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A BRIef HISTORY OF the CONGLUTINATION PHENOMENON 

1. Early Investigations of Conglutination: 

Conglutination was the name given by Bordet and Streng (1909) 

to describe the clumping of red blood cells by a substance which 

they called conglutinin which is present in the serum of normal cattle. 

In order for conglutinin to bring about this clumping or conglutin-

ation the red blood cells must have been sensitized by an antibody 

and must have adsorbed complement. It was shown that conglutin-

ation was distinct from agglutination in that complement was an 

essential part of the reaction mixture before conglutinin could 

cause clumping of the cells. 

Browning (1931) and Muir (1909) defined complement as "That 

labile substance of normal serum which is taken up by the combin-

ation of an antigen and its anti-substance (antibody)". There is 

good reason for using this definition which is of wide application. 

Throughout this thesis the term complement is used in the wide sense 

as defined by Muir. 

The conglutination phenomenon was first observed and recorded 

by Ehrlich and Sachs (1902) but their interpretation of the observ-

ations was not correct. They observed that when fresh horse serum 

and heated* bovine serum were added to a suspension of guinea pig 

1 Heated or heat inactivated serum, except where specifically 

noted, denotes that the serum has been heated at 56°C for 30 

minutes to destroy the complement activity of the serum. 



red blood cells the cells were rapidly haemolysed, but if the 

cells were washed after being exposed to the heated bovine serum 

before suspending them in fresh horse serum, no haemolysis 

occurred. Ehrlich and Sachs reported these results as the 

experimentum crucis to prove the "complementophile group" 

theory to explain the action of complement. 

Muir and Browning (1906) described the phenomenon when they 
* 

reported that bovine red blood cells sensitized with rabbit 

antibody were strongly clumped in the presence of fresh bovine 

serum but were not clumped in the presence of heated bovine serum. 

Muir and Browning concluded that bovine serum contained an 

"agglutinating complement". 

Bordet and Gay (1906) confirmed the results of Ehrlich and 

Sachs but did not accept their explanation of the reaction. 

Bordet and Gay observed that when fresh horse serum and heated 

bovine serum were mixed with guinea pig red blood cells, the 

cells were strongly clumped and then haemolysed. They 

suggested that bovine serum contained a heat-stable substance, 

celloide de boeuf, which clumped the cells after they had 

combined with complement but which remained free in the presence 

of normal or sensitized red blood cells. 

Bordet and Streng (1909) named the substance previously re-

ferred to as colloide de boeuf, conglutinin and they called the 

reaction conglutination. 

Sensitized is used to denote that a given antigen or cell has 

been exposed to its specific antibody. 

- 3 -



- 4 -

Conglutination of alexinated* bacteria instead of alexinated 

red blood cells was demonstrated by Streng (1909). In spite of 

this report the controversy continued as to whether conglutinin 

was a distinct substance or whether it was simply a thermolabile 

agglutinin. However, the controversy on whether conglutinin 

was a thermolabile agglutinin came to an end when Streng (1910 

and 1911) developed a conglutinating complement absorption test 

which could be used in an analogous manner to the well-known 

haemolytic complement fixation test. 

The existence of conglutinin as a distinct substance and the 

explanation of conglutination as presented by Bordet and Cay (1906) 

and Bordet and Streng (1909) was not universally accepted. The 

conglutination reaction has been claimed to be due to fibrinogen 

(Maltaner and Johnston, 1921), complement mid-piece (Eagle, 1930) 

and a kinase-like substance which reacted with residual fibrinogen 

(Gyorffy, 1932 and 1933). These various theories will not be 

discussed in detail here but have been reviewed extensively and 

refuted by Wartiovaara (1932), Coombs (1947) and Hole and 

Coombs (1947a). 

2. Early Reports of Immuno-conglutinin: 

Streng (1930) reported that the injection of alexinated 

bacteria, which had been washed free of unadsorbed serum components, 

into rabbits resulted in the production of immune bodies which 

reacted in an analogous manner to the conglutinin in normal 

* Alexinated denotes that a cell or antigen has been sensitized 

with antibody and has adsorbed active complement. 
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bovine serum. He names this substance immuno-conglutinin. 

Strong believed that this was a true anti-complement serum and 

he demonstrated that it reacted with cells treated with 

complement regardless of the species of origin of the complement. 

An extensive review of the literature on conglutinin and 

conglutination was published by Wartiovaara (1932). He confirmed 

the work of Streng on immuno-conglutinin production but he also 

showed that the inoculation of rabbits with killed bacteria or a 

variety of other antigens stimulated the production of 

immuno-conglutinin. Wartiovaara showed that the immuno-conglutinin 

produced in this manner was indistinguishable from Strong's 

"anti-complement" immuno-conglutinin. 

3. More Recent Experiments on the Activity of 
Conglutinin and Immuno-conglutinin: 

Following the publication of Wartiovaara's review and report 

no work on conglutinin and conglutination was published for 15 

years. Interest was revived in conglutination when the reaction 

was studied at the Weybridge Veterinary Laboratory in England as 

a serological method of detecting glanders. This revived interest 

has lead to the publication of a series of articles on "The 

Conglutination Phenomenon" which now contains 14 papers. 

In the first of this series of papers Hole and Coombs (1947*, 

b and c) reviewed the literature on conglutination and reported 

on the development of the conglutinating complement absorption test 

and its use in glanders infections. This investigation was 

continued using various complements for the detection of complement-

fixing or complement-absorbing antibodies. It was found that the 
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most useful complement in several antigen-antibody systems was 

horse complement and the most sensitive test was the conglutinating 

complement absorption test (Coombs and Hole, 1948: Blomfield, 

Coombs and Hole, 1949 and 1950). 

Coombs, Blomfield and Roberts (1950) and Blomfield (1952b) 

investigated the components of complement involved in conglutination 

and reported that the individual components would not react with con-

glutinin or immuno-conglutinin but the "full complement 

configuration" was necessary for the conglutination reaction. 

Coombs (1947) proposed the theory that when complement was 

adsorbed onto an antigen-antibody complex, or onto an active 

surface, the exposed configuration of the complement components 

became changed. This newly exposed surface configuration of 

complement revealed new antigenic groupings which were masked while 

complement remained in solution. These newly exposed antigenic 

groupings were the specific substrate upon which conglutinin or 

immuno-conglutinin reacted. 

Blomfield (1952a) repeated and confirmed the experiments of 

Streng and Wartiovaara on the production of immuno-conglutinin 

in rabbits. She suggested that the in vivo fixation of the 

animal's own complement was the specific stimulus for the 

production of immuno-conglutinin in the response to the 

injection of antigens not treated with complement in vitro. 

This concept of adsorbed complement as the specific stimulus and 

substrate for immuno-conglutinin was enlarged and clarified by 

Coombs and Coombs (1953). 



4. The Antibody Activities of Immuno-conglutinin: 

Blomfield (1952a) reported that conglutinin or immuno-

conglutinin could be specifically removed from a serum by 

absorption with alexinated bacteria. Ingram (1958) com-

pletely absorbed immuno-conglutinin from a high titred 

rabbit serum by absorption with alexinated red blood cells. 

Ingram (1958) reported that absorption of a fresh serum 

containing antibody and immuno-conglutinin with the specific 

bacteria (the bacteria against which the antibody is directed) 

resulted in the absorption of antibody and immuno-conglutinin 

while absorption of a heat-inactivated sample of the same 

serum resulted in the absorption of antibody but no absorption 

of immuno-conglutinin. This was the first in vitro demonstration 

that immuno-conglutinin reacts with autologous complement. 

Ingram (1958) showed that immediately following the 

injection of bacterial antigens into rabbits the complement and 

conglutinating activities of the serum decreased, presumably 

due to an in vivo fixation of complement and conglutinin. It 

was also shown that the greater the complement decrease in the 

primary stage of the body's reaction against an antigenic chal-

lenge, the greater is the subsequent immuno-conglutinin produc-

tion. These findings are in agreement with the hypothesis that 

immuno-conglutinin is an antibody and that adsorbed complement 

is its specific stimulating antigen and its substrate. 

The antibody characteristics of immuno-conglutinin were 

investigated by Ingram (1958). By using alexinated cells as 

antigen he was able to demonstrate that immuno-conglutinin could 

- 7 -
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bring about complement-fixation or complement-absorption and could 

even lead to immune haemolysis of suitable cells. The clumping 

activity of conglutinin is similar to the agglutinating action of 

many classical antibodies. 

5. Conglutinating Activity in the Serum of Normal Animals: 

Coombs (1947) was able to differentiate between conglutinin 

and immuno-conglutinin of bovine serum by the chemical fractionation 

of serum. However, Ingram (1958) failed to differentiate the 

conglutinin and immuno-conglutinin in rabbit serum by using chemical 

methods of fractionating serum. 

In normal animals, conglutinating activity has been demonstrated 

in quite high titre in bovine and other ruminants by Bordet and 

Streng (1909) and Coombs (1947). The serum of most swine contain 

considerable activity (Coombs, 1954). Conglutinating activity 

has been shown in low levels in the serum of apparently normal 

rabbits by Wartiovaara (1932), Coombs and Coombs (1953), Ingram 

(1958) and Ingram, barber, McLean, Soltys and Coombs (1959). Most 

guinea pigs have a moderate level of conglutinating activity 

(Bordet and Streng, 1909 and Coombs, 1954). Mice and rats have a 

low serum activity as reported by Coombs (1954), Ingram (1958) and 

Ingram et al (1959). No conglutinating activity was demonstrated 

in the limited number of horses and donkeys examined by Coombs 

(1954). Most apparently healthy people have a negligible or low 

level of conglutinating activity in their serum (Marks and Coombs, 

1957). 
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IMMUNO-CONGLUTININ AND DISEASE 

1. Early Reports of the Relationship of the 
Conglutinating Activity of the Serum to Disease: 

Wartiovaara (1932) examined about 250 samples of human serum 

for their conglutinating activity. Using the relatively rough 

technique employed at the time to measure conglutinating activity, 

he observed weak conglutination in about 10% of the cases. No 

relationship was found between blood groups and the conglutinating 

activity of the sera. Wartiovaara was unable to demonstrate any 

connection between the presence of conglutinating activity in the 

serum and the state of pregnancy or the presence of illness in the 

individual. 

von Jettmar (1923) reported that the level of conglutinating 

activity of bovine serum fell during disease but returned to the 

normal level when the animal recovered. 

2. The Involvement of Immuno-conglutinin in Diseases of 
Man and Animals: 

Blomfield (1952a) expressed the belief that the fundamental 

importance of immuno-conglutinin is concerned with the fixation of 

complement IN vivo and that the greatest significance of immuno-

conglutinin is in the resistance and immunity of an animal. After 

examining the sera of patients suffering from Streptococcal 

infection Wiggins (1955) suggested that the titre of conglutinin 

in man may be related to "certain antigenic stimuli". 

Using a more refined and more sensitive technique for measur-

ing serum conglutinating activity than that used by Wartiovaara, 
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it was found by Marks and Coombs (1957) that the level of 

conglutinating activity was generally quite low in apparently 

healthy persons. This survey of apparently healthy persons 

(blood donors) was continued until about 6000 sera were examined 

and it was found that about 10% of these samples had a titre* 

above 4 (Coombs, Coombs and Ingram, 1961). Marks and Coombs 

(1957) reported that the level of immuno-conglutinin is raised 

in infective diseases and in other diseases where an antigen-

antibody interaction is incriminated in the aetiology. By 

plotting the immuno-conglutinin tITre of patients suffering from 

acute bacterial infections against the day of the disease a curve 

was formed which resembled an antibody production curve. 

This investigation of the association of the serum 

immuno-conglutinin levels with disease was extended by Ingram (1958) 

into the field of experimental infections of animals. A survey 

of normal rabbits showed titres ranging from 0 to 16 with most 

rabbits having no titre or a very low level of activity. Using 

the data from this survey 5 rabbits with various serum levels of 

conglutinin were bled at weekly intervals for 6 months to find 

the fluctuations in conglutinin levels in normal animals. It was 

found that normal rabbits have a relatively stable level of 

conglutinin in their serum. 

In experimental bacterial infections of rabbits the variations 

in the level of conglutinating activity in the serum followed a 

uniform pattern (Ingram, 1958). In animals which had a normal 

* TItres are expressed throughout as the reciprocal of the highest 

dilution of serum showing a positive reaction. 
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titre of conglutinin in their serum before infection, the serum 

level of conglutinating activity decreased or disappeared 

immediately after infection. This initial drop was followed by 

an increase which occurred from about day 4 to day 10 or 14. In 

acute and limited infections, the increase was followed by a slow de-

cline in the serum activity until the normal or preinfection level 

was reached by about day 25 to 35. Similar responses were shown 

in mice infected with various bacterial species. In chronic 

infections of rabbits or mice the increased level of serum con-

glutinating activity was maintained for a prolonged time. 

Many animals which were infected with a small number of 

organisms did not show any clinical signs of illness but did 

produce immuno-conglutinin. Such inapparent or subclinical 

infections probably are factors involved in the variation of 

conglutinating activity found in apparently healthy animals and 

man and may account for the occasional high titre present in some 

human sera. 

These studies were expanded to include other species and it 

was reported by Ingram, et al ( 1959) and by Ingram and Soltys 

(I960) that infection of rabbits, mice, guinea pigs and cats with 

bacteria, rickettsiae, viruses and/or protozoa stimulated 

immuno-conglutinin production. 

3. An In Vivo Activity of Immuno-conglutinin: 

Ingram (1953 and 1959a) found that conglutinating activity 

could be passively transferred. The injection of rabbit serum 

containing immuno-conglutinin, or conglutinin from normal bovine 

serum into mice resulted in significant levels of conglutinating 
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activity in the serum of the mouse. Peak activity occurred 

shortly after injection and the titre decreased until in 12 or 14 

days no activity was detectable. 

In animals having a significant level of immuno-conglutinin 

in their serum, a sharp drop in titre occurred immediately after 

infection regardless of whether the conglutinating activity was 

passively acquired or actively stimulated. Ingram (1958) hypothesised 

that immuno-conglutinin may be one of the serum factors which aid the 

host in its struggle against an invading organism. The non-specific 

nature of immuno-conglutinin with regard to the infecting organism 

suggests that if it aids the host in the elimination of the 

specific infection it may exert a similar effect on heterologous 

infections. 

Experiments were carried out by Ingram (1958 and 1959a) to find 

if an IN vivo effect of conglutinin and immuno-conglutinin could 

be demonstrated. Blood clearance experiments in mice infected with 

Salmonella typhimurium showed that conglutinin-treated mice cleared 

the organism from the blood stream more efficiently than control 

mice. In another experiment, mice were injected with either 

immuno-conglutinin serum or normal serum and challenged with Salm. 

typhimurium. At intervals up to 8 hours after infection the mice 

were killed, the livers and spleens removed and viable bacterial 

counts were made of these organs. It was found that the number of 

bacteria decreased markedly in immuno-conglutinin-treated animals 

while the number of bacteria increased in the control mice 

throughout the test period. The average counts per gm. of liver 
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of 6 treated and 6 control animals were: 

Immuno-conglutinin Normal Serum 
Time after Infection Treated Treated (Control) 

30 minutes 3601 1379 

8 hours 84 24, 979 

The findings that (l) the level of conglutinating activity 

in the serum decreased sharply immediately after infection and 

( 2 ) the immuno-conglutinin serum appeared to aid the animal host 

in its battle against an invading micro-organism were interpreted 

by Ingram (1958 and 1959*) to indicate that immuno-conglutinin was 

being utilized as an anti-bacterial substance in vivo. In vitro 

experiments showed that rabbit serum containing immuno-conglutinin 

had much greater bactericidal activity than normal serum 

(Ingram, 1958). 

4. SEruM Conglutinating Activity and Resistance to 
Infectious Diseases: 

The resistance-enhancing effect of conglutinin and immuno-

conglutinin in experimental bacterial infections was reported by 

Ingram (1958 and 1959b). In 6 out of 7 infections tested, higher 

survival rates were demonstrated in mice previously injected with 

conglutinin or immuno-conglutinin. No protection was given by the 

conglutinin preparations against infection with non-pathogenic 

organisms or avirulent strains but significant protection was 

shown against pathogenic* species and virulent^ strains. The rise 

and fall of the increased resistance and of the passively acquired 

conglutinating activity of the serum were parallel in time and in 

degree. Animals stimulated to active production of 

* The terms pathogenic and virulent are used throughout in the 

sense described by Miles (1955). 
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immuno-conglutinin showed an increased resistance to infection. 

Finally, the specific absorption of immuno-conglutinin from the 

serum used in the passive-transfer-resistance experiments 

removed the protective activity of the serum thus indicating 

that immuno-conglutinin is a resistance-enhancing factor. 

It is believed that these experiments present strong evidence 

that immuno-conglutinin is involved in the resistance of animals 

to infectious micro-organisms. The activity of immuno-conglutinin 

is believed to be specific for adsorbed complement but unrelated 

to the antigenic characteristics of the infecting organism. The 

in vivo absorption of complement on an invading micro-organism 

whether by the action of "normal antibody" (Mackie and Finkelstein, 

1931), or by properdin (Wardlaw and Pillemer, 1956) or by a 

non-specific absorption (Muir and Browning, 1909 and Dozois, Seifter 

and Ecker, 1944); would make the micro-organism susceptible to the 

action of immuno-conglutinin which would thus enhance the normal 

host's body defences; the physiological function of complement 

and phagocytosis. 

many of the aspects of conglutinination and the activity of 

immuno-conglutinin are reviewed in the recent monograph by Coombs, 

Coombs and Ingram (1961) and the results of some of the experiments 

reported herein were summarized for this monograph. 

5. Introduction to the Present Investigation: 

It is believed that the available evidence indicates that the 

presence of immuno-conglutinin in an animal's serum increases the 

resistance of that animal to infection. If this is correct, the 



- 15 -

stimulation of immuno-conglutinin production would be of 

practical clinical importance as well as of academic interest 

because immuno-conglutinin may become useful in the prophylaxis 

or treatment of disease. Therefore several experiments were 

performed in an attempt to find a method of stimulating 

immuno-conglutinin production which could be applied to animals 

and/or man. 

The experiments to be reported demonstrate the great variety 

of substances which stimulate the production of immuno-

conglutinin and establish a method which will produce a high level 

of immuno-conglutinin in the serum for a prolonged period of time. 

Further studies on the relation of immuno-conglutinin to 

disease in animals and man are reported and more evidence presented 

on the role of immuno-conglutinin in non-specific immunity. 

Finally, a method is presented for the study of the kinetics 

of the interaction of complement and conglutinin and some results 

of the application of this method are illustrated and discussed. 
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REVIEW OF RESEARCH CM *RD THEORIES 
UF IMMUNO-CONGLUTININ PRODUCTION 

A. Research Reported on the Experimental Production 
of Immuno-conglutinin: 

During the first decade of this century several research 

workers produced anti-complement serum. For example, an immune 

serum was produced by Streng (1909) by injecting into rabbits 

active serum from other species. This immune serum was be-

lieved to be an anti-complement because it appeared to be able 

to neutralize the activity of complement on red blood cells in 

that it inhibited the flocculation of the complement-treated red 

cells in the presence of bovine conglutinin. 

Moreschi (1911) studied the action of anti-horse-serum 

produced in rabbits and stated that such sera had the ability 

to flocculate washed red blood cells previously treated with 

active horse serum. Similarly, Perussia (1911) produced 

immune sera by injecting rabbits with blood cells which had 

been incubated with active horse serum and then washed. These 

immune sera caused a heavy flocculation of cells treated with 

active horse serum. 

These early workers; Streng, Moreschi and Perussia; showed 

that the serum produced by washed, complement-treated cells con-

tained antibodies against the serum proteins of the serum used 

as a source of complement. This was demonstrated by injecting 

guinea pigs with bacteria which had been treated with complement 

and subsequently washed and, after a suitable interval, producing 

anaphylaxis in the guinea pigs by the injection of horse serum 

(Moreschi and Perussia, 1911). 
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Streng (1930) reported experiments in which bacterial cells 

killed by heating were treated with specific immune rabbit serum, 

washed with saline, incubated with complement serum and then 

washed again. These complement-treated cells, suspended in saline, 

were then injected intravenously into rabbits. The immune serum 

thus produced flocculated cells treated with complement of 

different animal species. For example, bacteria treated with 

guinea pig complement produced an immune serum which flocculated 

sheep cells treated with horse complement. The immune serum 

produced by Streng reacted in an analogous manner to normal 

conglutinating bovine serum and for such sera Streng proposed 

the name "Immunokonglutinin" sera. 

A serum of this sort, produced by the injection of 

complement-treated bacteria contains agglutinins against the 

type of bacteria used. Streng showed that one could remove 

these agglutinins by absorption with the corresponding bacteria 

without altering the conglutinating activity of the serum. On 

the other hand, Streng stated that the conglutinating activity 

could be removed from these immuno-conglutinin sera by absorption 

with "strange" bacteria treated with complement without removing 

the specific immune agglutinins from the sera. Thus Streng showed 

that immuno-conglutinins were distinct from agglutinins, and he 

was the first to hypothesize that immuno-conglutinin was in a 

sense an antibody against complement which reacted with cells 

treated with active serum regardless of the species of animal 

from which the complement serum was derived. 
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Wartiovaara (1932) repeated Streng's experiments and confirmed 

the results obtained, "Wartiovaara pointed out that Streng used cells 

treated with complement for immunization and that the Li vitro 

conglutinating activity of the serum produced in this manner was 

dependent on the pretreatment of the cells with complement. 

Wartiovaara questioned whether the complement treatment of the 

antigen used for immunization was a prerequisite for the 

production of immuno-conglutinin. In an extensive series of 

experiments, he found that many antigens which had not been 

treated with complement in vitro were effective in stimulating 

the production of immuno-conglutinin to a moderate degree. The 

highest titre sera produced without the in vitro complement 

treatment of antigen followed the intravenous injection of 

"native" bacteria. Low titres or no activity developed follow-

ing the injection of soluble antigens. 

After Wartiovaara's publication a period of 20 years 

elapsed in which no research was reported on this subject until 

Coombs and Coombs (1953) repeated and verified the experiments 

of Wartiovaara. 

Blomfield (1952a)—later to become Coombs—showed that 
/ f / 
immune serum produced in response to the injection of complement-

treated bacteria contained three specific activities. (one was 

an agglutinin directed against the specific bacteria used for 

injection. Another antibody was directed against the serum 

proteins of the animal species from which the complement serum 

was derived. The third was immuno-conglutinin with the specific 
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substrate of adsorbed complement regardless of the species of 

origin of the original complement serum. She shoved that these 

three activities were produced by three separate factors because 

by appropriate absorptions any activity could be removed without 

affecting the level of the other activities of the serum. Many 

of the experiments from Blomfield's thesis were later reported 

in the publication of Coombs and Coombs (1953). 

The experimental results reported by Wartiovaara (1932) 

were amply confirmed by Coombs and Coombs (1953). Coombs (1948) 

reported that kaolin particles coated with active horse serum and 

subsequently washed free of unabsorbed serum could be used to 

absorb conglutinin activity from serum. This finding was extended 

by Coombs and Coombs (1953) to show that the intravenous 

injection of such a kaolin preparation caused a marked stimulation 

to immuno-conglutinin production. They suggested that the active 

serum was adsorbed onto the surface of the kaolin particle in an 

analogous manner to the adsorption of complement by an antigen-

antibody complex. It was postulated that the conglutinin reacts 

with this adsorbed complement and that the adsorbed complement 

was the specific stimulus to the production of immuno-conglutinin. 

Ingram (1958) reported evidence which indicates that 

immediately following the intravenous injection of bacterial 

antigens an in vivo fixation of complement occurs. In the primary 

stage, within a few minutes to a few hours, of the in vivo 

reaction following an antigenic stimulus a decrease in the 

complement activity of the serum is demonstrable. It was observed 

that the magnitude of this decrease in activity is proportional 
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to the amount of immuno-conglutinin subsequently produced. 

This it was hypothesised that following the intravenous injection 

of native bacteria, the complement adsorbed in vivo acts as the 

specific stimulus for the production of immuno-conglutinin. 

Marks and Coombs (1957) showed that the level of 

immuno-conglutinin in human sera is elevated in many diseases. 

Following up this observation, Ingram, et al (1959) demonstrated 

that an increased serum conglutinating activity occurs in 

animals experimentally infected with bacteria, viruses, 

rickettsia or trypanosomes. 

B. Theories of the Specific Stimulus for Immuno-conglutinin 
Production and the Substrate of Conglutinin Activity: 

Early workers (Moreschi, 1911; Perussia, 1911 and Strong, 

1911) did not make a clear distinction between their "anti-

complement" sera and the antibodies in these sera which were 

directed against the serum proteins of the animal species 

used as a source of complement serum. It was Strong (1930) 

who first recognized that conglutinin was, in a sense, an antibody 

against complement. Strong was also the first to point out that 

the activity of conglutinin was independent of from which animal 

species the complement serum was derived. Thus he suggested 

that complement may have a common specificity regardless of 

which species supplies the complement serum. 

Following the production of conglutinating activity in 

sera of animals injected with "native bacteria" Wartiovaara 

(1932) rejected Strong's theory that immuno-conglutinin was an 

antibody against complement. Wartiovaara suggested that 

complement may act, iji vitro or i^ vivo on many different 



- 22 -

antigens to cause a cleavage of the antigen which gives rise to 

a new substance common to the many antigens. This new substance 

is antigenic and is the specific antigen which stimulates 

immuno-conglutinin production in vivo and which conglutinin 

reacts with in vitro. He concludes however by stating that 

although previous treatment of antigens with complement in vitro 

was not necessary for the development of immuno-conglutinin, he 

was unable to decide whether complement action in vivo was 

necessary for the production of immuno-conglutinin. 

It remained for Coombs and Coombs (1953) to suggest an 

explanation for the experimental results. They advanced the 

hypothesis that complement adsorbed either on an immune 

aggregate or on a surface, such as kaolin, assumes a configur-

ation which it does not possess in solution. This changed or 

unfolded configuration was pictured as the specific stimulus for 

immuno-conglutinin production and the specific substrate for the 

activity of conglutinin or immuno-conglutinin. If an animal's own 

complement were adsorbed in vivo by an immune aggregate to expose 

this changed molecular pattern there is no reason why it should 

not be antigenic for the animal regardless of the fact that it 

is formed from the individual's own protein. 

Streng (1930) recognized that conglutinin behaved serologically 

like a true anti-complement and he stimulated the production of 

immuno-conglutinin in rabbits by inoculating sensitized bacteria 

which had adsorbed guinea pig complement in vitro. For immuno-

conglutinin serum produced in this way, ei., by the injection of 

fixed heterologous complement, Coombs and Coombs (1953) suggested 
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the name immuno-conglutinin (hetero-stimulation). 

Continuing Streng's experiments, Wartiovaara found that 

immuno-conglutinins were most easily produced by Streng's technique 

but he also found that many antigens which had not been treated 

with complement in vitro were, nevertheless, effective in stimu-

lating Immuno-conglutinin production to a moderate degree. 

Amongst these antigens were such diversified substances as 

bacteria, red blood cells and heated and unheated sera. Coombs 

and Coombs (1953) suggested that immuno-conglutinin serum produced 

by the inoculation of substances quite unrelated in specificity 

to complement be named Immuno -conglutinin (auto-stimulation). 

Thus Coombs and Coombs (1953) were the first to suggest that 

immuno-conglutinin may be an auto-antibody. They put forward the 

idea that immuno-conglutinin produced by auto-stimulation is the 

response to the animal's own serum proteins, complement, which 

have changed their surface configuration by becoming fixed onto 

an immune aggregate, or onto certain surfaces. If this is true, 

immuno-conglutinin fulfils the criteria of an auto-antibody since 

it is stimulated by the animal's own body components and reacts with 

these both in vivo and in vitro. — — — — 

Experiments reported by Ingram (1958) showed a well-marked, 

sharp and specific fall in the level of an animal's own immuno-

conglutinin and complement activity shortly after administration 

of an antigenic challenge. The involvement of immuno-conglutinin 

and complement in vivo following injection of antigenic material 

indicates that the configuration of adsorbed complement, which is 
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specific for immuno-conglutinin activity, can be formed by the 

animal's own serum components within the body. This complement 

adsorbed in vivo reacts with the animal's own immuno-conglutinin 

to bring about a lowering of the level of Immuno-conglutinin in 

the serum. Similarly, this complement adsorbed vivo could be 

the specific stimulus for the production of immuno-conglutinin 

(auto-stimulation) in an animal. Ingram (1958) reported 

experiments which indicated that the greater the amount of complement 

bound in vivo immediately following an antigenic challenge, the 

greater is the subsequent production of immuno-conglutinin. 
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HETERO-STIMULATION OF IMMUNO-CONGLUTININ 
PRODUCTION In MICE 

A. Introduction 

The first report of the hetero-stimulation of immuno-

conglutinin in mice was published by Ingram (1958). It wag 

found that the intravenous or intraperitoneal injection of kaolin 

coated with horse complement stimulated immuno-conglutinin 

production and that the peak of serum conglutinating activity 

was reached at 5 - 10 days after the last injection. 

This chapter reports the production of immuno-conglutinin 

following the injection of various bacterial preparations and 

the effect of variables in the preparation of kaolin plus serum 

on the production of immuno-conglutinin. 

B. Materials and Methods 

1. Bacterial Suspensions: 

Salmonella typhimurium were grown for 18 to 24 hours at 37°C 

on sheep blood agar plates and harvested into cold sterile saline 

containing 0. 5% phenol. The concentrated suspension of bacteria 

in saline was heated at 60°C for 20 minutes to kill the organisms 

and then stored at 4°C until used. 

Immediately before use, the concentrated suspension of 

organisms were centrifuged at 3500 r. p. m. (2000 R. C. F. ) for 

20 minutes, the supernatant fluid was discarded and the organisms 

resuspended in sterile saline. This suspension was then standard-

ized by comparison with Welcome Opacity tubes to contain 2 x 10? 
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Q 
organisms per ml. A standard dosage of 0. 5 ml. (1 x 10^ killed 

bacteria) was injected intraperitoneally into each mouse. 

The strain of Pasteurella multocida (2290) produced mucoid 

confluent colonies on blood agar. This organism was grown, 

harvested and standardized the same as the Salm, typhimurium. 

2. Preparation of Suspensions of Sensitized Bacteria: 

Two ml of the standardized bacterial suspensions were 

centrifuged to separate the cells, the supernatant fluid dis-

carded and the deposited cells resuspended in 2 ml of rabbit 

anti-sera. The anti-Salmonella serum had a titre of 320 and the 

anti-Pasteurella serum a titre of 640 as measured by the haemolytic 

complement fixation test. Both sera were heat inactivated before 

use. 

The bacterial suspension in specific anti-sera was placed 

in a 37°C water bath for 20 minutes, then centrifuged to deposit 

the bacterial cells, washed twice and resuspended to 2 ml in 
o sterile saline to give a standard preparation containing 2 z 10 
o 

sensitized cells per ml. The standard dosage of 0. 5 ml (1 x 10 

sensitized bacteria)was injected intraperitoneally into each mouse. 

3. Preparation of Suspensions of Alexinated Bacteria: 

Two ml of the standardized, sensitized bacterial 

suspensions were separated by centrifugation, the supernatant 

saline discarded and the deposited sensitized cells resuspended in 

2 ml of fresh normal guinea pig serum. The sensitized bacteria 

suspended in the complement serum were incubated for 30 minutes in 

a 37°C water bath. Then the cells were deposited by 
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centrifugation, washed twice and resuspended in 2 ml of sterile 

saline. 

The standard dosage of 0. 5 ml (1 x 10^ alexinated bacteria) 

was injected intraperitoneally into each mouse. 

4. Preparation of Suspensions of Kaolin Coated with Complement: 

Ten mg of sterile kaolin powder was added to each one ml of 

serum complement. The mixture is incubated for 10 minutes in a 

37° water bath; during this time the suspension was shaken 

frequently. The kaolin particles are then deposited by light 

centrifugation (1000 r. p. m. for 5 minutes), washed twice in 

distilled water and finally resuspended in saline to the 

original volume of serum. 

The standard dosage of 0. 2 ml (2 mg kaolin) was injected 

intraperitoneally into each mouse. 

5. Course of Injections and Bleedings: 

Young-adult mice of various strains were used throughout these 

experiments. The mice were divided at random into groups of 4 and 

each animal in the group received the same treatment, Each mouse 

was bled immediately before inoculation. All mice received 3 
/ 

intraperitoneal injections of the appropriate preparation at 2 day 

intervals and were bled 6 days after the last injection. A second 

series of injections, identical to the first, was given starting 

2 to 4 days after the final bleeding of the first course and the 

animals bled again 6 days after the last injection. 
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6. Handling of Serum Samples: 

All bleedings were made from the tail and the sera were 

harvested and handled as individual samples. The blood was 

allowed to clot and stood overnight at 4°C before harvesting 

the serum. Each serum sample was heat inactivated at 56°C for 

30 minutes and diluted 1/2. 5. This dilution was necessary 

because the small quantity of some serum samples was insufficient 

for testing. Therefore, all samples were diluted this standard 

amount before testing. Serum samples were frozen and held at 

-20°C until tested. 

For the titration of immuno-conglutinin the serum was 

tested in a doubling dilution series starting at 1/2. 5. eg 1/2. 5, 

1/5, 1/10, 1/20, etc. For complement fixing antibody titration, 

the doubling dilution series started at 1/5 and for the tan-cell 

test, the series started at 1/10. These starting dilutions were 

made to conserve serum as much as possible and to eliminate any 

non-specific reaction which may occur at low dilutions of serum 

with these tests. The technique of the tan-cell test was that 

described by Boyden (1951) except that sheep red blood cells were 

used in place of human group '0' erythrocytes. 

