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INTRODOCTION

Meat in the diet of mankind is important, and it is of interest

to the public that it be wholesome and free from any products which

might cause disturbances in human alimentation and digestion* The

organic nature of meat makes it a suitable medium for the development

of aerobic and anaerobic bacteria. From the time the animal is

slaughtered until It reaches the oonsumer, unless most rigid methods

of refrigeration are practiced there are opportunities for contamination.

The condemnation of meats by sanitarians rests upon uncertain

foundations. The organoleptic test, a common method used which consists

of testing by the sensee of sight, smell, feel and perhaps taste, has

been eatisfaetery for general purposes. Often, however, a mere accurate

test is desired. For these reasons it is important that some rapid test

be available which can be applied to determine whether or not meat has

been handled under sanitary conditions, and te determine whether the

meat is strictly fresh or whether it is in the beginning stages of

putrefaction*

Immunological reaetions were originally studied with the purpose of

solving urgent problems concerning the cure, diagnosis and prevention of

disease • Their importance as a general biological phenomenon not ex-

clusively concerned with dieease is now recognised. Precipitin and com-

plement-fixation tests are used for detecting and identifying proteins.

These facts have stimulated the writer to study methods for detect-

ing minute quantities of decomposition in beef by complement-fixation

tests and modifications of the technique as applied te diagnostic and

differential procedures*
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HISTORICAL

In 1898 by using the serum of a guinea pig immunized against

the corpuscle a of a rabbit, Bordet^ 1
) was able to demonstrate the

phenomenon of serum hemolysis* Be described the two substances pres-

ent in the serum concerned in the procedure, the specific substance

the antibody and the non-specific substance the complement*

In 1901 Bordet and Gangou^ conducted the first complement-

fixation test* using antipsst serum for their specific amboceptor,

and a suspension of Bacillus pestis for an antigen*

The same year Widal and Lesourd^"^ made practical application

of the Bordet-Gengou phenomenon. They applied it to the serum diagnosis

of typhoid and tuberculosis, but with little success*

Wassermann, Neisser and Bruek<4 ) in 1906 published results on in-

vestigations conducted on complement-fixation in the serum diagnosis of

syphilis in monkeys. After this work the reaction was established as

a laboratory method*

Since this first work on complement-fixation numerous applications

hare been made of the reaction, not only in the diagnosis of disease but

also for identifying and differentiating proteins and bacteria. Within

the last few years it has been applied to identifying specific animal

proteins in foods, as detecting the presence of cat, horss or dog meat

in beef*

Because of the sensitiveness of the complement-fixation reaction

it has come into practical use for identifying unknown antigens. Hektoen,

Carlson, and Schulhef( 5
) have demonstrated the sensitiveness of immunolo-

gical reactions by their work on thyreoglobulin. They have shown that ths



presence of thyroglobulin in the lymph from the thyroid in amounts

far toe saE.ll to he detected hy any analytical or physiological meth-

ods may be demonstrated by immunological reactions.

Koessler and Koeceler^*) alee lave demonstrated the delicacy

of complement-fixation reactions by using it to show the existence

of a specific scarlatinal virus in the tissues during this disease,

although the actual organism hud not been isolated*

Comploment-fixation tests have been found applicable in the anal-

ysis of blood stains, also in detecting the presence of adulterants in

meats and milk. Kolmor^ has applied it for detecting meat adultera-

tions as the presence of cat. horse or dog meat in sausages or hamburger,

also in the identification of milks, although it is lacking in suff-

icient specificity for detection of goats* milk added to cows' milk.

In 1923 Kesler^ 8) applied the complement-fixation reaetion to the

identification of Clostridium botulinue and its toxin in canned food

stuffs. He used botulinue antitoxin as his immune serum and a saline

extract of the infected food as his antigen. He asserts that he was

able to differentiate the biochemical changes produced by Clostridium

botulinus from those of other organisms, but the procedure did not give

type differentiation.

Gail^) in 1926 also applied the test as a method for the labora-

tory diagnosis of botulinus, but found it not entirely successful. He

found that antigens from the supernatant centrifiigalijed material of

vegetables whieh were artificially inoculated with Clostridium botulinus

had a high anticomplementary value, and the ratio between their antigenio

and anticomplementary values was found to be small.



Complement-fixation tests for ths sanitary examination of foods

hare boon applied only to the extent mentioned. Other biological,

chemical and physical means hare been used especially in the examina-

tion of milk and moat*

Bacteriological methods for neat analysis have boon much used*

Marxer< 10 > has set a standard en the bacterial count for neat as

1,000,000 per gram, tfeinzirl and Hewton^ 11 ^, however, made an analysis

of forty-four samples of market hamburger steak and found that all but

four exceeded 1,000,000. So, according to Uarxer's standard, pract-

ically all hamburger would bo condemned. On the basis of ths organo-

leptic test practically all samples would pass. In 1914, thsse same

authors using a standard technique which they devised, arrived

at a standard of 10,000,000 bacteria per gram as a limit for condemning

meat*

Carey's^ 13 ) studies on bacterial counts and on their significance

to sanitary quality of meat show that the number of bacteria per gram

of sausage varies so widely that little importance can be attached to

the bacterial count alone* Many factors, such as precautions used in

manufacture, proper handling, and the presence of preservatives, may

influence the count.

Savage

(

14 ) also believes that little importance can be attached

to the number of bacteria present, but considers the presence of intest-

inal bacteria of greater significance.

Brewer

(

15 ) working with various cuts as obtained from meat marksts

found quite a variation in counts. From his investigations, the Marxer

and Weinsirl standards would both bo too low. As an average on hamburger

steak, he obtained a count of 46,800,000 which included colon bacteria,

putrefactive bacteria, liquifiers and cocci.



Roffstadt^ 16 ^ using ground beef attempted to associate the bact-

erial count with the sanitary conditions of shops and with the organo-

leptic tost* She concluded from her work that the bacterial count is

an unreliable standard for moat analysis*

The presence of products of proteolysis which can bo detected by

chemical moans has boon used with some success as an index for sanitary

analysis of moat* Ottolenghi^ 17 ^ found that the determination of amino

aoids was valuable as an index of the beginning of active decomposition.

Bokman^8 ) used the sans method in examining fish with squally good

results*

On the othor hand SeareU9> found that peptone cultures of most

bacteria give fluctuating concentrations of amino acids, showing that

these bodies are formed and broken down continuously by the organisms.

A few proteolytic organisms show increasing concentrations. Hs obtained

the same results with ammonia* He concluded that neither alone was a

good index of decomposition*

Ammonia tests have met with more approval than the amino acid

tests, because ammonia is an snd product* while amino acids are inter-

mediate products*

In 1894 2ber( 2°) proposed a qualitative test for ammonia as a

test for beginning putrefaction* but the test proved to be of little

value as it proved to be an indicator of advanced putrefaction instead

of beginning putrefaction*

Falk, Bowmann and HcGuirs^ 21 ) mads determinations en total nitro-

gen, non-protein nitrogen* ammonia nitrogen, total creatinine nitrogen

and purine nitrogen produced by organisms thought to be responsible for

actual eases of food poisoning. They found the ammonia nitrogen was the

only one which consistently increased with spoilage*



Falk end McGuira^ 22 ) found that ammonia results obtained from

moat spoilage depended on the temperature at which tho moat was kept.

Moat stored at room temperature was found to be unsuitable for food

when the ammonia nitrogen reached 0*3 to 0.4 mga. per gram of meat}

hero the bacterial count was high* When moat was kept at a low temp-

erature the ammonia was found to bo much higher before the moat be-

came unsuitable to eat} tho ammonia nitrogen reached 1*0 - 3*0 mgs*

before it became unfit for a food* With thie tho bacterial count was

low.

From tho literature cited it is evident that there is much con-

troversy on tho reliability of tho methods now at hand used in tho sani-

tary analysis of moat* A method which would directly indicate putre-

faction in its early stages is desirable*

Since by immunological methods it is possible to stimulate anti-

body formation with resultant specificity for antigen used, tho poss-

ibility was suggested to tho writer of using serological methods for

detecting putrefactive substances in beef*



THEORETICAL CONSIDERATIONS

From the standpoint of serum diagnosis complement-fixation

may be used in one of two eayst if the antigen is knows the anti-

body may be detected, or if the antibody is known the antigen may

be detected. Under the first example may be classified the Wasser-

mann reaction where an extract is employed as antigen which is known

to have the property of interacting with syphilis antibodies if

present in the serum. Complement-fixation reactions for typhoid,

glanders, gonorrhea, etc., where an antigen of the specific bacteria

is used for the detection of specific antibodies, ere also reactions

of the first type. Under ths second type of reactions ws hare the

reveres of the above; a serum of known antibody content ie employed

to detect an unknown antigen. Complement-fixation tests of ths sec-

ond type are employed in identifying and differentiating proteins

and bacteria*

This reaction permits us to determine infinitesimal amounts of

proteins concealed in mixtures of great complexity and to determine

facts about these proteins that cannot be determined by any chemical

means.

