control. The calves 1173 

and 1174 had not scoured during these six days nor could RVC1787 be 

demonstrated in the faeces. Because of this all calves were challenged 

with RVC1787 on day 6 with the exception of 1173 which was left as an 

in-contact animal. 
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During the course of this experiment an outbreak of scouring 

occurred which could not be attributed to RVC1787. The E. coli strains 

isolated were stereotyped and found to contain a strain possessing a K 

antigen which was serologically identical to 017: K PsF326B. This 

strain has been designated 0VC1001. The results of this study are 

presented in a tabular form in Table 14. 

It is apparent from this table that strain 0VC1001 was isolated 

from the faeces of all calves which scoured at the onset of the scour 

period. In the two calves 1182 and 1183 it was not detectable before 

the onset of scouring. Unfortunately, the pre-scour samples of calves 

1173 and 1174 had been discarded before they were tested. From this 

it appears that this strain was significant in initiating the scouring. 

However, it did not persist in the faeces throughout the scour period 

as did RVC1787 in previous experiments. 
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An attempt to reproduce scours in three colostrum-fed calves 

by feeding strain OVClOOl failed although the strain could be isolated 

from the faeces of these calves. All three calves possessed antibody 

to the K antigen of this strain at a titre of 1 in 2. 5. 

Trial 5 - Three normal calves, 1156, 1157 and 1158, and one vaccinated 

calf were challenged with RVC1787. The three normal calves were from 

the same experimental herd, 1156 and 1157 were twins. No calf scoured 

and RVC1787 was not demonstrated in the faeces at any time. Because 

of this, the calves were rechallenged on day 5. The culture for this 

challenge was grown from the original freeze dried stock culture of 

this strain. The calves remained clinically normal. 

For some reason RVC1787 was not established in the intestinal 

flora of these calves. It is unlikely that it was due to loss of 

virulence of the strain as the second challenge was made from the 

original stock culture. It was more likely due to competitive antagonism by 

other species or strains in the intestine. 
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Summary of Studies with E. coli Strain RVC1787 

a) Four calves deprived of colostrum were challenged with RVC1787. All 

died with a bacteremia of this strain. 

b) Five calves deprived of colostrum were placed in contact with a 

colostrum-fed calf excreting RVC1787 in the faeces. All died with a 

bacteremia of this strain. 

c) Four colostrum-fed calves were placed in an environment contaminated 

with RVC1787. Two scoured in association with the isolation of RVC1787 

from the faeces. RVC1787 could not be demonstrated in the faeces of the 

two calves which remained normal. 

d) Nine unvaccinated calves fed colostrum were challenged with RVC1787. 

This strain was not established in the intestinal flora of five calves, 

none of which scoured. It was established in the intestinal flora of 

the other four calves, two of which scoured, the other two remained 

clinically normal during the isolations from the faeces. The two calves 

which remained clinically normal possessed antibody to both 0 and K 

antigens of RVC1787. 

e) Nine colostrum-fed 'vaccinated' calves were directly challenged 

with RVC1787. This strain was established in the intestinal flora of 

seven of these calves, but could not be demonstrated in the faeces of 

the other two. None of this group scoured in association with the 

isolation of this strain. 

f) A 'natural' outbreak of scouring effecting five out of six 

calves occurred in one experiment associated with a strain of E. coli 

possessing a K antigen identical to that of 017: K PsF326B. 
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Discussion 

The virulence of strain RVC1787 for calves deprived of 

colostrum is evident from these experiments. All colostrum-deprived 

calves died with a bacteremia of this strain even though in some cases 

it had only colonized the upper part of the small intestine. 

The calves fed colostrum proved to be resistant to the 

invasion of strain RVC1787 even though some possessed no detectable 

antibody to the antigens of this strain. Rees (96) has cited that in 

the field this strain is usually associated with a virulent invasive form of 

colibacillosis. This syndrome was not reproduced in these studies 

except in calves deprived of colostrum. 

Schoenaers and Kaeckenbeeck have also reported the relative 

ease with which colostrum-deprived calves can be infected with this 

strain. - They were able to reduce the mortality rate from 80 per cent in 

colostrum-deprived calves challenged with RVC1787 to ten per cent in calves 

fed colostrum from cows immunized with this strain. They could not repro-

duce colibacillosis in normal colostrum-fed calves challenged with this 

strain (106, 107). Unfortunately, they did not measure the antibody 

level attained by each calf. 

In the trials conducted here RVC1787 was associated with a 

severe fluid scour in colostrum-fed calves which possessed no antibody 

to this strain. RVC1787 was established in the intestinal flora of 13 

out of 23 calves. Seven of these calves were from dams vaccinated with 

RVC1787, the other six were from non-vaccinated dams. None of the seven 

'vaccinated' calves scoured - they all possessed antibody to the 0 and 

K antigens of RVC1787. Four of the non-vaccinated group scoured 
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severely in association with the isolation of RVC1787 from the faeces. 

Two of these calves possessed no antibody to the antigens of RVC1787 

the other two possessed antibody to the K antigen. Two calves of the 

non-vaccinated group which did not scour possessed antibody to both 

0 and K antigens of RVC1787. 

Due to the difficulty in interpreting the K antigen-antibody 

tests, the presence of K antibody in calves which scoured should not 

be emphasised as it is probable that this may be a non-specific reaction 

which has been recorded. The serum of two calves deprived of colostrum 

had the ability to agglutinate the K+ RVC1787 in low dilutions, but gave 

no agglutination when titrated with the K- form (boiled). The apparent 

protection afforded the calf possessing antibody to the 0 antigen of 

RVC1787 may only be due to the presence of a true K antibody associated 

with the 0. 