C. Experimental Results 

1. Experimental Injection of Bacterial Preparations: 

One group was injected intraperitoneally with the Salm. 

typhimurium suspension, one group was given the same dosage of 

sensitized; aim. typhimurium and a third group received the same 

amount of alexinated Salmonella, bach animal was given two courses 
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of injections. Every mouse was bled prior to the first course 

and 6 days after the last injection of each course. 

The serum so obtained was tested for (1) immuno-conglutinin 

titre, by method 11b described in Appendix I of Coombs, Coombs 

and Ingram (1961), (2) haemolytic complement fixing antibody titre 

against the Salmonella, (3) antibody titre for rabbit and guinea 

pig serum using the tan-cell technique. 

The results of these titrations are shown in Table IV-1 and 

a summary, presented in Table IV-2. All tables presenting a 

summary shows the geometric means of the titres for each group of 

animals for each test. The only significant immuno-conglutinin 

response occurred in the Mice injected with the alexinated cell 

suspension. 

The injection of untreated Salmonella cause^the greatest 

production of antibody against Salmonella but, as would be 

expected, failed to stimulate antibodies to either rabbit or guinea 

pig serum. 

The injection of Salmonella sensitized with rabbit anti-sera 

caused an insignificant immuno-conglutinin response, a low level 

of Salmonella antibody production, a marked stimulation of anti-

bodies against rabbit serum and no stimulation of antibodies* 

to guinea pig serum. 
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A marked immuno-conglutinin response followed the injection of 

alexinated Salmonella. In this case, the production of Salmonella 

antibodies was again suppressed, the production of antibodies to rabbit 

serum was lowered but a considerable production of antibodies to guinea 

pig serum was shown. 

Three other groups of mice were injected with similar preparations 

of Past, multocida. That is: one group was injected with untreated 

Pasteurella, a second group with sensitized Pasteurella and the 

other group with alexinated Pasteurella. The sera obtained from these 

animals were tested the same as those discussed above except that 

antibodies to Pasteurella were titrated instead of antibodies to 

Salmonella. The detailed results of these titrations are presented 

in Table IV-3 and the results are summarized in Table IV-4. 
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The results of injections with Pasteurella preparations are 

essentially very similar to those obtained with Salmonella pre-

parations. 

It seems that the sensitization of bacteria prior to injection 

does not cause any increased production of immuno-conglutinin but 

causes a reduction in the production of specific anti-bacterial 

antibodies as compared to the injection of untreated bacteria. 

The alexination of bacteria prior to injection does bring about 

a significant production of immuno-conglutinin. However, it seems 

that alexination of the organisms reduced the subsequent production 

of antibodies to the bacteria and of antibodies to rabbit serum. 

2. Experimental Injection of Preparations of Kaolin 
Treated with Horse Serum: 

this experiment was undertaken to determine whether the type 

of kaolin used or the method of sterilization of the kaolin had any 

effect on the production of immuno-conglutinin (hetero-stimulation) 
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in mice and to find if the serum from different horses which was 

used to coat the kaolin, showed any marked differences in their 

ability to stimulate immuno-conglutinin production. 

Two types of sterilization of the kaolin were tested. One 

was sterilization by autoclaving the kaolin powder at 120°C for 

30 minutes. The second was sterilization by dry heat at 350°C for 

6 hours. 

Two samples of horse complement were compared. Horse comple-

ment was from a horse bled after treatment with succinyl choline 

chloride (Succastrin) to relax the animal. Horse complement 

was obtained by jugular puncture of a normal horse. 

Two types of kaolin were used. The first was colloidal kaolin 

powder and the other was an acid-washed kaolin powder. 

The immuno-conglutinin and anti-horse serum responses of the 

injected mice are shown in Table IV-5 and these results are 

summarized in Table IV-6. 

These data show that the kaolin sterilized by dry heat was 

superior to the kaolin sterilized by autoclaving in its ability 

to adsorb horse serum and thus cause greater production of immuno-

conglutinin. There was some variation in the titre of immuno-

conglutinin depending on the source of horse complement. Treatment 

of kaolin with equine complement #2 led to somewhat higher titres 

of immuno-conglutinin than did treatment of the same kaolin with 

equine complement #6. 

The acid-washed kaolin was superior to ordinary kaolin in that 

it stimulated the highest titre of immuno-conglutinin detected in 

these tests. 
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These results indicate that the highest titres of immuno-

conglutinin to be obtained by this technique would be by the use 

of acid-washed, dry-heat-sterilized kaolin coated with a selected 

horse complement. 

The heat-inactivation of the horse serum prior to its use to 

coat kaolin particles destroyed the potential of the preparation 

to stimulate immuno-conglutinin but did not interfere with its 
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ability to stimulate antibodies to horse serum. In fact, heat-

inactivation of the serum enhanced the ability of the preparations 

to stimulate anti-horse-serum antibodies. 

3. Experimental Injection of Preparations of Kaolin 
treated with Various Sera: 

The kaolin preparations used in the preceding section were 

treated with horse serum and led to the production of antibodies 

to horse serum. In the usual method of titrating immuno-conglutinin, 

horse complement is used to alexinate the red blood cells. It is 

conceivable that the antibodies to horse serum in the immuno-conglu-

tinin serum could interact with the horse serum on the alexinated 

red blood cells to interfere with or enhance the apparent immuno-

conglutinin titre. For this reason, all titrations of immuno-

conglutinin (hetero-stimulation) were carried out in the presence 

of a 1/10 dilution of heat-inactivated normal horse serum. The 

normal horse serum would act to neutralize the antibodies to horse 

serum and thus prevent them from reacting in the subsequent 

immuno-conglutinin titration. 

However, as additional evidence to the fact that conglutination 

is not merely a reaction between antibodies to horse serum and the 

serum components on alexinated cells, various complement sera were 

used to treat kaolin in order to produce immuno-conglutinin. 

Kaolin was treated as described under the section on Methods 

with mouse, rabbit, guinea pig, horse or human scrum. Each type of 

serum was used unheated (complement) and after heating for 30 

minutes at 56°C. Each preparation was injected into each of a 

group of 4 mice and the animals bled and injected as previously 
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described. The result of the titrations of immuno-conglutinin 

are shown in Table IV-7 and are summarized in Table IV-8. 

(continued on next page) 
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Of the sera tested, equine serum was by far the best to 

stimulate immuno-conglutinin production. Guinea pig serum was 

also quite good but mouse, rabbit and human sera were not very 

active in this way. 

From these data, it is plain that heating of the serum for 

30 minutes at 56°C does not completely destroy the immuno-

conglutinin-stimulating capacity. This finding led to experiments 

in inactivating the sera for varying periods of time. Heating 

the sera at 56°C for 45 minutes destroyed the ability of the 

serum to cause immuno-conglutinin production. Therefore the 

45 minute period of heating was adopted in all further experiments. 

4. Cross Reactions of Sera Produced by the Injection of 
Preparations of Kaolin Treated with Various Sera: 

The results reported in section 3 (above) illustrated that 

sera from different species were active in stimulating the pro-

duction of immuno-conglutinin in mice. However, because of the 

fact that insufficient serum was available, no attempt was made 

to measure the cross-reactions of these sera. Therefore, another 

series of mice were injected with kaolin coated with various 

sera. In this case, only the colloidal kaolin was available and 

therefore the immuno-conglutinin titres were not as high as in the 

previous experiment. Also, the sera were inactivated by heating 

to 56°C for 45 minutes instead of the usual 30 minutes. 

The detailed data for this experiment are presented in Table IV-9 

and a summary is given in Table IV-10. 
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Table IV-9 



Table IV-9 
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In this set of experiments, the injection of kaolin coated 

with active horse serum, once again, resulted in the highest titres 

of immuno-conglutinin. Guinea pig serum wag next, followed by 

bovine serum and finally rabbit serum which failed to stimulate 

any detectable immuno-conglutinin production. Coating of the kaolin 

with serum which had been heated at 56°C for 45 minutes failed to 

stimulate immuno-conglutinin production. 

The antibody titre as measured by the tan-cell technique 

was consistently highest with the homologous serum. The heating 

of the serum did not reduce or destroy its antibody-stimulating 

ability and this indicates that the kaolin coated with heated 

serum did carry essentially the same amount of serum as the 

kaolin coated with unheated serum. 

As would be expected, a considerable number of cross-

reactions occurred among the various sera and the cross-reactions 

were significantly higher in the second course sera than in the 

first course sera. 

The immuno-conglutinin titres were in no way related to the 

level of antibodies against serum from any species. Horse serum 

was used to alexinate the sheep cells for immuno-conglutinin titra-

tion but no relationship existed between the level of Immuno-conglutinin and the level of anti-horse-serum activity. In some cases, 

immuno-conglutinin was detected in the absence of antibodies to 

horse serum and in many cases high levels of anti-horse-serum 

activity was detected in the absence of detectable immuno-

conglutinin. 
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D. Discussion 

1. The Stimulus for Immuno-conglutinin (hetero-stimulation) 
Production: 

The production of immuno-conglutinin is most readily 

stimulated by the injection of antigens or particles coated 

with complement. In the experiments on the injection of bacteria 

neither the bacteria alone, at the dosage utilized in these tests, 

nor sensitized bacteria stimulated the production of significant 

levels of immuno-conglutinin. However the injection of 

alexinated bacteria caused a marked immuno-conglutinin re-

sponse. 

It is interesting that the sensitization of bacteria 

prior to injection suppressed the production of specific anti-

bacterial antibodies and alexination of the bacterial prepara-

tion caused a still greater suppression of specific antibody 

production. These results may be due to the coating of the 

antigen sites on the bacteria thus making these sites unavail-

able to the antibody producing mechanism of the mouse and/or 

to the changed in vivo reactions in the host: e. g. sensitized 

bacteria may be eliminated from the body by a different mechanism than unsensitized bacteria. These suggested different 

in vivo mechanisms are very similar to the mechanisms reported 

by Mollison (1959) on the method of elimination of radio-active 

labelled red blood cells from the blood stream. Mollison found 

that cells sensitized with certain antibodies which did not fix 

complement, were eliminated mostly by the spleen while cells 

sensitized with antibody which fixed complement were removed from 

the circulation in far greater amounts by the liver. 



- 47 -

The production of antibodies to rabbit and guinea pig 

serum in the experiments involving bacteria was very similar 

to the expected. Here again, it is interesting to note that 

the alexination of the bacteria, sensitized with rabbit 

antibody, suppressed the production of antibodies to rabbit 

serum as compared to sensitized bacteria (not alexinated). 

2. Effect of Type of Kaolin and Individual Serum Differences: 

As shown in Tables 5 and 6, the type of kaolin used and 

the method of sterilizing the kaolin had a marked effect on 

the ability of the kaolin preparations to cause immuno-conglutinin 

production by hetero-stimulation. Variations in ths ability to 

stimulate immuno-conglutinin production were also found between 

serum samples obtained from different individuals within a 

species (horse). Highest titres of immuno-conglutinin were 

obtained by using selected sera as a source of complement and 

acid-washed kaolin which had been sterilized by dry heat at 350° 

for 6 hours. 

3. Deactivation of Conglutinating Complement: 

In the first experiments using heated and unheated serum to 

coat kaolin particles prior to injection (Tables IV-7 and IV-8) 

it was found that heating of the serum at 56° for 30 minutes did 

not destroy the immuno-conglutinin stimulating activity of the 

serum. This finding is similar to the report of Ingram (1958) 

who found that immuno-conglutinin could be partially absorbed 

from rabbit serum heated at 56°C for 30 minutes by the use of 

bacteria and specific antibody. However, both the immuno-

conglutinin stimulating activity of the various sera and 
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the immuno-conglutinin absorbing ability of rabbit sera, 

referred to above, could be destroyed by heating the serum 

at 56°C for 45 minutes. The haemolytic activity of normal serum 

(complement) is destroyed by heating at 56°C for 30 minutes. 

This difference would indicate that (1) conglutination is a 

more sensitive measure of complement activity than haemolysis 

or (2) somewhat different serum components are involved in 

haemolysis and conglutination. 

4. Effect of Species of Origin of Complement Serum: 

There is a marked difference in the ability of the 

complement from different species to stimulate immuno-conglutinin 

production. Kaolin coated with mouse serum when injected into 

mice caused relatively little stimulation of immuno-conglutinin 

production. Similarly it has been found that kaolin coated with 

rabbit serum, when injected into rabbits, caused little immuno-

conglutinin production. Rabbit serum appears to be a poor 

source of complement for the production of immuno-conglutinin by 

hetero-stimulation. However, evidence will be presented that 

rabbits can be stimulated to produce high titres of immuno-

conglutinin by auto-stimulation in which case the fixed rabbit 

complement is believed to be the specific stimulus. It may be 

that the in vitro and in vivo activities of rabbit complement 

are different and it is well known that rabbit serum has a low 

level of complement activity ijri vitro. 

The ability of human serum to stimulate immuno-conglutinin 

(hetero-stimulation) is also quite weak. Bovine serum is some-

what more active in this regard than rabbit or mouse serum. 
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Guinea pig serum has a good stimulating activity for immuno-

conglutinin production but by far the best serum tested was 

fresh horse serum. 

5. The Anti-Serum-Protein Antibodies in Immuno-conglutinin 
(hetero-stimulation) Serum: 

Immuno-conglutinin serum produced by this method contains 

antibodies against the serum proteins of the species of animal 

supplying the complement serum. In the titration of immuno-

conglutinin horse serum is used as a source of complement and 

it may be thought that the anti-horse-serum activity of these 

sera, especially the sera produced by the injection of kaolin 

coated with horse serum, may explain the clumping effect 

(conglutinating activity) of the sera. 

The anti-horse-serum activity of the immuno-conglutinin 

serum can be neutralized effectively by mixing it with a small 

amount of heated normal horse serum. That this neutralization 

is without effect on the end point of the titration of immuno-

conglutinin was shown by Coombs and Coombs (1953). All immuno-

conglutinin titrations reported in these hetero-stimulation 

experiments were carried out in the presence of heated normal 

horse serum and therefore all anti-horse-serum antibodies were 

effectively neutralized before the conglutinating activity of 

the sera was measured. 

Tables IV-9 and IV-10 show that considerable cross-

reactivity between sera from various species occurs in the 

immuno-conglutinin sera produced by hetero-stimulation. 

However, each serum always showed the highest titre against 
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the homologous serum—the serum from the species used to coat the 

kaolin particles. Second course sera always had a higher anti-

body titre than first course sera. The reactivity or cross-

reactivity against horse serum did not in any way approximate 

the immuno-conglutinin titre, thus this evidence also contra-

dicts the idea that the clumping of the cells in conglutination 

could be due to the anti-horse-serum activity of the sera. 

Mice injected with kaolin coated with heated sera produced 

an antibody titre against the various sera as high as or higher 

than mice injected with kaolin coated with active (unheated) 

sera. In spite of this greater anti-serum activity, the sera 

produced by the injection of kaolin coated with heated serum did 

not show any significant immuno-conglutinin titre. 

E. Summary 

Immuno-conglutinin (hetero-stimulation) is readily produced 

by the injection of bacteria or kaolin particles coated with 

fresh serum (complement). 

The immuno-conglutinin response was dependent on a number 

of variables: 

1. The type of kaolin used. 

2. The method of sterilization of the kaolin. 

3. The species of animal from which the serum 

which was used to coat the kaolin particles 

was obtained. 

4. Serum samples obtained from different 

individuals within a species. 

5. The degree of heat-inactivation of a serum. 
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Heat inactivation of serum at 56°C for 45 minutes 

effectively destroys the capacity of the serum to bring 

about the production of immuno-conglutinin by hetero-

stimulation. 

Immuno-conglutinins produced by hetero-stimulation 

are distinct from antibodies against the normal serum 

proteins of the serum used as a source of complement. 
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AUT0-sTimULATI0N OF IMMUNO-COnGLUTININ PRODUCTION IN MICE 

A. Introduction 

Coombs (1954) reported that the intravenous injection of mice 

with a suspension of killed Gram-negative bacteria (Salm. pullorum) 

stimulates the production of immuno-conglutinin in their serum. 

Thus, she was the first to report the production of immuno-

conglutinin by auto-stimulation in this species. 

A number of chemical compounds and physical substances 

were tested for their ability to stimulate immuno-conglutinin 

(auto-stimulation) production by Ingram (1958). The production 

of immuno-conglutinin was demonstrated in response to the injec-

tion of a variety of unrelated antigens and of certain active 

colloidal substances. These data indicated that the ability to 

stimulate the production of immuno-conglutinin increased as the 

antigenicity and/or complement-fixing ability of the compounds 

increased. 

This chapter reports experiments on the production of immuno-

conglutinin (auto-stimulation) in mice in response to the 

injection of killed bacteria of various types and to the 

injection of egg albumen, peptone and bacterial endotoxin. 

B. Materials and Methods 

1. Bacterial Suspensions: 

The types of bacteria used in these experiments and their 

source are shown in Table V-l. All cultures were grown on sheep 

blood agar plates at 37°C for 18 to 48 hours depending on the time 

required to obtain good growth. 
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/ The bacteria were harvested into cold sterile saline contain-

ing 0. 5% phenol. The concentrated suspensions of bacteria in saline 

were heated at 60°C for 20 to 30 minutes—until no viable organisms 

were detected on culture of the suspension. The killed organisms 

were then stored in a concentrated suspension at 4°C until it was 

used. 

Immediately before use, these concentrated suspensions of 

organisms were centrifuged at 3500 r. p. m. (2000 RCF) for 20 minutes, 
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the supernatant fluid was discarded and the organisms resuspended 
9 

to a concentration of 10 x 10' organisms per ml in sterile saline. 

This operation eliminated the phenol from the suspending fluid. 

A standard dose of 0. 5 ml (5 x 10^ killed bacteria) was injected 

intraperitoneally into each mouse. 

2. Soluble Antigens: 

The egg albumin solution was a thrice-precipitated 

preparation which was prepared according to the method of Kekwick 

and Cannan (1936). 

After the third precipitation, the crystalline egg albumin 

was dissolved in sufficient sterile saline to give a 5% solution 

(50 mg egg albumin per ml). The 5% solution of egg albumin was 

stored at -20°C. 

The peptone was a commercial laboratory reagent (Peptone -

Bacteriological, BDH) and was prepared in a solution containing 

50 mg of peptone per ml saline. This solution was sterilized in 
o 

a boiling water bath for 20 minutes and was stored at -20 C. 

Both soluble preparations were thawed immediately before 

injection and 0. 5 ml (25 mg of the compound) was injected 

intraperitoneally into each mouse. 

3. Endotoxin: 

The endotoxin used in this experiment was obtained com-

mercially and was identified as "Difco Lipopolysaccharide. E. coli 

026: B6 Lot 119151". This endotoxin was suspended in sterile saline 

and the various dilutions prepared so that the desired weight of 

each suspension was contained in 0. 5 ml. 
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4. Course of Injections and Bleedings: 

For all experiments except those involving endotoxin, the 

mice were divided into groups of 4 and were bled prior to the first 

injection. All animals in each group received the same treatment. 

Each animal received 3 intraperitoneal injections of 0. 5 ml of 

one of the various preparations at 2-day intervals and was bled 

6 days after the last injection. The series of 3 injections was 

then repeated and the animal bled again 6 days after the last 

injection. 

All bleedings were made from the tail and the sera were 

harvested and handled as individual samples as described in the 

previous chapter. All sera were stored at -20°C until tested. 

C. experimental Results 

1. Experimental Injection of Bacterial Suspensions: 

Young-adult mice were divided at random into groups of 4 

animals and each animal in a group was injected intraperitoneally with 

the same bacterial suspension. 

The serum obtained from these animals was titrated for immuno-

conglutinin. The results of these titrations are shown in 

Table V-2 and a summary is shown in Table V-3 which shows the 

geometric mean of the titres of the 4 animals in each group. 

The highest immuno-conglutinin titres were found after the injection 

of certain Gram-negative organisms. However, the Gram-negative 

organisms did not consistently give higher titres than the Gram-

positive organisms: e. g. injection of List, monocytogenes resulted 

in higher titre than injection of Past, multocida or Bruc. abortus. 

The lowest titres obtained were in mice injected with Staph, aureus 
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and Strep, agalactiae. The group of mice injected with saline 

were included as negative controls ana conglutinating activity was 

not detected in any serum sample from this group. 
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3. Injection of Endotoxin: 

In experiments with Esch. coli endotoxin doses of endotoxin 

varying from 0. 1 mg to 1. 6 mg were injected intraperitoneally 

into each mouse and each dosage was injected into either 6 or 9 

animals. 

Each animal was injected only once and those that survived 

were bled 6 days after injection. All sera fron these mice were 

harvested individually and tested for conglutinating activity. 

The results of these two experiments are presented in Table V-6. 
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D. Discussion 

1. Response to Bacterial Antigens: 

The development of immuno-conglutinin in serum as a consequence 

of the injection of killed bacteria is of great importance for this 

property of the serum, which in many ways resemble antibody, is 

not serologically related to the antigens of the inoculum. This 

non-specific nature can be shown by the fact that repeated 

absorptions of heated serum with the sane bacterial species used 

in the inoculum leaves the immuno-conglutinin level unaltered 

while the level of specific immune antibody is greatly decreased. 

The presence of immuno-conglutinin in immune serum may increase 

the bactericidal or therapeutic effect of the serum for, as shown 

by Ingram (1958) and Ingram (1959a and b) immuno-conglutinin may 

account for increased resistance of animals to bacterial infec-

tions. This aspect of immuno-conglutinin will be discussed more 

fully in a later section. 

The appearance of immuno-conglutinin in the serum of mice 

injected with killed bacteria confirms and extends the observations 

made in rabbits by Wartiovaara (1932) and Coombs and Coombs (1953). 

It was pointed out by Coombs and Coombs (1953) that Grant-negative 

bacteria are much more potent in stimulating immuno-conglutinin 

than are Gram-positive bacteria. However, as shown in the 

experiments reported here, this is not always true and some 

Gram-positive organisms can stimulate a rise of immuno-

conglutinin higher than some Gram-negative organisms. 

However, it does seem that the Gram-positive cocci, which were 

used in the experiments of Coombs and Coombs (1953), are relatively 

poor in their ability to stimulate immuno-conglutinin production. 



- 63 -

The suggestion that it may be the presence of relatively 

high levels of endotoxin in the Gram-negative bacteria which accounts 

for their greater ability to stimulate immuno-conglutinin is not 

consistent with the fact that endotoxin itself fails to stimulate 

immuno-conglutinin production. 

2. Response to Soluble Antigens: 

Wartiovaara (1932) and Coombs and Coombs (1953) have reported 

that definite but low titres of immuno-conglutinin are stimulated 

by the injection of soluble antigens. Ingram (1958) has shown 

that with many soluble substances, the greater the antigenicity, 

the greater is the ability to stimulate immuno-conglutinin produc-

tion. The very limited data presented here increases the number of 

substances tested by Ingram and is consistent with the above sugges-

tion since egg albumin is more antigenic than peptone and under 

comparable conditions causes the production of a higher level of 

immuno-conglutinin. In interpreting these data to include other 

species of animals it must be remembered that a relatively immense 

dose of soluble antigens was injected into these mice. 

3, The Significance of Immuno-conglutinin in Serum: 

The presence of immuno-conglutinin in specific anti-bacterial 

serum may account for sane of the non-specific effects of such serum. 

Immuno-conglutinin in the presence of fixed complement will bring 

about the fixation of more complement (Ingram, 1958). Thus if 

immuno-conglutinin is present in a serum in which complement is 

being fixed, in a complement fixation test, it may cause an increased 

fixation of complement and thus increase the apparent complement 

fixation titre of that serum. This apparent increase in antibody 



titre may be important in cases where the complement-fixing antibody 

titre is usually low because the immuno-conglutinin may help to 

give more clear-cut reactions. 

In view of the profound effect that the injection of endotoxin 

has on the non-specific immunity of mice (Rowley, 1956) and on 

properdin levels in mouse serum (Landy and Pillemer, 1956) it waa 

decided to test the effect of endotoxin on immuno-conglutinin 

levels. The finding that immuno-conglutinin tires are not detect-

able at 6 days after injection when the non-specific immunity 

reported by Rowley and the properdin titre are markedly increased 

indicates that the resistance enhancing effect of immuno-conglutinin 

reported by Ingram (1948, 1959b) is different from the phenomenon 

reported by Rowley and Landy and Pillemer. 

E. Summary 

After the injection of killed bacteria into mice a raised 

level of immuno-conglutinin ia detectable in the animal's serum. 

The production of immuno-conglutinin also occurs in response to 

the injection of soluble antigens. 

, The injection of varying amounts of endotoxin failed to 

stimulate a detectable level of immuno-conglutinin in mouse serum. 

- 64 -
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Hetero-stimulation OF IMMUNO-CONGLUTININ 
PRODUCTION IN RABBITS 

A. Introduction 

Immuno-conglutinin was the name suggested by Streng (1930) 

for the immune bodies produced in rabbits following the injection 

of bacteria which had adsorbed complement. These immune bodies 

reacted with complement in vitro in an analogous manner to the 

conglutinin of bovine serum. Wartiovaara (1932) and Coombs and 

Coombs (1953) repeated these experiments and confirmed the 

results. These authors reported that high immuno-conglutinin 

titres were detected following intravenous inoculation of the 

antigen-antibody-complement complex and that much lower titres 

occurred after subcutaneous injection. 

Coombs and Coombs (1953) reported that intravenous 

injection of rabbits with kaolin coated with fresh unheated serum 

produced results very similar to those observed after inoculation 

of alexinated bacteria. In mice, the highest titre of immuno-

conglutinin was produced using kaolin coated with fresh horse 

serum. Therefore, kaolin coated with horse serum was selected 

as a standard preparation for the experiments in rabbits. 

This chapter reports on the experiments testing the effect 

of utilizing various routes of inoculation and various kaolin 

preparations in rabbits. 

B. Materials and Methods 

1. Preparation of Kaolin Suspensions: 

a. Kaolin suspension: Sterile kaolin powder was mixed with 
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sterile saline to give 10 mg kaolin per ml of 

suspension. 

b. Suspension of kaolin coated with complement: Ten 

mg of sterile kaolin powder was mixed with each ml of 

fresh horse serum. The suspension was incubated for 

10 minutes at 37°C in a water bath. During this 

incubation period it was shaken frequently. The 

suspension was then separated by centrifugation 

(1000 r. p. m. for 5 minutes), washed twice in dis-

tilled water and resuspended in saline to give 10 mg 

kaolin per ml of suspension. 

c. Suspension of kaolin coated with heated serum: 

The same procedure was followed as in b. except 

that horse serum which had been heat inactivated 

(56° for 45 minutes) was used in place of fresh serum. 

2. Course of Injections and Bleedings: 

Normal young-adult rabbits were employed in all these experi-

ments. Each animal was kept in a separate care throughout the 

period of the test, each rabbit was bled 3 or 4 times prior to 

inoculation to establish the normal serum levels of the factors 

under test, then injected 3 times at four-day intervals with a 

standard dose of 1 ml of preparation containing 10 mg kaolin. 

Two rabbits were used for each treatment. 

All animals were bled from the marginal ear vein at 3 or 

4-day intervals for two weeks after the last injection and there-

after at weekly intervals for at least 30 weeks. 

Individual serum samples were harvested within 3 to 4 hours 

after bleeding and each serum was divided equally into 3 small tubes 
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and stored at -20°C. At the conclusion of the test period, all 

sera from an animal were titrated at the same time against a 

single preparation of test reagents. 

3. Testing of Sera: 

Each serum sample was titrated for 3 substances as follows: 

(a) Immuno-conglutinin level—by the method 11b 

described by Coombs, Coombs and Ingram (1961). 

(b) Antibody to horse serum—by the tan-cell 

technique (Boyden, 1951). 

(c) Complement level—by a range titration (two-

fold dilution series) as described by Coombs, 

Coombs and Ingram (1961). 

C. Experimental Results 

To facilitate the understanding of this data, the results 

of the various titrations are presented in graph form and within 

the chapter, a standard form is utilized to allow comparison of 

the data. 

1. Subcutaneous Injection: 

Rabbits 591 and 592 were injected subcutaneously 3 

times with 1 ml of kaolin coated with fresh horse serum. The 

data from these animals are presented in Figs. VI-1 and VI-2. 

A very small immuno conglutinin response occurred. 

2. Intraperitoneal Injection: 

Rabbits 587 and 588 received 3 intraperitoneal 

injections of 1 ml of kaolin coated with fresh horse serum. The 

data from these rabbits, presented in Figs. VI-3 and Vi-4, show 



Figures VI-1 to 6 



Legend to Figures VI-1 to VI-12. 

Top graph: 

Anti-horse serum titre as measured by tan-cell 
technique. 

Bottom graph: 

Solid dots - Immuno-conglutinin titre. 
Hollow dots - Haemolytic complement titre. 

Figure Vl-1 

Serum Reactions of Rabbit 591 Injected Subcutaneously 
with Kaolin Coated with Fresh Horse Serum. 

Figure VI-2 

Serum Reactions of Rabbit 592 Injected Subcutaneously 
with Kaolin Coated with Fresh Horse serum. 

Figure Vl-3 

Serum Reactions of Rabbit 587 Injected Intraperitoneally 
with Kaolin Coated with Fresh Horse Serum. 

Figure VI-4 

Serum Reactions of Rabbit 588 Injected Intraperitoneally 
with Fresh Horse Serum. 

Figure VI-5 

Serum Reactions of Rabbit 2132 Injected Intramuscularly 
with Kaolin Coated with Fresh Horse Serum. 

Figure Vl-6 

Serum Reactions of Rabbit 2133 Injected Intramuscularly 
with Kaolin Coated with Fresh Horse Serum. 





- 69 -

a low stimulation to the production of immuno-conglutinin but 

a bettor response than was obtained with subcutaneous injection. 

3. Intramuscular Injection: 

Rabbits 2132 and 2133 were inoculated 3 times 

intramuscularly with 1 ml of kaolin coated with fresh horse 

serum. The results of the serum titrations from these animals 

are shown in Figs. VI-5 and VI-6. A somewhat greater immuno-

conglutinin response was detected in these animals than in the 

rabbits injected subcutaneously or intraperitoneally. 

4. Intravenous Injection: 

Rabbits 2130 and 2131 wore injected 3 times intravenously 

with 1 ml of kaolin coated with fresh horse serum. The data 

obtained from the serum titrations of these animals are presented 

in Figs. VI-7 and VI-8. Inoculation by the intravenous route 

resulted in the highest titre of Immuno-conglutinin detected in 

this series of tests. 

5. Injection of Kaolin Coated with Heated Horse Serum: 

Rabbits 20 and 21 were given 3 intravenous injections 

of 1 ml of kaolin coated with heated horse serum. The results of 

the serum titrations of these animals are presented in Figs. VI-9 

and VI-10. Mo significant immuno-conglutinin production was 

detected in these animals. 

6. Injection of Kaolin: 

Rabbits 593 and 594 received 3 intravenous injections 

of 1 ml of sterile kaolin suspended in saline. As can be seen in 

Figs. VI-11 and VI-12 no immuno-conglutinin or antibody response 

occurred in this pair of rabbits. 





Figure VI-7 

Serum Reactions of Rabbit 2130 Injected Intravenously 
with Kaolin Coated with Fresh Horse Serum. 

FigureVI-8 

Serum Reactions of Rabbit 2131 Injected Intravenously 
with Kaolin Coated with Fresh Horse Serum. 

Figure VI-9 

Serum Reactions of Rabbit 20 Injected Intravenously 
with Kaolin Coated with Heated Horse Serum. 

Figure VI-10 

Serum Reactions of Rabbit 21 Injected Intravenously 
with Kaolin Coated with Heated Horse Serum. 

Figure VI-11 

Lack of Serum Reactions of Rabbit 593 Injected Intravenously 
with Kaolin Suspended in Saline. 

Figure VI-12 

Lack of Serum Reactions of Rabbit 594 Injected Intravenously 
with Kaolin Suspended in Saline. 
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7. Variations in the Number of Injections 
and Amounts of Inoculum: 

Rabbits were injected with varying dosages of kaolin 

treated with fresh horse serum and were injected for various 

periods to test the effect of these variables on immuno-

conglutinin production. The data from these injections is 

presented in Table VI-1. Four intravenous injections of 1 ml 

(10 mg) of the kaolin preparation led to a relatively high 

production of immuno-conglutinin as shown by rabbits 521 and 522. 

By increasing the dosage of the kaolin preparation, a higher 

titre of immuno-conglutinin was obtained as in rabbits 261 and 

262. However by injecting very large doses of kaolin over a 

prolonged period only moderately high titres were obtained in 

rabbits 851 and 852. In this case the optimal dosage of kaolin 

was probably exceeded leading to diminishing response. 

The second course of injections, as shown with 

rabbits 521 and 522 did not show evidence of a secondary response 

of immuno-conglutinin production but a lower response was obtained 

in all such cases than that obtained in the first course of 

injections. 
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Table VI-1 
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D. Discussion 

1. The Stimulus for the Production of Immuno-conglutinin 
(hetero-stimulation): 

The inoculation of rabbits with kaolin coated with fresh 

horse serum always resulted in the production of immuno-

conglutinin. However, kaolin alone or kaolin coated with 

heat inactivated horse serum failed to stimulate the 

production of immuno-conglutinin. These results are consistent 

with the hypothesis which was proposed by Coombs and Coombs 

(1953) that immuno-conglutinin ia an antibody against fixed 

complement. 

It was shown in the experiments on Hetero-stimulation of 

immuno-conglutinin in mice that antibodies to components of 

horse serum are stimulated approximately equally in animals 

injected with either kaolin coated with active serum or kaolin 

coated with heated serum. Similar results were obtained in these 

rabbit experiments. These results indicate that the substance 

which is responsible for the specific stimulation of immuno-

conglutinin is heat-labile and may well be complement. 