Because of the delicacy of the reaction the author conceived the

idea that the reaction would be of value in determining the presence

of minute quantities of decomposition in beef. Any changes in ths

protein of the meat brought about by autolysis or by bacterial action,

although small, and of such nature as not to be detected by chemioal

moans, may be demonstrated by complement-fixation reactions, by Immun-

ising a susceptible animal and recovering the specific antibody.



Only antigens which are of protein nature are believed to

be capable of stimulating an animal to produce antibodies. The

antigenicity of a substance any be determined by injecting it into

the body of an animal in definite quantities and under suitable

conditions, to see if it leads to the production of antibodies

demonstrable in the blood by the reactions they exhibit in the

presence of the specific antigen. The assumption is made that the

development of these antibodies is a defense against the presence

of the protein* The protein needs to be foreign in nature*

Hot all tissues of the body are permeable to foreign proteins}

the epithelium of alimentary and cutaneous surfaces exhibit a pro-

tective action against them* Hydrolysis of proteins in the digestive

tract destroys their antigenic properties* so cleavage products which

pass the intestinal walls do not stimulate antibody formation*

Wells^ 23 ) suggests that "an important and perhaps essential factor

in the antigenic activity of proteins is their large molecular dimen-

sions with attendant colloidal properties* Whenever the protein

molecule is broken down into smaller fragments it loses its antigenic

properties pari passu**

Zinsser suggests that antibodies are formed in the animal body

only upon injection of entirely non-diffusible substances like the

true proteins. True non-diffusible colloids are unable to enter the

cells where they would be destroyed* so extracellular substances or

antibodies are formed and given off into the blood stream. These nay

react with the foreign protein* Any complete soluble protein would

therefore be antigenic.



Gelatin which 5.8 not a complete protein exhibits no demon-

strable antigenic effect. It is believed that the lack of anti-

genie property is due to lack of the amino acids containing ths

aroaatic radicles for it does not contain any tryptophans or ty-

rosin and but a small amount of phenylalanine. Obermayer and Pick( 2*)

have found that it is the aromatio radicle of the protein molecule

which is of importance in determining the specificity of an immun-

ological reaction. Of the tozio and non-toxic fractions of protein

cleavage, the toxic fraction contains the aromatic radicles, and it

is this fraction which is the determining factor in the stimulation

of antibody formation*

In this investigation it is assumed that the saline extract

of decomposition products of beef used as the inoculum in the immun-

isation of susceptible animals for acquiring antibodies to be used

as a laboratory reagent, contains toxic cleavage products of the

protein produced by bacterial action and by autolysis of the meat*

Wells and Osborne^ 25 ) have shown that the antigenicity of vege-

table proteins indicates that the antigenic activity depends on the

solubility of the antigen in the tissue fluids. This, however, cannot

be said of all proteins* the amount and rapidity of antibody forma-

tion varies much with different animals. The amount of antibody

formation does not vary directly with the amount of antigen injected,

small doses often producing even larger amounts of antibodies than

large doses. Animals also show individual variations in antibody

production in response to the same amount of antigen. This variation

is found even in animals of the same species*
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What baa been said of antigen applies to antigens "in Tiro"

but not necessarily to antigens "in vitro" • Antigens nave two

functions, one to react in the animal body to produce antibody

formation, and the other is ths oapaeity to reaot with antibodies

in the test tube, and these two properties are not alsays identical.

An example is ths Wasseraann reaction for serum diagnosis of human

syphilis in which lipoids which are not capable of inciting antibody

formation are capable of reacting with the antibodies in the comple-

ment-fixation test*

The explanation given for the inability of lipoids to stimulate

antibody formation in the animal body is that lipoids from different

animals, even of different species, are chemically the same. Levene( 26 )

has found that there is no distinction between lipoids derived from

different tissues or different species* However, a lipoid united

with a protein will give a different immunological reaction than the

protein alone will giro* An example is the different reactions pro-

duced by euglobulin and pseudoglobulin, the difference in the two

chemically being the presence of a lipoid group in the euglobulin.

The addition of various non-protein radicles to protein antigens

may alter their specificity. Proteins combined with various organis

compounds act as antigens which produce antibodies reacting with any

sort of protein to which the same or similar chemical groups are

attached.

immunological differences between proteins are usually dependent

upon chemical differences which can be detected by chemical or physi-

cal means. It is believed that specificity is not dependent on the
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entire protein molecule but that there are certain groups or rad-

icles of the protein molecule which are responsible for specificity,

and that a single protein noleeule may contain two or more such

groups* This specificity may be altered by changing physically or

chemically these groups.

Group reactions and non-specific immunisation may be accounted

for by the faet that as lipoids, fats and carbohydrates in different

species are chemically identical so may tissue proteins in different

species or animal cells be identical*

Eherson^) has obtained evidence showing that group reactions

of different bacteria of the some species is due to a common antigenic

protein* Group reactions, however, may be largely eliminated by ti-

trations of the antiserums*

As yet specificity of these biological reactions has not been

explained either by physical or chemical means* There is no chemical

method by which one variety of protein can be distinguished from another*

yet the serum antibodies of one species of bacteria reacts only with

that species* Hemolysins, agglutinins, or precipitins react respectively

with the antigen used in producing them. Wells believes that this in-

dicates that each of the antigens possesses an individual chemical

structure responsible for the specificity of the reaction, chemical

methods indicating only proteins in general*

«e have no knowledge as to what these antibodies are; like ensymes

they are known only through their behavior. Precipitins, agglutinins,

cytolysins, antitoxins, etc., have each been accepted as distinct types

of antibodies because of the distinct reactions produced by each.
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Mora rHMt Investigations, however, tend to shew that these anti-

bodies axe all of one type which react differently according to the

procedure used to designate them*

has arrived at the hypothesis that there are two

fundamental types of immunity reactions,"one having to do with sub-

stances which are essentially active poisons, antibodies neutralising

or inhibiting their toxicity by direct chemical action. In this

group coma the antitoxins, antibodies for venoms, vegetable toxins,

and bacterial hematotoxins. It is to be noted that the toxic sub-

stances, the true toxin* , are all similar to one another in being

classed as large colloidal aggregates resembling proteins but not iden-

tified as proteins*

The other group of immunity reactions is concerned with defense

against foreign proteins whether toxic or non-toxic, whether in solu-

tion or aggregated into celle. In all the reactions of this group we

deal with processes that tend to alter the colloidal state of the for-

eign proteins by making them larger aggregates (precipitation and agglu-

tination) or smaller aggregates (proteolysis, hemolysis, bacteriolysis

and cytolysis) and in each caee the reaction consists of two separable

steps, sensitization and reaction."

In this project concerning decomposition of beef the immunity

reactions concerned are of this group, and the antibody formation is

in defence against the cleavage products of the protein introduced.

Theoretically, there- would be antibodies formed which would produce

precipitin and agglutination reactions along with the proteolysis*
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la view of the "unitarian" hypothesis presented by Zinsser

immunity is explained as the result of simple physico-chemical condi-

tions between the colloids of the serum and the antigens* "There is

hut one kind of antibody which has the property of rendering an anti-

gen susoeptible to coagulation by the electrolytes present* causing

precipitin or agglutination reactions* If complement is prssent the

lytic phenomenon results giving hemolysis* cytolysis or bacteriolysis

This idea has been advanced by many investigators but because of the

laok of quantitative parallelism between the curves of antibody func-

tions in the same serum it has net been given much consideration*

The identity of agglutinins and precipitins has raised little

question as both are specific fleeeulatien reactions between serum and

the same antigenic substance, depending upon analogous environmental

conditions* The difference in the fleooulation is due to the antigsst

in one case the antigen is present in relatively large masses and in

the other it is finely dispersed*

Our present knowledge is limited to knowing antibodies only from

their reactions* This investigation is concerned chiefly with that

phase of immunology which deals with complement-fixation reactions,

so the complement-fixing bodies and the nature of complement will be

considered*

Bacteriolysis, hemolysis, proteolysis and cytolysis depend upon

the presence of two agents, the antibody or ambocsptor which sensitises

the foreign substance present and the complement, a component of normal

animal serum, which unites with the sensitised substance. The reaction

is shown in ths test tube by the union of the complement with sensitised
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antigen. The function of the diagnostic amboceptor is to sensitise

the antigen or give it an affinity for complement.