In the studies with Ps274, one calf, which possessed antibody 

to the 0 antigen of this strain but not to the K antigen, scoured 

severely in association with the isolation of this strain from the faeces. 

Another factor in the resistance of these calves to infection 

with RVC1787 is the inability of this strain to establish itself in the 

intestinal flora of some calves. In these studies it was not detectable 

in the faeces of 10 out of 23 colostrum-fed calves which were in contact 

with it. This may be a result of the relatively crude method of detection 

which was used in these studies - a more thorough examination of the E. 

coli strains isolated might have revealed its presence. 

The factor or factors involved in this suppression were not 

investigated, but could in part be due to antagonism by other strains 
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of E. coli as has been shown in vitro by Spaulding (133). 

Conclusions. 

Calves deprived of colostrum are extremely susceptible to 

invasion with E. coli strain RVC1787 and die of septicaemic colibacillosis. 

Calves which have been fed colostrum but possess no antibody to 

RVC1787 are resistant to the septicaemic form of colibacillosis. They 

are susceptible to scours caused by this strain providing it becomes 

established in the intestinal flora. 

Calves which have been fed colostrum and possess antibody to 

RVC1787 are resistant to both the septicaemic and the enteric form of 

colibacillosis caused by this strain. This group would include calves 

of dams vaccinated with this strain. 
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GENERAL DISCUSSION 

From the results of serological typing of the E. coli strains 

isolated from cases of colibacillosis in the experimental herds, it is 

evident that more than one strain of E. coli was involved in the losses 

of any one herd during the period of this study. These observations 

support those of Gosling (46) whose studies also involved herds in 

Ontario. Most of the reports in the literature of similar studies 

in other countries also indicate that more than one strain of E. coli 

may be isolated from cases of colibacillosis from the same herd, 

although unfortunately there is usually no information given as to 

whether these isolations were made during an outbreak of colibacillosis 

or whether they are just from individual sporadic cases (22, 66, 96, 

119). There are also a few reports of prolonged outbreaks of colibacillosis 

associated with single strains of E. coli (46, 120). 

In this study individual strains of E. coli were associated 

either with isolated cases of colibacillosis or with small outbreaks 

which tended to be self-limiting. More extensive losses were the 

result of several such outbreaks combined and hence involved several 

strains. The suggestion that the repeated isolation of similar E. coli 

serotypes during an outbreak is a reflection of the serotype dominant 

in the calf population is unlikely because as Smith and Crabb (119) 

have shown that normal calves housed in communal pens seldom carry the 

strain isolated from the diseased calves. In herd EC of this study calves 

in contact with a calf which had died in association with E. coli strain 

0101: K RVC118 did not carry this strain. However, further studies of 

the epidemiology and pathogenesis of outbreaks of colibacillosis 
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associated with individual serotypes are required. In the analogous 

condition in man, infant epidemic diarrhoea, the association of 

specific E. coli serotypes with epidemics of diarrhoea has been well 

documented (139). 

The factors limiting the outbreaks in this study could not 

be determined. The antibody level to the E. coli strain involved 

was not the only factor which determined the calf's susceptibility or 

resistance as calves which were bom during an outbreak and remained 

clinically normal possessed similar antibody levels to calves which 

developed colibacillosis. Whereas the K antibody has been shown to 

be important in protecting laboratory animals against experimental 

E. coli infection (14* 143), the majority of the calves in the 

experimental herds possessed no demonstrable antibody to the K antigen 

of the strains with which their sera were tested. 

In the studies of experimental challenge of colostrum-fed 

calves with RVC1787 several calves which possessed no specific antibody 

to the strain did not develop colibacillosis because of the failure 

of this strain to establish itself in the intestinal flora of the calf. 

It is possible that such a failure may limit natural outbreaks of 

colibacillosis in the field. 

In natural cases, the E. coli strain RVC1787 is usually 

associated with a virulent invasive form of colibacillosis (96) 

however in this study the invasive type of infection could only be 

reproduced experimentally in calves deprived of colostrum. Similarly 

078: K80 is associated with septicaemic colibacillosis in the field 

yet Fey (40) could only reproduce this form experimentally in colostrum-
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deprived calves or in calves from which the colostrum was withheld 

for several hours following experimental challenge. This inability 

to reproduce septicaemic colibacillosis in calves fed colostrum is 

perhaps explained by the observation of Fey (AO) that calves dying of 

natural infections with 078: K80 are either agammaglobulinaemic or 

markedly deficient in gamma-globulin. Fey also observed that 11 per 

cent of 'normal' calves were deficient in gamma-globulin and believed 

that this deficiency is a decisive factor in the susceptibility of a 

calf to infection with E. coli. 

Hypogammaglobulinaemic calves were also found in this study. 

Although it is unlikely that hypogammaglobulinemia plays a part in 

initiating or regulating an outbreak of colibacillosis it is possible 

that it may account for some of the sporadic deaths of calves from 

colibacillosis which occur in most herds. 

Five serum samples from calves which died as sporadic cases 

on different farms were subjected to electrophoretic analysis. All 

five were found to be hypogammaglobulinaemic. Three of these serum 

samples were from calves in the experimental herds and were taken 

while the calves were still healthy. The other two were from calves 

brought in moribund from other herds. There was only one of these 

calves that died of the septicaemic form of colibacillosis, the other 

four died of purely enteric infections with mucoid E. coli strains 

possessing A type K antigens. These strains are not invasive even in 

calves deprived of colostrum. 

Although the septicaemic form of colibacillosis could not be 

produced in colostrum-fed calves by oral challenge with RVC1787, calves 
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vhich possessed no specific antibody to this strain did scour severely 

and this strain vas isolated from the faeces. Calves vhose dams had 

been vaccinated vith this strain, and vhich possessed specific antibody, 

proved resistant to either form of colibacillosis vith this strain. 