The experiments on immuno-conglutinin production in mice 

by hetero-stimulation showed that fresh horse serum (horse 

complement) was the most active serum tested in stimulating 

immuno-conglutinin production. In the paper of Coombs and 

Coombs (1953) it was reported that horse complement produced 

higher immuno-conglutinin titres than either guinea pig or 

pig complement. While sera from different species were not 

tested in rabbits, the available evidence indicates that horse 
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serum would be the most active in rabbits to stimulate the 

production of immuno-conglutinin. 

2. Effect of Route of Inoculation: 

The effect of the route of injection on the subsequent 

immuno-conglutinin titre is quite marked. Subcutaneous 

inoculation caused the smallest production of immuno-conglutinin. 

Intraperitoneal injection led to slightly better response and 

intramuscular injection was somewhat better than intraperitoneal. 

By far the greatest production of Immuno-conglutinin followed 

intravenous inoculation of the kaolin preparations. The mean 

responses of the 4 routes are compared in Fig. IX-19. 

3. Effect of Number of Inoculations: 

Within limits, increased dosage of kaolin results in 

increased immuno-conglutinin production but excessively high 

dosages and prolonged courses of injection result in diminished 

response. These results may be explained on the basis that with 

injection of excessive amounts of the kaolin preparation an 

immunological paralysis becomes apparent as described by 

Topley (1930) and Felton (1949). 

The very large doses of kaolin, which is insoluble and 

enzymatically insensitive, when deposited at some site in the 

body may effectively absorb much immuno-conglutinin that is 

produced and this deposition may result in an apparently greatly 

decreased immuno-conglutinin production. An analogous condition 

in antibody production which is depressed by excessively large 

injections of antigen has been described by Dixon, Maurer and 

Weigle (1955). 
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The findings that a second course of inoculations after a 

rest period of several months results in lowered immuno-conglutinin 

response has been repeatedly demonstrated. These results are not 

in accord with the expected secondary response which should be 

greater than the primary response. However, during the second 

course of injections there is a very marked increase in the 

antibodies to horse serum, and it may well be that the 

secondary response is directed more against certain serum 

proteins present on the kaolin preparations than against the 

specific configuration of adsorbed complement. 

4. Usefulness of this Method of Stimulating Immuno-conglutinin: 

The intravenous route of inoculation of kaolin treated with 

fresh horse serum was used to produce high titred immuno-

conglutinin serum for resistance experiments in mice. Such a 

serum will passively transfer conglutinating activity to the 

serum of an inoculated mouse (Ingram, 1958). 

However, if it were desirable to stimulate immuno-conglutinin 

production in humans there are three major objections to this 

method. 

1. For best results the intravenous route must be 

used and there is always some danger from such 

injections leading to serious complications, 

especially with the injection of such insoluble, 

particulate material ao kaolin. 

2. The increased level of immuno-conglutinin in the 

serum is of relatively short duration and sub-

sequent injections do not cause a secondary type 

of response. 
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3. Antibodies to horse serum are produced in the 

serum of the inoculated animal and thus the 

individual may become sensitized to horse 

serum. This is a serious defect for human 

work because the person may become allergic 

to horse serum and a prophylactic injection 

of a horse anti-sera cause anaphylactic shock. 

E. Summary 

The inoculation of rabbits with kaolin treated with fresh 

horse serum stimulates the production of immuno-conglutinin 

(hetero-stimulation) while inoculation with kaolin coated with 

inactivated horse serum or kaolin alone does not stimulate 

immuno-conglutinin production. 

The route of injection of the inoculum has a marked effect 

on the production of immuno-conglutinin by hetero-stimulation 

and the routes in increasing order of effectiveness are: 

1. Subcutaneous 

2. Intraperitoneal 

3. Intramuscular 

4. Intravenous. 
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AUTO-STIMULATION OF IMMUNO-CONGLUTININ PRODUCTION 
IN RABBITS BY PARTICULATE ANTIGENS 

A. Introduction 

Immuno-conglutinin (auto-stimulation) is the name suggested 

by Coombs and Coombs (1953) for the serum component which is 

stimulated by the injection of an antigen, not treated with 

complement In vitro, and which reacts in vitro the same as the 

conglutinin in normal bovine serum. Wartiovaara (1932) was the 

first person to report that immuno-conglutinin could be stimulated 

in rabbits by the injection of killed bacteria or other antigens 

and his results were confirmed by Coombs and Coombs (1953). 

Both these reports pointed out that the intravenous route of 

inoculation was much better than the subcutaneous route to stimulate 

a high titre of immuno-conglutinin. They also reported that 

particulate antigens gave rise to a much better immuno-conglutinin 

response than soluble antigens. 

The experiments reported in this chapter were designed to 

find (1) the effect of the various routes of inoculation on the 

production of immuno-conglutinin by auto-stimulation, (2) whether 

single or multiple injections of antigens gave the best response 

and (3) whether immune or non-immune rabbits gave better immuno-

conglutinin response to an equal challenge. 

B. Materials and Methods 

1. Bacterial Preparations: 

Most of the experiments in this section utilized a suspension 

of List, monocytogenes and a standard total dosage of 9 x 10^ 
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organisms was injected into each animal. List. monocytogenes, 

Fast. multocida and Salm. typhimurium organisms were grown 

for 18 hours at 37°C and harvested into cold sterile saline 

containing 0. 5% phenol. These concentrated suspensions 
12 , o containing about 10 bacteria per ml were heated to 60 C for 

20 minutes to kill the organisms. The concentrated suspensions 

of bacteria in 0. 5% phenol were stored at 4°C. 

Immediately before use, the bacteria were deposited from 

the phenol solution by centrifugation, washed once in sterile 

saline and resuspended to. the desired concentration in sterile 

saline. The number of organisms per ml was calculated by 

comparison of the bacterial suspension with Brown's opacity 

tubes. 

2. Mouse Red Blood Cell Suspension: 

Mice of the C3H strain were bled from the tail into Alsever's 

solution. Fresh blood samples were obtained immediately before 

each injection. The erythrocytes were separated from the plasma 

by centrifugation and washed four times in sterile saline. 

Finally the cells were resuspended to a 50% suspension of red 

blood cells in saline for injection into the rabbit. 

3. Course of Inoculations and Bleedings: 

Each rabbit was bled 2 or 3 times prior to injection. In 

animals which received more than one injection, the animal was 

bled immediately before each injection. Each animal was bled 

at frequent intervals for about 30 days after the last injection. 

In most experiments, two rabbits were inoculated and bled at 
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the same time and with the same suspension of organisms. One 

rabbit of each pair was immune in that it had been injected 

subcutaneously 2 to 4 months previously with the preparation 

of organisms used as antigen. The other rabbit of each pair 

was a normal rabbit which had never been exposed to an arti-

ficial antigenic challenge. 

4. Testing of Sera: 

Serum was harvested from the blood sample on the same day 

as the blood was obtained, usually 3 to 4 hours after bleeding. 

The sera were stored at -20°C until tested. At the end of the 

test period, all sera from an animal were titrated at the same 

time using a single preparation of reagents for each test. 

In most experiments reported throughout the remainder of 

this thesis each serum sample was titrated for immuno-

conglutinin, complement and antibody levels. Immuno-conglutinin 

was titrated by Method 11a as described by Coombs, Coombs and 

Ingram (1961) (p. p. 180 - 181). Complement was titrated for its 

haemolytic activity using a two-fold dilution series. Antibody 

against bacteria was measured by the haemolytic complement fix-

ation test using the doubling dilution of antibody method. 

Antibodies against red blood cells were measured in a doubling 

dilution series by a direct haemolytic test using guinea pig 

complement. 

C. Experimental Results 

1. The Effect of the Route of Inoculation on Immuno-conglutinin 
Production Using a Single Injection of Listeria monocytogenes: 

a. One immune and one normal rabbit were injected subcutaneously 

with a single inoculation of 9 x 10? List, monocytogenes (killed). 
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Each animal was bled prior to challenge and 1/2, 1, 2, 4, 8, 12 

and 24 hours after injection to follow the early serum responses. 

Subsequently the animals were bled at 2 to 4-day intervals for 

30 days. 

Figure VII-1 shows the responses of the normal rabbit (1339) 

and Fig. VII-2 the responses of the immune rabbit (1343). The 

normal rabbit had a natural conglutinin level of 4 and a decrease 

in this activity occurred for at least 12 hours after challenge. 

The titre then rose to the normal level by 6 days after challenge 

and remained at that level throughout the remainder of the test 

period. There was some increase in the complement activity of the 

serum after challenge. The animal had a low level of normal 

antibodies against Listeria and specific immune antibodies were 

detected from day 4 at a titre of 20. 

The immune rabbit had no normal conglutinating activity in 

its serum and after inoculation a weak reaction was detected 

only on day 9. This animal also showed an increased complement 

titre after inoculation of Listeria. Prior to challenge an anti-

Listeria titre of 160 was present in the serum. Within 8 hours 

after injection this titre had decreased to 40 but subsequently 

rose to a level of 320. 

The subcutaneous inoculation of List, monocytogenes into 

these rabbits failed to stimulate any significant production of 

immuno-conglutinin. 

b. A single intraperitoneal injection of 9 x 10*? killed 

List, monocytogenes was given to one immune and one normal rabbit. 

The course of bleedings was as described in section la. 



Figures VII-1 to 6 



Legend to Figures VII-1 to 18. 

Top graph: Specific anti-bacterial antibodies as measured 
by the haemolytic complement fixation test. 

Bottom graph: Solid dots - Immuno-conglutinin titre. 
Hollow dots - Haemolytic complement titre. 

Figure VII-1 

Serum Responses of Rabbit 1339 Injected Subcutaneously with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected once 
with 9 x 10? killed organisms. 

Figure VII-2 

Serum Responses of Rabbit 1343 Injected Subcutaneously with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected once 
with 9 x 10*? killed organisms. 

Figure V1I-3 

Serum Responses of Rabbit 38 Injected Intraperitoneally with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected once 
with 9 x 10*? killed organisms. 

Figure VI1-4 

Serum Responses of rabbit 1342 Injected Intraperitoneally with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected once 
with 9 x 109 killed organisms. 

Figure VII-5 

Serum Responses of Rabbit 2282 Injected Intramuscularly with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected once 
with 9 x 1CM killed organisms. 

Figure VII-6 

Serum Responses of Rabbit 1341 Injected Intramuscularly with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected once with 
9 x 1(T killed organisms. 
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The serum responses of the normal rabbit (38) are illustrated 

in Fig. VII-3. This rabbit had no normal conglutinating activity 

in its serum but a definite, although low level, activity was 

detected on days 6 to 11. Immune antibody was demonstrated to a 

titre of 20 by 6 days after challenge. 

The serum responses of the immune rabbit (1342) are presented 

in Fig. VII-4. Mo conglutinating activity was detected in the 

serum before challenge but by 4 days after injection a titre of 

16 was present. This titre slowly declined until by 22 days 

no activity was demonstrable. The antibody titre in the serum of 

this animal decreased from 80 to 20 within a few hours after 

challenge but subsequently rose to a titre of 1280 by day 9. 

The intraperitoneal inoculation of List, monocytogenes into 

these rabbits stimulated the production of immuno-conglutinin and 

the previously immune rabbit showed the greater production of 

immuno-conglutinin. 

o 
c. A single intramuscular inoculation of 9 x 10 killed List. 

monocytogenes was injected into each of a pair of rabbits, one of 

which was immune and one, normal. The bleeding was canned out as 

described in 1 a. 

As seen in Fig. VII-5, which shows the serum responses of the 

normal rabbit (2282), some decrease in the normal conglutinating 

activity of the serum occurred immediately after challenge. 

However, this activity had returned to the normal level by day 1 

and had increased to a peak activity of 16 by day 4. Thereafter 

the titre slowly decreased to the normal level. The complement 

activity of this animal showed no drop immediately after challenge 

but increased activity was detected from day 2 to day 14. This 



- 82 -

rabbit had a normal anti-Listeria serum activity of 10 which 

decreased to 5 at 8 hours then rose to 160 by day 6. 

Figure VII-6 shows the serum responses of the immune rabbit 

(1341). This animal had no normal conglutinating activity in 

its serum prior to injection but had a titre of 64 from day 6 to 

8. By day 19, this immuno-conglutinin activity had disappeared. 

The complement level in this animal decreased immediately after 

challenge but rose above normal on day 2 to 4. After 4 days the 

serum became anti-complementary and this is shown by the low 

complement titre detected thereafter. A titre of 320 of antibody 

to Listeria was present in the serum at the time of challenge. 

This level decreased to 80 by 12 hours but rose again to 1280 by 

day 6. 

The intramuscular inoculation of List, monocytogenes into 

these rabbits stimulated the production of immuno-conglutinin 

to a greater degree than subcutaneous or intraperitoneal injec-

tions and the previously immune rabbit showed the greater 

production. 

d. A pair of rabbits, one immune and one normal, were given 
q 

a single intravenous inoculation of 9 x 10? List, monocytogenes. 

The course of bleedings was carried out as described in 1 a. 

Figure VII-7 presents the serum responses detected in the 

normal rabbit (2284). A normal serum level of conglutinating 

activity decreased to 0 by 12 hours after injection but the immuno-

conglutinin titre had risen to 64 by day 4 then declined slowly 

back to normal level by day 25. The complement titre showed a 

drop from 16 to 4 immediately after challenge but rose to above-normal 
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levels on days 2 to 4. The normal antibody activity of the 

serum decreased after challenge but subsequently rose to 320 

by day 6. 

The serum responses of the immune rabbit (1340) are shown in 

Fig. VII-8. Conglutinating activity was detected in neat serum 

before inoculation but this disappeared immediately after challenge. 

By day 4 the immuno-conglutinin titre was 128 and slowly declined 

to the normal level by day 24. The pre inoculation complement 

titre was 4 but this had disappeared immediately after challenge, 

then rose above normal on days 2 and 4. The antibody decreased 

from a pre inoculation titre of 320 to 80 by 2 hours after injec-

tion but rose to 2560 by day 8. 

The intravenous inoculation of List, monocytogenes into these 

rabbits stimulated the highest titres of immuno-conglutinin 

detected in this series of tests and the previously immune rabbit 

showed the greater production of immuno-conglutinin. 

2. The Effect of the Route of Inoculation on Immuno-conglutinin 
Production Using Three Injections of Listeria monocytogenes. 

a. One immune and one normal rabbit were injected 
o 

subcutaneously 3 times at 4-day intervals with 3 x 10 killed 

List, monocytogenes. Each animal was bled immediately before 

and 6 and 12 hours after each inoculation. After the last 

inoculation the rabbits were also bled at 1, 2 and 4 days and 

at 2 to 4-day intervals thereafter for 30 days. 

Figure VII-9 shows the serum responses of the normal rabbit 

(1369). This animal had a normal serum conglutinating activity of 

8 and after each injection there was a drop of one dilution in the 
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Figure VII-7 

Serum Responses of Rabbit 2284 Injected Intravenously with 
Listeria monocytogenes 
This rabbit was not immune to Listeria and was injected once 
with 9 x 109 killed organisms. 

Figure V11-8 

Serum Responses of Rabbit 1340 Injected Intravenously with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected once 
with 9 x 10? killed organisms. 

Figure VII-9 

Serum Responses of Rabbit 1369 Injected Subcutaneously with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10^ killed organisms. 

Figure VII-10 

Serum Responses of Rabbit 1373 Injected Subcutaneously with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected 
3 times with 3 x 10 killed organisms. 

Figure VII-11 

Serum Responses of Rabbit 1368 Injected Intraperitoneally with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10? killed organisms. 

Figure VII-12 

Serum Responses of Rabbit 1372 Injected Intraperitoneally with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected 3 times 
with 3 x10 killed organisms. 
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titre with a subsequent rise to the original titre of 8 by the 

time of the next injection. After the last injection the immuno-

conglutinin titre rose one dilution on day 4 then dropped again 

to the normal level for this animal. The normal antibody level 

decreased after the first injection but then rose steadily to a 

titre of 80 at 4 days after the last injection. 

The serum responses of the immune rabbit (1373) are shown 

in Fig. VII-10. The conglutinating activity of the serum of this 

animal decreased immediately after each inoculation but increased 

between each injection and reached a titre of 64 by 4 days after 

the last injection. The antibody titre decreased after the first 

injection then rose to a titre of 80 by day 4. 

Three subcutaneous inoculations of List, monocytogene 

stimulated some production of immuno-conglutinin and the immune 

rabbit gave a much better response than the normal rabbit. 

b. Three intraperitoneal injections of 3 x 10*? killed List. 

monocytogenes were given to one immune and one normal rabbit. The 

course of bleedings and injections were as described in 2a. 

The serum responses of the normal rabbit (1368) are illus-

trated in Fig. VII-11. This rabbit showed a drop in the level of 

serum conglutinating activity immediately after each injection and 

showed the highest immuno-conglutinin titre of 8 from 4 to 8 days 

after the last inoculation. 

Figure VII-12 presents the serum responses of the immune 

rabbit (1372). This animal had no preinoculation level of serum 

conglutinating activity but after the first injection, immuno-

conglutinin was detected in all serum samples. There was a 
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decreased Immuno-conglutinin titre immediately after the second 

and third injection and a peak titre of 64 was present 4 days 

after the last injection. The complement level rose above normal 

at the time of the third injection but by 4 days after the last 

injection the serum was markedly anti-complementary and no 

complement activity could be demonstrated. The antibody titre 

dropped immediately after each injection but rose between 

injections and reached a titre of 320 after the last injection. 

Three intraperitoneal inoculations of killed List. 

monocytogenes stimulated the production of immuno-conglutinin 

to a greater degree than subcutaneous inoculations and the 

immune rabbit gave a better immuno-conglutinin response than the 

normal rabbit. 

o 
c. Three intramuscular injections of 3 x 10 killed List. 

monocytogenes were given to a pair of rabbits, one of which was 

immune and the other, normal. The timings of inoculations and 

bleedings were as described in 2a. 

The serum responses of the normal rabbit (1407) are shown 

in Fig. VII-13. Mo conglutinating activity was present in the 

serum of this animal before the first inoculation but each 

inoculation stimulated an increased serum conglutinating activity 

and a peak titre of 64 was reached 4 days after the last inoculation. 

The antibody titre rose between each injection and reached a height 

of 1280 by day 4 after the last injection. 

Figure VII-14 presents the data obtained from the serum 

titrations of the immune rabbit (1371). The normal conglutinin 
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Figure VII-13 

Serum Responses of Rabbit 1407 Injected Intramuscularly with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10^ killed organisms. 

figure VII-14 

Serum Responses of Rabbit 1371 Injected Intramuscularly with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected 
3 times with 3 x 10*? killed organisms. 

Figure VI1-15 

Serum Responses of Rabbit 1338 Injected intravenously with 
Listeria monocytogenes. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10 killed organisms. 

Figure VII-16 

Serum Responses of Rabbit 1370 Injected Intravenously with 
Listeria monocytogenes. 
This rabbit was immune to Listeria and was injected 
3 times with 3 x 10*? killed organisms. 

Figure V11-17 

Serum Responses of rabbit 2263 Injected Intravenously with 
Salmonella typhimurium. 
This rabbit was not immune to Salmonella and was injected 
3 times with 2 x 10*?, 3 x 10? and 4 x 10? killed organisms. 

Figure VII-18 

Serum Responses of rabbit 2265 Injected Intravenously with 
Salmonella typhimurium. 
This rabbit was not immune to Salmonella and was injected 
3 times with 2 x 10?, 3 x 10' and 4 x 10*? killed organisms. 
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level of 2 was lowered after the first injection but rose 

subsequently between each injection to a peak titre of 32 at 

4 days after the last injection. The antibody titre decreased 

after each inoculation and only rose to a titre of 640. Since 

a secondary type of antibody response was expected this relatively 

poor antibody response must be considered in interpreting these 

data. 

Three intramuscular inoculations of killed List, monocytogenes 

stimulated the production of immuno-conglutinin to a greater 

degree than subcutaneous inoculations. 

d. A pair of rabbits, one immune and one normal, was 
o 

injected intravenously three times with 3 x 10' killed List. 

monocytogenes. The course of injections and bleedings were 

carried out as described in 2a. 

Figure VII-15 illustrates the serum responses of the normal 

rabbit (1338). This rabbit had a normal conglutinin titre of 16 

and immediately after each injection a drop in titre was detected 

but the titre rose to 256 by 4 days after the last inoculation. 

The complement activity decreased immediately after each injection 

and was above normal from after the first injection until 8 days after 

the last injection. The antibody titre rose from 0 to 1280 

during the test period. 

The data obtained from the serum titrations of the immune 

rabbit (1370) are presented in Fig. VII-16. The conglutinating 

activity of the serum of this animal rose from the preinoculation 

level of 0 to 1024 at 4 days after the last injection. The serum 

of this animal was markedly anti-complementary and no haemolytic 
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complement activity of the serum could be detected. The antibody 

titre of the sera dropped immediately after each injection but 

during the test it rose from a preinoculation titre of 80 to 

10, 240. 

Three intravenous inoculations of killed List, monocytogenes 

into these rabbits stimulated the highest titre of immuno-

conglutinin detected in this series of tests. These two rabbits 

had the highest immuno-conglutinin titre of any animal inoculated 

with Listeria whether by a single injection or multiple injections. 

3. The Production of Immuno-conglutinin in Rabbits Injected Three 
Times Intravenously with Salmonella typhimurium. 

Two normal rabbits were injected intravenously with a series 

of 3 injections of 2 x 10?, 3 x 10^ and 4 x 10? killed SALM, 

typhimurium at 4-day intervals. Each rabbit was bled 3 tines 

before the first injection and immediately before each injection. 

After the last injection the rabbits were bled at 2 to 4-day 

intervals for 30 days. 

The data from the titration of serum samples from these 

rabbits are presented in Fig. VII-17 (rabbit 2283) and Fig. VII-18 

(rabbit 2285). Both rabbits had a normal level of conglutinating 

activity of 4 in their serum and both developed an immuno-conglutinin 

titre of 256. The complement titre of these rabbits was above 

normal for a short time during the course of injections. The 

antibody titre in each animal rose to a level of 10, 240. It is 

interesting that these two animals gave very similar immune 

responses: they were littermates. 

Multiple intravenous injections of killed Salm. typhimurium 

stimulated a high titre of immuno-conglutinin. 
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The Production of Immuno-conglutinin in a Rabbit Injected 
Intravenously with Red Blood Cells. 

One rabbit, 735, which had been given a series of injections 

of mouse red blood cells 8 months previously, was given 4 intra-

venous injections of 0. 5, 1, 1. 5 and 2 ml of a 50% suspension of 

mouse red blood cells in sterile saline. The rabbit was bled 

immediately before each injection and at 2 to 4-day intervals 

after the last injection for 30 days. 

The results of the titration of the serum samples from this 

animal are presented in Fig. VI1-19. During the immune response 

of this animal the conglutinating activity of the serum rose from 

a preinoculation level of 1 to a titre of 32 after the last injec-

tion. The complement titre of this animal dropped below normal 

during the course of injections but returned to normal levels 

when the course of injections was completed. The haemolysin 

level of the serum rose from 10 to 128, 000 then gradually dropped. 

The intravenous injection of mouse red blood cells into a 

rabbit stimulated the production of Immuno-conglutinin. 

5. The Production of High Titred Immuno-conglutinin serum in 
Rabbits by Auto-stimulation. 

Several experiments were undertaken in rabbits to find a 

method of stimulating a high titre of immuno-conglutinin (auto-

stimulation) in rabbits by the injection of killed bacteria. 

Suspensions of killed Salm. typhimurium and Past, multocida 

were injected intravenously to find a standard method which 

would consistently give high titres of immuno-conglutinin. 

It was found that the injection of relatively small numbers 



- 89 -

(l x 10^ to 1 x 10^) of killed bacteria, even if multiple 

injections were given, resulted in low titres of immuno-

conglutinin and inconsistent results. Therefore suspensions 

of bacteria containing about 4 x 10^ organisms were injected 

intravenously into normal animals. All rabbits injected 

with this number of Salm. typhimurium died from a marked 

toxaemia within 24 hours of the first injection. Similarly, 

3 out of 4 rabbits injected with this number of Past, multocida 

died of toxaemia. One rabbit survived 4 injections of 4 x 10^ 

Past, multocida and the results of the immuno-conglutinin 

titration of its serum are shown in Table VII-1, first section 

of rabbits 59 and 60. The highest titre stimulated in the serum 

of this animal was 256. 

Attempts were then made to use graded doses of killed 

organisms in normal rabbits starting with a non-toxic dose and 

gradually working up to large doses. The results of one such 

experiment is shown in Table VII-1, first section of rabbits 583 

and 584. By this method the toxic effects of the bacterial 

suspensions were overcome but with the doses used, only low levels 

of immuno-conglutinin were obtained. 

When the results of the experiments reported in section 1 and 

2 of this chapter indicated that a better immuno-conglutinin 

response was obtained in immune animals, experiments were under-

taken using immune rabbits injected with graded doses of killed 

bacteria. Each animal was rested for 8 to 10 months after a 

course of injections of killed bacteria then each animal received 
o 

a course of 4 injections of bacteria ranging from 2 x 10' organisms 

to 4 x 10^ organisms at 4-day intervals. 
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Table VII-1 shove the immuno-conglutinin response of six 

rabbits injected in this way and illustrates that high titred 

immuno-conglutinin serum can be obtained quite regularly. Titres 

as high as 8192 have been obtained by this method. 

D. Discussion 

1. Effect of Route of Inoculation: 

The production of immuno-conglutinin can be stimulated in 

rabbits by the injection of particulate antigen: bacterial cells 

or red blood cells. Ingram (1958) reported that by the intra-

peritoneal inoculation of a large number of killed bacteria it 

can be shown that the titre of immuno-conglutinin produced was 

directly proportional to the decreased complement activity 

(presumably fixed to the injected bacteria) detected immediately 

after challenge. The results of the experiments reported in this 

chapter are in agreement with this earlier report. 

The route of inoculation had a marked effect on the subsequent 

production of immuno-conglutinin. With both single and multiple 

injections of killed organisms the routes of inoculation fell into 

the same sequence of effectiveness. The only exception which is 

apparent is rabbit 1371, Fig. VII-14, which showed a lower titre 

of immuno-conglutinin than could be expected. It is noteworthy 

that this animal also showed a low antibody response as this low 

response indicates that the animal may have been a poor reactor 

immunologically, at least as far as Listeria antigen is concerned. 

The routes of inoculation in increasing order of effectiveness for 

immuno-conglutinin production (auto-stimulation) are 

1. Subcutaneous 

2. Intraperitoneal 





Figure VII-19 

Serum Responses of Rabbit 735 Injected Intravenously with 
Mouse Red Blood Cells. 
This rabbit was immune to mouse erythrocytes and was 
injected 4 times with 0 . 5, 1. 0, 1. 5 and 2 ml of a 50% 
suspension of cells. 

Legend 

Top graph: Anti-mouse-red-blood-cell antibodies as 
measured by the direct haemolytic test. 

Bottom graph: solid dots - Immuno-conglutinin titre. 
Hollow dots - Haemolytic complement titre. 

Legend to Figures VII-20 and 21 

Figure VII-20 

Immuno-conglutinin Responses of Rabbits Inoculated once 
with 9 x lO' killed Listeria monocytogenes. 

Figure VII-21 

Immuno-conglutinin Responses of Rabbits Inoculated three 
times with 3 x 10' killed Listeria monocytogenes. 
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3. Intramuscular 

4. Intravenous 

2. Comparison of the Effect of Single and Multiple Injections: 

The averaged results of the 4 routes of inoculation are 

shown in Fig. VII-20 for the single injection experiments and in 

Fig. VII-21 for the multiple injection experiment. 

In the experiments in section 1 and 2 each animal was 

injected with an equal number of List, monocytogenes. Figures VII-20 

and VII-21 show that, in general, the animals injected with multiple 

doses gave a higher immuno-conglutinin response than did rabbits 

receiving the same number of organisms in a single dose. In this 

respect, the production of immuno-conglutinin is similar to the 

production of specific immune antibody. 

3. Comparison of Bacterial Antigens: 

Experiments in mice showed in this species some bacteria were 

much more effective than others in stimulating immuno-conglutinin 

production. Coombs and Coombs (1953) reported that Gram-negative 

bacteria were more effective than Gram-positive bacteria in stimulat-

ing immuno-conglutinin production. However their challenge doses 

of the various organisms were not equal and they state that "the 

injection of the Gram-negative organisms certainly distressed the 

animals more than the Gram-positive organisms'. It seems that 

somewhat toxic doses of the Gram-negative organism were injected. 

Experiments reported here show that some Gram-positive organisms 

are effective in stimulating immuno-conglutinin production. 
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Effect of the Immune State of an Animal on 
Immuno-conglutinin Production: 

Immune animals gave a greater immuno-conglutinin response 

than did normal animals. This could easily be explained if it is 

accepted that immuno-conglutinin is an antibody against fixed 

complement because in immune animals a greater fixation (or 

adsorption) of complement occurs and thus more of the specific 

stimulus for immuno-conglutinin production is formed in the 

animal. 

5. Effect of Challenge Dose on Immuno-conglutinin Production: 

In the experiments reported in section 5 it was shown that 

quite large doses of bacteria were necessary to cause the auto-

stimulation of immuno-conglutinin production. However, in order 

to inject such large numbers of organisms, graded doses were 

necessary to work up to the effective number of bacteria in order 

to obtain consistently high titres of immuno-conglutinin. Coombs 

and Coombs (1953) reported that high titres of immuno-conglutinin 

(auto-stimulation) were produced only in animals injected with 

toxic doses of bacteria. However, by the injection of the graded 

doses of killed bacteria high titres of immuno-conglutinin can be 

achieved without producing toxic symptoms in the animal. 

6. The Period of High Immuno-conglutinin Titres: 

In all the results reported in this chapter, the times of 

increasing and peak titres of immuno-conglutinin were the same 

as those of specific immune antibody. However the immuno-

conglutinin titre dropped off much faster than that of specific 

immune anti-bacterial activity. Thus the levels of immuno-

conglutinin had usually returned to the normal level for the 
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animal within 30 days after challenge. In considering the 

possible application of immuno-conglutinin for prophylaxis 

in clinical medicine, the short time of the increased immuno-

conglutinin levels is a serious drawback to this method of 

stimulating immuno-conglutinin. 

E. Summary 

The route of inoculation of antigen has great effect on the 

subsequent production of immuno-conglutinin (auto-stimulation). 

The intravenous route of inoculation and multiple injections of 

antigen result in the highest titre of immuno-conglutinin. 

Immune rabbits produce a higher immuno-conglutinin titre than 

do normal rabbits when equal antigenic challenges are used. 

The production of immuno-conglutinin (auto-stimulation) 

has been stimulated by injections of red blood cells or 

suspensions of killed List, monocytogenes, Salm. typhimurium or 

Past, multocida into rabbits. 
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AUTO-STIMULATION OF IMMUNO-CONGLUTININ PRODUCTION 
IN RABBITS BY SOLUBLE ANTIGENS 

A. Introduction 

The production of immuno-conglutinin after stimulation of 

rabbits with soluble antigens was studied by Wartiovaara (1932) 

and Coombs and Coombs (1953). The soluble antigens were found 

either to be poorly effective or apparently completely ineffective 

in stimulating the production of immuno-conglutinin. However, 

these investigators used only relatively small injections of these 

antigens. 

Ingram (1953) reported that following the injection of 

relatively large doses of soluble antigens into mice a definite 

production of immuno-conglutinin was demonstrable. 

The object of this series of experiments was to find 

whether injections of soluble antigens are able to stimulate 

the production of immuno-conglutinin in rabbits and to find the 

effect of the size of the dose of antigen on immuno-conglutinin 

production by auto-stimulation. 

B. Materials and Methods 

1. Protein Solutions: 

Three soluble antigens were used in these experiments. 

(a) The bovine plasma albumen was a commercial preparation 

(Armour and Company) and was stored as the crystalline product 

at 4°C. Immediately before use, a solution of the desired amount 

of bovine plasma albumen was made up in sterile distilled water. 

(b) The egg-albumen solution was prepared by the method of 
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Kekwick and Cannan (1936) from chicken eggs and was purified 

by three precipitations. After the third precipitation the 

crystalline egg albumen was made up to a 5% solution in sterile 

saline. This solution was stored at -20°C and was thawed and 

diluted to the desired concentration immediately before use. 

(c) The ground nut protein was obtained from Unilever Ltd., 

Food Research Division, Sharnbrook, Bedford, England through the 

courtesy of Dr. Philp. This material was stored as a powder and 

solutions of the desired amount of protein were made up immediately 

before use in sterile saline. This powder was relatively insoluble 

and filtration was necessary in order to remove the particles from 

solution. 

2. Course of Injections and Bleedings: 

Several different courses of single or multiple injections 

and various quantities of antigen were tested. These variations 

are described separately with each experiment, each rabbit was 

bled 2 or 3 times prior to inoculation and at frequent intervals 

after injection to follow the serum responses of the animal. 

3. Testing of Sera: 

The serum samples were stored at -20°C and all samples for 

an animal were tested at one time against a single preparation of 

reagents. The level of complement and conglutinating activity 

of the sera were titrated in a doubling dilution series. The 

antibody titres were measured by the tan-cell technique and also, 

in many cases, by the haemolytic complement fixation test. 
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C. experimental Results 

1. Immuno-conglutinin Production in rabbits Injected with 
Various Doses of Bovine Plasma Albumen: 

(a) Two normal rabbits, 2286 and 2287, were injected once 

intravenously with 30 mg of bovine plasma albumen in 1 ml. The 

serum responses of these animals are shown in Figs. VIII-1 and 

VIII-2. The serum of both animals showed a slight increase in 

conglutinating activity and the highest titres were reached by 

day 11 after challenge. There was also a slight, transient 

increase in complement titres. The antibody response, as measured 

by the haemolytic complement fixation test, was negligible. 