To demonstrate the action of complement an analogy may be drawn

between the actions of insulin and antibodies, since each appears not

to be the active agent itself, but merely one that accelerates or

makes possible the action of another substance. The amboceptor serves

to activate the complement bringing about lytic reactions and the in-

sulin makes possible the burning of sugar in the tissues, neither In

itself accomplishing the final reactions.

The complement then may be considered as the active agent. If

a serum containing antibaeterial antibodies is heated for fifteen min-

utes at 55° C. it is found to loss its power of destroying bacteria*

Unhoated normal sera is equally without effect. If, however, to the

heated immune sera is added some unheated normal sera the mixture will

be found to be actively bacteriolytic as the original unheated serum.

This indicates that aside from the antibodies present there must be a

second substance, each in itself incapable of destroying bacteria, but

one dependent on the other. The second substance present or the comple-

ment is considered to be non-specific, the specificity of the reaction

depending on the antibody. The antigen by union with its specific

antibody is sensitised to the action of the complement and the comple-

ment is the substance that actually destroys the cell.

A peculiar phenomenon of non-specific reactions has been observed

in complement-fixation reactions. Normal rabbit, dog and mule sera

have been found to yield falsely positive or non-specific reactions

when used with antigens, both of lipoidal or protein nature. There has

been little explanation offered as to what causes these reactions but
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investigators have shown something of their nature and how they may

be eliminated.

This problem of non-specific reactions has had to be overcome

when using animals for producing immune sera for the purpose of

identifying specific unknown antigens. This subject poesessee much

interest both from an academic and practical standpoint as rabbits

are commonly employed in experimental syphilis and their sera used in

Wassermann tests} also rabbit sera are commonly used in complement-

fixation tests for identifying and differentiating proteins and bacteria.

Kolmer and Trist^ 30 ) studied this non-specific complement-fixa-

tion reaction produced by normal rabbit sera. With the normal sera

they used bacterial antigens and lipoidal extracts used in the Wasssr-

mann test. Normal rabbit serum was ussd according to the usual tech-

nique, in active condition and after inactivating at 55° C. for one-half

hour. They found that non-specific complement absorption occurred in

the presence of lipoidal antigens and bacterial antigens. Kolmer,

Trist and Hsist^ 31 ) obtained results on normal dog ssra comparable to

those observed on normal rabbit ssra. These investigators attributs

such results to be probably due to the presence of native hemolytic

complement and antisheep hemolysin prssent in the ssra*

A study was mads by Uackie and Finkelstein^ 32 ) on non-specific

reactions with reference to the interaction of normal eerum and cer-

tain non-antigenic substances. A large number of varied agents were

tested mainly with a view to ascertain whether their "pseudo antigens"

belong to any particular chemical group. Commercial peptone, various

alcohols, amino acids and cholesterolised alcoholic tissus extracts

used in the Wassermann reaction were tooted. All were capable of giving
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positiTa reactions. Of the amino acids glycine yielded the most pro-

nounced reaction.

On this preeent investigation the author found that normal rabbit

sera yielded positive reactions with extracts from decomposed meat while

not with extracts of fresh meat. It may be that these falsely positive

reactions were due to the prssence of amino acids present in the ex-

tract of decomposed beef, the fresh meat extract giving negative re-

sults as no proteolysis had taken place in it*

Kolmer^ 33 ) attributes the non-specific complement-fixation re-

actions obtained with normal rabbit and dog sera to be due to both

the serum lipoids and proteins present in the serum. By extracting

sera with ether and chloroform the antilytic and complement-fixing

powers were diminished indicating that the serum lipoids were respon-

sible for these processes, whereas the enteral and parenteral admin-

istration of lipoids increased the antilytic and complement-fixing

powers. Be also observed that the globulin and albumin fractions of

normal rabbit and dog sera possess thermostabil antilytic and comple-

ment-fixing properties, usually the former te a slightly greater de-

gree.

Noguchi^ 34 ^ succeeded in extracting with ether an antilytic prin-

ciple from normal sera called protectin that was found capable of

withstanding temperatures as high as 90° C. and capable of inhibiting

serum hemolysis directly by neutralising complement and indirectly

after absorption by corpuscles by increasing their resistance.

Kolmer and Trist^ 35 ^, also Mackie and Finkelstsin, have found

that these antilytic and complement absorbing substances present in
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normal sera ara thermolabile . Tendencies for non-apecifio reaction*

are much decreased when aera i» heated to 63° C. for 30 minutes and

entirely removed by heating to 70° C. fer 30 minutea.

Reaults obtained by the author confirm with those of Kolmer and

Trist, and Haekie and Finkelstein*

The experimental evidence obtained in this problem indicates

that there is something present in an extract of decomposed beef

which has the property of stimulating antibody formation in susceptible

animals. It is assumed that it is protein in nature and that it is

present only in small amounts and variable, as the antibody content

of the serum of immunised animals was low*
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SXPSRBKRrAL

The object of this experiment, as first planned, «m to deter-

mine, through the use of icsTunological reagents, a oethod shieh would

reveal specific types of dseeoposition in beef. The deeenpesition

products of Clostridium botulinus. Type A, vers selected because of

the slight evidence of putrefaction produced by this organise when

present in food, and because ef its importance in food poisoning*

The object sis to produce a sufficiently sensitive ianuns

amboceptor which would sensitise a meat extract antigen containing

tfef (Joooapooitioh products of Clostridium botulinus, thus establishing

a specific antigen-antibody complex where a fixation of complaisant

would take place. The lamas serum, however, proved to be non-specific

for the putrefactive substances produced by Clostridiua botulinus but

gave a fixation of complement with other types of putrefaction. How-

ovot , fresh cooked beef or that in which no decomposition had occurred

yielded negative results* As negative reactions sere produced with

strictly fresh meat ft continuance of the project seeaed justifiable,

as it indicated that by complement-fixation fresh meat could be differ-

entiated from that which was beginning te deeewpooe. This fact led

the author to prepare tin irsnne serum against the natural decomposition

products of raw beef which could bo employed to differentiate fresh

beef from that which had decomposition products present, regardless of

their source

.

The experimental procedure used in preparing an antiserum against

the decomposition products of Clostridiua botulinus will be described.

Although this method as followed out did not yield entirely satisfactory
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results, it did indicate, as stated before, that by complement

-

fixation reactions fresh meat oould be distinguished from neat

which had decomposition products present OTen though present in

small quantities.

The Preparation of the Immune Amboceptor Against the Decomposi-

tion Products of Clostridium botulinusi

Preparation of antigen used as the inoculum for the ingiwniia-

tion of eusceptible aniaslst

Fresh lean beef was ground to the consistency of hamburger

8teak, 10-gram portions were weighed and placed in large test tubes

,

21.5 em* x 2*5 cm.; 25 ec. of physiological saline were added to each

tube and the contents thoroughly mixed. The tubes were then stoppered

and sterilised in the autoclave for 20 minutes at 15 pounds pressure*

As needed the tubes were inoculated with two loops of a pure culture of

Clostridium botulinus, Type A, and incubated at 27° C* for 72 hours*

The depth of the media allowed for anaerobic conditions. To ascertain

the purity of the culture of Clostridium botulinus it was fcxaminsd both

microscopically and through its biochemical reactions en dextrose agar,

litmus milk and potato slants. It was found to be morphologically typ-

ical and it gave the characteristic culture reactions*

Tor the first six inoculations the toxin, produced in the meat

media by the growth of Clostridium botulinus, was destroyed by heating

the moat for cne-half hour at 60° C. As the object of the experiment

was to produce an antiserum against the decomposition products of

Clostridium botulinus and not the bacillus itself, the meat media



20 -

which had been thoroughly mixed was filtered through a Soits filter

so as to remoTe all the bacteria and spores. The clear filtrate was

used as ths inoculum.