It appears therefore that vaccination of the dam vith a specific E. coli 

strain using an oil adjuvant vaccine vill protect the calf against 

infection vith that strain providing the calf acquires the antibody 

vhich is present in the colostrum. However, vaccination is unlikely 

to be of much value in preventing losses in a herd except vhere those 

losses vould be due to the same E. coli strain as used in the vaccine. 

The value of autogenous vaccination against colibacillosis 

vith a killed bacterin, as is commonly practised, is even more limited 

because these bacterins possess poor antigenicity vith regard to the 

K antigen. The failure of this form of vaccination in preventing 

further cases of colibacillosis, as vas demonstrated by Sellers et al 

(112), may rest vith the lack of protective antibody afforded the calf 

as veil as vith a change in the E. coli strain responsible. The favourable 

reports of practitioners using these bacterins under uncontrolled 

conditions could possibly be the result of a successful protection 

against a single strain outbreak, but in many cases is probably due to 

a spontaneous remission of the outbreak as occurred in many of the 

experimental herds in this study. 
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CONCLUSIONS 

1) Normal cows possess little antibody to the K antigen of E. coli 

strains and this is reflected in the low or undetectable levels 

of this antibody in the serum of their calves. Antibody to the 

0 antigen of E. coli strains is possessed by most normal cows 

and the calves' sera generally have a demonstrable level of 

this antibody. 

2) Vaccination of the cow with a killed bacterin stimulates an 0 

antibody response but does not stimulate any marked degree of K 

antibody production. When injected with an oil adjuvant this 

bacterin will stimulate a marked antibody response to both the 

0 and K antigens of the E. coli strain in the cow and this may 

be acquired by the calf via the colostrum. 

3) Calves' deprived of colostrum are susceptible to septicaemic 

invasion by E. coli strain, however, not all E. coli strains 

are invasive. 

4) Calves fed colostrum are resistant to experimentally produced 

septicaemic invasion by E. coli strains providing that gamma-

globulin is absorbed from the gut and retained at normal levels. 

These calves are susceptible experimentally to enteric colibacillosis 

with certain E. coli strains unless specific antibody is possessed 

against both antigens of the E. coli strain involved. 

5) Some calves do not attain normal levels of gamma-globulin in 

their serum but remain markedly deficient in gamma-globulin despite 

the feeding of colostrum. These calves are most susceptible to 

septicaemic invasion of E. coli from the intestine or from the navel. 
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6) Outbreaks of colibacillosis which occur in herds are partly 

conditioned by the calves' lack of specific K antibody to the 

strain involved, however, this does not appear to be the only 

factor involved in the initiation or limitation of an outbreak. 

7) In some cases a single strain of E. coli is responsible for a 

prolonged outbreak of colibacillosis but in most cases these 

outbreaks are the result of several consecutive outbreaks with 

different strains. 

8) Vaccination of the dam with a specific strain of E. coli would 

only be effective in preventing further losses from colibacillosis 

in those herds where the problem with colibacillosis is 

associated with a single E. coli strain. 



- 128 -

REFERENCES 

1. Aschaffenburg, R., Bartlett, S., Kon, S. K., Terry, P., Thompson, 
S. Y., Walker, D. M., Briggs, C., Cotchin, E., and Lovell, R. 
(1949) The nutritive value of colostrum for the calf l) The 
effect of different fractions of colostrum. Brit. J. Nutr. 3: 187. 

2. Aschaffenburg, R., Bartlett, S., Kon, S. K., Walker, D. M., 
Briggs, C., Cotchin, E., and Lovell, R., (194-9) The nutritive 
value of colostrum for the calf. 2) The effect of small quantities 
of the non fatty fraction. Brit. J. Nutr. 3: 196. 

3. Aschaffenburg, R. (1949) The nutritive value of colostrum for 
the calf. 3) Changes in the serum protein of the newborn calf 
following the ingestion of small quantities of the non fatty 
fraction. Brit. J. Nutr. 3: 200. 

4. Aschaffenburg, R., Bartlett, S., Kon, S. K., Roy, J. H. B., 
Walker, D. M., Briggs, C., and Lovell, R. (1951) The nutritive 
value of colostrum for the calf. 4) The effect of small quantities 
of colostral whey, dialysed whey and 'immune lactoglobulins'. 
Brit. J. Nutr. 5: 171. 

5. Aschaffenburg, R., Bartlett, S., Kon, S. K., Roy, J. H. B., 
Walker, D. M., Briggs, C., and Lovell, R. (1951) The nutritive 
value of colostrum for the calf 5) The effect of prepartum milking 
Brit. J. Nutr. 5: 343. 

6. Askonas, B. A., Campbell, P. N., Humphrey, J. J. and Work, R. S. 
(1954) The source of Antibody globulin in rabbit milk and goat 
colostrum. Biochem. J., 56: 597. 

7. Balfour, W. E., and Comline, R. S. (1959) The specificity of the 
intestinal absorption of large molecules by the newborn calf. 
J. Physiol. 148 (2) Page 77 of Proceedings. 

8. Balfour, W. E. and Comline, R. S. (1962) Acceleration of the 
absorption of unchanged globulin in the newborn calf by factors 
in colostrum. J. Physiol. 160: 243. 

9. Bangham, D. R., Ingram, P. L., Roy, J. H. B., Shillam, K. W. G., 
and Terry, R. J. (1958) The Absorption of 1311 - labelled serum 
and colostral proteins from the gut of the young calf. Proc. 
Roy. Soc. Ser. B. 149: I84. 