However by using the more sensitive tan-cell technique, the 

production of specific antibodies was clearly demonstrated. 

A single intravenous injection of 30 mg. of bovine plasma 

albumen stimulated a small increase in the conglutinating activity 

of the serum of two rabbits. 

(b) Two normal rabbits, 2293 and 2298, were given a single 

intravenous injection of 90 mg of bovine plasma albumen in 1 ml. 

The serum responses of these animals are illustrated in Fig. VIII-3 

and VIII-4. Both animals showed a alight increase in serum immuno-

conglutinin levels with a high point occurring about day 11 or 12. 

Once again the haemolytic complement fixation test failed to show 

any significant antibody production but the tan-cell test showed 

the definite production of specific antibodies. The antibody titre 

obtained was slightly higher than in the rabbits injected with 30 mg 

of this antigen. 

A single intravenous injection of 90 mg of bovine plasma 

albumen stimulated a weak immuno-conglutinin response. 





Legend to Figures VIII-1 to 18. 

Top Graph: Solid dots - Antibody titre as measured by the 
tan-cell test. 

Hollow dots - Antibody titre as measured by the 
haemolytic complement fixation 
teat. 

Bottom graph: Solid dots - Immuno-conglutinin titre. 
Hollow dots - Haemolytic complement titre. 

Figure VIII-1 

Serum Responses of Rabbit 2286 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was not immune to bovine plasma albumen and 
was injected once with 30 mg. of the antigen. 

Figure VII1-2 

Serum Responses of Rabbit 2287 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was not immune to bovine plasma albumen and 
was injected once with 30 mg. of the antigen. 

Figure VII1-3 

Serum Responses of Rabbit 2293 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was not immune to bovine plasma albumen and 
was injected once with 90 mg. of the antigen. 

Figure VII1-4 

Serum Responses of Rabbit 2298 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was not immune to bovine plasma albumen and 
was injected once with 90 mg. of the antigen. 

Figure VIII-5 

Serum Responses of rabbit 2291 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was immune to bovine plasma albumen and 
was injected once with 90 mg. of the antigen. 

Figure VI11-6 

Serum Responses of Rabbit 2299 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was immune to bovine plasma albumen and 
was injected once with 90 mg. of the antigen. 
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(c) Two immune rabbits, 2291 and 2299, were given a single 

intravenous injection of 90 mg of bovine plasma albumen in 1 ml. 

Figs. VIII-5 and VIII-6 present the serum reactions of these 

animals and show that they reacted very similarly, both rabbits 

responded to the injection with the production of immuno-

conglutinin and the peak titre was detected 4 days after the 

injection. Both animals showed a sharp drop in antibody and 

complement titre immediately after challenge and 2299, which had 

a normal conglutinin titre, reacted to challenge with an immedi-

ate drop in the level of conglutinating activity. Both animals 

responded with a marked production of antibody. 

A single intravenous injection of 90 mg of bovine plasma 

albumen into immune rabbits stimulated the production of immuno-

conglutinin. The production of immuno-conglutinin in these 

animals occurred earlier and was slightly higher than in normal 

rabbits. 

(d) Two immune rabbits, 2294 and 2295 were injected 3 times 

intravenously with 30 mg of bovine plasma albumen in 1 ml and 

serum responses are shown in Fig. VIII-7 and VIII-8. Prior to 

inoculation, rabbit 2294 did not have any conglutinating activity 

in its serum and after 3 injections the titre rose only to 2. 

Rabbit 2295 had a normal serum conglutinin titre of 4 and this 

activity disappeared immediately after injection but rose again 

to a titre of 8 after the course of injections—an increase of only 

one dilution above the normal level. Both animals showed a decrease 

in serum complement titre immediately after challenge. High titres 
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of antibody were produced in these rabbits. 

Three intravenous injections of 30 mg of bovine plasma 

albumen stimulated a weak immuno-conglutinin response in these 

two immune rabbits. 

2. Immuno-conglutinin Production in rabbits Injected 
with Various Doses of egg Albumen: 

(a) Two normal rabbits, 2366 and 2367, were injected 3 times 

intramuscularly with 8 mg of egg albumen at 4-day intervals. 

The serum responses of these animals are illustrated in Fig. VIII-9 

and VIII-10. Rabbit 2366, Fig. VIII-9, showed no conglutinating 

activity in its serum at any time during the test period. 

However, rabbit 2367, Fig. VIII-10, had a normal titre of 

tinin in its serum and there was a slight, transient increase dur-

ing and immediately after the course of injections. Rabbit 2366 

gave a minor serum antibody response but rabbit 2367 produced 

antibody to a fair titre. 

Three intramuscular injections of 8 mg of egg albumen failed 

to stimulate any significant increase in the conglutinating 

activity of the serum of these rabbits. 

(b) Two immune rabbits, 2368 and 2369, were given a single 

intravenous injection of 150 mg of egg albumen in 3 ml. As 

shown in Fig. VIII-11, rabbit 2368, showed a drop in the conglu-

tinating, complement and antibody activities of the serum and died 

on day 1. The other rabbit, Fig. VIII-12, also showed a marked 

drop in the serum levels of conglutinin, complement and antibody 

and, although distressed by the injection, survived. In this 

animal there was a rise of one dilution above normal in the 





Figure VIII-7 

Serum Responses of "rabbit 2294 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was immune to bovine plasma albumen and 
was injected 3 times with 30 mg. of the antigen. 

Figure VII1-8 

Serum Responses of rabbit 2295 Injected Intravenously with 
Bovine Plasma Albumen. 
This rabbit was immune to bovine plasma albumen and 
was injected 3 times with 30 mg. of the antigen. 

Figure VIII- 9 

Serum Responses of Rabbit 2366 Injected Intramuscularly with 
Egg Albumen. 
This rabbit was not immune to egg albumen and was injected 
3 times with 8 mg. of the antigen. 

Figure VIII-10 

Serum Responses of Rabbit 2367 Injected Intramuscularly with 
Egg Albumen. 
This rabbit was not immune to egg albumen and was injected 
3 times with 8 mg. of the antigen. 

Figure VIII-11 

Serum Responses of Rabbit 2368 Injected Intravenously with 
Egg Albumen. 
This rabbit was immune to egg albumen and was injected 
once with 150 mg. of the antigen. 

Figure VIII-12 

Serum Responses of rabbit 2369 Injected Intravenously with 
Egg. Albumen. 
This rabbit was immune to egg albumen and was injected 
once with 150 mg. of the antigen. 
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conglutinating activity of the serum from day 8 to 12. A marked 

antibody response occurred in this animal. 

A single intravenous injection of 150 mg of egg albumen 

failed to stimulate any significant increase in the conglutinating 

activity of the serum of this rabbit. 

(c) Two immune rabbits, 2366 and 2369, were injected 

intravenously with 50 mg of egg albumen. One rabbit died after 

the first injection but the other was given 3 injections at 4-day 

intervals. Figure VIII-13 shows the serum responses of rabbit 

2369. Immediately after challenge, there were decreases in the 

serum levels of conglutinin, complement and antibody. Although 

there was a slight increase in antibody and complement activity 

by 8 hours, the rabbit was dead at 12 hours after injection. The 

serum responses of the other rabbit of this pair are shown in 

Fig. VIII-14. This rabbit had no conglutinin or antibody activity 

in its serum but definite responses of immuno-conglutinin and 

antibody were detected after the second injection. An immuno-

conglutinin titre of 16 was present from day 4 to 8. 

Three intravenous injections of 50 mg of egg albumen 

stimulated a definite increase in the immuno-conglutinin level in 

one immune rabbit. 

(d) Two normal rabbits, 2861 and 2862, were injected intra-

venously with a single injection of 2000 mg of egg albumen in 20 ml. 

The serum responses of these two rabbits are shown in Fig. VIII-15 

and VIII-16. As seen in Fig. VIII-15, rabbit 2861 showed a minor 

drop in the conglutinin level of its serum immediately after 

challenge, then a return to the normal level but a second more 





Figure VII1-13 

Serum Responses of Rabbit 2369 Injected Intravenously with 
Egg Albumen. 
This rabbit was immune to egg albumen and was injected 
once with 50 mg. of the antigen. 

Figure VIII-14 

Serum Responses of Rabbit 2366 Injected Intravenously with 
Egg Albumen. 
This rabbit was immune to egg albumen and was injected 
3 times with 50 mg. of the antigen. 

Figure VIII-15 

Serum Responses of Rabbit 2861 Injected Intravenously with 
Egg Albumen. 
This rabbit was not immune to egg albumen and was injected 
once with 2000 mg. of the antigen. 

Figure VIII-16 

Serum Responses of Rabbit 2862 Injected Intravenously with 
Egg Albumen. 
This rabbit was not immune to egg albumen and was injected 
once with 2000 mg. of the antigen. 

Figure VIII-17 

Serum Responses of Rabbit 193 Injected Intravenously with 
Ground Nut Protein. 
This rabbit was not immune to ground nut protein and was 
injected once with 720 mg. of the antigen. 

Figure VIII-18 

Serum Responses of Rabbit 195 Injected Intravenously with 
Ground Nut Protein. 
This rabbit was not immune to ground nut protein and was 
injected once with 720 mg. of the antigen. 
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pronounced drop occurred At about day 20 and finally there was a 

partial return to the normal level in this animal. No significant 

change in complement titre occurred. The antibody response was 

quite weak and the highest titre* detected, 80, was reached by day 

12. In rabbit 2862, as shown in Fig. VIII-16, the normal 

conglutinin level in the serum disappeared immediately after 

challenge but a slightly higher-than-normal level was 

detected from day 5 to 11. This increase was followed by a return 

to normal level and a second decrease on about day 21. Only minor 

and transient changes in the complement titre were shown. The 

antibody response was weak and the highest titre detected was 80. 

A single intravenous injection of 2000 mg of egg albumen 

failed to stimulate any significant increase in the conglutinating 

activity of the serum of these two normal rabbits. 

3. Immuno-conglutinin Production in Rabbits Injected 
with Ground Nut Protein: 

Two normal rabbits, 193 and 195, were given a single intra-

venous injection of 720 mg of ground nut protein in 18 ml. The 

serum responses of rabbit 193 are shown in Fig. VIII-17. This 

animal had a normal serum level of conglutinating activity which 

decreased slightly immediately after injection, rose one dilution 

above normal from day 10 to day 12 and then returned to the pre-

inoculation level. The antibody titre rose to a peak of 80 by 

day 15 and then declined somewhat. Fig. VIII-18 shows the serum 

responses of rabbit 195. Although the animal had no conglutinating 

activity in its serum prior to injection, a low-titred reaction 

was detected from day 12 to day 22. The highest antibody titre 
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detected in this rabbit was 20. 

A single intravenous injection of 720 mg of ground nut 

protein stimulated a very weak immuno-conglutinin response in 

the serum of these two normal rabbits. 

D. Discussion 

1. The Efficacy of Soluble Antigens in Stimulating 
Immuno-conglutinin Production: 

Injections of soluble antigens into rabbits were found either 

to be poorly effective or completely ineffective in stimulating 

immuno-conglutinin production (auto-stimulation) in rabbits. These 

results are in accord with the reports of Wartiovaara (1932) and 

Coombs and Coombs (1953). However, neither of these investigators 

carried out frequent bleedings and, in view of the relatively 

short time of high titres, they may well have missed the peak 

activity. The results reported here confirm the previous reports 

that very low titres of conglutinating activity are stimulated by 

the injection of soluble antigens. 

2. Effect of the Immune State of the Animal: 

The immuno-conglutinin response in non-immune rabbits injected 

with soluble antigens occurred at about days 9 to 14 which is con-

siderably later than the response of rabbits injected with 

particulate antigens. These results are in agreement with the 

report of Hawn and Janeway (1947) that rabbits given a single 

large injection of bovine plasma albumen did not clear the antigen 

from the blood stream or show any serum antibody titre for 10 to 

14 days after inoculation. 
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3. Effect of Challenge Dose: 

Wilson and Miles (1955) point out that as the dose of antigen 

is increased above a certain minimum threshold, the measurable 

antibody response increases also but, as noted by Topley (1930), 

beyond a certain point, increasing the dose of antigen will yield 

proportionately diminishing returns. In some instances, an excess 

dose of antigen will actually inhibit the antibody response (Felton, 

1949). These reports have all been confirmed by the findings 

in these experiments since a small dose of antigen stimulated very 

low antibody responses, by increasing the amount of the dose a 

much better antibody response was detected but a very large dose of 

antigen caused very little antibody production in comparison to the 

amount of antigen injected. Although no high titre of immuno-

conglutinin was detected in these experiments, the response was in 

general, similar to the antibody response in that low doses of 

antigens caused no Immuno-conglutinin response, larger doses gave 

rise to the greatest response and very large doses of antigen 

caused smaller responses. 

4. Immuno-conglutinin and Experimental serum Sickness 

The injection of the very large doses of antigen were under-

taken because of the association of such injections with hyper-

sensitivity. The pathogenesis of experimental serum sickness in the 

rabbit has been extensively investigated since the demonstration by 

Rich and Gregory (1943 a and b) that a single large injection of 

heterologous serum may produce the characteristic lesions of 

glomerulonephritis, arteritis and endocarditis. Hawn and Janeway 

(1947) and Germuth (1953) studied the time of development of the 
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cardiovascular, renal and granulomatous lesions in relation to the 

blood clearance of the antigen and the time of appearance of cir-

culating antibody-. All tissue lesions developed during the 

"immune" phase of antigen elimination, that is, when both antigen 

and antibody were circulating in the blood stream in the form of 

immune complexes, -and regressed after antigen had been completely 

eliminated and when free antibody had appeared in the circulation. 

These temporal relationships indicate that tissue lesions which 

occur after the intravenous administration of foreign protein are 

the result of antigen-antibody combination. 

Whether immuno-conglutinin played any part in experimental 

serum sickness was not known and the experiments involving tne 

injection of large doses of soluble antigen were undertaken to 

find if immuno-conglutinin may be involved in this type of response. 

It was found that immuno-conglutinin was present in the serum dur-

ing the time of the "immune" phase of antigen elimination but the 

titre was low. It is doubtful that the low level of conglutinating 

activity in the serum would be significant in the production of 

lesions of experimental serum sickness. However, the reason that 

only low levels of immuno-conglutinin were detected may be that although 

the immuno-conglutinin production may have been active to a 

marked degree, the immuno-conglutinin which was liberated into 

the circulation may have been bound by the circulating antigen-

antibody complexes which would fix complement in vivo and thus 

have formed the substrate for binding immuno-conglutinin. The 

short period of time during which immuno-conglutinin is detectable 

after an antigenic challenge indicates that the actual period of 
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immuno-conglutinin production is very short. If most immuno-

conglutinin is removed from the circulation as it is formed, the 

serum level of conglutinating activity may never be high and this 

may explain why immuno-conglutinin levels did not increase 

markedly following the "immune" stage of antigen elimination. 

Germuth, Pace and Tippett (1955) using one large injection 

of soluble antigen in immune rabbits showed a faster elimination 

of antigen and the time of peak incidence of tissue alterations 

also was accelerated. The experiments reported in this chapter 

showed that the production of immuno-conglutinin also occurred 

sooner after injection in immune rabbits than in non-immune 

rabbits. 

E. Summary 

A weak or negligible immuno-conglutinin response was detected 

in rabbits receiving injections of bovine plasma albumen, egg 

albumen and ground nut protein. Various doses of these soluble 

antigens were injected but no high titres of immuno-conglutinin 

were detected. These results are discussed in relation to the 

significance of immuno-conglutinin in experimental serum sickness 

in rabbits. 
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THE EFFECT OF ADJUVANT UN THE STIMULATION OF 
IMMUNO-CONGLUTININ PRODUCTION IN RABBITS 

< A. Introduction 

Adjuvants are substances which, when mixed with antigens and 

injected into animals, increase the formation and persistence of 

antibody. Many adjuvants are believed to bring about this increased 

antibody production by diminishing the rate of antigen release from 

the injection site. Alum is one of the most widely used adjuvants 

and was introduced by Glenny, Pope, Waddington and Wallace (1926). 

Many other substances have been used successfully as adjuvants 

including oil preparations, charcoal, tapioca, lanolin, calcium 

and magnesium salts, bacteria and bacterial products. 

Freund and his colleagues used lanolin to improve the anti-

genicity of heat-killed tubercle bacilli and found that the oil-

tubercle bacillus mixture itself was an active adjuvant for other 

antigens. Freund and Bonantc (1944) developed the technique based 

on the preparation of water-in-oil emulsions of the antigens, 

either with or without added killed tubercle bacilli as a potent 

adjuvant. Paraffin oil and mycobacteria may enhance antibody 

formation by inciting local inflammation (Freund, 1947 and 1951) 

but the oil also retards absorption, destruction and elimination 

of the antigen and permits continuous antigenic stimulation for 

long periods. 

A review of the literature indicates that no report has been 

published on the effect of adjuvant on the stimulation of immuno-

conglutinin production. Therefore, experiments were undertaken 

to find whether increased formation or more persistent high levels 
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of immuno-conglutinin, hetero- and auto-stimulation were produced 

by the incorporation of adjuvant in the inoculum. 

B. Materials and Methods 

1. Antigens: 

a. Suspensions of kaolin treated with horse complement 

were prepared as described in Chapter IV. 

b. Suspensions of killed List, monocytogenes were prepared 

as described in Chapter V. 

c. Egg albumen solutions were prepared from 4 times 

recrystallized hen egg albumen as described in Chapter VIII. 

d. A pool of human serum obtained from several group 0 

persons was used to prepare the alum precipitated human globulin. 

2. Preparation and Mixing of Freund's Adjuvant: 

The immunizing material was prepared in double strength. 

A mixture of 8. 3 volumes of Bayol F (a light paraffin oil 

obtained from Stanco Distributors, Inc. ) and 1. 5 volumes of 

Arlacel A (a lanolin-like oil obtained from Atlas Powder Co., 

Wilmington, Delaware) was sterilized by autoclaving. After 

sterilization, 10 mg of dried Mycobacterium tuberculosis which had 

been killed by heat at 70°C for 30 minutes was added to each 100 

ml of the oil mixture and thoroughly mixed by grinding in a mortar. 

To this mixture, an equal volume of the double-strength antigen 

was added and mixed by aspirating it repeatedly into a syringe 

through a large needle until an emulsion was obtained. The 

emulsion was tested by allowing a drop to fall onto the surface 

of water. If the drop remained perfectly formed and did not 

spread over the surface, the emulsion was ready for use. 
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The complete Freund's adjuvant, containing killed 

Mycobacterium was used in these experiments. 

3. Preparation of Alum-Precipitated Human Globulin: 

The method of Proom (1943) was followed. 

Twenty-five ml of pooled group 0 serum was diluted with 

80 ml of distilled water and 90 ml of 10% aqueous solution of 

potassium alum (KA1(S0^)g. l2 H2O) was added. The pH of the 

mixture was adjusted to 6. 5 by adding 5 N sodium hydroxide. 

Since the pH change is sudden, the caustic-soda was added 

carefully drop by drop. The mixture was centrifuged and the 

supernatant fluid removed. 

the precipitate was washed twice with 200 ml of a 1: 10, 000 

saline solution of merthiolate. Finally the washed precipitate 

was made up to a volume of 100 ml by adding the 1: 10, 000 saline 

solution of merthiolate. This suspension was stored for up to 

14 days at 4°C. 

4. Course of Injections and Bleedings: 

each rabbit was bled 2 or 3 times prior to inoculation and 

immediately before each injection. A course of 3 injections at 

4-day intervale was given to each animal. The animals were bled 

at 3 to 4-day intervals for 2 weeks after the last injection and 

then at weekly intervals for several months. 

C. Experimental Results 

I. Hetero-stimulation Experiments 

1. Effect of the Route of Injection of Kaolin Treated with 
Fresh Horse Serum and Mixed with Freund's Adjuvant. 
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a. Two normal rabbits, 589 and 590, were injected 

subcutaneously 3 times with 1 ml of kaolin (10 mg) treated with 

unheated horse serum and emulsified in Freund's adjuvant. The 

results of the titrations of the serum samples from these rabbits 

are shown in Fig. IX-1 and IX-2. Both animals produced immuno-

conglutinin to a fairly high titre and the high titres were Main-

tained for a longer period than in the animals injected with 

kaolin treated with horse complement and suspended in saline. 

Similarly, the antibody titre of the serum of these animals was 

much higher than in animals in which the kaolin preparation was 

suspended in saline. 

Two rabbits injected 3 times subcutaneously with kaolin treat-

ed with active horse serum and emulsified in complete Freund's 

adjuvant produced a definite immuno-conglutinin response. 

b. Two normal rabbits, 585 and 586, were given 3 intra-

peritoneal injections of 1 ml of kaolin (10 mg) treated with un-

heated horse scrum and emulsified with Freund's adjuvant. The 

serum responses of these two rabbits are illustrated in Fig. IX-3 

and IX-4. The immuno-conglutinin response of these animals was 

not quite as good as in the animals injected subcutaneously but a 

definite and somewhat prolonged production of immuno-conglutinin 

was stimulated. Both rabbits produced and maintained high titres 

of antibody to horse serum. 

Two rabbits injected 3 times intraperitoneally with kaolin 

treated with active horse serum and emulsified in complete 

Freund's adjuvant showed a definite and prolonged immuno-

conglutinin response. 





Legend to Figures IX-1 to 18. 

Top graph: Figs. IX-1 to 14 - Anti-horse-serum antibody titre as 
measured by the tan-cell test. 

Figs. IX-15 & 16 - Anti-Listeria antibody titre as 
measured by the haemolytic-complement-fixation test. 

Figs. IX-17 & 18 - Anti-horse-serum antibody titre 
as measured by the tan-cell test. 

bottom graph: Solid dots - Immuno-conglutinin titre. 

Hollow dots - Haemolytic complement t i t r e . , 

Figure IX-1 

Serum Responses of Rabbit 589 Injected Subcutaneously with 
Kaolin Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure IX-2 

Serum Responses of Rabbit 590 Injected Subcutaneously with 
Kaolin Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure IX-3 

Serum Responses of Rabbit 585 Injected Intraperitoneally with 
Kaolin Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure 1X-4 

Serum Responses of rabbit 586 Injected Intraperitoneally with 
Kaolin Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure IX-. 5 

Serum Responses of "rabbit 2134 Injected Intramuscularly with 
Kaolin Coated with Fresh Horse Serum in Freund's adjuvant. 

Figure IX-6 

Serum Responses of Rabbit 2135 Injected Intramuscularly with 
Kaolin Coated with Fresh Horse Serum in Freund's Adjuvant. 
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c. Two normal rabbits, 2134 and 2135, were injected 3 times 

intramuscularly with 1 ml of kaolin (10 mg) treated with unheated 

horse serum and emulsified with complete Freund's adjuvant. 

Figure IX-5 and IX-6 show the serum responses of these two rabbits. 

A two-phase immuno-conglutinin response was detected with highest 

titres being reached between days 20 and 30. Both these rabbits 

produced very high titres of immuno-conglutinin and these high 

titres were maintained for several months. A two-phase antibody 

response was also produced in these rabbits with high titres 

maintained over a period of several months. 

Two rabbits injected 3 times intramuscularly with kaolin 

treated with active horse serum and mixed with complete Freund's 

adjuvant produced high titres of immuno-conglutinin which were 

maintained for a period of several months. 

d. Two normal rabbits, 23 and 24, were injected 3 times 

intravenously with 1 ml of kaolin (10 mg) treated with unheated 

horse serum and emulsified in complete Freund's adjuvant. The 

serum responses of these animals are shown in Fig. IX-7 and IX-8. 

These rabbits produced high titres of immuno-conglutinin but 

only a single-phase response was detected and the high titres were 

not maintained as long as in the pair of animals injected intra-

muscularly. Quite high, single-phase antibody responses were also 

detected in these two rabbits. 

Two rabbits injected 3 times intravenously with kaolin treated 

with active horse serum and emulsified with complete Freund's 

adjuvant produced high titres of immuno-conglutinin but the titres 

dropped markedly over a period of 10 months. 



Figures IX-7 to 12 



Figure IX-7 

Serum Responses of rabbit 23 Injected Intravenously with Kaolin 
Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure IX-8 

Serum Responses of Rabbit 24 Injected Intravenously with Kaolin 
Coated with Fresh Horse Serum in Freund's Adjuvant. 

Figure IX-9 

Serum Responses of rabbit 2370 Injected Intramuscularly with 
Saline Emulsified in Freund's Adjuvant. 

Figure IX-10 

Serum Responses of Rabbit 2371 Injected Intramuscularly with 
Saline Emulsified in Freund's Adjuvant. 

Figure IX-11 

Serum Responses of Rabbit 2639 Injected Intramuscularly with 
Kaolin in Freund's Adjuvant. 

Figure IX-12 

Serum Responses of Rabbit 2640 Injected Intramuscularly with 
Kaolin in Freund's Adjuvant. 
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2. Effect of Intramuscular Injection of Various Kaolin 
Preparations Mixed with Freund's Adjuvant. 

a. Two normal rabbits, 2370 and 2371, were injected intra-

muscularly 3 times with sterile saline emulsified in complete 

Freund's adjuvant to see if the adjuvant itself had the ability 

to stimulate immuno-conglutinin production. The results of the 

titrations of the serum samples from these animals are illustrated 

in Fig. IX-9 and IX-10. Neither animal showed any significant 

production of immuno-conglutinin although both showed some vari-

ation in the level of conglutinating activity in their serum. 

No immuno-conglutinin response could be demonstrated in two 

rabbits injected intramuscularly with complete Freund's adjuvant. 

b. Two normal rabbits, 2639 and 2640, were injected 3 times 

intramuscularly with 1 ml of a suspension of kaolin (10 mg) in 

saline which was emulsified in complete Freund's adjuvant. The 

kaolin suspension was treated the same as the preparations of 

kaolin treated with active horse serum except that the horse serum 

was replaced by a sterile saline solution. The serum responses of 

these animals are illustrated in Fig. 1x-11 and Fig. IX-12. 

Rabbit 2639 did not show any variation in the level of conglutin-

ating activity in its serum throughout the teat period. Rabbit 

2640 did show some increased activity of conglutinin at about 66 

days after injection. It is doubtful if this response can be 

attributed to injection as the animal was sick at this time with 

a Past. multocida infection. 

Two rabbits injected intramuscularly with a suspenaion of 

kaolin emulsified in complete Freund's adjuvant failed to show 

any significant immuno-conglutinin response. 
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c. Two normal rabbits, 2637 and 2633, were injected 3 times 

intramuscularly with 1 ml of kaolin (10 mg) treated with heated 

horse serum and emulsified in complete Freund's adjuvant. As 

shown in Fig. IX-13 and IX-14, both these animals had very low 

immuno-conglutinin responses. In spite of these very minor 

immuno-conglutinin responses, both rabbits produced very high 

titres of antibodies to horse serum. The antibody responses 

followed the two-phase type of response shown in animals injected 

intramuscularly with kaolin treated with active horse serum and 

mixed with adjuvant. The antibody response indicates that these 

two rabbits were capable of marked immunological reaction and thus, 

had no defect in their ability to respond to an antigenic challenge. 

Two rabbits injected intramuscularly with kaolin treated with 

inactivated horse serum and emulsified in complete Freund's 

adjuvant produced a very low level of immuno-conglutinin in their 

serum. 

II. Auto-stimulation Experiments 

1. Effect of the Intramuscular Injection of Bacteria 
Mixed with Freund's Adjuvant. 

Two normal rabbits, 2863 and 2864, were injected 3 times 

intramuscularly with 1 ml of a suspension of killed List. 

monocytogenes (3 x 10^ organisms) emulsified in complete Freund's 

adjuvant. The results of the titrations of the serum from these 

rabbits are shown in Fig. IX-15 and IX-16. Both rabbits showed a 

small rise in serum conglutinating activity which reached its 

peak at 4 days after the last injection. The immuno-conglutinin 

response of these two animals was not as good as the two rabbits 





Figure IX-13 

Serum Responses of Rabbit 2637 Injected Intramuscularly with 
Kaolin Coated with heated Horse Serum in Freund's Adjuvant. 

Figure IX-14 

Serum Responses of Rabbit 2638 Injected Intramuscularly with 
Kaolin Coated with Heated Horse Serum in Freund's Adjuvant. 

Figure IX-15 

Serum Responses of Rabbit 2863 Injected Intramuscularly with 
Listeria monocytogenes in Freund's Adjuvant. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10 killed organisms in adjuvant. 

Figure IX-16 

Serum Responses of Rabbit 2864 Injected Intramuscularly with 
Listeria monocytogenes in Freund's Adjuvant. 
This rabbit was not immune to Listeria and was injected 
3 times with 3 x 10? killed organisms in adjuvant. 

Figure IX-17 

Serum Responses of Rabbit 2368 Injected Intramuscularly with 
Egg Albumen in Freund's Adjuvant. 
This rabbit was not immune to egg albumen and was injected 
3 times with 8 mg of the antigen in adjuvant. 

Figure IX-18 

Serum Responses of Rabbit 2369 Injected Intramuscularly with 
Egg Albumen in Freund's Adjuvant. 
This rabbit was not immune to egg albumen and was injected 
3 times with 8 mg of the antigen in adjuvant. 
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injected intramuscularly with the same number of organisms 

without adjuvants. (Fig. V1I-14 and VII-15) 

Two normal rabbits injected intramuscularly with killed 

bacteria emulsified in complete Freund's adjuvant showed a weak 

immuno-conglutinin response but a good antibody response. 

2. Effect of the Intramuscular Injection of Soluble 
Antigen Mixed with Freund's Adjuvant. 

Two normal rabbits, 2368 and 2369, were injected 3 times 

intramuscularly with 1 ml of a solution of egg albumen (8 mg) 

emulsified in complete Freund's adjuvant. The data from the 

serum titrations are illustrated in Fig. IX-17 and IX-18. 

Following the injections both rabbits showed some decrease in 

the level of conglutinating activity of the serum but no 

significant rise in titre was detected in either animal during 

the test period. The antibody response of both rabbits was quite 

good and, once again, there was a two-phase antibody response. 

Two normal rabbits injected intramuscularly with egg albumen 

emulsified in complete Freund's adjuvant failed to produce 

significant titres of immuno-conglutinin. 

3. Effect of the Intramuscular Injection of Alum-Precipitated 
Human Serum Globulin. 

Immuno-conglutinin titrations were carried out on the serum 

from a number of rabbits which had been injected intramuscularly with 

alum precipitated human serum globulin to stimulate high titred 

anti-human-globulin sera. These sera were not produced specifically 

for this experiment and a complete series of samples from all 
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animals was not available. Each course of injection of these 

animals consisted of 4 intramuscular injections (given into 4 

different regions) of 4 ml of alum precipitated human globulin 

prepared as described under Methods. Each animal was bled 6 

or 7 days after the last injection of each course. 

The results of the titration of these serum samples is 

presented in Table IX-1. The immuno-conglutinin titrations were 

carried out in the presence of heated normal horse serum to 

neutralize any cross-reacting antibody which may have reacted 

with the horse serum proteins on the alexinated sheep red blood 

cells. The cross-reacting antibodies to horse serum were measured 

by the tan-cell technique. It is apparent that no significant 

stimulation of immuno-conglutinin production occurred in these 

rabbits. 
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D. Discussion 

1. Effect of Adjuvant on Hetero-stimulation of Immuno-
conglutinin Production: 

The incorporation of Freund's adjuvant with kaolin treated 

with active horse serum increases the formation and persistence of 

immuno-conglutinin. This increase occurs with all 4 routes tested. 

However, as illustrated in Fig. IX-19 and IX-20, the intramuscular 

route of injection of the kaolin preparation in adjuvant showed 

the greatest increase in production of immuno-conglutinin and the 

most prolonged high titres. The intravenous route of inoculation 

of the adjuvant-kaolin mixture also gave rise to high titres of 

immuno-conglutinin but the titre decreased over the teat period 

and declined much more rapidly than in the animals injected intra-

muscularly. 

The intramuscular injection of saline in adjuvant, untreated 

kaolin in adjuvant or kaolin treated with inactivated serum in 

adjuvant failed to stimulate a significant increase in the 

production of immuno-conglutinin. These results indicate that the 

immuno-conglutinin response is stimulated by the specific configur-

ation which occurs when kaolin is exposed to active serum. Thus, 

while adjuvant greatly increases the immuno-conglutinin response 

in these cases, it is not in itself capable of stimulating the 

production of immuno-conglutinin. 

2. Effect of Adjuvant on *auto-stimulation of Immuno-conglutinin 
Production: 

The incorporation of Freund's adjuvant with either soluble or 

bacterial antigens does not increase immuno-conglutinin production by 

auto-stimulation. In fact, in auto-stimulation experiments, the 

immuno-conglutinin titres were higher in the animals injected with 





Legend to Figures IX-19 and 20 

Figure IX-19 

Serum Responses of Rabbits Inoculated with Kaolin Coated with 
Fresh Horse Serum. 
Each line represents the average of 2 rabbits (details in 
Chapter VI). 

Figure IX-20 

Serum Responses of Rabbits Inoculated with Kaolin Coated with 
Fresh Horse Serum in Freund's Adjuvant. 
Each line represents the average of 2 rabbits. 
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antigen alone than in animals injected with antigen emulsified in 

Freund's adjuvant. 

Similarly the injection of human globulin prepared with an 

alum adjuvant failed to cause any significant change in the level 

of conglutinating activity in the serum of the animals. 

3. Usefulness of Incorporating *antigen in Adjuvant as a Method 
of Stimulating Immuno-conglutinin Production: 

The use of adjuvant to increase and maintain immuno-conglutinin 

titres by hetero-stimulation is important in experimental animals 

but probably is not applicable to man. This method can be used to 

produce relatively high and constant titres of immuno-conglutinin 

in animals for experiments on the effect of immuno-conglutinin on 

resistance to infections. All methods previously used merely 

stimulated a transient high titre and the conglutinating activity 

of the serum drops back to low, normal levels within a short time 

after stimulation. By the intramuscular injection of kaolin treated 

with active serum and mixed with Freund's adjuvant a relatively 

stable high immuno-conglutinin titre can be produced in rabbits. 