Immunisation of the AnitasIs i

Six healthy rabbits ranging in weight from 2150 to 3300 grams

wore used for producing ths antiserum. The inoculations were mads

intravenously as less antigen is required than if dons intrapsritonsally

and there is loss danger of infection. Intraperitoneal injections are

much mors likely to give a high death rats because of peritonitis*

Injections were made in the posterior auricular vein along ths outsr

margin of ths ear, commencing as near ths tip of the ear as possible

and subsequent injections were made nearer and nearer ths root* In-

oculations were made every other day with amounts ranging from 0*5 co.

to 2 ec. Three inoculations were given with ths 2 cc. quantities}

ths total number given was six*

The animals were allowed to rest for fivs days then blood was

drawn from the marginal vein of the ear and a preliminary test waa

made on the serum for its antibody content*

The serum wae found to be low in antibody content so injections

wsrs continued using unheated filtrates containing the botulinua toxin*

To ensure against death of the rabbits because of the toxin present,

ths antigen was titrated for its toxicity*

Titration of ths Antigen for its Toxicitv t

Six guinea pigs weighing approximately 200 grams each were in-

oculated aubcutaneously with 1 ec. of the unheated filtrate containing
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the botulinus toxin. The first five pigB were injected aubcutan.ou.ly

with botulinuo antitoxin Typo A, with amounts ranging from 50 units to

375 units} tho sixth did not receive any antitoxin.

The sixth pig and the one receiving only 50 units of the anti-

toxin died within 48 hours, showing the typical symptoms of botulinus

poisoning. This gave only an approximate idea of the toxicity of the

antigen, but enough for the purpose in this experiment as the object

was to ascertain how much antitoxin would be necessary to protect the

rabbits*

Immunization \ms continued in the rabbits using the unheated ex-

tract as the inoculum. With the first inoculation of 1 cc. of the

antigen, 750 unite of the antitoxin were given. Throe subsequent in-

oculations of the antigen wero given every other day, in amounts of

1.5, 2 and 2 cc. The rabbits wore allowed to rest for five days and

were then bled from the marginal vein of the ear} the serum was again

tested for antibody content.

Preparation of the Antigen to be Used in the Diagnostic System

Against an Established Hemolytic Complex t

The antigen for the experimental test was prepared in the same

manner as the antigen used in immunising the rabbits, except that the

time for incubation was varied, and inoculations were made not only

with Clostridium botulinus Type A but also with Clostridium botulinus

Type B, Clostridium sporegenes, Proteus vulgaris and Pseudomonas

fluoresoens.

Guinea pig complement was used in conducting the experiments.

Since the sera from the individual guinea pigs vary in the content
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of complement, a mixture of sera from two or three guinea pigs

pooled together was used. The complement was obtained by bleeding

the animals from the heart as required.

A. two per cent suspension of washed red blood eorpuseles ob-

tained from a sheep was employed in the hemolytic system. An anti-

sheep hemolysin obtained from immunised rabbits was used to sensitise

the red blood corpuscles. A hemolysin having a high titre was chosen

to eliminate any ehanoes of non-specific reactions*

Proeednre for the Test t Titrations!

As suggested by Xolmer^ 36 ) the hemolysin and complement were

both titrated before eaoh day's work. He recommends the practice of

daily titration of the hemolysin in order to adjust for any natural

antisheep hemolysin apt to be present in the complement ssrum. Under

these conditions it is unnecessary to exclude complement serum con-

taining natural hemolysin or to remove the hemolysin beforehand*

Titration of Hemolysin!

0*5 cc. of varying dilutions of hemolysin were plaeed respectively

in a series of 10 standard serological test tubes (85 x 15 mm.).

These standard tubes were used throughout the experimental work as

results are more easily interpreted if tubes are of a regulation sise.

The range of dilutions varied with the amboceptor; a range from

600 to 49000 was that usually employed in this experiment*

0,3 ee. of a 1 te.10 complement (dilution of the complement used

depends on the freshness of the complement) were added! to this 0.5 cc.

of the 2 per cent suspension of washsd red eorpuseles and 1*7 eo. of

saline were added, making the total volume of eaoh tube 3 ec.
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The contents of each tuba were mixed and placed in a water

bath at 38° C. for one hour.

The hemolytic unit was determined as that mixture containing

0.5 cc. of hemolysis of the highest dilution just shoving complete

and sparkling hemolysis of 0.5 cc. of the 2 per cent suspension of

washed red blood cells of the sheep.

For the test a dilution was used in which 0*5 cc. contained two

full units*

An Uth tube was used as a control on the hemolysis*

TABLE 1

Titration of Hemolysin

Complement Corpuscles After water bath in-
Tube Hemolysin 1 to 10 2 per oent Saline cubation for one hour

1 0.5 cc. It600 0*3 cc. 0.5 CO. 1.7 OC. Complete hemolysis
2 0.5 cc. 1.700 0.3 ce. 0.5 cc. 1.7 oc. Complete hemolysis

3 0.5 cc. It800 0.3 cc. 0.5 cc. 1.7 oc. Complete hemolysis
4 0.5 cc. 1.900 0.3 sc. 0.5 oc. 1.7 cc. Complete hemolysis
5 0.5 cc. ltlOOO 0.3 cc. 0.5 cc. 1.7 CO. Complete hemolysis

6 0.5 cc. lt2000 0.3 cc. 0.5 oc. 1.7 ce. Complete hemolysis

7 0.5 cc. 112500 0.3 oc. 0.5 CO. 1.7 oc. Complete hemolysis

8 0.5 cc. It 3000 0.3 cc. 0.5 CO. 1.7 CO. Complete hemolysis} unit

9 0.5 cc. Ii3500 0.3 cc. 0.5 oc. 1.7 ce. Barked hemolysis

10 0.5 cc. It4000 0.3 oc. 0.5 ce. 1.7 ce. Slight hemolysis

11 0.5 cc. lt600 None 0.5 CO. 1.7 ce. No hemolysis

In the above titration the unit was recorded ae 0.5 cc. of the 1 to 3000

dilution of the hemolysin; 2 units would be contained in 0.5 ce. of a 1 to

1500 dilution.



- 24 -

Titration of th« Complement

i

In a series of 10 test tubes were placed respectively, 0.1,

0,15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45 and 0.5 oo. of the 1 to 10

complement j the tenth tube served as a corpuscle control*

To eaeh tube the following were added: 0.5 cs. of the hem-

olysin containing 2 unite, 0.5 cc. of the 2 per cent corpuscle

suspension, and enough saline to make the total volume 3 co.

The contents of eaoh tube were mixed and placed in the water

bath at 38° C. for 1 hour*

The unit of complement wsls determined as the smallest account

of the complement diluted 1 to 10 which would bring about complete

hemolysis in the presence of the other standard components of the

hemolytic system.

The full unit was recorded as that amount of complement

representing the next higher increase of complement in the titra-

tion series*

Two full units of complement diluted with sufficient saline

to make 1 cc. ) were used in the test.

In the following titration the full unit was reeorded as 0.3 oo.

of the 1 to 10 complement | the working dose used would be 0.6 oo*

This quantity of complement is used in 1 oo. volumes. These volumes

are obtained by diluting the 0*6 cc* dose of complement to 1 oo*| the

dilution is divided by the dose. This gives a dilution 1 eo. volume

of which contains 2 full units or the working dose*
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TABLE II

Complement Titration

1 0.1 cc. 0,5 ee. 0.5 cc. 1.9 eo.
2 0.15 oc. 0.5 00. 0«5 ee. 1.9 ee.
3 0,2 co* 0.5 oc. 0.5 ee. 1*8 eo.
4 0*25 oc. 0.5 oc. 0.5 cc. 1.8 00.
5 0*3 oo* 0.5 oc. 0.5 ee. 1.7 eo.
6 0.35 oe. 0.5 00. 0.5 cc. 1.7 ee.
7 0.4 cc. 0.5 oe. 0.5 00. 1*6 ee.

8 0*45 cc. 0.5 00. 0.5 ee. 1.8 ee.
9 0*5 oc. 0.5 ee. 0.5 ee. 1.5 eo.

10 Hons 0.5 oc. 0.5 oe. 2.0 eo.

Complement Hemolysin Corpuscles Saline After water bath in-
Tube 1 to 10 (2 unite) 2 per cent oubation for one hour

Mo hemolysis
Slight hemolysis
Marked hemolysis
Complete hemolysis (exact unit)
Complete hemolysis (full unit)
Complete hemolysis
Complete hemolysis
Complete hemolysis
Complete hemolysis
No hemolysis (Control)

The complete hemolytic system is thus established and standardized

ready te be used as a laboratory reagent.