- 128 -

10. Blakemore, F. (1951) Maternal transfer of antibody in the 
bovine. Vet. Rec., 63: 397. 

11. Blakemore, F., and Garner, R. J. (1956) The maternal transference 
of antibody in the bovine. J. comp. Path., 66: 287. 

12. Blaxter, K. L., and Wood, W. A. (1953) Some observations on the 
biochemical and physiological events associated with diarrhoea 
of calves. Vet. Rec., 65: 889. 

13. Bokhari, S. M. H. and 0rskov, F. (1952) 0 grouping of E. coli 
strains isolated from cases of white scours. Acta, patho. 
microbiol. scand. 30: 87. 

14. Briggs, C. (1951) Nutritive value of colostrum for the calf 
6) The 'K' antigens of Bacterium coli. Brit. J. Nutr. 5: 349. 

15. Briggs, C., Lovell, R., Aschaffenburg, R., Bartlett, S., Kon, 
S. K., Roy, J. H. B., Thompson, S. Y., and Walker, D. M. (1951) 
Nutritive value of colostrum for the calf. 7) Observations on 
the nature of the protective properties of colostrum. Brit. 
J. Nutr. 5: 356. 

16. Carpenter and -Woods (1924) Cornell Vet. 14: 218 as cited by 
Smith', T., and Orcutt, M. L. (1925). 

17. Charter, R. E. (1956) E. coli type 0114 isolated from infantile 
diarrhoea and calf scours. J. Path. Bact., 72: 33. 

18. Christiansen, M. (1917) Backterien der Typhus-coli-Gruppe in 
Darm von gerunden spank&lbem und bei deren Darminfektionen. 
Cbl. F. Bakt. 79: 196 (as cited by Wramby (1948)). 

19. Comline, R. S., Roberts, H. E., and Titchen, D. A. (1951) Route 
of absorption of colostrum globulin in the newborn animal. 
Nature, Lond. 167: 561. 

20. Comline, R. S., Roberts, H. E., and Titchen, D. A. (1952) Histo-
logical changes in the epithelium of the small intestine during 
protein absorption in the newborn. Nature, Lond. 168: 84. 

21. Crowther, C., and Raistrick, H. (1916) A comparative study of 
the proteins of the colostrum and milk of the cow and their 
relation to serum proteins. Biochem. J., 10: 434. 

22. Dam. A. (1960) Serological 0 grouping of strains of E. coli 
isolated from cases of coli septicaemia in calves. Nord. 
vet. med 12: 321. 



- 129 -

23. De. S. N., Bhattacharya, K., and Sarkar, J. K. (1956) A study 
of the pathogenicity of strains of Bacterium coli from acute and 
chronic enteritis. J. Path. Bact. 71: 201. 

24. Deutsch, H. F. (1947) A study of whey protein from the milk of 
various animals. J. biol. Chem. 169: 437. 

25. Deutsch, H. F., and Smith, V. R. (1957) Intestinal permeability 
to protein in the newborn herbivore, Amer. J. Physiol. 191 (2): 271 

26. Dunne, H. W., Glantz, P. J., Hokanson, J. F., and Bortree, A. L. 
(1956) Escherichia coli as a cause of diarrhoea in calves. Ann. 
N. Y. acad. Sci. 66: 123. 

27. Dunne, H. W. (1959) An expanding concept of colibacillosis with 
emphasis on the disease in swine. Canad. J. Comp. Med., 23: 101. 

28. Edwards, P. R., and Ewing, W. H. (1955) Identification of 
Enterobacteriaceae. Burgess Publishing Company, Minneapolis, 
Minnesota. 

29. Enterobacteriaceae Subcommittee Reports. (1958) Internatl. 
Bull. Bact. Nomen. Taxon., 8: 1. 

30. Erhlich, P. (1892) Ztschr. f. Hyg. u. Infectionkrankh. 12: 183 
as cited by Famulener (1912). 

31. Ewing, W. H. (1956) Enteropathogenic Escherichia coli serotypes. 
Ann. N. Y. acad. Sci., 66: 61. 

32. Ewing, W. H, Tatum, H. V., and Davis, B. R. (1958) Escherichia 
coli types associated with oedema disease of swine. Cornell Vet. 
48: 201. 

33. Famulener, L. V. (1912) On the transmission of immunity from 
mother to offspring. A study on serum haemolysis in goats. 
J. inf. Dis. 10: 332. 

34* Ferguson, W. W., and June, R. C. (1952) Experiments on feeding 
adult volunteers with E. coli 111, B4, a coliform organism associated 
with infant diarrhoea. Amer. J. Hyg. 55: 155. 

35. Ferguson, W. W. (1956) Experimental diarrheal disease of human 
volunteers due to Escherichia coli. Ann. N. Y. acad. Sci. 66: 71. 

36. Fey, H. (1955). Coliprobleme bei Mensch und Tier. Schweiz. 
Arch. Tierheilk. 97: 118. 

37. Fey, H. (1957) Bakteriologie und Serologie der Colisepsis des 
Kalbes. 1. Serologische und biochemische Untersuchungen. Zbl. 
Vet. Med. 4: 309. 



- 130 -

38. Fey, H. (1957) Bakteriologie und Serologie der Colisepsis des 
Kalbes. 11. Die Bedeutung des Colityps 78: 80 B fur die Kalberrukr. 
Zbl. Vet. Med. 4: 447. 

39. Fey, H., and Margadant, A. (1961) Zur Pathogenese der Kalber -
Colisepsis 11) Umgebungsuntersuchungen in Sepsisbestanden. 
Zbl. Bakt. 1 Orig. 182: 465. (abstracted in Vet. Bull. 32: %347). 