Such animals will be useful in testing the effect of infection on 

the serum level of immuno-conglutinin and in testing the effect 

of high serum levels of immuno-conglutinin on experimental 

infections. 

This method of stimulating immuno-conglutinin cannot be con-

sidered for applications to man because of the very high level of 

anti-horse-serum activity stimulated. The intramuscular injection 

of kaolin preparations in adjuvant does eliminate the objectionable 

necessity for intravenous injection of antigen to stimulate high 



- 120 -

levels of immuno-conglutinin but such injections would certainly 

sensitize a men to horse serum and therefore is objectionable 

because of the danger of shock from therapeutic injections of serum. 

There is also the danger that the oils used as adjuvant may be 

carcinogenic. 

E. Summary 

The Hetero-stimulation of immuno-conglutinin ia increased and 

the immuno-conglutinin response ia markedly prolonged by the 

emulsification of the antigen in Freund's adjuvant. The intramuscular route of inoculation gave the highest and most persistent 

immuno-conglutinin titres in the serum. 

The incorporation of antigen in adjuvants gave decreased and 

insignificant immuno-conglutinin responses in auto-stimulation 

experiments. 
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IMMUNO-CONGLUTININ FORMATION IN CORTISoNE-TReATeD RABBITS 

A. Introduction 

Repeated injections of relatively large amounts of cortisone 

suppress antibody formation in rabbits. Reviews of this subject 

have been published by Kass and Finland (1953), Dougherty (1953) 

and Taliaferro (1957). Berglund and Fagroeus (1953) reported 

that the effects of cortisone on antibody response are dependent 

on hormone dosage, antigen dosage and the titre of administration 

of antigen. Berglund (1956) found that maximum antibody suppres-

sion occurs when the administration of cortisone is begun two days 

before the injection of antigen and he concluded that the cortisone-

sensitive stage occurs in the initial phase of antigenic stimula-

tion. Similarly, Ward and Johnson (1959) have shown that cortisone 

inhibits the primary response in rabbits as measured by antigen-

elimination techniques. 

Taliaferro (1957) concluded that present data indicates that 

identical or similar mechanisms may be involved in the modifica-

tion of the antibody response by X-radiation and cortisone. 

Fischel, Vaughan and Photopoulos (1952) reported that cortisone 

markedly suppressed the secondary response to egg albumen in the 

rabbit. However, Ward and Johnson (1959), using a smaller dosage 

of cortisone, reported that suppression of the secondary response 

was difficult to achieve and only about half the rabbits were 

inhibited. Ward and Johnson used radio-iodinated human serum 

albumen as antigen. 

The production of immuno-conglutinin in cortisone-treated 
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rabbits has never been investigated. Therefore, the following 

experiments were undertaken to find whether cortisone treatment 

affected immuno-conglutinin production. Both hetero- and auto-

stimulation experiments were carried out and the influence of 

cortisone on primary and secondary immunization was also studied. 

B. Materials and Methods 

1. Antigens: 

a. Suspensions of kaolin treated with active horse serum 

were prepared as described in Chapter IV. Three injections of 

10 mg of kaolin in 1 ml were given to each animal. 

b. Suspensions of killed Salm. typhimurium were prepared 

as described in Chapter V. Each animal was given 3 injections 

containing 1. 5 x 10*?, 2 x 10? and 4 x 10*? killed organisms. 

2. Cortisone: 

The cortisone preparation (Cortone of Merck and Co. Ltd., 

Montreal) contained 50 mg per ml of cortisone acetate in saline 

suspension, and 0. 2 ml (10 mg cortisone) was injected intra-

muscularly daily. 

3. Course of Injections and bleedings: 

Experiments were conducted on pairs of rabbits consisting 

of one cortisone-treated animal and one animal not injected with 

cortisone. Two or 3 bleedings were obtained at 3 or 4-day 

intervals before any injections were given. One rabbit of each 

pair was injected daily with cortisone commencing 2 days before 

the first antigenic challenge and continuing for at least 10 days 

after the last injection of antigen. 
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All antigen injections were given intravenously at 4-day 

intervals. Immediately prior to each injection a serum sample 

was obtained from each animal. After the last injection each 

animal was bled at 2 to 4-day intervals for about 35 days. 

4. Testing of Sera: 

Serum samples were harvested within 6 hours after the 

blood was drawn and all sera were stored at -20°C until the 

conclusion of the experiments. All serum samples from one 

animal were tested at one time against the same preparation of 

reagents. 

In samples from the rabbits injected with kaolin treated 

with fresh horse serum, the anti-horse-serum titre wa6 determined 

using the tan-cell technique. The haemolytic complement fixation 

test was used to measure the anti-Salmonella titre of the sera. 

C. experimental Results 

I. Hetero-stimulation Experiments 

1. The Effect of Cortisone-treatment on Immuno-conglutinin 
Production in Rabbits Receiving a Primary Course of Intra-
venous Injections of Kaolin Treated with Fresh Horse Serum. 

The results of the serum titrations are illustrated in the 

form of graphs with each pair of rabbits in sequence. Figures 

X-l, X-3 And X-5 present the data from 3 rabbits treated with 

cortisone and Figs. X-2, X-4 and X-6 from 3 rabbits not treated 

with cortisone. Rabbit 1206, Fig. X-3, died 5 days after the 

last antigen injection but it was reacting markedly to the antigen 

injections. Rabbits 1208 and 1209, Fig. X-5 and X-6 were injected 

with kaolin treated with a different horse serum than that used 

for the other 4 rabbits. This pair of rabbits showed quite a 





Legend to Figures X-l to X-20. 

Solid black block - Period of daily cortisone treatment. 

Top graph: 

Figures X-l to 8 - Anti-horse-serum antibody titre as 
measured by tan-cell test. 

Figures X-9 to 20 - Anti-Salmonella antibodies as 
measured by the haemolytic complement fixation test. 

Bottom graph: 

Solid dots - Immuno-conglutinin titre. 

Hollow dots - Haemolytic complement titre. 

Figure X-l 

Serum Responses of Rabbit 699 Treated with Cortisone and Injected 
Intravenously with Kaolin Coated with Fresh Horse Serum. 

Figure X-2 

Serum Responses of rabbit 700 Injected Intravenously with Kaolin 
Coated with Fresh Horse. serum. 

Figure X-3 

Serum Responses of Rabbit 1206 Treated with Cortisone and Injected 
Intravenously with Kaolin Coated with Fresh Horse Serum. 

Figure X-4 

Serum Responses of Rabbit 1207 Injected Intravenously with Kaolin 
Coated with Fresh Horse Serum. 

Figure X-5 

Serum Responses of rabbit 1208 Treated with Cortisone and Injected 
Intravenously with Kaolin Coated with Fresh Horse Serum. 

Figure X-6 

Serum Responses of rabbit 1209 Injected Intravenously with Kaolin 
Coated with Fresh Horse serum. 
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weak response which probably was due to the poor activity of 

the horse serum. 

Within each pair of rabbits, the immuno-conglutinin and 

antibody responses were as high or higher in the cortisone-

treated rabbit as in the untreated control. Cortisone treat-

ment did not suppress the immuno-conglutinin (hetero-stimulation) 

or antibody response in rabbits injected with kaolin treated with 

active horse serum. 

2. The Effect of Cortisone-treatment on Immuno-conglutinin 
Production in Rabbits Receiving a Secondary Intravenous 
Challenge of Kaolin Treated with Fresh Horse Serum. 

Four months after the primary course of injections described 

above, one pair of rabbits were each given a single intravenous 

injection of 10 mg of kaolin treated with fresh horse serum. One 

of the pair was injected daily with cortisone from 2 days before 

to 10 days after inoculation of the kaolin preparation. The 

results of the serum titrations are presented in Figs. X-7 and 

X-8. Neither rabbits showed a very marked response but, once 

again, the cortisone-treated animal responded better than the 

control. 

Cortisone treatment of one of a pair of rabbits did not 

suppress the immuno-conglutinin response to the second injection 

of kaolin treated with active horse serum (hetero-stimulation). 

A secondary type of response was not detected in either rabbit. 

II. Auto-stimulation Experiments 

1. The Effect of Cortisone-treatment on Immuno-conglutinin 
Production in Rabbits Receiving a Primary Course of 
Intravenous Injections of Killed Bacteria. 

Three pairs of normal rabbits were injected intravenously 





Figure X-7 

Serum Responses of Rabbit 700 Treated with Cortisone and 
given a Secondary Challenge e of Kaolin Coated with Fresh 
Horse Serum. 

figure X-8 

Serum Responses of Rabbit 1207 given a Secondary Challenge 
of Kaolin Coated with Fresh Horse serum. 

Figure X-9 

Serum Responses of Rabbit 695 Treated with Cortisone and 
Injected Intravenously with Killed Salmonella typhimurium. 

Figure X-10 

Serum Responses of Rabbit 696 Injected Intravenously with 
Killed Salmonella typhimurium. 

Figure X-ll 

Serum Responses of Rabbit 697 Treated with Cortisone and 
Injected Intravenously with Killed salmonella typhimurium. 

Figure X-12 

Serum Responses of Rabbit 698 Injected Intravenously with 
Killed Salmonella typhimurium. 
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3 times et 4-day intervals with a suspension of killed Salm. 

typhimurium. One rabbit of each pair was injected daily with 

cortisone starting 2 days before the first inoculation of 

Salmonella and continuing until 14 days after the last inocula-

tion of; salmonella. The data from the titration of the sera 

from these animals are presented in Figs. X-9 to X-14. In the 

cortisone-treated rabbits, Figs. X-9, X-ll and X-13, antibody 

formation was suppressed, no immuno-conglutinin production was 

detected and, in fact, in animals which had a normal serum level 

of conglutinating activity, this normal level decreased. All 3 

rabbits which were not injected with cortisone, Figs. X-10, X-12 

and X-14, showed a distinct production of immuno-conglutinin and 

a much greater antibody production than the cortisone-treated 

group. 

Cortisone treatment suppressed the immuno-conglutinin (auto-stimulation) and antibody reaponses in rabbits injected with 

killed bacteria. 

2. The Effect of Cortisone-treatment on Immuno-conglutinin 
Production in Rabbits Receiving a Secondary Intravenous 
Challenge of Killed Bacteria. 

Four months after the primary course of injections described 

Above, 2 pairs of rabbits were each given a single intravenous 

injection of 4 x 10*? killed Salm, typhimurium. The data from 

these experiments are illustrated in Figs. X-15 to X-18. None 

of the rabbits showed any significant immuno-conglutinin 

production but all showed an increased antibody formation. The 

reason why no immuno-conglutinin response was detected is unknown 

but it is probably because this was a relatively weak antigenic 





Figure X-13 

Serum Responses of babbit 1204 Treated with Cortisone and 
Injected Intravenously with killed salmonella typhimurium. 

Figure X-14 

Serum Responses of Rabbit 1205 Injected Intravenously with 
Killed Salmonella typhimurium. 

Figure X-15 

Serum Responses of Rabbit 695 Treated with Cortisone and Given 
a Secondary Challenge of Killed Salmonella typhimurium. 

Figure X-16 

Serum Responses of Rabbit 697 Given a Secondary Challenge of 
Killed Salmonella typhimurium. 

Figure X-17 

Serum Responses of Rabbit 696 Treated with Cortisone and Given 
a Secondary Challenge of Killed Salmonella typhimurium. 

Figure X-16 

Serum Responses of Rabbit 698 Given a Secondary Challenge of 
Killed Salmonella typhimurium. 





- 127 -

challenge for an immune animal. An immuno-conglutinin response 

might be demonstrated if a much greater antigenic challenge 

were given. However, these experiments did illustrate that no 

secondary type of response takes place with immuno-conglutinin 

production by auto-stimulation. 

Rabbits failed to show a secondary type response in the 

production of immuno-conglutinin by auto-stimulation whether 

the animals were treated with cortisone or not. However, the 

cortisone-treated rabbits showed a somewhat weaker antibody 

response than the control rabbits. 

lll The Effect of Cortisone-treatment on an Existing Level of 
Conglutinating Activity in the Serum. 

Two normal rabbits which had a normal level of conglutinating 

activity in their sera were injected daily with cortisone to 

determine the effect of cortisone treatment on this normal level 

of conglutinin. The animals were not stimulated antigenically 

in any manner. As shown in figs. X-19 and X-20, both animals 

showed a drop in serum conglutinating activity and, in fact, 

no activity could be detected in either animal toward the end 

of the treatment period. When cortisone treatment was dis-

continued, the conglutinating activity slowly increased in both 

rabbits to approach the normal level for the animals. 

Cortisone treatment of normal rabbits caused a decrease in the 

conglutinating activity of their sera. 





Figure X-19 

Serum Responses of rabbit 1203 Treated with Cortisone. 

Figure X-20 

Serum Responses of Rabbit 1204 Treated with Cortisone. 

Legend to Figures X-21 and 22 

Figure X-21 

Average Serum Responses of Rabbits Injected with Kaolin Coated 
with Fresh Horse Serum. 

Figure X-22 

Average Serum Responses of Rabbits Injected with Killed Bacterial 
Antigen. 
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D. Discussion 

1. Immuno-conglutinin Responses in Cortisone-treated Rabbits: 

In the hetero-stimulation experiments there was no suppres-

sion of immuno-conglutinin production in rabbits treated with 

cortisone. In fact, the cortisone-treated rabbits showed a 

greater immuno-conglutinin and antibody responses than did their 

paired controls. Figure X-21 shows the mean serum responses of 

the cortisone-treated and control rabbits in the Hetero-stimulation experiments. However, in auto-stimulation experiments no 

production of immuno-conglutinin was apparent in cortisone-

treated rabbits and in many cortisone-treated animals the level 

of conglutinating activity in their serum dropped during the 

experiment. Figure X-22 illustrates the mean serum responses of 

the cortisone and control rabbits in the auto-stimulation experiments. 

The reason for this marked difference between hetero-stimulation 

and auto-stimulation is not known. It may be that the different 

antigens are removed from the blood stream by a different 

mechanism in vivo. Another possible explanation may be that the 

cortisone interferes with the fixation of complement in vivo and 

thus the bacterial antigen may not become coated with complement. 

If this is true there would be no stimulus to immuno-conglutinin 

production by auto-stimulation in cortisone-treated rabbits. In 

hetero-stimulation, the fixed complement configuration is already 

present at the time of inoculation. 

No evidence of the classical immunological secondary response 

was obtained in immuno-conglutinin production. 
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2. Effect of Cortisone-treatment on Normal Conglutinin Levels: 

The decline in the conglutinin level in cortisone-treated 

rabbits which were not stimulated antigenically was greater than 

the decline in rabbits injected with bacteria. This finding may 

indicate that in the auto-stimulation experiments some stimulation 

did occur and that some immuno-conglutinin, although a small amount, 

was produced in order to maintain the serum level of conglutinating 

activity better than in non-stimulated control rabbits. 

Fischel, Stoerk and Bjorneboe (1951) demonstrated that 

cortisone did not alter the rate of disappearance of passively 

administered antibody. The rate of disappearance of conglutinin 

in the non-stimulated rabbits is about the expected normal rate 

of catabolism of serum proteins and this indicates that although the 

rate of elimination of conglutinin is not altered, the production 

of conglutinin is inhibited in cortisone-treated animals. However, 

in the stimulated, cortisone-treated rabbits the maintained serum 

level of conglutinating activity may be interpreted as a low-level 

production of immuno-conglutinin. 

3. Effect of Cortisone-treatment in Various Species of Animals: 

Long (1957) reviewed the controversial reports on the effect 

of corticosteroids on immunological responses and suggested that 

two groups of animal species can be distinguished. One group 

called cortisone-sensitive are unable to maintain body weight, 

gamma-globulin synthesis and antibody production under cortisone 

administration. This group includes rats, mice, rabbits and 

ferrets. The other group, called cortisone-resistant, maintain 
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body weight, gamma-globulin synthesis and antibody production 

under cortisone administration. This cortisone-resistant group 

includes the guinea pig, rhesus monkey and man. In any case, 

great caution is necessary in applying the data obtained from one 

species of animal to another species. 

E. Summary 

Cortisone treatment of rabbits does not suppress immuno-

conglutinin production in response to hetero-stimulation. 

In auto-stimulation experiments, no significant increase in 

the serum level of conglutinating activity could be detected in 

cortisone-treated rabbits. However, cortisone treatment of normal 

rabbits caused a decrease in serum conglutinin levels. The 

possible significance of these findings are discussed. 
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IMMUNO-CONGLUTININ IN TRYPANOSOMA INFECTIONS 

A. Introduction 

Studies on immuno-conglutinin in sera of man (Marks and 

Coombs, 1957 and Coombs, Coombs and Ingram, 1961) and animals 

(Ingram, 1958 and Ingram et al, 1959) showed that immuno-

conglutinin is produced in the serum following an infection. 

If an animal having an existing level of conglutinating 

activity in its serum is exposed to infection, a sharp drop 

in the level of conglutinating activity occurs (Ingram, 1958 

and 1959a). 

In acute infections the raised level of immuno-conglutinin 

is relatively transient and usually has disappeared by about 30 

days after infection. In chronic infections the increased level 

of immuno-conglutinin persists (Ingram, 1958). 

It was shown by Ingram (1958 and 1959b) that mice which have 

a significant level of conglutinating activity in their serum are 

more resistant to bacterial infections than are normal mice. 

This increased resistance may well be due to an enhancing activity 

of the conglutinin preparations on the normal body defence 

mechanisms; that is the blood clearance of bacteria and the ability 

of the liver and spleen to phagocytize and kill invading bacteria. 

Trypanosoma brucei infection causes a chronic disease of 

rabbits which usually leads to the death of the rabbit 2 to 3 

months after infection. The experiments to be reported in this 

chapter were carried out in collaboration with Dr. M. A. Soltys 

of the Department of animal Pathology, Cambridge University. Some 
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of the results have been published by Ingram and Soltys (I960). 

The purposes of these experiments were to find: 

(1) whether immuno-conglutinin is produced in trypanosome 

infections, 

(2) whether the number of infecting organisms effects the 

immuno-conglutinin response during infection, 

(3) whether the variant strains effect the immuno-conglu-

tinin response, 

(4) whether high immuno-conglutinin titres are maintained 

throughout the infection, 

(5) whether successful treatment of the disease has a 

marked effect on the maintenance of the immuno-conglutinin level, 

(6) whether the existence of an immuno-conglutinin titre at 

the time of challenge increases the resistance of an animal to 

trypanosome infection. 

B. Materials and Methods 

1. Trypanosome Strain: 

Trypanosoma brucei shinyanga III was the strain used through-

out these experiments and was maintained in mice and rabbits. The 

strain which was passaged every second day through mice will be 

referred to as 'M' variant, while the strain passaged through 

rabbits every 25 - 28 days will be referred to as the 'R' variant. 

A strain of the 'M' variant was made suramin-fast (drug-resistant) 

by frequent passage through mice which were treated with subcurative 

doses of suramin (Soltys, 1957) and will be referred to as the 'DF' 

variant. 
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The trypanosomes were harvested from an animal by bleeding 

the animal into Alsever's solution containing 10% horse serum. 

All washings and dilutions of the organisms were carried out in 

this solution. 

2. Drug: 

Suramin (Bayer 205, Antrypol, Germanin) was used as a 

chemotherapeutic drug against Tryp. brucei at a dosage of 50 

mg per rabbit or per cat. As will be discussed later, this 

dosage proved to be an effective treatment in rabbits but failed 

to cure one cat of the disease. 

3. Neutralizing Antibody Titration: 

Neutralizing antibodies were measured by the technique described 

by Soltys (1957). In essence this involved the incubation of stand-

ard doses of trypanosomes in a doubling dilution series of the serum 

under test. The trypanosome-serum mixture was incubated at room 

temperature for 45 minutes then was injected into susceptible mice 

to find if the trypanosomes had been killed. 

4. Resistance Experiments: 

The resistance experiments were carried out in a method similar 

to that used by Ingram (1958) for bacterial infections. For these 

experiments, normal young-adult mice of 24 to 30 gms were obtained 

from an inbred strain (F F) although inbreeding was not practised 

in the colony. These mice normally have no, or very low, conglutin-

ating activity in their serum. 

The rabbit serum containing immuno-conglutinin, used to 

passively transfer conglutinating activity to the mouse's serum, 
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was produced by the intravenous injection of kaolin coated with 

fresh horse serum and had a titre of 8000. The serum was heat-

inactivated. 

An equal number of mice were injected subcutaneously with 

0. 5. ml of a 1/4 dilution of the immuno-conglutinin or normal 

rabbit serum. All mice were challenged 24 hours later by the 

intraperitoneal injection of suspensions of Tryp. brucei. 

The challenge doses were graded as a 10-fold dilution series. 

All mice were observed 3 or 4 times a day for a period of at 

least 20 days. 

C. Experimental Results 

1. Production of Immuno-conglutinin in Trypanosome Infection: 

A pair of normal adult rabbits were infected by the intra-

venous injection of 2 x 105 organisms of the 'R' variant. A 

control pair of rabbits were injected similarly with the same 

number of heat-killed (56° C for 30 minutes) organisms. 

The immuno-conglutinin and neutralizing antibody response in 

these rabbits is shown in Fig. XI-1 and 2. A marked immuno-

conglutinin response occurred in the infected rabbits and at the 

same time a good antibody titre developed in these rabbits. The 

rabbits which were injected with the killed trypanosomes failed 

to produce immuno-conglutinin in significant titres and no 

neutralizing antibody was produced in this pair of animals. 

2. Production of Immuno-conglutinin in Rabbits Infected with 
with Different Numbers of Organisms: 

Pairs of normal adult rabbits were infected by intravenous 



Figures XI-1 to 6 
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injection of 10-fold serial dilutions of a suspension of the 

'M' variant of Tryp. brucei ranging from 2 x 10^ to 2 x 10^. 

The immuno-conglutinin responses of these 4 pairs of rabbits 

are shown in Fig. XI-3, 4, 5, ana 6. As is apparent from an 

examination of these data, the highest titre of immuno-

conglutinin attained in these rabbits was not dependent on the 

number of infectious organisms injected. 

The rabbits injected with 2 x 10^ to 2 x lO^ trypanosomes 

attained their peak titres of immuno-conglutinin in about 30 to 

34 days after challenge. The rabbits injected with 2 x 10* 

organisms reached their peak titres at 15 to 19 days and the 

pair of rabbits infected with 2 x 10^ organisms showed their peak of 

activity by day 15. Thus the larger numbers of organisms caused 

a more rapid rise in the titre of immuno-conglutinin than infection 

with the smaller numbers of organisms. This may indicate that the 

immuno-conglutinin titre is related to the actual number of 

trypanosomes present in the animal. The slower response of 

rabbits inoculated with the smaller number of organisms may be 

due to the longer period required before the number of organisms 

increased in the host to the optimal level which would cause the 

maximum stimulation of immuno-conglutinin. 

3. Production of Immuno-conglutinin in Rabbits Infected with 
the 'M' or 'R' Variant: 

A total of 4 rabbits were inoculated intravenously with 

5 x 10^ 'R' strain Tryp. brucei and 2 rabbits were injected with the 

same number of the same strain after it had been passaged once 



- 137 -

in mice to find whether the adaptation of the organism effected 

the immuno-conglutinin response. 

The immuno-conglutinin responses in these animals are 

illustrated in Fig. XI-7 and 8. One rabbit receiving the 'R' 

variant died on day 5. The other rabbit, 59, whose response is 

illustrated in Fig. XI-7 reached peak titre of 512 by day 14. 

The two rabbits receiving the 'M' variant did not show peak titres 

until day 24 (Fig. XI-8). Actually this was not a true 'M' 

strain as it had only been passaged once in mice. 

The data shown in Fig. XI-1 is from a pair of rabbits 

infected with 2 x 10^ 'R' strain of Tryp. brucei and the peak 

titres were reached by day 10. Fig. XI-6 illustrates the data 

from a pair of rabbits infected with the same number of the 'M' 

strain and, in these animals, peak titres were reached at 15 

days. These results agree with the results of Fig. XI-7 and 8 

which show a more rapid response to the 'R' variant. 

It seems that the mouse-adapted trypanosomes require a 

period of adaptation (lag phase) before maximum response is 

elicited in rabbits. These data agree with the hypothesis that 

the maximum immuno-conglutinin response requires a certain optimal 

number of organisms. 

4. Maintenance of Immuno-conglutinin Titres in Trypanosome 
Infections: 

As is well illustrated in Fig. XI-1, 3, 4, 5, 6 and 7, if 

the animals are not treated, a high level of immuno-conglutinin 

is maintained throughout the infection. In most instances, after 

reaching a peak of activity, the titre drops slightly but high 

titres persist throughout the period of infection. 



Figures Xl-7 to 11 



Figure XI-11 

Immuno-conglutinin Responses of Mice Infected with Various 
Numbers of Trypanosoma brucei. 
Each mouse was bled 10 days after infection with the 'M' variant. 
Each dot shows the immuno-conglutinin titre of one mouse. 
Solid line joins the geometric mean of the titres at each dosage. 
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5. Effect of Treatment on Immuno-conglutinin Titres in Infected 
Animals: 

One rabbit of each pair whose responses are illustrated in 

Fig. Xl-3, 4, and 6 were treated on day 42 with suramin to find 

if the successful treatment of the disease had a marked effect on 

the immuno-conglutinin titre. Also, the rabbits illustrated in 

Fig. XI-7 and 8 were treated at 32 and 24 days respectively. In 

all cases there was a marked drop in immuno-conglutinin titres 

within a few days after therapy. 

One pair of rabbits was infected with the 'd F' (drug 

resistant) strain of the organism and were treated cm day 28. 

As shown in Fig. XI-9, the treatment failed to cause a decrease 

in immuno-conglutinin titres in these animals. Thus it appears 

that if the treatment is not successful, the high immuno-

conglutinin titre is maintained. 

A pair of cats were also infected with Tryp. brucei, one 

with the 'M' strain and one with the 'D F' strain. Both cats were 

treated on day 28 and, as shown in Fig. XI-10, both actually 

showed an increase in titre after treatment. When these results 

were known, the cats were tested to find if they were still 

infected by inoculating mice with the cats' blood. Both animals 

were still infected and ultimately both cats died of the infec-

tion at about day 65. 

These data indicate that successful treatment of the 

infection results in a rapid drop in the titre of conglutinating 

activity of the serum back to the 'normal' level for the animal. 

However, unsuccessful treatment of the infection failed to effect 

the maintenance of the high levels of activity. 
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6. Production of Immuno-conglutinin in Mice Infected with 
Trypanosoma brucei: 

Ten-fold serial dilutions of the 'M' variant of Tryp. brucei 

were injected intraperitoneally into groups of 5 mice, bach mouse 

was bled 10 days after infection and the individual serum samples 

titrated for immuno-conglutinin. 

Because of the small volume of serum obtainable from a mouse 

the sera was diluted 1/2. 5 before titration and any serum which 

failed to react at this dilution was considered to have no activity. 

The immuno-conglutinin response is illustrated in Fig. XI-11. All 

5 mice infected with 5 x 10^ organisms failed to survive for 10 

days. 

Mice inoculated with a small number of organisms did not show 

abnormal immuno-conglutinin titres but as the number of injected 

organisms increased, the immuno-conglutinin response also increased. 

The more severe the challenge, the more marked is the immuno-

conglutinin response. 

7. Effect of Immuno-conglutinin Serum on Resistance of Mice to 
Trypanosome Infection: 

Four experiments were carried out by the technique described 

under Materials and Methods. The results of these 4 experiments 

are summarized in Table XI-1. 
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0. Discussion 

1. Immuno-conglutinin Production in Trypanosome Infections 
of Animals: 

The results of these experiments demonstrate that 

infections with Tryp. brucei stimulate the production of 

immuno-conglutinin in rabbits, cats and mice. The number 

of infecting organisms, in the mouse experiments, showed that 

there is a relationship between the challenge dose and the 

production of immuno-conglutinin. In mice, the titre was not 

followed over a period of time but at 10 days after infection 

the highest titres were demonstrated in the mice given the more 

severe challenge. 

2. Effect of Challenge Dose on Immuno-conglutinin Production 
in Rabbits: 

Over the range of challenge doses tested in rabbits, the 

ultimate peak of conglutinating activity was not dependent on 

the size of the challenge dose of organisms. However, all 

rabbits tested did become chronically infected and unless 

treated, died at an average of about 60 days after Infection. 

The speed with which the maximum immuno-conglutinin titre was 

reached in a rabbit was related to the challenge dose. Most 

rapid attainment of the peak titre occurred in rabbits injected 

with the largest number of organisms. 

The adaptation of the trypanosome also effected the speed 

at which maximum titres were attained. The most rapid responses 

occurred in rabbits injected with the rabbit-adapted variant 

and slower responses occurred in rabbits infected with the mouse-

adapted variant. Even a single passage of the strain in mice 
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is apparently enough to cause a 'lag phase' in its multiplication 

in rabbits. 

The slower response in rabbits infected with the 'M' strain 

or infected with smaller numbers of organisms may be due to the 

slower attainment of the optimal number of organisms in vivo to 

bring about maximum stimulation to immuno-conglutinin production. 

3. Maintenance of Immuno-conglutinin Levels in Chronic Disease: 

In untreated animals, high immuno-conglutinin titres are 

maintained throughout the period of infection. However, 

successful drug therapy of the disease leads to a marked decrease 

in immuno-conglutinin titres so that only the 'normal' level for 

an animal is detectable about 7 to 10 days after treatment. 

Unsuccessful treatment of an animal does not have any effect on 

the maintenance of the immuno-conglutinin titre and the animal 

shows no significant decrease in titre. The drop in immuno-

conglutinin titre following successful therapy is much greater 

than the drop in antibody (Ingram and Soltys, I960). 

These data indicate a new approach to the evaluation of 

therapy. In diseases in which it is difficult to assess the 

success or failure of therapy, the decrease or maintenance of 

the serum immuno-conglutinin titre may be a useful criterion 

for testing the efficiency of therapy. This technique would 

not be restricted to trypanosome infections but should be 

applicable to all diseases in which a sustained 

antigenic challenge is involved. 
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4. The Resistance-Enhancing Effect of Immuno-conglutinin Serum: 

The resistance experiments in mice produced strong evidence 

that the presence of an immuno-conglutinin titre in the serum at 

the time of challenge does increase the resistance of mice to 

infection with Tryp. brucei. These results are similar to the data 

reported by Ingram (1958 and 1959b) which shows that immuno-

conglutinin increases the resistance of animals to many bacterial 

infections. 

E. Summary 

Tryp. brucei infection causes a marked immuno-conglutinin 

response in animals. This response is effected by the size of 

the challenge dose and by the adaptation of the strain used as 

a challenge. 

High levels of immuno-conglutinin are maintained in animals 

throughout the period of infection but if the animals are 

successfully treated, the conglutinating activity of the serum 

returns to the normal level in 7 to 10 days. The significance of 

this finding is discussed. 

Evidence is presented which indicates that the presence of 

immuno-conglutinin in the serum of an animal increases its 

resistance to infection with Tryp. brucei. 
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THE LEVEL OF SERUM CONCLUTINATING ACTIVITY IN 
HEALTHY AND DISEASED DOGS 

A, introduction 

Canine serum contains a considerable titre (160-320) of 

conglutinating complement activity when tested with the indicator 

system of sheep red blood cells and bovine serum to supply anti-

body, conglutinin and excess of conglutinating C'4 (Coombs, Combs 

and Ingram, 1961). However, when dog conglutinating complement 

was compared with horse, pig, cat and rabbit complements, its 

ability to become fixed by en antigen-antibody combination was 

very poor (Coombs and Hole, 1948). 

The titre of conglutinating activity in the serum of healthy 

or disease' dogs has never been reported. In view of the increase 

in serum conglutinating activity during infections of man, rabbit, 

guinea pig, mouse and oat reported by Ingram et el (1959) and 

Ingram and Soltys (i960) it was decided to find if dogs reacted 

similarly during infectious diseases. 

Ingram et al (1959) reported that virus infections of rabbits 

stimulated the production of immuno-conglutinin. However, the 

viruses tested were not pathogenic for rabbits, although they 

have been shown to multiply in the rabbit. The Immuno-conglutinin 

titres stimulate by these infections were quite low. Since dogs ere 

susceptible to certain virus infections it was believed that this 

species would make a good experimental host for the study of the 

effects of virus infections on the stimulation of immuno-

conglutinin production. 
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b Materials and Methods 

1. Survey of Apparently Normal Dogs: 

A survey was conducted on the level of serum conglutinating 

activity in apparently healthy, adult dogs. The blood samples were 

obtained from two sources (1) the O. V. C. Research Station dog 

colony and (2) the Small Animal Division of the Department of 

Medicine at O. V. C. The animals from the Research station were 

mostly of the beagle breed and were maintained in a closed 

environment, free from contact with other dogs. These dogs had 

all been vaccinated against Infections Canine Hepatitis and 

Distemper. 

The samples obtained through the small Animal Division were 

from apparently normal dogs which were brought to the clinic for 

routine check-ups, spay operations, etc. Dogs suffering from 

any sickness were not included in the survey. 

2. Technique of Experimental Infections: 

The dogs used for experimental infections were all healthy 

puppies between 2 to 3 months of age. The dogs were kept in pairs 

in isolation units and for the duration of the experiment were 

never in contact with other dogs. Blood samples from these dogs 

were obtained by bleeding from the marginal ear vein, prior to 

infection 2 or 3 blood samples were obtained from each dog at 

2 to 4 day intervals to establish normal values for each animal. 