Titration of the Bifferontial Antigoni Titration for Hemo1ytie

Propertieei

The following dilutions of antigen were prepared! It4, 1»6,

lt8, lilO, ltl2, Iil6, lt20 and 1.32.

0.5 ec. of the above dilution of antigen were placed respectively

in a series of 8 test tubes.

0.5 ec. of the 2 per eent corpuscle suspension and 2 oe. of

physiological saline were added.

The contents of eaeh tube were mixed and incubated in a water bath

for one hour at 38° C.

The smallest amount of antigen just beginning to produce hemolysis

was considered as the hemolytic unit*
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TABLE III

Hemolytic Titration of Antigen

Antigen Corpuscles After 'Jater Bath for
Tub* 0*5 oo. Saline 2 per cent one Hour

1 It4 2 C3. C.5 oc. ifo hemolysis
2 It 6 2 cc. 0.5 cc. Ho hemolysis
3 1:8 2 oe* 0.5 oo. No hemolysis
4 ltlO 2 oc* 0*5 cc. Ho hemolysis
5 1|12 2 oc. C«3 cc. lie hemolysis
6 ItU 2 cc. 0.5 cc. No hemolysis
7 1)20 2 cc. 0.3 cc. No hemolysis
8 1»32 2 oo* 0*5 oo* Ho hemolysis

Not any of ths meat extract antigens used produced any hemolysis

eren in the lowest dilutions. This fact has been recorded in the above

table*

Anticomplementary Titration of Differential Antlgont

In a second series of S tubes were placed 0.5 cc. of the above

dilutions of antigen.

1 cc. of diluted complement (carrying 2 full units) and 0.5 oo.

saline were added to each of the 8 tubes, also to a 9th tube (this

to be used as a control on perfect balance of the hemolytic system.)

The contents of each tube sere mixed and incubated in a wator

bath at 38° G. for 1 hour*

They were then removed from the bath and 0*5 ee. of hemolysin

(2 units) and 0.5 cc. of the 2 per cent suspension of corpuscles were

added to each tube; they were again mixed and re-ineubated in the

water bath for 1 hour at 38° C.
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Anticomplementary Titration of Antlean

Antigen Complement Hemolysin Corpuscles After Sater Bath
Tub* 0,5 ee. Saline (2 unite) (2 unite) 2 per cent for 1 Hour

1 lt4 0*5 cc. 1.0
2 lie 0*5 00* 1.0
3 lt8 0*5 oe* 1*0
4 lllO 0.5 ec. 1.0
5 It 12 0.5 oe* 1.0
C It 16 0.5 cc. uo
7 1.20 0*5 ec. 1.0
8 It 32 0*5 cc. 1.0
9 Hone 1*0 ec. 1.0

oe.
o
o .

0.5 ee. 0.5
cc. oo

CO 0.5 ee. 0.5
cc.

•p
o 0.5 oe. 0.5

cc. id
<D

a
o

0.5 ee. 0.5
cc. .Ei 0.5 ee. 0.5
CO. %

IN
0.5 ee. 0.5

00. U
o 0.5 eo. 0.5

ee.

00*

<J>

|
0.5 ee.

0.5 ee.

0.5
0.5

Slight inhibition of
ee. Hemolysis (unit)
ec. Complete hemolysis
ee. Complete hemolysis
ee. Complete hemolysis
ee. Complete hemolysis
oe. Complete hemolysis
ee. Complete hemolysis
ee. Complete hemolysis

ee. Complete hemolysis

The anticomplementary unit was recorded as the smallest amount

of antigen inhibiting hemolysis in any degree.

The antigens prepared from eeoked beef were found to be slightly

anticomplementary.

Titration of the Immune Serum Produced in the Rabbits*

A» the serum is the constant and the antigen the variable, titra-

tion? were rnp.de on the eeruom to determine their antibody content,

thus datermining the smallest fixing dose.

To avoid non-epeeifio reaetiens the serums were heated one-half

hour at 62° C.

In n aeries of 10 teot tabes for eaeh serum 0.5 ee. of the above

dilutions of eerum were plaeed.

An antigen of meat known to have soiao decompoeition produots

present and therefore assumed to be antigenic was titrated for hemoly-

tic and anticomplementary properties, and used in a dose of one-half

of the anticomplementary unit. 0.5 ce. of the antigen were added to

eaeh tube and to an eleventh tube (antigen contrel).
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•Phase wore allowed to stand five to ten minutes, then 1 cc.

of the diluted complomant carrying two full units was added to

each tuba, eaoh tuho was mixed and incubated in a water bath fer

cne hour at 36° C.

The tubes were then removed from the water bath and the

hemolytic system was added as described beforo. A twelfth tube

was set up as a control on the hemolytic system. These were

nixed and reincubated in the water bath for one hour at 38° C.

The smallest amount of immune sera which gave a -> + + +

reaction or that roaetion which save complete fixation of eoraple-

mant in the presence of the nntigan roferrod to above wan taken

as tho unit*

Only one unit of the sern ms used in the tests as tho

3cra dilutions used in their titrations were low*
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In the procedure outlined it was found that it was necessary

to inactivate the immune sera to 62° C. for 30 minutes as normal

rabbit sera inactivated at 55° C. for 15 minutes was found to yield

falsely positive reactions when used with an antigen of decomposed

beef, while that heated at 62° C. for 30 minutes eliminated this

non-specific property. By inactivating the immune ssra at 62° C.

any fixation which might occur would be due to the pressncs of

specific antibodies and not to the substance present in normal sera

which gives the falsely positive reactions*

Procedure used in testing normal sera of rabbits for nonspec-

ific reactions produced when used with an antigen of decomposed beef i

The sera of eleven healthy normal rabbits was tested using

both an antigen made of fresh meat and one from decomposed meat*

Sera inactivated at 55° C* for 15 minutes and also that inact-

ivated at 62° C* for one-half hour were tested*

0*5 cc. of a 1 to 10 serum dilution sere ussd as this amount

was found to contain one unit in the immune sera*



TABUS 5

Titrations ef Antissra

Tub*
Antiserum
0*5 cc.

Antigen Complement
2 fall units

Hemolysin
2 units

Corpuscles
2 per cent Readings

i
3

4
5

6
7
8
9

10

Antiserum

1 to 5
1 to 8
1 to 10
1 to 12
1 to 16
1 to 20
1 to 32

1 to 40
1 to 50
1 to 100

No. 126-1

0.5 ee.

0.5 ee.
0.5 ee.
0.5 ee.

0.5 oe.

0*5 ee.

0.5 ee.
0*5 ee.

0.5 ee.
0.5 ee.

1*0 ee*
1.0 ce*
1.0 ee*
1*0 ee*
1*0 ee*

1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1.0 ee.

c «
O U
£ §
cd si
S>
3 i-i

u
C f-
•rl O

g •

s>
O

U CO
CD CO
-P
cd -p
& cd

0*5 co.
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*

0*5 ee*
0.5 ee*
0*5 ee*
0*5 ec*
0*5 ee*

0*5 ee*
0*5 ee*
0*5 ee*
0*5 ceo

0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
o.5 ee*

a
o U
•rl 3
-P O
erf si
S>
3 i-l

O
S3 U
•rl O

Si
-P •
Co o
s>
o

^ 00
CO CO
-p
cd -p
s cd

+ + + +
+ + + +
+ + + +
+ + +
+ +
4 +
+

1

2

3

4
5

6
7
8
9

10

Antiserum
1 to 5

1 to 8
1 to 10
1 to 12
1 to 16
1 to 20
1 to 32

1 to 40
1 to 50
1 to 100

No. 128-1

0.5 ee.
0.5 ee.
0.5 ee.
0.5 ee*
0.5 ee.

0.5 ee*
0.5 ee.

0*5 ee.

0.5 ee.

0*5 ec.
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1*0 ee*
1*0 ee*

1*0 ee*
1*0 ee*
1*0 ee*

1*0 ee*
1*0 ee.
1*0 ee*
1*0 ee*

1*0 ee*

O U
•H 3
-P o
erf Si
S>
3 r-i
O
a u
•H O

Si
-p •
erf O
s>
o

U CO
CD CO
•P

0*5 ee*
0*5 ee*
0*5 ec*
0*5 ee*
0*5 ee.

0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*

0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*

a •
O Jh

•rl 3
•P O
erf si
S>
3 rH
O
a u
•H O

cm
Si
-p •

cd o
S>

o
U CO
CD CO

& if£s erf

+ + + +
+ + + +
+ + + +
+ + + +
+ + +

+ +
+

1
2

3

4
5

6
m
7

8
9

10

Antiserum
1 to 5

1 to 8
1 to 10
1 to 12
1 to 16
1 to 20
X tO 32

1 to 40
1 to 50
1 to 100

No. 130-1
0*5 cc.