40. Fey, H. (1962) Neurer Untersuchungen uber die Colisepsis des Kalbes. 
Schweiz. Arch. Tierheilk. 104: 1. 

41. Cage, P., Gunther, C. B., and Spaulding, E. H. (1961). Persistance 
of E. coli serotypes in the stools of infants. Bacteriological 
Proceedings 1961. Abstract M59. 

42. Garner, R. J., and Crawley, W. (1958) Further observations 
on the maternal transference of antibody in the bovine. J. 
comp. Path., 68: 112. 

43. Glantz, P. J., and Dunne, H. W. (1955) Isolation of anaerogenic 
Escherichia coli 026B6 serotype from cases of calf scours. 
Science, 121: 902. 

44. Glantz, P. J., Dunne, H. W., Heist, C. E. and Hokanson, J. F. 
(1959) Bacteriological and serological studies of Escherichia 
coli serotypes associated with calf scours. Penn. State, 
Agric. Exp. Sta. Bull 645. 

45. Goldman, A. (1942) Studies in intestinal bacteriology. J. 
inf. Dis., 34: 459. 

46. Gosling, J. (1962) Colibacillosis of calves in Ontario. 
Manuscript in preparation. 

47. Haenal, H., and Muller-Beuthow, W. (1958). Untersuchungen post 
mortem uber die Besiedlung des menschlichen Darmkanals. Zbl. 
Bakt. 1 Orig. 172/1-2: 93 Abstract in Exerpta Medica. (1959) 
Sect. 4. Vol. 12 Abstr. 1625. 

48. Haenel, H. (1961) Some rules in the ecology of the intestinal 
micro-flora of man. J. appl. Bact. 24: 242. 

49. Hagan, W. A. (1917) The etiology and mode of infection of white 
scours. Cornell Vet. 7: 263. 

50. Hansen, R. G., Phillip., P. H., and Rupel, I. W. (1946). The 
effect of vitamin supplements upon survival of newborn calves. 
J. dairy Sci. 29: 761. 

51. Hansen, R. G., and Phillip, P. H. (1947). Studies on protein from 
bovine colostrum, l) Electrophoretic studies on the blood serum 
proteins of colostrum-free calves and calves fed colostrum at 
various ages. J. biol. Chem. 171: 223. 



- 131 -

52. Hansen, R. G., and Phillip, P. H. (1947) Studies on the proteins 
of bovine colostrum. 11) The absorption of globulins by the young 
calf. J. dairy Sci. 30: 560. 

53. Hansen, R. G., and Phillip, P. H. (1949). Studies on protein from 
bovine colostrum. Ill) The homologous and heterologous transfer 
of protein to the blood stream of young animals. J. biol. Chem. 
179: 523. 

54- Harris, A. H., Yankauer, A., Crosby Green, D., Coleman, M. B., and 
Phaneuf, M. Y. (1956). Control of epidemic diarrhoea of the 
newborn in hispital nurseries and pediatric wards. Ann. N. Y. 
acad. Sci., 66: 118. 

55. Harvey, D. G., and Carne, P. (i960). Studies on some chemical 
aspects of the pathological activities of strains of Escherichia 
coli of bovine origin. J. comp. Path. 70: 84. 

56. Howe, P. E. (1921). An effect of the ingestion of colostrum upon 
the composition of the blood of newborn calves. J. biol. Chem. 49: 115 

57. Howe, P. E. (1924) The relation between the ingestion of colostrum 
or blood serum and the appearance of globulins and albumen in the 
blood and urine of the newborn calf. J. exp. Med., 39: 313. 

58. Ingram, P. L., Lovell, R., Wood, P. C., Aschaffenburg, R. Bartlett, 
S., Kon, S. K., Roy, J. H. B., and Sears, H. J. (1953). Further 
observations of the significance of colostrum for the calf, l) 
White scours of calves in an enclosed community. Proc. XIIIth. 
Int. Dairy Cong. 1365. 

59. Ingram, P. L., Lovell, R., Wood, P. C., Aschaffenburg, R., Bartlett, 
S., Kon, S. K., Roy, J. H. B., and Sears, H. J. (1953). Further 
observations of the significance of colostrum for the calf. 11) 
The immunological importance of colostrum. Proc. Xlllth. Int. 
Dairy Cong. 1369. 

60. Ingram, P. L., Lovell, R., Wood, P. C. Aschaffenburg, R., Bartlett, 
S., Kon, S. K., Palmer, J., Roy, J. H. B., and Shillam, K. W. G. 
(1956) Bacterium coli antibodies in colostrum and their relation to 
calf survival. J. Path. Bact. 72: 561. 

61. Jameson, E., Alvarex-Tostado, C., and Sortar, H. H. (1942). Electro-
phoretic studies on newborn calf serum. Proc. Soc. exp. Biol. 
N. Y. 51: 163. 

62. Jensen, C. 0. (1913) Handbuck der pathogenen Microorganismen 6: 131 
as cited by Dunne, H. W. et al (1956). 

63. Johanson, K. R., and Sarles, W. B. (1949) Some consideration of the 
biological importance of intestinal microorganisms. Bact. Rev. 13: 25. 



- 132 -

64. June, R. C., Ferguson, W. W., and Worfel, M. T. (1953) Experiments 
on feeding adult volunteers with E. coli 55, B5, a coliform 
organism associated with infant diarrhoea. Amer. J. Hyg. 57: 222. 

65. Kauffman, F. (1947) The serology of the Coli group. J. Immunol. 57: 71. 

66. Kaeckenbeeck, A., and Thomas, J. (1960) A propos des serotypes 
colibacillosis dans la diarrhee des veaux. Determination des 
antigenes somatiques (o). Ann. Med. Vet. 5: 232. 