The rectal temperature of the animal Mae recorded daily throughout 

the experiment and twice daily during the acute phase of the 

illness. All infections were initiated by the intraperitoneal 

inoculation of infectious material. Following infection, blood 
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samples were obtained at frequent intervals to follow the serum 

responses of the animal. 

3. Infectious Canine Hepatitis! 

The hepatitis challenge material was obtained through the 

courtesy of the Connaught Medical Research laboratories, Toronto. 

This material was the second re-isolation of the *B" strain from 

dogs and it had had one passage in dog kidney tissue culture. It 

was designated "B" 2-DK1 and was preserved in the frozen state. 

4. Canine Distemper! 

The material used for challenge for canine distemper was 

also obtained through the courtesy of the Connaught Medical 

Research laboratories, Toronto. The distemper challenge material 

was a 40% suspension of spleen from infected dogs and was stored 

in the frozen state. For challenge, the material was used aa 

obtained; that is, as a 40% suspension. 

5* Bordetella bronohiseptica Infections! 

The Bord. bronohiseptica strain was isolated from an infected 

dog and was designated 3763-60. The bacteria were grown on sheep 

blood agar plates at 37° C for 18 hours and were harvested into 

sterile saline. A count of the number of viable organisms in the 

suspension was obtained by making 10-fold serial dilutions of the 

suspension and plating 1 ml of the dilutions. The seeded plates 

were incubated at 37° C for 24 hours. Plates with between 20 

and 200 colonies were counted and used to calculate the number of 

organisms in the original suspension. All such counts were carried 
out in duplicate. 
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c, Experimental Results. 

1. Survey of Apparently Normal Dogs 

Serum samples were obtained from a total of 108 apparently 

healthy dogs and the distribution of titres are shown in 

Fig. XII-1. 

Most "normal* dogs have a low level of conglutinating 

activity in their serum and the highest titre detected in an 

apparently healthy dog was 64* The distribution of titres was 

somewhat different in the "normal" group and the "Research 

Station" group. Higher titres were detected in the "normal" 

group of dogs passing through the Small Animal Clinic at the 

Ontario Veterinary College. The "normal* animals varied in age 

from 6 months to 12 years and no difference was apparent in the 

different age groups within this range. The Research Station 

dogs were all adult dogs from 1 to 4 years of age and were 

mostly of the Beagle breed. 

2. Infections with Infectious Canine Hepatitis: 

The 4 dogs which were infected with Infectious Canine 

Hepatitis were male littermates of the Beagle breed. Dogs 

I5I3 and 1514 were housed together in one isolation unit and 

dogs 1513 and 1516 were together in another isolation unit. 

These animals were bom and raised in isolation and had never 

been in contact with other dogs except their dam and littermates. 

The record of the body temperature and immuno-conglutinin 

response of these animals are shown in Fig. XII-2. The experi-

ment commenced and the graphs start when the animals were 60 

days of age, 7 days before the first pair of dogs were infected. 





figure XII-, 1 

Conglutinating Act ivi ty in the Serum 
of Apparently Healthy Dogs 

Vertical axis - Number of dogs. 

Horizontal axis - Titre of conglutinating activity in 
serum. 

"Total" histogram shows distribution of titres in 108 
dogs tested. 

"O. V. C. Kennel* histogram shows distribution of titres 
in dogs from the Ontario Veterinary College Research 
Station dog colony. 

"Normal" histogram shows distribution of titres in 68 
apparently normal dogs passing through the Small Animal 
Clinic of the Ontario Veterinary College. 
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One pair of animals was infected first and the other pair 

remained as "controls* to be sure the conglutinating activity 

of the serum was not increased by something other than the 

infection under test. '-then the first pair of animals had 

recovered from the infection and when their serum immuno-

conglutinin level had returned to normal, the other pair of dogs 

were infected. 

Dogs 1513 and I514 were challenged by the intraperitoneal 

injection of 1 ml of "B"2-DK1 of Infectious Canine Hepatitis 

material. As shown in Fig. XII-2, dog 1513 showed very little 

temperature response to the challenge and a very small immuno-

conglutinin response. This dog showed no clinical signs of 

illness at any time. 

Dog 1514 had a more marked temperature response and a 

definite immuno-conglutinin response. This animal was somewhat 

depressed from day 1 to 4 but was never completely *off feed* and 

never became thin or obviously sick. The immuno-conglutinin titre 

reached a height of 8 by 8 days after infection and had disappeared 

by 35 days. 

Dogs 1515 and 1516 were challenged with 2 ml of "B"2-DK1 

of Infectious Canine Hepatitis injected intraperitoneally. Dog 

1516 showed a marked temperature rise, then a fall until death 

occurred on day 5. Immuno-conglutinin was just detectable in 

the serum of this animal on day 3 and no other post-infection 

serum sample was obtained. Histopathological examination of 

kidney, liver and spleen of this animal revealed lesions typical 

of Infectious Canine Hepatitis. 



Figure XII-2 



Fjpure XII-2 

Reactions of Dogs Infected with 
Infectious Canine Hepatitis 

Top graphs - Rectal temperature. 

Bottom graphs - Titre of serum conglutinating activity. 

dog 1513 challenged by intraperitoneal injection of 
1 ml of "B*2-DK1. 

Dog 1514 challenged by intraperitoneal injection of 
1 ml of "B"2-DK1. 

1515 challenged by intraperitoneal injection of 
2 ml of "B-2-DK1. 

Dog I5l6 challenged by intraperitoneal injection of 
2 ml of "B*2-DK1. 
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A marked temperature response and clinical illness was 

apparent in dog 1515* This dog was dull, depressed and "off 

feed" from day 3 to day 8 but made an uncomplicated recovery. 

The animal shoved a good production of immuno-conglutinin. 

The highest titre detected was 128, on day 9, and the conglu-

tinating activity of the serum then declined until very low 

activity was detectable on day 42. Of the animals in this 

series which survived, dog I515 was the most severely ill and 

showed the greatest immuno-conglutinin response. 

3. Infections with Canine Distemper' 

The first two dogs experimentally infected with Canine 

Distemper were male littermates of the Beagle breed and were 

102 days old when infected. This pair of animals were housed 

together in an isolation unit and had never been in contact with 

any other dogs except their dam and 5 female littermates. 

Both dogs were challenged intraperitoneally at the same 

time with 40% suspension of the infected spleen. The temperature 

and immuno-conglutinin responses are shown in Fig. XII-3. Dog 

1513 whose challenge dose was 1 ml, did not show any temperature 

response. No clinical illness was apparent in this dog and no 

immuno-conglutinin was detected in its serum. 

Although dog 1519. challenged with 2 ml, showed only a very 

alight temperature response following infection, an immuno-conglu-

tinin response was detected. This animal was somewhat dull for 

about 2 days after infection but did not lose its appetite and 

was never noticeably sick. The immuno-conglutinin level rose to 

a titre of 2 by day 11 and no activity was detectable by day 22. 





figure XII-3 

Reactions of Doge Infected with Distemper 

Top graphs - Rectal temperature. 

Bottom graphs - Titre of serum conglutinating activity. 

Dog 1518 challenged by intraperitoneal injection of 
1 ml of 40% suspension of infected spleen. 

Dog 1519 challenged by intraperitoneal injection of 
2 ml of 40% suspension of infected spleen. 

Dog 1520 challenged by intraperitoneal injection of 
3 ml of 40% suspension of infected spleen. 

Dog I52I challenged by intraperitoneal injection of 
3 ml of 40% suspension of infected spleen. 
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The other pair of dogs whose response to Canine Distemper 

is illustrated in Fig. XII-3 were littermates of the Collie 

breed. These animals were obtained from a local farmer when 

they were weaned and were 71 days old when infected. This 

pair of animals, following infection, were maintained together 

in an isolation unit. 

This pair of dogs were challenged intraperitoneally with 

3 ml of the 40% suspension of infected spleen at the same time. 

Neither animal showed any serious clinical illness although both 

had a slight temperature response. Dog 1520 showed an Immuno-conglutinin response which reached a peak of 4 by day 14 and no 

conglutinating activity was detectable by day 28. The immuno-

conglutinin titre of dog 1521 rose to 8 on day 7 and then 

decreased until no activity was detectable by day 28. 

Dogs 1519 and 1521 were used at the conclusion of this 

experiment to test the virulence of a strain of Bord. 

bronohiseptica. Both dogs died following this challenge and 

the kidney, liver and spleen were checked for evidence of 

infection with Distemper. Both animals showed histopathological 

evidence of Distemper infection thus confirming that the animals 

had suffered from this disease. 

4. Infections with Bordetella bronohiseptica: 

The first dog to be challenged with Bord. bronohiseptica 

was a male Beagle which was 109 days old when infected. This 

animal was housed in an isolation unit and had never been in 

contact with other dogs except its dam and littermates. This 

dog, 1562, was challenged intraperitoneally with 4 x 107 viable 
Bord, bronohiseptica and only a very slight rise in temperature 
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occurred. As shown in Fig. xII-4, a very slight Immuno-conglutinin response occurred. Mhen tested for complement-fixing 

antibodies, the highest titre detected was 20 on day 11. This 

animal was least severely affected of the dogs challenged with 

Bord. bronohiseptica and had the least immuno-conglutinin response. 

The other 3 dogs whose responses are illustrated in Fig. 

XII-4 were of the Collie breed and were littermates to the Collies 

used in the Distemper infections. These dogs were female. Two 

of the animals, 1563 and 1564* were challenged by the intraperi-

toneal injection of viable bord. bronohiseptica while the third 

dog 1565* waa not challenged but was maintained in contact with 

the other two dogs in an isolation unit. 
Q 

Dog 1563 was challenged with 4 x 10 organisms. Following 

infection there was a slight elevation of temperature but the 

dog was never "off feed* or seriously ill. The titre of immuno-

conglutinin increased to 8 in this animal by day 7 and had declined 

to 0 by day 22. The antibody titre rose as high as 40 on day 7 

and had dropped to 10 by day 50. Thus, this animal apparently had 

a relatively mild infection but did produce easily detectable 

levels of Immuno-conglutinin. In a normal dog running loose an 

infection of this type would probably never be detected. 

Dog 1564 was injected intraperitoneally with 8 x 10^ bord. 

bronchiseptica and wee seriously ill for 6 days with marked 

dullness and depression and almost a complete loss of appetite. 

Slight diarrhea was noticed on days 4 and 5< % day 7 the dog 

began to improve in conditon and although it remained thinner 

and smaller than its littermates, it did recover slowly. The 





Reactions of Dogs Infected with 
Bordetella bronohiseptica 

Top graphs - Rectal temperature. 

Bottom graphs - Titre of serum conglutinating activity. 

Dog 1562 challenged by intraperitoneal injection of 
4 x 10? viable bacteria. 

Dog I563 challenged! by intraperitoneal injection of 
4 x 1()8 viable bacteria. 
Dog 1564 challenged by intraperitoneal injection of 
8 x I08 viable bacteria. 

Dog 1565 challenged by contact with dogs 1563 and I564. 





- 153 -

immuno-conglutinin titre of this dog rose to 64 day 14 and 

then slowly declined to 0 by 45 days. This dog was the most 

severely affected animal of all the dogs which were experiment-

ally infected. The anti-bordetella antibody rose to a titre 

of 160 by day 21 and was 80 at day 50. A marked stimulation of 

immuno-conglutinin production occurred in this severe infection. 

Dog 1565 was not artificially challenged but was in contact 

with dogs 1563 end 1564 during their infection. This animal had 

a "normal" level of conglutinin in its serum and was the only 

pup of this age which was tested that did have any "natural" 

activity. The dog showed an increase in titre to 4 by day 10 

but had returned to normal level by day 22. Antibodies to Bord. 

bronohiseptica were demonstrated in its serum by day 14 to a titre 

of 10. Utere was no temperature elevation in this animal and no 

clinical symptoms. But an increase of immuno-conglutinin titre 

was detected and the appearance of specific antibody in the serum 

indicates that a mild "natural" infection occurred in the animal. 

D. Discussion 

1. Level of Serum Conglutinating Activity in Apparently 
Healthy Dogs: 

The survey of apparently healthy dogs showed that most adult 

dogs have a low level of conglutinating activity in their serum. 

The distribution of titres was lower in the dog colony at the 

Research Station than that found in dogs which passed through the 

small Animal Clinic. It is also interesting to note that of the 

young dogs used for experimental infections only one had any 

"normal" conglutinating activity In its serum. 
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The results of the experimental infections indicate that 

the presence of conglutinating activity in the serum of dogs 

may well be stimulated by antigenic challenges caused by minor 

or Subclinical infections. Tht. lower titre in the colony of 

dogs which are maintained isolated from other dogs may be 

Interpreted to indicate thet these animals undergo fewer anti-

genic challenges and inapparent infections than do dogs which 

run free. 

2. level of Serum Conglutinating Activity in Infected Dogs: 

In the experimental infections, definite evidence for the 

production of immuno-conglutinin in dogs suffering from one 

bacterial and two viral infections is presented. These findings 

show that dogs can produce Immuno-conglutinin (auto-stimulation) 

and that dogs respond to infectious diseases by producing immuno-

conglutinin. In man, Marks and Coombs (1957) showed that the 

distribution of immuno-conglutinin titres are definitely raised 

in bacterial and viral (poliomyelitis) infections. 

The more severe the infection, the more marked was the 

immuno-conglutinin response in all three infections tested. This 

is in agreement with the results reported by Ingram (1958) and 

Ingram et al (1959)* Thus, it ia possible that subclinical 

or inapparent infections may be the stimulus for the conglutin-

ating activity found in the serum of moat adult dogs. This may 

also be true for some other species such as mice and men. If this 

ia correct, tht; n normal conglutinin may not occur in dog serum 

but all conglutinating activity in dog serum may be due to immuno-

conglutinin. 
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3. Immuno-conglutinin Production in Virus Diseases! 

The two virus infections Investigated were shown to be capable 

of stimulating a marked production of immuno-conglutinin. These 

are the first experimental infections with viruses to be investig-

ated in the natural host of the virus and showed that relatively 

high titres of immuno-conglutinin can be stimulated by virus 

infections. 

E summary 
Most adult, apparently healthy dogs have a low level of 

conglutinating activity in their serum. Tests of several young, 

healthy dogs, 60 - 100 days of age, showed that moat dogs of 

this age do not have any conglutinating activity in their serum. 

Experimental infections with two viral infections and one 

bacterial infection, all of which are natural pathogens of doge, 

showed that these infections stimulated the production of 

immuno-conglutinin. 

Inapparent or subclinical infections are capable of causing 

a rise in the conglutinating activity of the serum and may account 

for the presence of conglutinating activity in the serum of 

apparently healthy, adult dogs. 
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THE RESISTANCE- enhancing EFFecT OF IMMUNO-CONGLUTININ 
IN BACTERIAL INFECTIONS OF MICE 

A. Introduction 

Ingram (1958 and 1959b) reported that in 6 bacterial infections 

of mice, namely! Salm, typhimurium. Past, septica. Kleb. pneumoniae. 

list, monocytogenes. Strep, pneumonia and Strep, pyogenes, pre-

treatment with immuno-conglutinin increased the resistance of 

mice. Immuno-conglutinin failed to protect against avirulent 

or non-pathogenic organisms but did protect against virulent strains 

and pathogenic species. Infection with avirulent strains and 

non-pathogenic species in numbers large enough to cause death 

led to severe toxaemia which caused the death of the animal 

usually within 2 days. However, infections with virulent and 

pathogenic organisms, when injected in doses of 2 to 100 LD50 

did not cause toxic symptoms immediately after infection but 

produced deaths from 4 days on by what may be called 'true 

infections". Immuno-conglutinin failed to protect against the 

toxic deaths but did protect against the "true infections" 

(Coombs, Coombs and Ingram, 1961). 

This protective effect of immuno-conglutinin serum was 

removed from the serum by the specific absorption of immuno-conglutinin 

and paralleled the level of passively transferred conglutinating 

activity in the serum of mice. 

Experiments reported herein were undertaken to test the 

resistance-enhancing effect of immuno-conglutinin on infections 

of mice with various strains of Salmonella. multocida and 

Erysip. rhusiopathlae. Also, an experiment was undertaken to find 
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whether the protective effect of combined immune -conglutinin 

and specific immune antibody is greater than either of these 

two substances alone. 

b, Materials and Methods 

1. Immune conglutinin Serum: 

Serum containing Immuno-conglutinin was produced in rabbits 

by the intravenous injection of kaolin coated with fresh horse 

serum. Ibis rabbit serum had no demonstrable anti-Salmonella 

antibodies. The Immuno-conglutinin titre of the pooled sera 

from several rabbits was 2000. The sera were heat-inactivated 

before being pooled. 

2. Mice: 

The mice used in these experiments were the Connaught strain 

of white mice and were not inbred. Some tests were also carried 

out on the CF1 strain in the hope that they would be more resistant 

to Salmonella (as advertised) but this strain as well as C57 

strain proved to be of equal susceptibility as the Connaught strain. 

None of these mice had a "normal" level of conglutinating activity 

in their serum greater than 2. 5* 

3. Bacteria; 

The bacterial strains used in these experiments were all 

obtained from the O. V. C, culture collection except for one 

strain of Salm. typhimurium which was obtained from the 

Department of Pathology, Cambridge University. This Cambridge 

strain is the one used in experiments reported by Ingram (1958 

and 1959b). The detail of the strains of organism is given 

with the Experimental Results. 
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All bacteria were grown on sheep blood agar plates and 

harvested into sterile saline. An estimate of the number of 

organisms in a suspension waa obtained by carrying out duplicate 

plate counts of 10-fold dilutions of the suspension. The original 

bacterial suspension was held at 4° 0 overnight until the plate 

counts were completed and an estimate of the number of organisms 

per ml of suspension waa calculated. The only exception to thia 

was the past. rmultocida which waa held at room temperature as 

this organism survived better at room temperature. 

4. Technique of the Resistance Tests 

The standardization of LD50 doses were usually carried out 

by injecting groups of 5 mice with a 10-fold dilution aeries of 

the bacteria and observing the number of deaths for 10 to 14 days. 

As a critical test, 10 mice were injected subcutaneously 

with 0. 5 ml of the rabbit serum containing immuno-conglutinin 

diluted 1/4 and 10 control mice were injected similarly with 

normal rabbit serum. All mice were challenged 24 hours later by 

the intraperitoneal inoculation of several Ld50's of the bacterial 

preparation. The mice were Maintained in groups of 5 in glass 

jars and were observed for 10 to 14 days. All deaths were 

recorded. 

In experiments Involving the calculation of Ld50 in immuno-

conglutinin treated and control mice, 50 mice were injected with 

Immuno-conglutinin serum and 50 mice, with normal serum. Groups 

of 10 from the treated and control mice were challenged 24 hours 



- 160 -

later with 10-fold serial dilutions of the test organism injected 

intraperitoneally. The mice were observed several times daily 

for up to 20 days and all dead mice were promptly removed and the 

death recorded. 

5. Calculation of LD50 

The LD50 of the organisms was calculated according to the 

method of Irwin and Cheeseman (1939). This is the method used 

by Ingram (1938 and 1959b). 

c, Experimental Results 

1. Erysipelas rhusiopathiae Infection ! 

The All-1 strain was used in these experiments and it had an 

ld50 of 2 x 1&5. Three resistance experiments were conducted 

with this organism and the results are presented in Table XIII-1. 

A significantly higher number of survivors occurred in the 

immuno-conglutinin-treated groups as compared with the control 

groups. 
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2. Pasteurella multocida Infection: 

This strain, 2290, was obtained from the O. V. C. culture 

collection and formed mucoid colonies typical of the capsulated 

form of the organism. It had an LD50 of 20 bacteria and, thus, 

was very virulent for mice. The data from two resistance experi-

ments are shown in Table XI1I-1. Once again an increased number 

of survivors was found in the immuno-conglutinin treated mice as 

compared with the controls. 

3. Infections with Various Strains of Salmonella: 

Four strains of Salm. typhimurium were tested by the technique 

of calculating the Ld50 of the organisms in immuno-conglutinin 

treated and control mice. Two other species of Salmonella were 

also tented by this technique. Some of the strains tested were 

highly virulent for mice. The data from these tests are shown in 

Table XIII-2. In all infections, the previous treatment with 

immuno-conglutinin protected the mice. 
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Effect of Combined Immuno-conglutinin end Specific 

Immune Antibody: 

It has been shown that immuno-conglutinin increases 

the resistance of normal mice to various bacterial infections. 

However, no report has been made of experiments to find if 

immuno-conglutinin has an additive effect, no effect or a 

depressing effect on the resistance of an animal in the presence 

of anti-bacterial antibodies. 

Antisera for Salm. typhimurium were produced in rabbits and 

in mice. These anti-Salmonella sera did not contain detectable 

amounts of Immuno-conglutinin. The antibody titre of these two 

sera were measured by two teats. The mouse antiserum had a 

haemolytic complement fixation titre of 320 and a conglutinating 

complement absorption titre of 1280. The rabbit antiserum had a 

haemolytic complement fixation titre of 320 and a conglutinating 

complement absorption titre of 640. A standard volume of 0. 5 ml 

of various dilutions of these sera were injected into mice 24 

hours prior to challenge. 

The data from experiments to find the LD50) of Salm. 

typhimurium in mice injected with various amounts of the sera 

are presented in Table XIII-3. The sera had comparable antibody 

titres but the mouse antiserum protected mice slightly better than 

the rabbit antiserum. 
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The 0. 5 ml of 1/4 dilution of antiserum was chosen as a 

standard and resistance experiments were conducted using this 

amount of antiserum in combination with rabbit serum containing 

immuno-conglutinin or normal rabbit serum. The results of these 

experiments are show in Table XIII-4 where it can be seen that 

the immuno-conglutinin serum has an additional protective effect 

on that of specific immune antibody. 
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Blood clearance experiments were attempted in mice which 

had been actively immunized against Salm. typhimurium but a 

septicaemia failed to develop following challenge regardless 

of whether the mice were injected with immuno-conglutinin or 

normal serum. 

D, Discussion 

1. Increased Resistance of Mice Treated with Immuno-
conglutinin Serum 

The resistance-enhancing effect of immuno-conglutinin has 

been reported by Ingram (1958 and 1959b) in six bacterial 

infections of mice. The previous injection of immuno-conglutinin 

serum also raises the resistance of mice to challenge with 

Erysip. rhusioupthiae and a virulent strain of past, rmultocida. 

Ingram reported resistance experiments using past, septica but 

the strain available at that time was quite avirulent 

(Ld50 of 4 x 10^) and equivocal, althought interesting, results 

were obtained. In the experiments reported here, definite 

evidence of increased resistance due to immuno-conglutinin serum 

is presented for this infection. 

The strains of mice used in these experiments were quite 

susceptible to Salmonella infections. However, under suitable 

conditions, it can be shown that mice with a significant level 

of conglutinating activity in their serum have an increased 

resistance to Salmonella infections. Resistance experiments with 

various strains and species of Salmonella show that pretreatment 

with the immuno-conglutinin serum consistently raises the level 

of resistance to these infections. 
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2. Interaction of Immuno-conglutinin and Antibody in 
Increasing Resistance: 

The experiments reported in this chapter indicate that 

immuno-conglutinin increases the protective effect of passively 

transferred, specific, immune antibody. Thus these two 

substances apparently act synergistically in increasing 

resistance to bacterial infections. The action of the anti-

bacterial antibody does not interfere with the anti-bacterial 

activity of immuno-conglutinin. In fact, it may be that 

specific antibody enhances the anti-bacterial effect of immuno-

conglutinin and vice-versa. 

e. Summary 

Resistance experiments in mice demonstrated that the 

injection of immuno-conglutinin serum prior to challenge 

increases the resistance of mice against infection with Erysip. 

rhusiopathiae. past. multocida and various Salmonella strains 

and species. 

Evidence ia presented that the protective effect of combined 

immuno-conglutinin and specific anti-bacterial serum ia greater 

than either of these two substances alone. There appears to be 

no antagonistic effect between these two serum components in 

increasing resistance to bacterial infection. 



- 166 -

PART 3 

THE ACTIVITY OF IMMUNO-CONGLUTININ 

C H A P T E R XIV 

IMMUNO-CONGLUTININ AND TUBERCULOUS INFECTION 

Page 
A. Introduction 167 

B. Materials and Methods 168 

1. Experimental infections of rabbits 168 

2. Resistance experiments 168 

3. Human sera 169 

4. Immuno-conglutinin titration 169 

C. Experimental Results 169 
1. Infection of rabbits with Mycobacterium 

tuberculosis 169 

2. Resistance experiments 172 

3. Serum levels of conglutinating activity 
in human tuberculosis patients 174 

D. Discussion 187 

1. Infections in rabbits 187 
2. Failure of immuno-conglutinin serum to 

increase resistance to tuberculosis in 
mice 188 

3. Immuno-conglutinin levels in 
tuberculosis patients 189 

E. Summary 191 



- 167 -

IMMUNO-CONGLUTININ AND TUBERCULOSIS INFECTION 

A. Introduction 

The conglutinating activity of the serum of hospitalized 

patients with various diseases was reported by Marks and Coombs 

(1957). They showed that the level of immuno-conglutinin is 

raised in infective diseases and in other diseases where an antigen-

antibody interaction is incriminated in the aetiology. Several of the 

patients suffering from chronic bacterial infections reported in 

this paper were cases of tuberculosis and all the serum samples 

from these patients had an immuno-conglutinin titre of 8 or more. 

In experimental infections of animals, Ingram, et al (1959) 

showed that production of immuno-conglutinin was stimulated by a variety 

of bacterial and viral infections and by infections with rickettsia 

and trypanosomes. In chronic infections the raised level of conglu-

tinating activity persisted for a relatively long time. In the 

report by Ingram and associates two rabbits were infected with 

Myco. tuberculosis—human type and both showed increased titre of 

conglutinating activity in their serum at about two weeks after 

infection. 

Further investigations, reported here, have shown that in 

tuberculosis infection an increased serum level of conglutinating 

activity is detected. Resistance experiments failed to show any 

increase in resistance to tuberculosis in mice which have been 

injected with immuno-conglutinin. 

A number of human sera were examined to find whether any 

relationship existed between the immuno-conglutinin titre and 
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Infection with Myco. tuberculosis in man. 

B. Materials and Methods 

1. Experimental Infections of Rabbits: 

Infection of rabbits was produced by the intravenous or 

intraperitoneal injection of Myco. tuberculosis. Each animal 

was bled three times prior to infection and at frequent intervals 

afterward. Animals were inoculated with 0. 01 mg of wet 14-day 

old culture of either Myco. tuberculosis—human type or Myco. 

tuberculosis—avian type. Sixty-five days after infection all 

rabbits were necropsied to determine the lesions in each 

individual. These rabbit infections were carried out in 

collaboration with Dr. M. A. Soltys of the Department of Animal 

Pathology, University of Cambridge. 

2. Resistance Experiments: 

Ten-week old albino Tuck No. 1 strain mice were used in the 

resistance experiments. Sixty-four mice were randomized into 

two groups. One group was injected with the immuno-conglutinin 

serum while the other group received an equal volume of normal 

serum. The following day, each group was divided into four 

subgroups. Two of these subgroups were challenged intravenously 

with Myco. tuberculosis strain Vallee. One group received a high 

dosage (4 x 10^ organisms) to induce an acute infection and the 

other received a lower dose (2. 5 x 10 organisms) to induce a 

more chronic infection. The two other subgroups were challenged 

by aerosol infection again using a high and a low challenge dose. 

The experimental system was adjusted to induce 1 to 10 tubercles 
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in the lunge of the mice at low dosage and 50 times this number at 

the higher dosage. 

Serum containing immuno-conglutinin was produced in rabbits 

by the intravenous Injection of kaolin coated with active (unheated) 

horse serum. The serum used in resistance experiments was a pool 

of samples from six rabbits and had an immuno-conglutinin titre 

of 8, 000. 

Resistance was assessed by (1) prolongation of survival 

time following intravenous challenge and (2) reduction in the 

number of tubercles developing in the lung following aerosol 

challenge. These resistance experiments in mice were carried out 

in collaboration with Dr. R. Olds of the Department of Pathology, 

University of Cambridge. 

3. Human Sera: 

The sera from human TB patients were obtained through the 

co-operation of the Cambridgeshire County Health Unit and the Freeport 
Sanatorium. 

4. Immuno-conglutinin Titration: 

The method of titrating the sera for immuno-conglutinin 

activity was as described by Coombs, Coombs and Ingram (1961). 

C. Experimental Results 

1. Infection of Rabbits with Mycobacterium tuberculosis: 

Two rabbits with no existing conglutinin level in their sera 

were infected by the intravenous Injection of 0. 01 mg of wet 

culture of Myco. tuberculosis—human type. Conglutinin titres 

of 4 and 16 were recorded in these animals between days 10 and 

14 but by day 30 the titres had fallen to 1. 

A further series of four rabbits were infected with Myco. 

tuberculosis—human type. Two of these were infected by the 

intravenous injection of 0 . 01 mg of wet 14-day culture and the 

other two were injected by the intraperitoneal route. 
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The two rabbits injected intravenously showed an increased 

serum immuno-conglutinin titre by 10 days after infection and a 

peak titre was reached at about 17 to 24 days. This peak titre 

was followed by a decline in immuno-conglutinin titre. 

One of the rabbits injected intraperitoneally had a "normal" 

titre of conglutinating activity of 8 and this may have obscured 

any early rise in immuno-conglutinin. The other rabbit of this 

pair did show an increase in serum conglutinating activity from 

10 to 31 days and this was followed by a decline to the normal 

level by 60 days. 

On post-mortem examination of these four rabbits, apart from 

a few isolated foci in the lungs, no macroscopic lesions were 

observed. 

Another series of four rabbits were infected with Myco. 

tuberculosis—avian type. Two were infected by the intravenous 

injection and two by the intraperitoneal injection of 0. 01 mg wet 

weight of 14-day culture. 

The two rabbits injected intravenously showed a gradual 

increase in titre and reached peak activity by about 24 days 

after infection. In contrast to the infection with the human 

type organism, the titre was maintained at an increased level 

throughout the 60-day test period. 

Intraperitoneal injection of culture caused & slower rise 

in titre but peak titres were maintained throughout the test 

period. 

Post-mortem examination of these four animals repealed 
a generalized tuberculosis in all animals with macroscopic lesions 
in lung, spleen, liver, kidneys and mesenteric lymph nodes. 
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The results of all the experimental infections of rabbits 

are summarized in Table XIV-1. 

2. Resistance experiments 

The results of the resistance experiments using the intra-

venous route of infection are presented in Table XIV-2. This 

experiment failed to demonstrate any appreciable difference 

in the mean survival times following intravenous challenge 

between the mice receiving immuno-conglutinin serum and controls. 

Two cages were used to house mice challenged intravenously 

with the high dosage and two cages for the low dosage. It will 

be noticed that in cage A the mean survival time for immuno-

conglutinin treated mice was greater than control mice. However, 

the reverse is true in cage B. If the difference in overall mean 

survival time was not due to chance, it seems that some cage factor 

was important. 
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Mice were not observed beyond 33 days because it has been found 

in experimental mouse tuberculosis that immune mechanisms induced 

by the challenge infection are the prime determinant of the course 

of infection after about four weeks. 

In evaluating the effect of aerosol challenge tubercles were 

counted in the left lung only of the high dosage groups. This 

count was found to be a comparable and countable sample of the 

pulmonary tubercles of each mouse. For this reason, the tubercle 

counts for the high dose are approximately 20 times those for the 

low dose, while the challenge infection was 50 times greater. The 

results of the experiment of aerosol challenged mice are presented 

in Table XIV-3. no significant difference was found in the 

number of tubercles induced in immuno-conglutinin treated or 

control mice. 
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3. Serum Levels of Conglutination Activity in Human 
Tuberculosis Patients: 

To begin the study of conglutinin levels in sera from 

tuberculosis patients, a number of samples were obtained from 

normal people and from persons in various stages of infection. 

These were titrated for conglutinating activity without know-

ing the clinical history behind each patient. Then the level 

of conglutinin was compared with the history of each case to 

find if any relationship existed between the stage of infection 

and the clinical history. Table XIV-4 showing the level of 

conglutinating activity and a summary of the case histories 

indicates that in active infection there is an increased immuno-

conglutinin titre. 



- 175 -

Following this short series of tests it was decided to 

obtain sera from active cases as soon as they were detected and 

to bleed the patient at intervals in an attempt to find whether an 

increased immuno-conglutinin titre was an indication of active 

disease and whether treatment caused a reduction in titre. 

Case 1 - J. L., on a mass x-ray examination, was found to 

have a lesion in UR lung on 1/5/59. A this time his immuno-

conglutinin titre was 8. It was not known whether this lesion 

was active or not but all attempts to culture the organism failed. 

However he was placed under antibiotic treatment. One other serum 

sample was obtained on 3/7/59 and showed a titre of 4. This case 

was never positively diagnosed but he had a lowertitre following 

treatment than on the primary detection of the lesion. 

Case 2 - R. P. was a newly discovered active case and was 

immediately placed under hospital treatment with an antibiotic 

regime. A serum sample was obtained on his admittance to hospital 

and at intervals thereafter. The titration of these serum samples 

gave the following results: 
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Case 3 - K. K. was an apparently active case of TB picked 

up on mass x-ray examination but all attempts to culture Myco. 

tuberculosis from him failed. However, he was placed under 

treatment in hospital. On the 1/6/59, when first admitted to 

hospital, he had an immuno-conglutinin titre of 32. Following 

38 days of treatment, on 8/7, his serum immuno-conglutinin 

titre had dropped to 2. Only these two serum samples were 

obtained from this patient. 

Case 4 - J. P. was another case discovered on a mass x-ray 

examination. He was hospitalized and treated. On admittance to 

hospital on the 4/6/59 he had an immuno-conglutinin titre of 16. 

A second serum sample was obtained on 7/8, 33 days after treat-

ment commenced, the titre was reduced to 1. 

Through the co-operation of the Freeport Sanatorium serum 

samples were obtained from hospitalized tuberculosis patients. 