0*5 ee*
0*5 ee*
0*5 ee*
0*5 oe.
0*5 ee.

0.5 ee.
0*5 ee*
0*5 ee.
0*5 ec.

fa
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*

1*0 ee*
1*0 ee*

c
O „
•rl 3
-P O
Crf Si
s>
3 H
o
•rl O

erf o
s>
o

U CO
CD CO
-p
«J -p
gs cd

0*5 ee*
0*5 ee*
0*5 ec*
0*5 ee.
0*5 ee*

0.5 ee.
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*

0*5 ee*
0*5 ee*
0.5 ee*
0*5 ee*
0*5 ee*
0*5 ee*

0*5 ee*

0*5 ee*
0.5 ee.
0*5 ee.

a »

O i-i

•H 3
-P o
erf Si
S>
3 rH
a
a s-,

•H O
«H

Si
-p .

erf O
Si

o
U CO
© CO

Id -p
r3 cd

+ + + +
+ + + +
+ + + +
+ + +
+ +
+ +

1

2
3

4
5

1
7
8
9

10

Antiserum
1 to 5

1 to 8
1 to 10
1 to 12
1 to 16
1 to 20
1 to 32

1 to 40
1 to 50
1 to 100

Ho. 177-1
0*5 ee.

0.5 ee.

0*5 ee*
0*5 ee.

0*5 ee*
0*5 ec.

0.5 ee.
0.5 ee.
0*5 ee.
0*5 oe.

1*0 ee*
1*0 ec*
1*0 ee*
1*0 ce*

1.0 cc*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*
1*0 ee*

a u
O 3
•rl O
P Si
a
S> .H
3
o U
S O

•rl Ch

Si •

-P O
erf

s> o
00

U CO
CD

CtJ
at

•

0*5 oe*

0*5 ee.

0*5 ee*
0.5 ee.
0.5 ee.

0.5 ee.
0*5 ee*

0*5 cc.
0*5 ee*
0*5 cc.

0*5 ee*
0*5 ee*

0*5 ee*
0*5 ee*

0*5 ee*

0*5 ec*

0*5 ee*
0.5 ee.
0*5 ec*
0.5 ee*

C •

o U
•H 3
-P o
erf Si
S>
3 rH
O
£ uH O

cm
Si
P •

erf o
s>

o
U CO

. CO CO

"ctf *P
»* ed

+ + + +
+ + + +
+ + + +

+ + +
+ + +
+ +
+

1

2

3
4
5

6

7
a

Antiserum
1 to 5

1 to 8
1 to 10
1 to 12
1 to 16
1 to 20
1 to 32

1 to 40

He. 179-1
0.5 ee*
0*5 ee.

0*5 ee.
0.5 ee.
0*5 ee.

0*5 ec.

0*5 ce.
0.5 ee.

M
1.0 ee*
1.0 ee*

1*0 ec*

1*0 ee*
1*0 ee*
1*0 ee*

1*0 ce*
1.0 ee.

1 u —
erf Si
s>
3 rH
a
C •
•rl O

O
Si CO
-p CO
erf

S> -p
erf

Sh

co a
-P o
erf -H

-P

0*5 ee*
0*5 ee.

0*5 ee*

0*5 ee*
0.5 ee.

0.5 ee.

0.5 ce.
0.5 ee.

0*5 ee*

0*5 ee.
0*5 ee.

0.5 ee.
0*5 ec*

0*5 ee*
0*5 ee*
0*5 co.

1 u
erf Si
S>
3 rH
O
c •

•rl O
o

.S CO
,l -i ci
si

u
CD C
-P o
.cd *H
& -p

+ + +
+ + +
+ +
+

9

10
1 to 50
1 to 100

0.5 ee.

0*5 ee*

1.0 ee*
1.0 ee*

0*5 ee.

0*5 ee*

0*5 ee*

0*5 ee*

l
2

3
4
5

6
7
8
9

10
11
12

Antiserum
1 to 5

1 to 8

1 to 10
1 to 12
1 to 16
1 to 20
1 to 32
1 to 40
1 to 50
1 to 100
1 to 5

Me Serum

No. 181-1
0*5 oe.
0*5 ee.
0.5 ee.
0*5 ee*
0*5* ee*
0*5 ec.

0.5 ee.
0*5 cc.

0*5 ee*
0*5 ee*

0*5 ee.

0.5 ee.

82
1*0 ec*

1*0 ec*

1*0 ee*
1*0 ee*

1*0 ec*

1.0 ee*
1.0 ee*
1*0 oe.

1.0 ee.

1*0 ee*

1*0 ee*

1*0 ee*

C •

O 1.

•rl 3
-P o
$ *
3 i-l

O
a u
•H O

Cm
siP •

erf o
S>
o

U CO
CD CO
p
S erf

0*5 ee*
0*5 cc.

0*5 ec.
0.5 cc.

0*5 ec*

0*5 ee*

0*5 ee.

0*5 ee.
0*5 ee*

0*5 ee*
0*5ee*
0.5 ee*

0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee*
0*5 ee.

0*5 cc.

0*5 ee*

0*5 ee*

0*5 oe*

0*5 ee*

0*5 ee*

0*5 ee*

a •

o u
•ri 3
-P o
erf si
s>
3 rH
a
a u
•rl O

<H
Si

cd o
S>
o

U CO
CD CO
-P
cd +>
!S cd

+ + + +

+ + + +
+ + + +
+ + + +
+ + +
+ + +
+ +
+ +
+
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In the following table will bo found records of results obtained

from the experiments which illustrate the effect of heat upon non-specific

reactions produced by the normal sera of rabbits when used with an antigen

of decomposed beef*

TABLE VI

Non-specific Reaction Produced by Normal Sera

Sera inactivated at 55° C* for 15 minutes

0*5 cc.
Normal Sera

0*5 cc* Antigen
(Decomposed Beef)

0*5 cc. Antigen
(Fresh Beef)

Serum
Control

Antigen
Control

Hemolytic
System Control

Noraal He* 1 + + + +
Normal No* 2

Normal No. 3 + + +
Normal No* 4
Normal No* 5 + + + +
Normal No. 6 + + + +
Normal No. 7
Normal No* 8
Normal No. 9

+ + +
+ +
+ +

m» mm

Normal No. 10

Normal No. 11
+

+ + +

Sera Inactivate i at €2° C. for 3 minutes

0*5 cc*

Normal Sera
0*5 cc. Antigen
[Decomposed Beef)

0*5 cc. Antigen
(Fresh Beef)

Serum
Control

Antigen
Control

Hemolytic
System Control

Normal No* 1 *j

Normal No. 2

Normal No* 3

Normal No* 4
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Quantitative Complement-fixation Test for Detecting the

Presence of Decomposition Product b of Clostridial! botullnus Pro-

duced in Cooked Beef i

0*5 cc. of immune serum of a 1 to 10 dilution (amount found to

contain one unit in the serums used), inactivated at 62° C. for one-

half hour was placed in each of four test tubes for eaoh of the anti-

gens to be tested*

A dilution of the antigen in which 0*5 cc. contained one-half of

its anticomplementary unit was prepared and 0*5 cc, 0*3 cc«, 0*2 cc.

and 0*1 cc. were added to each of the four tubes respectively. Suff-

icient saline was added to each to make the total volume up to 1 cc*

They were allowed to stand 5 to 10 minutes then 1 cc. of diluted

complement carrying two full unite was added. These were mixed and

incubated in a water bath for one hour at 38° C. or in the Frigidaire -

at 10° C. for 16 to 18 hours so as to ensure fixation of complement if

the reaction was positive*

After the primary incubation the hemolytic system was added) if

incubated in the Frigidaire the tubes were warmed in the water bath for

10 minutes before adding the hemolytic system*

The contents of the tubes were mixed and reincubated in the water

bath for 1 hour at 38° C.

Three controls were set up, one on the serum, one on the antigen,

and one on the hemolytic system*



Reading and Recording the Reactions

>

The method employed by Kolmer( 37 ) in hie quantitative comple-

ment-fixation test for syphilis was employed, adapting it to the vary-

ing amounts of antigen used, instead of varying amount! of serum.