67. Larson, B. L. and Gillespie, D. C. (1957) Origin of the major 
specific proteins of milk. J. biol. Chem. 227: 565. 

68. Larson, B. L., and Kendall, K. A. (1957) Changes in the specific 
blood serum protein levels associated with parturition in the bovine. 
J. dairy Sci., 40: 659. 

69. Larson, B. L. (1958). Transfer of specific blood serum proteins 
to lacteal secretions near parturition. J. dairy Sci. 41: 1033. 

70. Lindberg, R. B., and Young, V. M. (1956) Observations on entero-
pathogenic Escherichia coli. Ann. N. Y. acad. Sci. 66: 100. 

71. Little, R. B. and Orcutt, M. L. (1922). The transmission of 
agglutinins of Bacillus abortus from cow to calf in the colostrum. 
J. exp. Med. 35: 161. 

72. Lovell, R., and Hughes, D. L. (1935). Diseases of young calves: 
a bacteriological examination of 100 cases. J. comp. Path. 4. 8: 267. 

73. Lovell, R. (1937). Classification of Bacterium coli from diseased 
calves. J. Path. Bact. 44: 125. 

74. Lovell, R. (1955). Intestinal diseases of young calves with special 
reference to infection with Bacterium coli. Vet. Rev. Ann. 1: 1. 

75. Mason, J. W., Dalling, T., and Gordon, W. S. (1930). Transmission 
of maternal immunity. J. Path. Bact. 33: 783. 

76. McAlpine, J. G., and Retger, L. F. (1925). J. Immun. 10: 811 as 
cited by McDiarmid (1946). 

77. McCarthy, E. F., and McDougal, E. I. (1949). Absorption of immune 
globulins by the young lamb after ingestion of colostrum. Nature 
Lond. 164: 354. 

78. McDiarmid, A. (1946) The transfer of agglutinins for Brucella abortus 
from cow to calf and their persistance in the calf's blood. Vet. Rec. 
58. 146. 



- 133 -

79. McDougal, E. I. (1949). An immune globulin fraction from bovine 
pre-colostrum. Biochem. J. 44.: 531. 

80. McKay, K. A. (1950). The normal and diarrheal bacterial flora 
of newborn calves. Thesis. University of Toronto. 

81. McSherry, B. J., and Grinyer, J. (1954). Disturbances in acid-base 
balance and electrolyte in calf diarrhoea and their treatment. A 
report of 18 cases. Amer. J. vet. Res. 15: 535. 

82. Neter, E. and Shumway, C. N. (1950). E. coli serotype D 433: 
occurrence in intestinal and respiratory tracts, cultural charac-
teristics, pathogenicity, sensitivity to antibiotics. Proc. Soc. 
exp. Biol. N. Y. 75: 504. 

83. Neter, E., and Westphal, 0., Luderitz, 0., and Gorzynski, E. A. (1956). 
The bacterial haemagglutination test for the demonstration of anti-
bodies to Enterobacteriaceae. Ann. N. Y. acad. Sci. 66: 14I. 

84. Nicholle, P., LeMinor, L., Butteaux, R., and Ducrest, P., (1952) 
Phage typing of Bacterium coli strains isolated in infantile gastro-
enteritis. l) Schema of types classified. Bull. Acad. nat. Med. 136: 480. 

85. Orcutt, M. L., and Howe, P. E. (1922). The relationship between the 
accumulation of globulins and the appearance of agglutinins in the 
blood of newborn calves. J. exp. Med., 36: 291. 

86. Orskov, F, (1951). On the occurrence of E. coli 026B6 in cases of 
infantile diarrhoea and white scours. Acta. path, microbiol. 
scand. 29: 373. 

87. 0rskov, F., (1952). Antigenic relationships between 0 groups 1-112 
of E. coli and Wramby's 0 groups 26W-43W. 10 new 0 groups 114-123. 
Acta. path, microbiol. scand. 31: 51. 

88. Ottosen, H. E. (1959). Some statistics on calf mortality. Nord. 
vet. med. 11: 493. 

89. Pesti, L. (I960). Classification of coli bacteria occurring in 
suckling pigs. Acta. vet. Acad. Sci. hung. 10: 365. Abstract in 
Vet. Bull. 31: 1704. 

90. Pierce, A. E. (1953). Electrophoretic and immunological studies on 
sera from calves from birth to weaning. J. Hyg. Camb. 53: 247. 

91. Pierce, A. E. (1959). Studies on the proteinuria of the newborn calf. 
J. Physiol. 148: 469. 

92. Pierce, A. E. (1960). Beta lactoglobulins in the urine of the newborn 
calf. Nature. Lond. 188: 940. 



- 134 -

93. Pierce, A. E., and Johnson, P. (1960). Ultracentrifuge and electro-
phoretic studies on the proteinuria in the newborn calf. J. Hyg. 
Camb. 58: 247. 

94. Poels, J. as cited by Jensen, C. 0. (1913). 

95. Poison, A. (1952) Comparative electrophoretic studies of bovine and 
human colostrum in relation to neonatal immunity. Ondeerstepoort. 
J. vet. Res. 25 (A): 7. 

96. Rees, T. A. (1958). Studies on Escherichia coli of animal origin. 
1) E. coli from natural outbreaks of colibacillosis of calves. 
J. comp. Path. 68: 388. 

97. Rees, T. A. (1958). Studies on Escherichia coli of animal origin. 
2) Escherichia coli from young lambs. J. comp. Path. 68: 399. 