These samples were collected at 2-week intervals to follow the 

immuno-conglutinin levels in the patients. The data of these 

titrations are recorded in Table XIV-5 and a summary of the 

clinical condition of the patients follows. 
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Clinical Reports 
1. B. J., age 32, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary 
Tuberculous laryngitis. 

Culture - Sputum positive during period of testing. 

Progress - Lobectomy on 18/5/61. Clinical improvement 
followed and patient was discharged. 

Remarks - Conglutinating activity of serum indicates 
active stimulation when the samples were taken. 

2. B. S., age 13, female 

Diagnosis - Pulmonary tuberculosis, bilateral, moderately 
advanced, active 
Renal tuberculosis. 

Culture - Sputum negative. 
Urine positive. 

progress - Mo toxic symptoms were apparent. Disease dis-
covered on mass x-ray survey, steady clinical 

improvement. At present she is in sanatorium. 

Remarks -Immuno-conglutinin titre drops corresponding to 
clinical improvement. 

3. B. E. P., age 25, male 

diagnosis - Pulmonary tuberculosis, minimal, active, bacillary. 

Culture - Sputum positive, negative since December I960. 

Progress - Clinical improvement followed lobectomy in Jan. 
1961. Discharged 22/4/61. 

Remarks - Tests were started late in period of hospitaliza-
tion and indicate that no active antigenic 
stimulation was occurring at the time. 

4. C. O., age 56,male 
Diagnosis - Pulmonary tuberculosis, moderately advanced, active, 

non-bacillary. 
- Silicosis 

Culture - Sputum negative. 
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Progress - Hospitalized for observation as activity of the 
dise&se was questionable. Very mild disease may 
have been secondary infection to silicosis. 
Discharged Jan. 1961. 

Remarks - No active infection and no immuno-conglutinin 
titre. 

5. C. A., age 59* male 

Diagnosis - Miliary tuberculosis, far advanced, active, bacillary. 

Culture - Sputum positive, negative since Sept. I960. 

Progress - Clinical improvement with discharge July 1961. 

Remarks - Cultures were negative from 3 months before 
tests began. No active disease was apparent dur-
ing the time of testing. 

6. D. J., ago 63, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 
Silicosis 

Culture - Sputum positive, negative since April 1961. 

Progress - Clinical improvement. 

Remarks - This is a longstanding case and patient has been 
in and out of hospital for about 20 years. Immuno-
conglutinin titre would indicate that no antigenic 
challenge is occurring. 

7. D. W. L., age 47* male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, active, 
bacillary. 

Culture - Sputum positive, negative since Feb. 1961. 

Progress - Lobectomy on 2/3/61. Clinical improvement and 
discharged June 1961. 

Remarks - Good agreement between immuno-conglutinin titre 
and clinical improvement. 
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8. G. E., age 31, male 

Diagnosis - Ulcerative colitis, non-tuberculous. 

Culture - Negative for tubercle bacillus. 

Progress - No evidence of tuberculosis infection. Discharged 
Dec. 1960. 

Remarks - Immuno-conglutinin titre in this case illustrates 
the non-specific nature of immuno-conglutinin as 
far as the antigenic stimulus is concerned. 

'9. H. C., age 69, male 

Diagnosis - Pulmonary tuberculosis, minimal, non-bacillary. 
Hypertension 
Silicosis 

Culture - Negative 

Progress - Hospitalized for observation as activity of disease 
was questionable. Discharged June 1961. 

Remarks - No evidence of tuberculosis and no conglutinating 
activity in serum. Silicosis was the main disease. 

10. J. G. C., age 53, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, active, 
bacillary. 

Culture - Sputum positive, negative since Nov. I960. 

Progress - Lobectomy 23/2/61. Clinical improvement. Discharged 
June 1961. 

Remarks - Patient was improving when tests were started. Tests 
commenced too late to detect high levels of immuno-
conglutinin but do indicate that an improvement was 
occurring and patient was recovering. 

11. K. J., age 35, male 

Diagnosis - Left inguinal lymphadenitis. 

Culture - Sputum negative. 

Progress - No evidence of tuberculosis. Swelling in right inguinal 
region of unknown aetiology. 

Remarks - Drop in Immuno-conglutinin titre indicates that antigenic 
stimulation was decreased during drug therapy. 
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12. K. H., age 70, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary 
Tuberculous nephritis. 

Culture - Sputum negative. 
Urine positive Aug. I960; negative since Sept. I960. 

Progress - Clinical improvement during treatment. Discharged 
March 1961. 

Remarks - Immuno-conglutinin titre decline agrees with 
recovery from active disease. 

13. LaM. P., age 21, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 

Culture - Sputum positive; negative since Dec. I960. 

Progress - Good clinical recovery. Discharged Feb. 1961. 

Remarks - Tests were started late in the course of the 
disease but titre decline agrees well with other 
evidence of clinical recovery. 

14. M. C. A., age 58, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 

Culture - Sputum positive; negative since March 1961. 

Progress - Slow clinically stable improvement. 

Remarks - Slow decline of Immuno-conglutinin titre agrees with 
slow clinical improvement but no clinical reason for 
increased titre in March 1961 was apparent. 

15. M. J. R., age 70, male 
Diagnosis - Pulmonary tuberculosis, moderately advanced, 

active, non-bacillary. 
Silicosis. 

Culture - Sputum negative. 

Progress - Longstanding case. Has been on drug therapy for 
5 or 6 years. Slow improvement. Discharged Jan. 1961. 

Remarks - The immuno-conglutinin titre was declining on 
discharge. Titre may have been caused by complica-
tions to the silicosis. 
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30. Mc E. J.., age 36, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 

Culture - Sputum positive, negative since April 1961. 

Progress - Lobectomy on 6/2/61. Clinical improvment. 
Discharge June 1961. 

Remarks - Most active stage of disease had passed when 
tests were begun. Declining titre is in good 
agreement with recovery. 

17. McG. N. J., age 34, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 

Culture - Sputum positive, negative since Nov. I960. 

Progress - Lobectomy on 22/2/61. Clinical improvement. 
Discharged May 1961. 

Remarks - Testa were started late in treatment of disease 
but the results agree with the clinical recovery 
of the patient. 

18. McK. J. R., age 76, male 

Diagnosis - Pulmonary tuberculosis, far advanced, active, 
bacillary. 
Diabetes 
Pernicious anaemia 

Culture - Sputum positive. 
Progress - Slow recovery complicated by hepatitis and other 

common infectious diseases. 

Remarks - Patient was very susceptive to infections but is 
slowly improving. Immuno-conglutinin levels agree 
with the slow improvement and complicating inter-
current infections. 
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19. N. J., age 59, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
^ active. 

Culture - Sputum negative. 

Progress - Clinically this is a low grade infection and 
the patient is improving. 

Remarks - Reason for high Immuno-conglutinin titres is 
unknown but declining titre indicates improve-
ment. 

20. N. B., age 22, female 

Diagnosis - Tuberculosis of right tibia. 

Culture - Sputum negative. 

Progress - No clinical illness. Local swelling of ankle 
subsided on treatment. 

Remarks - Clinically this was a very early stage of 
tuberculosis of bone. No immuno-conglutinin 
activity was detected in the serum. 

21. N. C., age 19, female 

Diagnosis - Pulmonary tuberculosis, minimal, active. 

Culture - Sputum negative. 

Progress - A very mild case. Clinically improved. 

Remarks - This case was picked up on mass x-ray survey. A 
mild case with low immuno-conglutinin titres which 
dropped to zero during the clinical improvement. 

22. R. F . N., age 61, male 

Diagnosis - Pulmonary tuberculosis, far advanced, active. 

Culture - Sputum positive, negative from Aug. 1961. 

Progress - Very slow improvement. 

Remarks - Slowly declining immuno-conglutinin titre agrees 
with slow clinical improvement. 
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23. R. C. A., age 59, male 

Diagnosis - Pulmonary tuberculosis, minimal, non-bacillary. 
Silicosis 

Culture - Sputum negative. 

Progress - Very mild or questionable infection 
complication of silicosis. 

Remarks - Negligible antigenic stimulation and no immuno-
conglutinin titre. 

24. R. J., age 37, male 

Diagnosis - Pulmonary tuberculosis, minimal, active, 
bacillary. 

Culture - Sputum positive. 

Progress - Lobectomy 10/8/61. Some clinical improvement. 

Remarks - No immuno-conglutinin was detected at any time 
during this series of tests although the diseases 
was clinically active. 

25. S. J., age 62, male 

Diagnosis - Pulmonary tuberculosis 
Silicosis 
Bronchogenic carcinoma of left lung. 

Culture - Sputum negative. 

Progress - Treatment apparently controlled the tuberculosis 
infection but patient died of the carcinoma 
Sept. 1961. 

Remarks - Declining Immuno-conglutinin titre indicates 
that infection was controlled. 

2 6 . S . J., age 28, male 

diagnosis - Pulmonary tuberculosis, moderately advanced, 
active. Nephrotic syndrome, bacillary. 

Culture - Sputum positive, negative since Dec. I960. 
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Progress - Clinical improvement progressive. No 
complications. 

Remarks - Corticosteroid therapy contributed to original 
flare-up in this case. Immuno-conglutinin 
levels agree with clinical recovery. 

27. S. A., age 64, male ' 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
non-bacillary. 
Silicosis 

Culture - Sputum negative. 

Progress - Hospitalized for observation as activity of 
tuberculosis infection was questionable. 
Discharged Jan. 1961. 

Remarks - Very low level of tuberculosis activity and low 
serum conglutinating activity. 

28. S. A. J., age 39, male 

Diagnosis - Pulmonary tuberculosis, minimal, active, 
non-bacillary. 

Culture - Sputum negative. 

Progress - Clinical recovery. Discharged March 1961. 

Remarks - Lack of immuno-conglutinin activity indicates a 
very low level antigenic stimulation. 

29. T. M., age 66, male 

Diagnosis - Pulmonary tuberculosis, moderately advanced, 
active, bacillary. 

Culture - Sputum positive, negative since Nov. I960. 

Progress - Clinically improved when tests begun. Dis-
charged Jan. 1961. 

Remarks - Tests were begun in late stage of treatment but 
do indicate that no antigenic stimulation was 
occurring at this time. 



- 186 -

30. K. P. C., age 40, male 

Diagnosis - pulmonary tuberculosis, moderately advanced, 
active, bacillary 
Diabetes 

Culture - Sputum positive, negative since Dec. 1960. 

Progress - Lobectomy 20/6/61. Improving clinically. 
Some trouble controlling diabetes. 

Remarks - immuno-conglutinin levels indicate an improve-
ment but reason for slightly elevated levels in 
March and April is unknown. 

31. W. L., age 45, female 

Diagnosis - Pulmonary tuberculosis. bilateral, moderately 
advanced, active. 

Culture - Sputum negative. 

Progress - Not seriously ill. Clinically improving. 

Remarks - Case was picked up on mass x-ray survey. 
Clinically it is a mild infection. The reason 
for the relatively high levels of immuno-
conglutinin is not clear but it is probably at least 

partially caused by the tuberculosis infection. 

32. Z. S., a g e , female 

Diagnosis - Tuberculosis of left sacroiliac joint. 

Culture - Sputum negative. Sinus discharge positive. 

Progress - A discharging sinus has healed and a swelling 
in same area has nearly disappeared. 

Remarks - The low Immuno-conglutinin levels indicate that 
no marked antigenic stimulation is occurring. 
The lesions may bewalled-off sufficiently to stop 
any antigenic challenge. 
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D. Discussion 

1. Infections in rabbits: 

Topley and Wilson (1955) states that 0. 01 mg of human 

bacilli rarely if ever proves fatal in rabbits. However, 

extensive lesions in the lung and kidneys are often seen both 

after intravenous and intraperitoneal injections. The rabbit 

possesses considerable resistance to the human type of Myco. 

tuberculosis. 

In the series of infections with the human bacillus, none 

of the rabbits showed any gross signs of clinical illness and 

on necropsy only a few tubercles were present in the lungs. No 

other macroscopic lesions were seen. It seems that these 

rabbits had undergone a limited infection but no progressive 

disease or serious threat to the life of the animal developed. 

In tracing the immuno-conglutinin titre, there was an increasing 

titre until about two to three weeks after infection and this was 

followed by a general drop in titre. It would seem that the 

immuno-conglutinin titre increased during the active stage of the 

disease but decreased when this active stage had passed and the 

animal was going into a quiescent stage of the disease in which 

it did not receive any marked stimulation or challenge 

from the localized infection. 

The avian bacillus is more virulent for rabbits than the 

human type bacillus. After intravenous inoculation, the avian 

bacillus often gives rise to the Yersin type of disease in 

which a marked proliferation of the bacilli occurs in the body 

without macroscopic tubercle formation. 
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The four rabbits infected with the avian type organism 

all developed generalized infections. One rabbit was moribund 

when killed at 65 days and the other three were very thin 

and obviously sick. On post-mortem examination, tuberculous 

lesions were widespread throughout the body and were 

macroscopically visible in the lungs, spleen, liver, kidney 

and mesenteric lymph nodes. In these four animals the immuno-

conglutinin titre remained well above normal levels throughout 

the period of the test. 

The route of infection of the rabbits did not have any 

apparent effect on the resulting immuno-conglutinin levels or on 

the location or extent of the lesions on necropsy. However, 

the avian bacillus produced a much more active and acute disease 

than the human bacillus. In parallel with this sustained stimu-

lation and progressive disease, the avian type infection resulted 

in a maintained high level of immuno-conglutinin in the serum. 

2. Failure of immuno-conglutinin Serum to Increase 
Resistance to Tuberculosis in Mice: 

The resistance experiments in mice failed to demonstrate 

any significant protective effect of immuno-conglutinin against 

tuberculosis induced by either intravenous or inhalation 

infection. A single preinfection dose of immuno-conglutinin is 

sufficient to demonstrate a protective effect against a number 

of more acute bacterial infections in mice (Ingram, 1959 a and b). 

It is possible that with a chronic infection, such as tuberculosis, 

repeated administrations of a protective serum may be necessary. 

This possibility has not been tested but it is attended by con-

siderable difficulties as discussed by Rich (1951). 
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Therefore, although these experiments did not show any-

protective effect of immuno-conglutinin they were not sufficient-

ly extensive to exclude the possibility that immuno-conglutinin 

may influence the course of tuberculosis in the mouse. 

3. Immuno-conglutinin Levels in Human Tuberculosis Patients: 

„he data obtained to date on serum immuno-conglutinin 

levels in human tuberculosis patients indicate that there is a 

good correlation between active infection and elevated serum 

levels of immuno-conglutinin. The survey of immuno-conglutinin 

levels in a limited number of infected and normal persons did 

show a good relationship between increased levels of serum 

conglutinating activity and active cases of the disease. 

A relatively high level of immuno-conglutinin was found in 

a few newly discovered active cases of tuberculosis. In the 

cases followed, the patients were hospitalized and treated. 

Serum samples obtained from the first series of patients showed 

a decrease of immuno-conglutinin titre during treatment. The 

decreasing titre of Immuno-conglutinin during treatment 

indicates that the degree of activity or challenge to the 

patient is also decreasing; in other words, the treatment was 

succeeding. 

High immuno-conglutinin titre in tne serum of an individual 

is in no sense diagnostic of tuberculosis, out is believed to 

indicate an active antigenic stimulation occurring in the person 

or animal. However, a high immuno-conglutinin level in a patient 

exhibiting other diagnostic signs of tuberculosis may indicate 

that the infection is active rather than quiescent. 

Similarly a decreasing level of immuno-conglutinin in the 
of a 

serum, person or animal is believed to indicate that the antigenic 
A 
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stimulation to that individual is declining. In patients 

undergoing successful therapy the challenge or antigenic 

stimulation to that person decreases and it would be expected 

that the immuno-conglutinin titre would drop. Thus serial 

serum samples taken from a patient under treatment which 

show a maintained or decreasing level of Immuno-conglutinin 

may well be an indication of the failure or success, respectively, 

of the course of therapy. 

It is believed that the observations on patients from the 

sanatorium indicate that determination of serum immuno-

conglutinin levels in tuberculosis infection may be a useful 

laboratory test. This investigation found that (l) active 

infection with Myco. tuberculosis caused a raise in serum 

immuno-conglutinin level and (2) decreasing levels of immuno-

conglutinin in patients under treatment is a good indication 

of the success of therapy. In most cases of pulmonary tuberculosis, 

the level of Immuno-conglutinin began to drop before the sputum 

cultures became negative. Patients who recovered very slowly 

showed a very slow decline in the immuno-conglutinin titres. 

However, it must be remembered that raised levels of immuno-

conglutinin are not diagnostic of tuberculosis since any 

antigenic challenge may stimulate the production of immuno-

conglutinin. 
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E. Summary 

Experimental infections of rabbits with Myco. tuberculosis 

demonstrated that an increased level of immuno-conglutinin 

occurred in the serum of infected animals and that in a 

progressive disease this increased level of activity is 

maintained. 

Resistance experiments failed to demonstrate any 

significant protective effect of immuno-conglutinin against 

tuberculosis in mice challenged by either intravenous or 

inhalation infection. 

A number of tests with tuberculosis patients indicates 

that the level of immuno-conglutinin in the serum is an indica-

tion of the degree of activity of the disease. The possible 

significance of the immuno-conglutinin level in tuberculosis 

patients is discussed. 
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THE INTERACTION OF ALEXINATED RED BLOOD CELLS 
AND CONGLUTININ OR IMMUNO-CONGLUTININ: 

A METHOD 

A. Review of the Mechanism of Activity of Complement 

1. In Conglutination: 

Complement can be separated into 4 components which are 

designated C'l, C'2, C'3, and C'4. Using the classical methods 

of fractionation of components of complement, Coombs, Blomfield 

and Roberts (1950) and Blomfield (1952a) investigated the role of 

the components of complement in the conglutination reaction. 

They found that C'l was the first component to react with 

sensitized red blood cells and that C'2 and C'4 reacted together 

upon the complex formed by antigen-antibody-C'l. No definite 

evidence for the involvement of C'3 in conglutination was 

obtained but theoretical considerations led these workers to 

the opinion that C'3 was not involved in the reaction of 

conglutinin with alexinated red blood cells. 

Rice (1953) reported that all 4 components of complement 

make up the complement complex necessary for conglutination 

to occur. However she did not publish details of the 

experimental evidence on this point. 

2. In Immune Haemolysis: 

Recent work on the mechanism of haemolysis by antibody and 

complement has been reviewed and summarized by Mayer (1958 and 

1961). These reviews covered the development of a new technique 

which involved the chelation of divalent cations which are 
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The first step takes place at 0°C or 37°C in the presence 

of Ca^* (Levine and Mayer, 1954 ). The second step also takes 

place at 0°C or 37°C but only in U.: presence of Mg**"** (Mayer 

and Levine, 1954a and b). The third step occurs rapidly at 

37°C, very slowly at 16°C and still more slowly at 0°C. Rapp, 

Sims and Borsos (1959) have separated C'3 into two components 

designated C'3a and C'3b both of which are required for the 

transformation of EAC'1, 4, 2 into E^. No co-factor is necessary 

for this reaction. The reaction between EAC'1, 4, 2 and C'3 comes 

to a standstill because of decay of the cell-substrate to 

EAC'1, 4. It was found that EAC'1, 4, 2 is unstable and has a 

half-life of about 8 minutes at 37°C, 20 minutes at 30°C, or 

about 10 hours at 0°C (Mayer, Levine, Rapp and Maruccl, (1954). 

The fourth step (5) in which E^, the damaged cell 

necessary for the haemolytic activity of guinea pig ana 

human complement. Four steps are recognized in immune 

haemolysis after combination of red blood cells (B) and 

antibody (A) to form EA: 
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in the condition EAC'1, 4, 2, 3, lyses to liberate haemoglobin 

and to leave cell ghosts, occurs spontaneously in a period 

of time, the length of which depends on temperature, e. g., 

16 minutes at 37°C or 4 hours at 0°C (Mayer and Levine, 

1954 and Mayer et al 1954). 

The preparation of EAC'1, 4, 2 can be accomplished in a 

single operation by treatment of EA with undiluted complement 

in the presence of both Ca** and Mg* * at 0°C for about 15 

minutes. After this, the cells are washed with cold buffer, 

stored at 0°C for 4 hours, in order to eliminate any E*, and 

after another cold washing they are ready for use in the 

state of EAC'1, 4, 2. It is preferable to work at 0°C for the 

preparation of EAC'1, 4, 2 since this intermediate loses its 

reactivity rapidly when kept at 37°C and operations in the 

cold permit minimal loss of EAC'l A, 2. 

The only attempt to apply this type of experiment to horse 

complement was reported by Leon and Morden (1959). These 

workers allowed the alexination reaction to proceed in the 

presence of Ca** and Mg**but measured the formation of 

EAC'1, 4, 2 by bringing about lysis of the cells with guinea 

pig C'3. Thus these experiments cannot be interpreted to the 

reaction between horse complement and conglutinin. It was 

found that temperature had an effect on the formation of 

EAC'1, 4, 2 and the maximum formation was obtained at 32°C with 

decreasing efficiency of formation at 32°C, 27°C, 37°C, 22°C. 
of The complex EAC'1, 4, 2 formed with horse complement was more 
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labile than the corresponding human or guinea pig complexes. 

It was concluded that conglutinin reacts with the decayed 

form of EAC'1, 4, 2 which is the complex EAC'1, 4. 

3. Properdin Studies: 

Studies on the reaction of bovine properdin as prepared 

by Pillemer, Blum, Lepow, Ross, Todd and Wardlaw (1954) showed 

that their preparations of bovine properdin also contained 

conglutinin. Leon (1957) in a study of the preparation of 

properdin from bovine serum reported that zymosan was con-agglutinated in normal bovine serum. He reported that Ca**was 

necessary for the conglutination reaction. and that properdin 

could be prepared from bovine serum free of conglutinin by 

chelating the Ca* * present in the serum-zymosan mixture. 

B. Introduction 

The following tests were carried out in an attempt to find 

a more precise quantitative measure of the conglutination reaction 

so that kinetic studies could be conducted on the interaction of 

sensitized cells and horse complement, on the interaction of 

alexinated cells and conglutinin and on the stability of alex-

inated and conglutinated red blood cells. 

C. Materials ana Methods 

1. Preparation of Sensitized Red Blood Cell Suspension: 

Sheep red blood cell suspensions were prepared fresh daily 

and sensitized with the anti-sheep-red-blood-cell antibody 
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present in normal bovine serum. Equal parts of 5% suspension 

of sheep red blood cells and undiluted, heat-inactivated 

bovine serum were mixed and incubated at 37°C for 15 minutes. 

The cells were then deposited by light centrifugation, washed 

once in saline^ and finally made up to the original volume 

of the cell suspension to give a 5% suspension of sensitized 

sheep red blood cells. 

2. Preparation of Alexinated Red Blood Cell Suspension: 

The cells were then alexinated by incubating aliquots of 

the sensitized cells with various amounts of horse serum. 

Saline was added to give a total volume of 10 ml per tube as 

follows: 
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These preparations were incubated with constant, 

gentle shaking for 10 minutes at 37°C. The ceils were then 

deposited by gentle centrifugation, washed once in saline and 

resuspended to give a 0. 5% suspension of cells. 

3. Titration of Alexinated Red Blood Cell Preparations: 

Eleven identical rows of serial doubling dilutions of 

serum containing conglutinin or immuno-conglutinin were 

prepared and the cells from one of the 11 tubes were added 

to a row of the titration of this serum. 

The test was repeated 20 times with 20 different samples 

of serum containing conglutinin, immuno-conglutinin (hetero-

stimulation) or immuno-conglutinin (auto-stimulation). 

D. Experimental Results 

As shown in Fig. XV-1 there is an apparently lower titre 

of conglutinating activity in samples in which the cells were 

exposed to smaller amounts of complement. this apparent lower 

titre with cells alexinated with less complement was found with 

all 20 samples, but for the sake of clarity the results from only 

4 serum samples are illustrated in Fig. XV-1. 

I. < order to compare these results and since most sera 

tested had different titres, graphs were constructed by using 

the highest titre obtained with a given serum as a standard 

for each test and reading all rows in the test in relation to 

this standard. Thus N equals the highest titre obtained, N-l 

was the next lower doubling dilution, n-2 the next lower 

doubling dilution, etc. By using these standards and averaging 
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Figure XV-1 

Conglutinating Activity of Four Sera Mixed 
with Ceils Exposed to varying Amounts of 
Horse Complement. 

Figure XV-2 

Mean Conglutinating Activity of Sera Mixed with 
Cells Exposed to Varying amounts of Horse 
Complement. 

Horizontal axis - as in Fig. XV-1. 

Vertical axis - Mean titre of conglutinating activity 
using highest titre detected with any 
given serum as the standard, N; one 
lower doubling dilution, N-l; next 
lower doubling dilution, N-2; etc. 

Figure XV-3 

Mean Conglutinating Activity of sera Mixed with 
Cells Exposed to Varying Amounts of Horse Complement. 

Horizontal axis - as in Fig. XV-1. 

Vertical axis - as in Fig. XV-2 except that scale 
is logarithmic. 
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the results from the 20 samples the curve Illustrated in 

Fig. XV-2 is obtained. 

Since the conglutinin or immuno-conglutinin was diluted 

in a doubling dilution series, the averages from the 20 

samples as illustrated in Fig. XV-2 were plotted on a graph 

using log to the base 2 scale and the results are shown in 

Fig. XV-3. 

E. Discussion 

1. The Relationship of the Degree of Alexination to 
the Titre of Conglutinating Activity Detected: 

Preliminary tests, not reported here, showed that if 

amounts of complement greater than 1 ml were used in the 

alexination procedure, no corresponding increase in conglutinin 

titre was demonstrable. However, within the range from 0 1 

to 1. 0 ml of complement, an increasing sensitivity was demon-

strated for each increase in the amount of complement used for 

alexination of the cells. This failure of increased sensitivity 

above the 1 ml level indicates that the cells alexinated with 

1 ml of complement are probably approaching the optimal degree 

of alexination or the sites for alexination are practically 

saturated at this level. Therefore, the experiments were 

concentrated in the range where different sensitivities could 

be demonstrated. This difference in sensitivity within this 

range is presumably due to the amount of complement absorbed 

onto the cells being proportional to the amount of complement 

to which the cells were exposed. 

It can be seen in Fig. XV-3 that the plots on this scale 

fall very close to a straight line which joins the highest 
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titre to the 0 mark where no complement was incorporated 

in the mixture. The results which are illustrated show that 

there is a direct relationship between the amount of complement 

on the alexinated red blood cells and the sensitivity of the 

cells to the action of conglutinin. 

2. Reason for Adding Inactivated Horse Serum to the 
Alexination Mixture: 

Horse complement has a relatively low level of C'4 

(Blomfield, 1952b and Coombs, Coombs and Ingram, 1961). Heat 

inactivation of serum destroys C'l and C'2 activity with relative-

ly little effect on C'3 or C'4 activity. Thus by adding heated 

horse serum to the alexination mixture the amount of C'4 is 

supplemented and it has been found that this supplementation 

increases the sensitivity of the alexinated cells to the 

activity of conglutinin. 

F. Summary 

A method is reported by which a good correlation is shown 

between the amount of complement on the cells and the 

sensitivity of the cells to the action of conglutinin. This 

method is laborious but some of the interesting results 

obtained by using it are discussed in the next two chapters. 
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THE FORMATION AND DECAY OF ALEXINATED 
RED BLOOD CELLS 

A. Introduction 

This chapter describes a study of the interaction of 

sensitized sheep red blood cells and horse complement using 

the method described in chapter XV. Two facets of this 

reaction were studied. First, the rate of formation of the 

"alexinated" configuration, that is, the formation of the 

complement complex on the cell with which conglutinin and 

immuno-conglutinin react. Secondly, the rate of decay of 

this "alexinated" configuration was investigated. 

B. Materials and Methods 

1. Preparation of Alexinated Red Blood Cell Suspension: 

Suspensions of sensitized red blood cells were prepared as 

described in chapter XV. The sensitized red blood cells were 

alexinated by making a mixture in the following proportions: 

7 parts saline 

1 part 5% sensitized sheep red blood cells 

1 part heat-inactivated horse serum 

1 part fresh horse serum. 

All ingredients were equilibrated at the temperature of the experi-

ment before mixing. Water bath temperatures were held constant 

to 0. 2°C. During the alexination reaction, the mixture was 

shaken gently with a mechanical shaker to ensure an even suspen-

sion of the cells and thus allow optimal reactions. 
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2. Technique of Sampling to Determine Optimal 
Time for Alexination: 

In the experiments on the rate of formation of the 

"alexinated" configuration, the first 3 ingredients were 

mixed and a sample was taken which is shown in the graphs 

as -1 minute. The fresh horse serum was then mixed and a 

sample was taken immediately; this is shown as 0 time on 

the graphs whereas in actual practice it was about 10 to 1$ 

seconds. Further samples were taken at the time intervals 

shown on the graphs. 

When a sample was taken, it was immediately centrifuged at 

moderate speed for 2 minutes to deposit the cells and thus stop 

the reaction. The supernatant fluid was discarded and the 

deposited cells were washed once in saline, then resuspended 

to the original volume to give a 0. 5% cell suspension. 

3. Method of Determining the Rate of Decay of the 
Alexinated configuration: 

When the time of optimal sensitivity of the alexinated 

cells was determined for each temperature, this time of 

alexination was used for studies on the rate of decay of the 

"alexinated" configuration. The procedure of alexinating the 

cells at the same temperature as was to be used in the decay 

experiments was followed at all temperatures, except 5°C where 

the time involved made this procedure impractical. Therefore 

for the decay experiments at 5°C the cells were alexinated at 

35°C for 7 minutes then washed and resuspended in saline 

maintained at 5°C. 
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In the experiments on the rate of decay of the "alexinated" 

configuration samples were taken as soon as the cells had been 

washed and resuspended in saline at the temperature of the 

experiment. This was taken as 0 time. Additional samples 

were taken at the time intervals shown on the graphs. Through-

out the experiments the cell suspensions were shaken gently 

with a mechanical shaker to prevent sedimentation of the cells 

and thus ensure an even suspension for all tests. 

4. Method of Detecting the Degree of Alexination: 

Twenty identical rows of serial dilutions of serum contain-

ing conglutinin or immuno-conglutinin were prepared. As soon 

as a sample was taken, and washed where necessary, the cells 

were dispensed into one row of the doubling dilution series, 

each row (one sample of cells) was incubated at 35°Cfor 30 

minutes to allow the reaction between the alexinated cells and 

conglutinin to occur. The tubes were then centrifuged and read 

by the usual technique. 

At each temperature the test was repeated at least 10 times 

using at least 3 samples of (1) normal bovine serum (conglutinin), 

(2) rabbit serum containing immuno-conglutinin (auto-stimulation) 

and (3) rabbit serum containing immuno-conglutinin (hetero-

stimulation). 

C. Experimental Results 

1. The Formation of the Alexinated Configuration: 

The reactions obtained with 4 different conglutinin or 

immuno-conglutinin sera tested at 35°C are illustrated in fig. XVI-1. 
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All sera tested showed a similar pattern of reaction. Therefore, 

the procedure of using the highest titre obtained in a test as a 

standard (n) and of pooling the results from the experiments 

at each temperature was followed (see chapter XV). 

The results of the experiments on the rate of formation of 

the "alexinated" configuration are shown in Fig. XVI-2. As the 

temperature decreased, the rate of formation of the "alexinated" 

configuration also decreased. Thus, at 35°C maximal sensitivity 

was reached in 5 minutes; at 25°C it was 15 minutes; at 15°C, 

20 minutes and at 5°C, it was 3 hours. 

Experiments conducted at 0°C using either guinea pig or horse 

complement showed that the "alexinated" configuration was not 

formed at this temperature for many hours. A slight reaction 

was detected after alexination at 0°C for 24 hours with horse 

complement but it proved impractical to continue the experiment 

beyond this time. No reaction was detected at 24 hours using 

guinea pig complement. 

2. The Decay of the Alexinated Configuration: 

Preliminary experiments showed that the rate of decay of the 

"alexinated" configuration was the same in the alexination mixture 

of sensitized cells and horse serum as occurs in alexinated cells 

suspended in saline. Therefore, for the sake of ease of manage-

ment and convenience, the experiments were conducted with 

alexinated cells suspended in saline. 

The rate of decay, as illustrated in Fig. XVI-3, is dependent 

on temperature. The most rapid rate of decay occurred at 35°C 
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but even after 9 hours the cells showed a slight reaction 

when mixed with conglutinin serum. As the temperature of 

the experiment decreased the rate of decay became slower 

until at 5*̂ 2 a very slow decay rate occurred. 

3. The Effect of the Temperature of Alexination on the 
Titre of Conglutinating Activity Detected: 

The comparison of the titres of sera obtained by alexinating 

the cells at various temperatures is shown in Table XVI-1. 

The readings were taken at the time of maximum sensitivity 

of the alexinated red cells for each temperature. In general, the 

titres of conglutinin obtained decreased somewhat as the 

temperature of alexination decreased. 
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D. Discussion 

1. The Formation of the Configuration of Alexinated 
Red Blood Cells Reacting with Conglutinin: 

The formation of the "alexinated'' configuration is a 

temperature-dependent reaction. The reaction between 

sensitized cells and horse complement is very rapid at 35°C 

and immediately after mixing of the reagents a considerable amount 

of alexin can be shown to be present on the cells. At 25°C 

and at 15°C the reaction is slowed considerably. However at 

5^C the reaction takes 3 hours to reach maximum sensitivity 

and at 0°C the formation of the "alexinated" configuration is 

just detectable at 24 hours. 

2. Relationship of the Alexinated Configuration to 
the Recognized Intermediates of Immune Haemolysis: 

These experiments were carried out using optimal amounts 

of Ca * * and mg** for the fixation of haemolytic complement. 