Using the four amounts of antigen the degree of positiveness

or inhibition of hemolysis was recorded for each amount ast

0.5 cc. of antigen a + + + +

0*3 ec. of antigen = + + +

0.2 ee. of antigen = + + +

0.1 co. of antigen = +

The above reaction would be considered as strongly positive,

the amount of decomposition present being high.

The following graphs are a record of the reactions produced

when the various immune sera were used with moat extract antigens

having present decomposition products produced by the different

organisms | also tho reactions produced with meat extracts of fresh

meat.



The effect of primary incubation on the sensitiveness of
complement-fixation reactions*

The serum of a rabbit immunized against the natural deeomposi-
tien products of raw beef was employed with a meat extract tuvtigen of
eat incubated at 30° C. for 18 hours*
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GRAPH III

RECORDS OF RESULTS OBTAINED ON COMPLEMENT-FIXATION TESTS WHERE
THE SERA OF RABBITS IMMUNIZED AGAINST THE IKCOMPOSITION PRODUCTS
OF CLOSTRIDIUM BOTULINUS WERE USED WITH VARIOUS MEAT-EXTRACT ANTIGENS.
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GRAPH IT

RECORDS Or RESULTS OBTAINED OH COUPLBMBNT-FXXATIOH TESTS WHERE
THE SERA OF RABBITS IMMUNIZED AGAINST THE DECOMPOSITION PRODUCTS
Of CLOSTRIDIUM BOTULIHUS WERE USED WITH VARIOUS MEAT-EXTRACT ANTIGENS

.
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GRAPH 7

RECORDS OF RESULTS OBTAINED OH COMPLEMENT-FIXATION TESTS WHERE
THE SERA 07 RABBITS IMMUNIZED AGAINST THE DECOMPOSITION PRODUCTS
OF CLOSTRIDIUM BOTULMUS WERE USED WITH VARIOUS MEAT-EXTRACT ANTIGENS.
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GRAPH VI

RECORDS OF RESULTS OBTAIHED OH COMPLEMENT-FIXATION TESTS WHERE
THE SERA OF RABBITS IMMUNIZED AGAINST THE DECOMPOSITION PRODUCTS
OF CLOSTRIDIUM BOTULINUS WEBS USED WITH VARIOUS HEAT-EXTRACT ANTIGENS.
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GRAPH VII

RECORDS OF RESULTS OBTAINSD OH COMPLETENT-FIXATION TESTS WHERE
THE SERA OF RABBITS IMMUNIZED AGAINST THE DECOMPOSITION PRODUCTS
OF CLOSTRIDIUM BOTULINUS WERE USED WITH VARIOUS MEAT-EXTRACT ANTIGENS.

Serum Ho. 181-182

Extract of Meat inoculated with

Antigen
0.5
oe.

0.3
ee.

0.2
CO.

0.1
oe*

+ 4 + +

+ + + \
+ + \
+

-

Extract of Meat inoculated with
Clostridium botulinus Type B

Antigen
0.5
oe.

0.3
ee.

0.2
ee.

0.1
00.

+ + + + \
+ + + X
+ + \

+ \

Extract of Meat inoculated with
Clostridium porogenes

Antigen
0.5
oe.

0.3
ee.

0.2
oe.

0.1
00.

+ + + + N.
+ + +

+ +

+

v

m

Extract of Heat inoculated with

Antigen
0.5
ee*

0.3
ee.

0.2
cc.

0.1
eo.

+ + + +

+ + +

+ +

+

-

Extract of Heat inoculated with
Pseudomonas fluoreseene

Antigen
0.5
ee.

0.3
oc.

0.2
cc.

0.1
cc.

+ + + +

+ + +

+ +

+ V-
-

Extract of Freeh Beef

Antigen
0.5
ee.

0.3
00.

0.2
00.

0.1
00.

+ + -*- +

+ + +

+ +

•¥

- *——*

—

—*

—

—

*



CRAFH Till

On the following graphs are recorded tho results of complement-
fixation tests when the sera of rabbits iramuni«ed against tho decomposi-
tion products of raw moat wore used with antigens of meat showing varying
degrees of decomposition.
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Serum No. 132-133 (Continued)
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GBAFH IX

On the following graphs are recorded the remits of r—plemenl

.

fixation testa when the sera of rabbits immunized against the decomposi-
tion products of raw neat wore used with antigens of meat showing varying
degress of decomposition.
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Serua No. 134-135 (Continued)
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The results obtained with the above procedure proved to be

specific for decomposition but not for the type of decomposition

present. However, it will be noted from the graphs that fresh

cooked beef yielded negative reactions. Because of the negative

reactions produced with fresh cooked beef the possibility of pro-

ducing an amboceptor against the natural decomposition products of

raw beef was suggested to the author , the amboceptor produced to be

used in differentiating fresh beef from that in the beginning stages

of decomposition*

Preparation of the Antigen Used in the Immunisation of Rabbits

to Produce Antibodies Against Natural Decomposition Products of Beef i

For this purpose raw lean freshly ground hamburger steak was

selected* Twenty-gram portions of the beef were placed in large ster-

ile test tubes; these were stoppered with cotton plugs and incubated

at 30° C* for 72 hours in a saturated atmosphere. The decomposed beef

was then extracted with 120 ce* of saline and csntrifuged for one-half

hour at high speed. The supernatant liquid was then filtered through

a Seits filter and the clear filtrate used as ths antigen for Immuniza-

tion,

Immunisation of the Rabbitwt

Two large healthy rabbits weighing 2200 and 2600 grams were given

four intravenous inoculations as described before in amounts of

2, 2, 3, and 6 ce, of the antigen, and five subcutaneous inoculations

in amounts of 8, 10, 12, 15 and 15 ce* The last five inoculations were

given subcutaneously because of the large quantity of antigen used*
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The animals were allowed to rest for a week aad were then

bled from the marginal rein of the ear and the blood tested for

antibody content as described before* As specific antibodies

for the antigen used in immunization were found to be present,

the rabbits were bled to death and the serum preserved with phenol

and ampouled in 2 cc. quantities*

Preparation of Antigen to be Testedi

Antigens prepared from decomposed raw beef were found to be

more anticomplementary than those from the cooked beef so it was

found necessary to use a method in preparing the antigens which

would reduce their anticomplementary properties*

Ten grams of the meat to be tested were thoroughly extracted

with 50 cc* of saline* The extract was csntrifuged for 10 minutes

to remove any solid particles) fat which roes to the top was re-

moved and the supernatant liquid was plaoed in a test tube and

heated in a water bath at 56° C. for 15 minutes* The extract was

then filtered through medium grade filter paper and the clear fil-

trate used as the antigen*
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From Table VII it will be seen that heating the antigens to

56° C. for 15 minutes reduced their anticomplementary properties, thug

increasing their antigenic index or the ratio between the antigenic

unit and the anticomplementary unit.

The Quantitative Complement-fixat ion Test for Detecting the

Presence of Occult Decomposition in Raw Beefs

With the following established modifications the author proposes

the following method as an established procedure for detecting the

presence of decomposition in raw beef.

0.5 cc. of immune serum of a 1 to 10 dilution (amount carrying one

unit), inactivated at 62° C. for one-half hour was placed in each of

four test tubes for each of the antigens to be tested.

The object of inactivating the serum at 62° C. for one-half hour

was to eliminate any chances of non-specific reactions which normal sera

would produce. From Table VI the reader may observe a record of results

obtained when using normal rabbit serum inactivated at 55° C. for IS

minutes, with antigens of fresh and decomposed beef, also results ob-

tained when normal rabbit serum inactivated at 62° C. for 20 minutes

was used with antigens of fresh and decomposed beef. It will be noted

that non-specific reactions were entirely eliminated by heating the serum

at 62° C. for 30 minutes.

A dilution of the antigen to be tested, prepared and heated at 56° C.

for 15 minutes as previously described, in which 0.5 cc. contained one-

half of its anticomplementary unit was prepared, and 0.5 cc, 0.3 cc,

0.2 cc, and 0.1 cc quantities were added to each of four test tubes*
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Sufficient saline was added to each to make the total volume to

one cc. From Table VII it will be noted that Seating the antigens at

56° C. for 15 minutes greatly diminished their anticomplementary pro-

perties; the remainder of this property was removed subsequently by

dilution*

The tubes were allowed to stand 5 to 10 minutes, then one ec. of

diluted complement carrying two full units was added to each* These

were mixed and incubated in a water bath for one hour at 38° C* or in

the Frigidaire at 10 C* for 16 to 18 hours so as to ensure a fixation

of complement if the reaction was positive*

After the primary incubation the hemolytic system was added* if

incubated in the Frigidaire the tubes were warmed in the water bath for

10 minutes, before adding the hemolytic system*

The contents of the tubes were mixed and reincubated in a water

bath for one hour at 38° C* Three controls were set up, one on the serum,

one on the antigen, and one on the hemolytic system.