98. Rees, T. A. (1958). Isolation of E. coli 086B7 and 103B from 
diseased calves. J. Path. Bact. 74: 441. 

99. Rees, T. A. (1959). The isolation of Escherichia coli serotype 
0128B12 from a case of gastro-enteritis in the calf. J. Path. 
Bact. 79: 203. 

100. Roberts, D. S. (1957). E. coli infection in lambs. Aust. vet. 
J. 33: 43. 

101. Roberts, D. S. (1958). Further observations of E. coli disease in 
lambs. Aust. vet. J. 34: 152. 

102. Rogers-Brambell, F. W. (1958). The passive immunity of the young 
mammal. Biol. Rev. Camb. 33: 488. 

103. Rolands, S. J., Roy, J. H. B., Sears, H. J., and Thompson, S. Y. 
(1949) The effect of prepartum milking on the composition of the 
prepartum and post partum secretion of the cow. J. dairy Res. 16: 28. 

104. Roy, J. H. B., Palmer, J., Shillam, K. W. G., Ingram, P. L. and Wood, 
P. C. (1955). The nutritive value of colostrum for the calf. 10) 
The relationship between the period that a calf house has been 
occupied and the incidence of scouring and mortality in young 
calves. Brit. J. Nutr. 9: H . 

105. Roy, J. H. B., Shillam, K. W. G., Hawkins, G. M., Lang, J. M., 
Ingram, P. L. (1959). The effect of white scours on the sodium 
and potassium concentration in the serum of newborn calves. Brit. 
J. Nutr. 13: 219^ 

106. Schoenaers, F., and Kaeckenbeeck, A. (1958). Etudes sur la colibacillosis 
du veau I. Realisation experimentale de la maladie. Ann. Med. Vet. 
4: 211. 



- 135 -

107. Schoenaers, F., and Kaeckenbeeck, A. (1960). Etudes sur la coli-
bacillosis du veau. Ill Essae d'immunoprophylaxie. Ann. Med Vet. 
5: 117. 

108. Schoenaers, F., and Kaeckenbeeck, A. (1960). Les colibacillosis 
enteropathogenes de la flore intestinale du veau normal. Ann. 
Med. Vet. 5: 240. 

109. Sears, H. J., Brownlee, I., and Uchiyama, J. H. (1949). Persistence 
of individual strains of Escherichia coli in the intestinal tract 
of man. J. Bact. 59: 293. 

110. Sears, H. J., and Brownlee, I. (1952). Further observations on the 
persistence of individual strains of Escherichia coli in the intes-
tinal tract of man. J. Bact. 63: 47. 

111. Sears, H. J., Janes, H., Saloum, R., Brownlee, I., and Lamoreaux, 
L. F. (1956). Persistence of individual strains of Escherichia coli 
in man and dog under varying conditions. J. Bact. 71: 370. 

112. Sellers, K. C., Smith, 3. Williams, and Pook, H. L. (1962). The 
evaluation of a dead Escherichia coli vaccine administered during 
pregnancy in the prevention of scouring (diarrhoea) in calves. 
Vet. Rec. 74: 203. 

113. Smith, E. L. (1946). The immune proteins of bovine colostrum and 
plasma* J. biol. Chem. I64: 345. 

114. Smith, E. L., Greene, R. D., and Bartner, E. (1946). Amino acid and 
carbohydrate analyses of some immune proteins. J. biol. Chem. 
164: 359. 

115. Smith, E. L., and Coy, N. H. (1946). The absorption spectra of 
immune proteins. J. biol. Chem. 164: 367. 

116. Smith, E. L. (1946). Isolation and properties of immune lactoglobulins 
from bovine whey. J. biol. Chem. 165: 665. 

117. Smith, E. L., and Holm, A. (1948). Transference of immunity to the 
newborn from colostrum. J. biol. Chem. 175: 349. 

118. Smith, E. L. (1948). The isolation and properties of the immune 
proteins of bovine milk and colostrum and their role in immunity: 
A review. J. dairy Sci. 31: 127. 

119. Smith, H. Williams, and Crabb, W. E. (1956). The typing of E. coli 
by bacteriophage, its application to the study of the E. coli population 
of the intestinal tract of healthy calves and of calves suffering 
from white scours. J. gen. Microbiol. 15: 556. 

120. Smith, H. Williams (1958). Further observations on the effect of 
chemotherapy on the presence of drug-resistant Bacterium coli in 
the intestinal tract of calves. Vet. Rec. 70: 575. 



- 136 -

121. Smith, H. Williams (i960). The ecology of the intestinal bacteria 
of the calf with particular reference to Escherichia coli. Vet. Rec. 
72: 1178. 

122. Smith, H. Williams, and Crabb, W. E. (1961). The faecal bacterial 
flora of animals and man, Its development in the young. J. Path. 
Bact. 82: 53. 

123. Smith, T., and Little, R. B. (1922). The significance of colostrum 
to the newborn calf. J. exp. Med 36: 181. 

124. Smith, T., and Little R. B. (1922). Cow serum as a substitute for 
colostrum in newborn calves. J. exp. Med. 36: 453. 

125. Smith, T. and Little, R. B. (1922). Absorption of specific agglu-
tinins in homologous serum fed to calves during the early hours of 
life. J. exp. Med. 37: 671. 

126. Smith, T. and Little, R. B. (1924). Proteinuria in newborn calves 
following the feeding of colostrum. J. exp. Med. 39: 303. 

127. Smith, T. and Orcutt, M. L. (1925). The bacteriology of the intestinal 
tract of young calves with special reference to early diarrhoea. 
J. exp. Med. 41: 89. 

128. Smith, T. (1925). Focal interstitial nephritis in the calf following 
interference with the normal intake of colostrum^J. exp. Med. 41: 413. 