With guinea pig complement the formation of the EAC'1, 4, 2 

complex ia marked in 15 minutes at O^C (Mayer, 1958). The 

slow rate of the alexination reaction with horse complement 

at 5°C and the extremely alow rate of alexination with horse 

complement at 0°C, indicate that the complex measured by the 

reaction between alexinated cells and conglutinin is not the 

EAC'1, 4, 2 complex. Also the rapid rate of formation and decay 

of the "alexinated" configuration at the higher temperatures 

indicates that the conglutination reaction is not measuring the 

decayed form of the EAC'1, 4, 2 complex; that is EAC'1, 4. 
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Therefore, it is suggested that the substance or surface 

configuration which reacts with conglutinin is distinct from 

the complexes of immune haemolysis as described by Mayer and 

co-workers. 

3. The Decay of the Alexinated Configuration: 

The rate of decay of the "alexinated" configuration is 

also temperature-dependent being most rapid at higher temper-

atures. The rate of decay was similar regardless of whether 

the cells remained in the mixture with horse serum or were 

washed and resuspended in saline after alexination had occurred. 

This finding indicates that there is no free complement left in 

the serum mixture which could regenerate the decaying alexinated 

configuration. Thus, it would seem that practically all of the 

active substance in the reaction mixture acts by the time of 

maximum sensitivity. These results are in agreement with the 

findings in the previous chapter that the increasing sensitivity 

of the reaction mixture extended at least up to the level of 1 

part complement in 10 parts of the reaction mixture. 

4. The Decay of the Intermediates of Immune Haemolysis: 

It is interesting to compare the rate of decay of the 

"alexinated" configuration with that of the EAC'l, 4, 2 complex. 

At 37°C the EAC'1, 4, 2 has a half life of 8 minutes and at 35°C 

the sensitivity of the 'alexinated" configuration drop* to 

half by about 9 minutes. At 25°C the "alexinated" configuration 

loses half its sensitivity by about 17 minutes. At 15°C it is 

about 195 minutes and at 5°C, about 12 hours (720 minutes). 
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5. The Alexination temperature and the Titre of Conglutinating 
Activity Detected: 

The effect of the temperature of alexination on the 

detected titre of conglutinating activity was the same regard-

less of the source of the serum. In general, tests with immuno-

conglutinin serum, whether hetero- or auto-stimulation, or 

with bovine conglutinin showed highest titres at 35°C and the 

titre decreased with decreasing temperatures. These results 

are somewhat different from the results of the comparison of the 

temperature of reaction between alexinated cells and conglutinin 

which will be discussed in the next chapter. 

Summary 

The rate of formation and the rate of decay of the 

"alexinated" configuration are temperature dependent: both 

are more rapid at higher temperatures. At 5°C and especially 

at 0°C the rate of formation of the "alexinated" configuration 

is very slow and is much slower than the rate of formation of 

the EAC'1, 4, 2 complex as reported to occur in the immune 

haemolytic reaction. 

It is suggested that the "alexinated" configuration is 

distinct from the intermediate complexes formed in immune 

haemolysis. 
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THE FORMATION AND DECAY OF THE ALEXINATED CELL-
CONGLUTININ COMPLEX 

A. Introduction 

This chapter deals with the serological conglutination reaction 

itself. The experiments to be discussed deal with the rate of the 

reaction to bring about the clumping of Alexinated red blood cells 

by conglutinin and the rate of decay or breaking up of the conglutinated mass at different temperatures. The technique used for 

quantitative determination of the reactions is that described in 

chapter XV and used in chapter XVI. 

B, Materials and Methods 

1. Preparation of Alexinated Red Blood Cell Suspensions' 

The suspensions of sensitized sheep red blood cells were pre-

pared as described in chapter XV) that la, by incubating equal 

volumes of 5% suspension of sheep cells and normal bovine serum at 

35°C for 15 minutes, then washing the cells and re-suspending to 

give a 5% suspension. 

The sensitized cells were alexinated by mixing them with 

saline and horse serum as described in chapter XVI; that is, 7 

parts saline, 1 part 5% suspension of sensitized cells, 1 part 

heat inactivated horse serum and 1 part fresh horse serum. The 

alexination was carried out at the same temperature as the experi-

ment to be conducted ia the conglutination except for the experiments at 5°C. Thus, if an experiment was testing the rate of 

formation and decay of the conglutinated mass at 15°C, the cells 

were alexinated at 15°C. At each temperature the incubation time 

giving the maximum sensitivity was used. This time was determined 

by the experiments described in chapter XVI. However, for the 
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experiments at the cells were alexinated at 35°C for 7 minutes, 

then washed and resuspended in saline at 5 c. During alexination, 

the cells were shaken gently with a mechanical shaker to allow 

optimal conditions for alexination. 

2. Technique of Mixing and Sampling! 

Twenty identical rows of serial doubling dilutions of serum 

containing conglutinin or Immuno-conglutinin were prepared by making 

one set of a master dilution series and then dispensing the diluted 

serum to the 20 rows of tubes. These tubes were then allowed to 

equilibrate to the temperature of the test. The alexinated cells 

were prepared at, or suspended in saline at, the temperature of the 

experiment. 

The alexinated cells were then dispensed into the rows of the 

dilution series of conglutinin and shaken to ensure mixing. One 

row of tubes was centrifuged immediately after mixing and is shown 

as 0 time on the graphs. Thereafter a row of tubes was centrifuged 

and read at the times show on the graph. The same test measured 

both the formation and decay of the conglutinated mass although for 

the sake of convenience and clarity the results are illustrated in 

two graphs. 

At each temperature, the test was repeated at least 10 times 

using at least 3 samples of (l) normal bovine serum (conglutinin), 

(2) rabbit serum containing immuno-conglutinin (auto-stimulation) 

and (3) rabbit serum containing immuno-conglutinin (hetero-stimulation). 
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c. Experimental Results 
1. Rate of the Reaction Between Alexinated Cells and Conglutinin! 

All sera teste showed a similar reaction pattern at each 

temperature and the procedure of using the highest titre obtained 

in a teat as a standard (N) and of averaging the results from the 

experiments at each temperature was followed. 

The rates of formation of the 'conglutinated mass' for the 

4 temperatures are illustrated in Fig. XVII. Aa would be expected, 

the rata of reaction of alexinated cells with conglutinin or immuno-

conglutinin waa highest at 33°C and decreased as the temperature 

decreased. At 35°c the maximum reaction was observed at 30 minutes( 

at the maximum occurred at 40 minutes; at 15°C it was 90 

minutes and 150 minutes. 

Other experiments showed that conglutinin reacts with alexinated 

cells at 0°C. As early as 3 minutes, a relatively good reaction was 

demonstrable and maximum titres ware reached by about 210 minutes. 

2. Decay of the Conglutinin — Alexinated Cell Complex! 

The extension of this experiment to study the decay of the 

conglutinated mass gave the results illustrated in Fig. XVII-2 and 

showed that the rate of decay was also a function of temperature. 

At conglutination of the red blood cells was no longer demon-

strable after hours. At lower temperatures the decay was slower 

until at 5 c the average titre fall only one dilution by 9 hours. 

3. The Temperature of Conglutination and the Titre of Conglutina-
ting Activity! 

A comparison of the titres of sera obtained by conglutinating 

the cells at various temperatures is illustrated in Table XVI1-1. 

In this experiment all the cells were alexinated 35°C for 7 minutes 
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and thus any variation due to the temperature of alexination was 

avoided. The alexinated cells and conglutinin vera allowed to 

react for the optimal time for each temperature tested. In general, 

the titres using immuno-conglutinin serum were highest at 

and decreased slightly aa the temperature decreased. However, with 

the naturally occurring conglutinin of bovine serum the highest 

titres were obtained at 25°C with slightly lower titres at 35c 

and at 15°C and 5°C. 
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Decay of the Alexinated Configuration or of Conglutinin? 

To find whether the decay of the "conglutinated mass' was due 

to the inactivation or decay of the 'alexinated' configuration, the 

following test was carried out. The conglutination mixture was set 

up as usual and allowed to react at 35c for 6 hours when it was 

found that only a very low titre was demonstrable. One volume 

(0. 1 ml) of fresh horse complement was then added to one row of the 

test dilutions, the teat was then incubated another 30 minutes, then 

centrifuged and read by the usual technique. It was found that 

this procedure caused a marked increase in the titre demonstrable 

but usually the titre did not quite return to the maximum. 

D. Discussion 

1. The Rate of Formation of the Conglutinated Mass! 

These experiments show that the conglutination reaction la 

temperature dependent. The reaction is demonstrable immediately 

after mixing of alexinated cells and Conglutinin but take some time 

to reach the maximum level. Thus, within the limits of this experi-

mental technique, no induction period is necessary. 

The time range fr maximum sensitivity to be reached was not aa 

great aa in the alexination experiments. The time of maximum con-

glutination at 35°C was longer than the time of maximum alexination. 

Thus, assuming there is no antagonism or synergism between the two 

reactions an immune system of cells, antibody, horse complement and 

conglutinin at 35^ it is the reaction between the alexinated cells 

and conglutinin which is the rate-limiting reaction. However in 

the same immune system at 5°C it is expected that the alexination 
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reaction would be the rate-limiting reaction since it takes 3 hours 

to reach maximum alexination but only 2 1/2 hours is require far 

maximum conglutination. If the immune reaction mixture were incu-

bated at O^C one would not expect any conglutination within many 

hours because of the failure of alexination to occur at this 

temperature. 

2. Decay of the Conglutinated Mass 

The rate of decay of the "conglutinated mass' ia approximately 

the same aa the rate of decay of the 'alexinated' configuration. 

Thus the breaking up of the 'conglutinated mass' may be due to the 

destruction of the alexinated configuration and not due to a 

failure of the action of conglutinin. Although the conglutinin 

could be expected to protect the alexinated configuration by reacting 

with it, this does not appear to have happened. Instead there may 

be a slightly more rapid rate of decay of the alexinated configura-

tion after it has reacted with conglutinin or Immuno-conglutinin. 

3. The Effect of Temperature of Conglutination on the Titre of 
Conglutinating Activity Detected! 

Of the temperatures tested, immuno-conglutinin reacted best 

at and reacted less strongly aa the temperature was reduced. 

However, the conglutinin of normal bovine serum reacted beat at 

25°C and reacted less-strongly at 33°C and at 15c and 5°C. Thus 

it would appear that the optimal temperature of immuno-conglutinin 

activity ia around body temperature while the optimal temperature 

of 'normal' conglutinin ia somewhat lower. This difference in 

optimal temperature of conglutination ia similar to the difference 

in optimal temperature found in agglutination of human red blood 

cells. With human red blood cells of group A, "immune' agglutinins 
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react optimally at body temperatures while "normal* agglutinins 

react optimally at somewhat lower temperatures. (Reepmaker and 

ton Loghen, 1953! Hubinont, 1949 and Levine, Katzin and Burnham, 

1940). 

4. Decay due to Loss of the Alexinated Configuration! 

The test of adding fresh horse serum to the decayed conglu-

tination mixture Indicates that the breaking up of the conglutinated mass is probably due mostly to the decay of the 'alexinated' 

configuration. 
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THE PLACE. OF IMMUNO-CONGLUTININ IN CONTEMPORARY IMMUNOLOGY The purpose of this chapter is to discuss immuno-conglutinin 

in relation to current immunological research. 

i. Anti-Complement serum 
Several investigations into specific antibodies against 

complement which were reported early in this century have been 

referred to in Chapter 111. 

McKee and Jeter (1955 and 1956) began a study of 'an antibody 

against complement' but either they did not know of, or they 

ignored, the work carried out in the early years of this century. 

They produced 'anti-complement' sera by the injection of animals 

with specific immune precipitates whioh had been exposed to com-

plement and then washed free of unattached serum. The potency 

of these sera were measure! by their ability to inhibit complement 

activity (haemolysis). These workers apparently failed to realize 

that they were injecting serum components into the animals whioh 

could produce anti-serum antibodies. Aa shown in Chapter IV, 

when serum ao produced is mixed with the serum uaed as a source 

of complement an antigen-antibody reaction occurs between the 

serum used aa a source of complement and the anti-serum anti-

bodies in the 'anti-complement' serum. The antigen-antibody 

reaction could bind any complement present ao that when the 

sensitized red blood cells of the indicator system are added, 

no haemolysis would occur. This antigen-antibody reaction in 

itself would bind or destroy complement activity even if no 

specific anti-complement antibodies were present. 
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In a further report on this investigation, Jeter and McKee 

(1957) showed that immune precipitates treated with complement 

combined with extra nitrogen (antibody protein) when exposed to 

these specific 'anti-complement' sera. However, from the pub-

lished results it would appear that the same type of immune 

precipitate was used to inject the animals to stimulate 'anti-

complement' sera aa was used to teat these sera in vitro. There-

fore one might expect some antibody nitrogen to add to the 

antigen-antibody-complement complex without necessarily involving 

any true anti-complement antibodies. Considering these facts, 

the results obtained are very difficult to interpret and evaluate. 

Klein and Burkholder (1960a) presented evidence to show that 

guinea pig complement fixed on sensitized sheep red blood cells 

acts aa a specific agglutinogen. Agglutinating antibodies whioh 

react with cell-fixed complement were produced by immunizing 
r rabbits with a complex of stromata-amboceptor-complement or with 
^ 

guinea-pig-serum globulin. Cross reactions between human and 

guinea pig complements indicate that the fixed material from 

human and guinea pig complements are antigenically related. No 

agglutinogen uses taken up from heat-inactivated, chelated or 

decomplemented serum. The agglutinogenic material fixed on the 

cells was 'indistinguishable from haemolytic complement". The 

capacity of the immune sera to agglutinate 'per sensitized* cells 

(cells treated with complement) was exhausted by absorption with 

fixed complement aa well aa by precipitation by fresh, decomplemented or heated guinea pig serum. 

Klein and Burkholder (1960 b) further reported that C'4 acta 

aa the main agglutinogen in this reaction but another minor 
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agglutinogen w e also present which was neither C'l nor C'2. 

These authors reported that tht antisera did not react in the 

immuno-conglutinin titration teat. The findings of Coombs, 

Blomfield and Roberts (1950) that conglutination requires the 

'full complement configuration' also indicates that the antibody 

of Klein and Burkholder waa not conglutinin. Aa shown in several 

chapters throughout this publication, conglutinin or Immuno-conglutinin activity ia not altered by treatment of the conglutinin 

serum with heated serum of any species. Therefore the antibodies 

discussed by Klein and Burkholder appear to be distinct from 

immuno-conglutinin. 

In the field of human blood groups the anti-globulin teat 

for the selective agglutination of erythrocytes sensitized with 

incomplete human antibody usually employe anti-whole-human-serum 

prepared in animals. Anti-human-gamma-globulin is the specificity 

in anti-whole-human serum which accounts for moat of the anti-

globulin activity and very sensitive* reagents have been prepared 

by immunizing animals with human gamma globulin. However, soma 

human iso- and auto-antibodies fail to give a positive anti-

globulin reaction except with selected sera from animals that 

were immunized with whole human serum. The positive anti-globulin 

reaction in these cases probably depends upon an antibody to human 

complement In the anti-globulin serum. 

Dacie (1951). Mollison and Cutbush (l955)aaA Cutbush, 

Crawford and Mollison (1955) have pointed out that when human red 

blood cells are incubate with fresh serum containing a complement-
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binding blood-group antibody, they become agglutinable by an 

anti-non-gamma-globulin serum, that ia, a serum reacting with 

human globulins other than gamma globulin. In such cases (Dacie, 

Crookston and Christenson, 1957) (Andersen, 1957) the anti-globulin 

serum reacts with complement rather than with the blood group 

antibodies. Jenkins, Polley and Mollison (1960) point out that 

the anti-non-gamma-globulin serum and immuno-conglutinin serum 

do not detect complement in the same state because the reactions 

of the anti-non-gamma-globulin serum, but not immuno-conglutinin 

serum, are inhibited by the addition of whole serum to the reagent. 

Theae latter workers stated that it appears that the anti-non-

gamma-globulin reaction is a reaction between C'4 adsorbed on the 

red cells and a corresponding anti-beta^-globulin. 

Rosenfield, Haber and Gilbert (1960) studied the specificity 

of anti-non-gamma-globulin by preparing antisera to complement and 

comparing the anti-globulin properties of these anti-complement 

sera with anti-whole-serum sera. They concluded that complement, 

an indistinguishable co-factor of complement or an antigen result-

ing from complement activity appears to be the specificity of the 

anti-non-gamma-globulin reactions. 

Experiments of Pondman, Rosenfield, Tallal and Wasserman(l960) 

showed that the anti-globulin agglutination of EAC' is associated 

with the formation of the intermediate complex EAC'1, 4 or perhaps 

with decayed EAC'1, 4* and even more specifically with bound C'4. 

Mollison and Polley (1960) investigated the value of serum 

containing immuno-conglutinin or conglutinin in demonstrating 

complement binding by human blood group ISO-antibodies. They 
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found that provided suitable complement is use, positive reac-

tions were obtained with all human sera which had been shown by 

other methods to contain complement-binding antibodies. 

It seams that the anti-complement serum of Klein and Burkholder 
) 

(1960 a and b), which is discussed in the preceding section, may 

well have an anti-non-gamma-globulin specificity. 

The reactions of immuno-conglutinin sera differ from those 

of anti-non-gamma-globulin sera in several ways! 

(a) Immuno-conglutinin serum reacts with sensitized red 

blood cells which have been treated with complement 

derived from many species, whereas anti-human-non-gamMa-

globulin serum reacts much more specifically with cells 

exposed to human complement. 

(b) The activity of immuno-conglutinin serum is not inhi-

bited by mixing it with human or other sera, whereas 
< 

tha activity of the anti-non-gamma-globulin serum, like 

anti-globulin serum, is neutralized by even very dilute 

(1/100) human serum. 

(c) Mien sensitized red blood cells are incubated at 37**C 

with complement end subsequently tested with immuno-

conglutinin serum the reaction becomes progressively 

weaker and after several hours incubation the cells 

will no longer be conglutinated in the presence of 

immuno-conglutinin serum. By contrast, even after 

24) hours incubation at 37°C the cells are still agglutinated by anti-non-gamma-globulin serum. 

(d) Anti-non-gamma-globulin serum will react with red blood 
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cells which have adsorbed C'l and C'4 whereas immuno-

conglutinin serum reacts only with cells which have 

reacted with C'l, C'2 and C'4 (Coombs, Blomfield and 

Roberts, 1950) or all four components of complement 

(Rice, 1953). 

3. Auto-lmmunization 

The intricate problem of auto-antibody formation and its 

possible sequela have been the object of touch recent research. 

The field of auto-immunization (and specifically its clinical 

application) seems to hsva developed rather explosively. There-

fore, Witebsky (1959) has suggested certain minimal criteria which 

ideally st least, should be fulfilled in order to prove the con-

nection of pathological changes to auto-immunization, namely: 

1. It should be possible to demonstrate either circulating 

antibodies active st body temperature in the serum of 

patients suffering from a disease, or cell-bound antibodies by indirect meets. 

2. The antigen against which the antibody is directed 

should be characterized or even isolated. 

3. Antibodies should be produoed against the same antigen 

in experimental animals. 

4. Pathological changes should appear in the corresponding 

tissue of an actively sensitized animal that are similar 

or identical to those seen in the disease. 

Coombs and Coombs (1953) concludes that immuno-conglutinin 

was an auto-antibody and that its stimulation was an example of 
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auto-immunization. The first three of Witebsky criteria have 

been amply fulfilled as demonstrated by many experiments reported 

in this thesis. 

Witebsky fourth criterium of auto-immunization assumes that 

all auto-antibodies are pathogenic and produce harmful effects on 

the individual. However, evidence has been presented that immuno-conglutinin ia beneficial to the individual in that it increases 

the animal's resistance to infection. Thus it aeema that immuno-

conglutinin (auto-stimulation) production i8 an example of auto-

immunization which ia a physiological rather than a pathological 

process and that immuno-conglutinin is an auto-antibody which 

must be considered beneficial rather than harmful. 

Evidence that immuno-conglutinin (alto-stimulation) ia an 

auto-antibody ia discussed in more detail by Coombs, Coombs and 

Ingram (I96I). 

4. Anti-Microbial Substances in Normal Blood 

During the last 13 years of the last century many investigators demonstrated the existence of anti-bacterial substances in 

blood and lymphatic tissues. Many of the recently described 

antimicrobial factors in blood probably represent rediscoveries 

of these agents. A considerable amount of confusion has arisen 

regarding the identity of these factors and their role in natural 

resistance to infectious disease. No very coherent picture has 

yet emerged. Skarnes and Watson (1957) and Hirsch (1960 a) have 

reviewed the subject of antimicrobial factors in normal body 

tissues and fluids. 
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(a) Phagocytin 
A leucocytic antibacterial agent waa demonstrated 

by Hirsch (1956 a and b, 1960 b). The substance which 

is an acid-soluble cytoplasmic globulin has been pre-

pared from rabbit, human and guinea pig neutrophiles. 

Phagocytin is bactericidal for a range of organisms, 

mostly Gram-negative, but is also active against some 

Gram-positive bacteria. Whether phagocytins from white 

cells of different species of animals are a single sub-

stance or s group of closely related substances is not 

known. Hirsch suggested that Phagocytin is probably 

similar or identical to the substances recorded in the 

early literature. 

(b) Leukin 

Schneider (1909) suggested the cams "leukins" for 

the group of antibacterial substances extracted from 

leucocytes which were relatively heat-stable and were 

most active against Gram-positive bacteria. 

A LEUKIN prepared from rabbit polymorphonuclear 

leucocytes was characterized by Skarnes and Watson (1956). 

This leukin was presumably derived from the nucleoprotein 

of the white cell and was most active against Gram-

positive pathogenic bacteria. 

Leukins have been prepared from the leucocytes of 

man, rabbit, dog, guinea pig, and rat but whether these 

substances are the same or different is uncertain. 

(c) Plakin! Amano, Kato and Shimizu (1952) extracted s Plakin 
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from horse platelets which inhibited cell respiration 

of Cram-positive bacteria. Amano, Nishimoto, Kinjo, 

Inoue, Inai, Seki end Kashiba (1954) found that plakin 

was not bactericidal in itself but caused an acceler-

ation of immune bacteriolysis of gram-negative organisms. 

The relationship of plakin to leukins or PHAGOCYTIN has 

never been reported. 

(d) Lysozyme t 

In his original paper on Lysozyme, Fleming (1922) 

reported that it waa active against certain gram-negative pathogenic bacteria. The limited i antibacterial 

spectrum of Lysozyme raises some question as to its 

over-all importance as an antimicrobial factor in cells 

and body fluids. However, Lysozyme may act in combina-

tion with other agents; such as complement, specific 

antibody, leukin, etc., to exert antibacterial activity 

against a wide range of pathogens or potential pathogens. 

Dubos (1945) suggests that potentially pathogenic bacteria 

may be prevented from establishing themselves in s host 

because of their LYSOZYME sensitivity. 

(s) Bactericidin! 

Myrvik and Weiser (1955) and Myrvik (1956) described 

s serum BACTERICIDIN active against Gram-positive organisms. 

The substance is relatively heat stable and is present in 

normal serum. The significance of Bactericidin against 

pathogenic bacteria and its relation to other anti-bacterial 

serum substances is not known. 
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(f) Beta-Iysin 
Peterson (I924) reported studies of a thermostable 

bactericidal substance from human, horse and dog serum 

which he named beta-lysin* found that beta-lysin 

was active principally against Gram-positive bacteria 

and was distinct from complement. Mackie end Finkelstein (1932) reported a thermostable substance in 

normal serum whioh was active against Gram-positive 

bacteria and whioh was more heat-stable than leukins 

of leucocyte origin. Apparently theaa serum beta-lysins 

require complement for the demonstration of bacteriocidal 

activity. 

Tha relationship of these serum substances to 

'normal' antibody is not ascertainable at present but 

it would appear that Bactericidin and beta-lysin may 

well be 'normal* antibodies. 

(g) Properdin! 

Pillemer, Blum, Lepow, Ross, Todd and Wardlaw (1954) 

isolated a heat-labile protein from normal human serum 

which required the presence of complement and magnesium 

ions (Mg**) for its activity to be demonstrated. 

Properdin is said to be responsible for! 

(1) the bactericidal activity of normal serum 
(2) the viricidal and phage-destroying activity 

of normal serum 
(3) the lysis of abnormal red blood cells 
(4) the protozoa-killing activity of normal 

serum. 
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Wardlaw and Pillemer (1956) reported that the 

readdition of physiological levels of properdin to 

properdin-deficient serum restored the bactericidal 

effect but excess amounts of properdin reversed serum 

bactericidal activity. Properdin alone waa not bacter-

icidal but it required complement and Mg*t 

Rowley (1955 and 1956) reported that mice injected 

with cell walla of Esch. coli have a decreased resistance 

to infection within two to four hours after infection 

but within twenty-four hours a marked increase in 

resistance ia demonstrable* in these animals, LANDY and 

Pillemer (1956a) suggested that these alterations in 

resistance followed the properdin level in the animals. 

However, LANDY and Pillemer (1936b) found that the 

properdin level and resistance to infection did not run 

parallel in mice injected with bacterial cell walla. 

In a review of antimicrobial factors in normal 

tissues and fluids, Skarnes and Watson (1957) concluded 

that because of the numerous similarities shared by 

normal antibody and properdin they are likely the same 

substance. Experimental evidence for this alternative 

mechanism for the properdin system waa reported by 

Nelson (1938). Hia results led to the concept that 

natural antibody in different sera have varying avidity 

for different polysaccharide antigens and that with 

antibody of low avidity, compliment may serve to 
strengthen the union between antibody and antigen. 



- 230 -

Thus, under certain conditions, complement would appear 

to be necessary for the combination of natural or 

'normal* antibody with antigen. 

The results of a study of the bactericidal activity 

of normal serum by Osawa and Muschel (1960) indicated 

that the properdin system is inadequate to explain the 

bactericidal action of normal serum. Tim bactericidal 

action of normal serum was found to require the presence 

of a substance which was regarded aa antibody. They 

concluded that whatever the role properdin may play 

in vitro its effects are extremely small compared to 

those of antibody. 

Hinz, Wedgwood and Pillemer (I96I) have recently 

published their arguments against Nelson's hypothesis. 

They now admit that the majority of normal sera do 

contain natural antibodies but they claim that these 

antibodies are distinct from properdin. 

Because of the many humoral and cellular effects 

produced by the injection of bacterial cell walls, 

zymosan, etc., any in vivo studies based on the admin-

istration of such substances must be interpreted with 

caution. 

Ross (1958) carried out passive transfer experi-

ments and found that human properdin was rapidly des-

troyed in mice (in two to twenty-four hours). In 

resistance experiments it was found that both (1) puri-

fied human properdin and (2) heat-denatured purified 
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human properdin increased the resistance of mice to 

infection. Thus, no resistance enhancing activity 

whioh could be attributed to properdin was demonstrated. 

(h) Immuno-conglutinin) 

Immuno-conglutinin is s heat-stable serum gamma 

globulin whioh apparently is an antibody against fixed 

complement. The characteristics of immuno-conglutinin 

have been reviewed and its role in non-specific immunity 

has been the subject of one section of this thesis. 

Ingram (1958, I959 a and b) has reported that if 

immuno-conglutinin is present in an animal whioh is 

exposed to infection s sharp drop in the immuno-conglutinin 

titre occurs and st the same time the Invading organism 

is made more susceptible to tha defence mechanisms of 

the host. IMMUNO-CONGLUTININ increases the resistance 

of animals against both Gram-positive and Gram-negative 

bacteria and trypanosome infection. 

Bactericidal tests indicate thst serum containing 

IMMUNO-CONGLUTININ has much greater bactericidal activity 

than normal serum (Ingram, 1958). 

More details reviews of the antibacterial activity 

of immuno-conglutinin have been presents! in various 

parts of this thesis and will not be repeated here. 

However, it should be pointed out that IMMUNO-CONGLUTININ 

is known to require the presence of complement snd 

calcium ions. 

The available evidence indicates that tha presence 
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Of Conglutinating activity in the serum of an animal 

increases ita resistance to infection and thus it ia 

suggested that immuno-conglutinin is a serum component 

which is involved in Non-Specific immunity. 

Some of the data reviewed above on ANTI-MICROBIAL substances 

in the blood which have been reported in recent publications are 

summarized in Table XV111 - 1. 
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* Heat stability means that th* substance is not destroyed by 
heating at 56°C ?<*r thirty minutes. 

Conclusion 

The available evidence indicates that immuno-conglutinin 

Is s serum substance distinct from the so-called anti-complement 

antibodies and anti-non-gamma-globulin antibodies. IMMUNO-CONGLUTININ 

is believed to be an Anti-Microbial serum substance which can be 

differentiated from many other ANTI-MICROBIAL factors in normal blood. 
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PART 5 

GENERAL DISCUSSION AND SUMMARY 

C H A P T E R XIX 

THE PRODUCTION AND ACTIVITY OF 
IMMUNO-CONGLUTININ 

Page 

A. Production 233 

B. Activity 236 
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THE PRODUCTION AND ACTIVITY Of IMMUNO CONGLUTININ 

A. PRODUCTION 

The influence of a number of factors on the production of 

immuno-conglutinin by Hetero-stimulation and by auto-stimulation 

was investigated and is reported. Evidence is presented that 

fixed complement is the specific stimulus for the production of 

immuno-conglutinin and ia its specific substrate. The activity 

of immuno-conglutinin ia not affected by mixing the serum containing 

immuno-conglutinin with normal serum from man or any species of 

animal. Thus immuno-conglutinin is distinct from other so-called 

anti-complement antibodies which are neutralized by small amounts 

of normal serum. 

Active serum from s number of animal species is effective 

in bringing about IMMUNO-CONGLUTININ production by Hetero-stimulation. Highest titres of IMMUNO-CONGLUTININ sre most essily 

produced by the Hetero-stimulation method. 

The route of inoculation hss s marked effect on the immuno-

conglutinin response and, in general, highest titres are obtained 

following injection by trie intravenous r ute. 

In auto-stimulation experiments, highest IMMUNO-CONGLUTININ 

titres were obtained in response to the intravenous injection 

of killed bacteria. However, all bacteria do not have the same 

efficiency for stimulating the production of immuno-conglutinin. 

Gram-positive cocci gave the poorest stimulation to IMMUNO-CONGLUTININ production while Cram-negative bacilli usually were 

most effective. !!however, the injection of endotoxin into mice 
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failed to cause any detectable immuno-conglutinin production. 

Incorporation of the inoculum in Freund's adjuvant, in 

auto-stimulation experiments, does not cause an increased 

production of immuno-conglutinin and, in fact, the adjuvant 

probably reduces the immuno-conglutinin response. On the other 

hand, in Hetero-stimulation experiments, the emulsification of 

the antigen in Freund's adjuvant causes an increased and more 

prolonged production of i IMMUNO-CONGLUTININ. The greatest and 

moat prolonged Stimulation of the production of immuno-conglutinin 

follows the intramuscular injection of the hetero-stimulation 

antigen incorporated in adjuvant. 

In rabbits soluble antigens gave a weak stimulation to 

immuno-conglutinin production and mixing of theae antigens with 

adjuvant did not strengthen their activity. 

The administration of cortisone to rabbits suppresses the 

production of immuno-conglutinin following auto-stimulation but 

does not suppress the immuno-conglutinin production response 

to hetero-stimulation. 

Most apparently healthy, adult dogs have a low level of 

conglutinating activity in their serum. experimental infections 

of dogs demonstrated that Infectious Canine Hepatitis, Distemper 

and BORD. bronohiseptica infections stimulate the production of 

immuno-conglutinin. Thus it Is shown that the canine species 

la capable of producing immuno-conglutinin and that virus infec-

tions can stimulate immuno-conglutinin production. 

The infection of animals with Tryp. brucei causes a marked 
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immuno-conglutinin response and high serum levels of immuno-

conglutinin are maintained throughout the course of the Disease. 

However, successful treatment of this infection leads to a marked 

reduction in the IMMUNO-CONGLUTININ titre within a few days. It 

is suggested that the decline in immuno-conglutinin titre which 

occurs following successful therapy may be a useful criterion for 

evaluating the success of therapy in other chronic bacterial 

diseases. 

The efficacy of this method of evaluating the affect of 

therapy was investigated in a number of human patients Suffering 

from infection with tuberculosis. Active tuberculosis causes an 

elevated sErum level of conglutinating activity. As TREATMENT 

becomes successful,. aa judged by various clinical criteria, the 

immuno-conglutinin titre decreases. Mo raiseD levels of IMMUNO-CONGLUTININ were detected in hospitalized tuberculosis patients 

who did not have an active disease. 

The presence of conglutinating activity in the Serum of 

an animal apparently increases ita resistance to infection with 

a variety of pathogenic micro-organisms. However, resistance 

experiments utilizing passively transferred immuno-conglutinin 

serum failed to demonstrate any protection against infection of 

mice with MYCO TUBERCULOSIS. 

A method is described for Measuring the kinetics of the 

reactions between sensitized cells and horse complement and 

between alexinated cells and Conglutinin. Application of t is 

method has led to the determination of the optimal times for the 

reactions at various temperatures. The results obtained in these 
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kinetic experiments indicate that the alexinated configuration 

with whioh conglutinin and immuno-conglutinin react is not one of 

the recogNized intermediates formed during the process of immune 

haemolysis. 

The place of IMMUNO-CONGLUTININ in contemporary immunology 

ia discussed and ita activity la compared with other serum antibodies and ANTI-MICROBIAL substances. 

The activity of immuno-conglutinin is specific for adsorbed 

complement but is not rented to the antigenic characteristics of 

injected or infecting MICRO-ORGANISMS All available evidence 

suggests that the role of immuno-conglutinin ia that of a serum 

factor which INCREASES non-specific immunity. 
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