129. Smith, T., and Bryant, G. (1927). Studies on pathogenic B. coli 
from bovine sources. 2) Mutations and their immunological significance. 
J. exp. Med. 46: 133. 

130. Smith, T. (1930). The immunological significance of colostrum, l) 
The relationship between colostrum, serum, and the milk of cows 
normal and immunized towards B. coli. J. exp. Med. 51: 473. 

131. Sojka, W. J., Lloyd, M. K., Sweeney, E. J. (1960). Escherichia coli 
serotypes associated with certain pig diseases. Res. vet. Sci. 1: 17. 

132. Sojka, W. J., and Carnaghan, R. B. A. (1961). Escherichia coli infection 
in poultry. Res. vet. Sci. 2: 340. 

133. Spaulding, E. H., Gunther, C. B., and Deutsch, E. T. (1961). Competitive 
antagonisms among E. coli strains. Bacteriological Proceedings, 1961 
Abstract M60. 

134. Stewart, J., and McCallum, J. W. (1938). White scour in calves and 
related infections. 1) The significance of the vitamin A content 
of the colostrum as a predisposing factor in the causation of such 
conditions. J. comp. Path. 51: 290. 



- 137 -

135. Stock. A. H., and Shuman, M. E. (1956). Epidemiological studies on 
enteropathogenic Escherichia coli diarrhoea. Ann. N. Y. acad. Sci. 
66: 108. 

136. Stulberg, C. S., Zuelzer, W. W. and Page, R. H. (1956). E. coli 
0127B8, a serotype causing infant diarrhoea III. The antibody 
response of infants. J. Immun. 76: 281. 

137. Symposium on bacteria of the intestines. (l96l) J. appl. Bact. 24. 

138. Taylor, J., Maltby, M. P. and Payne, J. M. (1958). Factors 
influencing the response of ligated rabbit gut segments to injected 
Escherichia coli. J. Path. Bact. 76: 491. 

139. Taylor, J. (1959). Escherichia coli as an enteropathogen. Zbl. Bakt. 
1. Orig. 174: 357. 

140. Taylor, J., Wilkins, M. P. and Payne, J. M. (1961). Relation of 
rabbit gut reaction to enteropathogenic Escherichia coli. Brit. J. 
exp. Path. 42: 43. 

1/1. Thomas, L. (1954). The physiological disturbances produced by 
endotoxins. Ann. Rev. Physiol. 16: 467. 

142. Thorpe, F., and Graham, R. (1933). The persistance of Brucella 
agglutinins in calves of reactor cows. J. Amer. vet. med. Assoc. 82: 871. 

14. 3. Ulbrich, F. (1954). Serologische Typendifferenzierung und Prufung 
toxisher und immunisierender Eigenschaften von Escherichia coli 
- stammen, die von gesunden und von an Coliruhr erkrankten 
Jungtieren isoliert wurden. Zbl. Vet. Med. 1: 603. 

144. Valne, G. (1945). Serological typing of the colon bacteria with 
special reference to the occurrence of B. coli in man under normal 
and pathological conditions particularly in appendicitis. Acta path, 
microbiol. scand. Suppl. 62. 

145. Van Pelt, M. D., Johnson, R. E., and Plastridge, W. M. (1953) 
Studies on the faecal flora of calves and its relation to calf 
scours. Bull. Storrs. Agric. Exp. Stat. #306. (abstracted in Vet. 
Bull. 25: 1315). 

146. Varnell, T. R., Erwin, E. S., Smith, V. R., and Fleming, J. (1960) 
Changes in serum glyco and lipoproteins in normal and colostrum-
deprived calves. J. dairy Sci. 43: 1006. 

147. Wells, H. G., and Osbourne, T. B. (1921). Anaphylaxis reactions 
with purified proteins of milk. J. inf. Dis. 29: 200. 

148. Wilbur, R. D., Catron, D. V., Quinn, L. Y., Speer, V. C., and 
Hayes, V. W. (1960). Intestinal flora of the pig as influenced 
by diet and age. J. Nutr. 71: 168. 



- 138 -

149. Williams, W. L., Hagan, W. A., and Carpenter, C. M., (1920). 
White or calf scours. J. Amer. vet. med. Ass. 57: 124. 

150. Wood, P. C. (1955). The epidemiology of white scours among calves 
kept under experimental conditions. J. Path. Bact. 70: 179. 

151. Wramby, G. (1948). Investigations into the antigenic structure 
of Bact. coli isolated from calves with special reference to coli 
septicaemia (white scours). Acta. path, microbiol. scand. Suppl. 
76: Uppsala. Appelbergs. Bok. 






	1962_GAY_CCG_MVSc-FILES 1 TO 10
	1962_GAY_CCG_MVSc-FILES 11 TO 20
	1962_GAY_CCG_MVSc-FILES 21 TO 30
	1962_GAY_CCG_MVSc-FILES 31 TO 40
	1962_GAY_CCG_MVSc-FILES 41 TO 50
	1962_GAY_CCG_MVSc-FILES 51 TO 60
	1962_GAY_CCG_MVSc-FILES 61 TO 70
	1962_GAY_CCG_MVSc-FILES 71 TO 80
	1962_GAY_CCG_MVSc-FILES 81 TO 90
	1962_GAY_CCG_MVSc-FILES 91 TO 100
	1962_GAY_CCG_MVSc-FILES 101 TO 110
	1962_GAY_CCG_MVSc-FILES 111 TO 120
	1962_GAY_CCG_MVSc-FILES 121 TO 130
	1962_GAY_CCG_MVSc-FILES 131 TO 140
	1962_GAY_CCG_MVSc-FILES 141 TO 150
	1962_GAY_CCG_MVSc-FILES 151 TO 157