Complement-fixation reactions for detecting the presence of decomposi-

tion in beef carried out by the above procedure exhibited specificity in

differentiating between fresh beef and that which had decomposition pro-

ducts present, even though present in small quantities. This may be

observed from the accompanying graphs*
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DISCUSSION

Spoilage of meat is a complex process; there nay be a souring

of meat due to the fermentation of carbohydrates caused by the aerobes,

anaerobes and facultative anaerobes, a digestion of proteins caused

by these microorganisms resulting in the production of cleavage products

of protein and in end products of putrefaction and also a digestion of

the protein by autolysis of the meat*

These products of decomposition as revealed by the experimental

results have the power of stimulating antibody formation in animals*

The antibodies formed were of such nature that they could be detected by

complement-fixation* The nature of these antigenic substances was not

determined. However, it is known that carbohydrates and the products

of carbohydrate metabolism are in themselves non-antigenic, also that

the end products of protein digestion or the amino acids are non-ant igenio;

therefore these factors could not be the stimulating substances in anti-

body formation. bemayor and Pick* 5*) have found that of the protein

molecule it is the aromatic radicle which is the determining factor in

the specificity of immunological reactions. Vaughn^ 38 ) believes that of

the toxic and non-toxic fractions of protein cleavage, the toxic fraction

contains the aromatic radicle and it is this fraction which is the deter-

mining factor in stimulating antibody formation. True toxins ars known

to stimulate the formation of antitoxins, but a toxin-antitoxin reaction

dees not involve a third component or complement so a reaction of this

order would not be demonstrable by complement-fixation. In this particular

project the reaction would not be of this order as a fixation of complement

takes plaee. The antigenic substance responsible for the stimulation of

antibody formation must, therefore, be cleavage products of proteins in



- 39 -

such combinations that they have the characteristics essential for

antigenicity. They may be amino acids containing aromatic radicles

in combination with amino acids of the aliphatic series, the combina-

tion having large molecular dimensions and exhibiting colloidal

properties*

In the present investigation, the antibody formation was low.

probably due to a low concentration of these antigenic substances in

the meat extract antigen used as the inoculum. If these substances

could have been determined and used in a concentrated form in immunising

the animals, it is quite possible that a serum rith a high antibody con-

tent could have been produced and perhaps the addition of some accessory

protein substance such as peptone, which would act as en activator,

would also have increased the antibody formatlea*

The same problem of low antigenic substances had to be met when

testing meat extracts for evidence of decomposition. These substances

present in the meat extracts are variable and prosent in amounts accord-

ing to the degree of decomposition. For this reason it was necessr ry

to increase tho antigenic index of the antigen, either by increasing

the antigenic sensitiveness or decreasing the anticomplementary proper-

ties) the lattor was done as it was found that heating the antigens to

56° C. for 15 minutes decreased their anticomplementary properties*

Reference te Table VII will illustrate the effect of heat in de-

creasing the anticomplementary properties of meat extract antigen*

Lack of specificity as to type of decomposition present in the

meat extract antigens was probably due to the similarity In the meta-

bolism of the proteolytic organisms*
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Wagner and Meyer^ 39 ) hare shown, through a comparative analyeis

of the metabolic products of Clostridium botuliaus, Clostridium spore-

genes and Clostridium histolyticus, in feat and milk media, that the

biochemical activities of these organisms are cimilar.

Complement-fixing antibodies ars ordinarily highly rssistant to

deleterious influences. Their resistance to heat is probably one of

their most important properties because of the custom of heating sera

to 55° C. preliminary to testing* Natural complement-fixing antibodies

are usually more susceptible to heat than those produced by artificial

immunization or during disease. The effect of varying degrees of hsat on

antibodies appears to depend on the nature of the antibody and on the

ticie of exposure*

In working with syphilis antibodies. Sachs^ 40 ' has found that if

syphilitic sera is heated at 62° C. for 30 minutes the complement-fixing

antibody is destroyed. Marie and LavaditiV*!) report that the syphilis

antibody in cerebrospinal fluid was destroyed by heating the fluid at

75 to 80° C. for 20 minutes*

Kolmer, Rule and Trist^ 42 ) Have shown that dsstruetion of syphilis

antibody may begin when the sera is heated at 40° C. for 30 minutes and

that the destruction progresses with higher temperatures. 7/hen sera is

exposed for 30 minutes at 62° C. these investigators have found that

approximately 35 per cent of the sera shewed a total less of syphilis

antibodies*

In rabbit immune sera, however* complement-fixing antibodies show

a much greater resistance to heat. Kolmer^ 7 ^ in using rabbit sera
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containing anti-human, anti-dog, anti-cat and other antibodies for the

detection and differentiation of the various proteins found that such

sera heated at 62° C. for 30 minutes have rarely shown any deterioration

of antibody content, this being a fortunate circumstance as it has been found

necessary to heat rabbit sera at 62° C. for 30 minutes in order to eliminate

non-specific reactions*

In working with the antibodies against the decomposition products

of beef the author has obtained results which confirm with those of

Kolmer. The antibodies produced by immunising rabbits against the decomposi-

tion products of beef have been found to be stable when exposed to a temp-

erature of 62° C. for 30 minutes. This procedure being necessary in order

to eliminate non-specific reactions as the reader may observe from Table 71*

The method of primary incubation employed is an important factor in

determining the sensitiveness of a reaction.

In working with the Wassermann reaction the majority of investigators

have observed stronger reactions with a primary incubation at a low temp-

erature for several hours than when incubated at 38° C. for one hour. The

possibility of the existence of two kinds of antibodies, one fixing comple-

ment best at 38° C. and the other at a lower temperature, has been advanced*

However, Kolmer, llatsunami, Toitsu and Trist^ 43 ^ conducted complement-fixa-

tion tests for syphilis using a primary incubation at 38° C. for one hour

and a second set at 8° to 10° C. for 18 hours using the same sera, antigens

and technique and obtained no evidence indicating the existence of two

kinds of antibodies. The only differences encountered were that with some

sera, very weak in antibody content, positive reactions were obtained

when tested at 8° C. to 10° C. for 18 hours and negative reactions when

tested at 38° C. for one hour*
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In working with meat extract antigens the author was also able

to obtain more sensitive reactions by using a primary incubation of

18 hours at 8 to 10° C, than by a water bath incubation at 38° C. for

one hour.

However, with the meat extract antigen* the prolonged incubation
t

is not justifiable for the slight increase in sensitiveness.

The results recorded on Graphs I and II show the effect of primary

incubation on the sensitiveness of the reaction produced*

From Graphs I to XI inclusive it will be noted that with fresh meat

extracts used as antigens all reactions obtained were negative, while the

degree of positiveness exhibited with extracts of decomposed beef varied

with degree of decomposition. The variance in the degree of fixation is

due to variability of the antigenic substances present in the extracts.

The specificity of these reactions was demonstrated by duplicate tests

performed by two different individuals, using the same antigens and the

sama technique. The antigens consisted of 30 meat extracts exhibiting

varying degrees of decomposition, also extracts of fresh beef.

A comparison of Graphs X and XI will show thai the efficiency

of the test was found high, as in both tests no extracts from decomposed

beef failed to show antigenic properties specific for the immune serum,

while the reactions with fresh beef were all negative.

The results of this investigation appear to warrant the use ef

compleiaent-fixation in determining decomposition in beef as this method

directly indicates decomposition, while bacterial counts and other

K»thods advanced are only indirect indicators ef putrefaction, with the
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exception of the organoleptic and the *aBBonia test which are teo lib-

eral as the meat is actually putrid before it responds to them.

The author is confident that with further studies on the antigen

used for immunization in the project, results may be derired which will

produce a diagnostic serum with a high enough antibody content that the

procedure ae given will be practical as a laboratory test*
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SUMMARY

From the studies and results obtained In this investigation the

following summary appears justified!

1* The products of decomposition of both cooked and raw beef

have the power of stimulating antibody formation in susceptible animals.

2. The antibodies formed are of such nature that they may be

detected by complement-fixation reactions*

3. The immune serum produced by the immunisation of rabbits is

specific for decomposition of beef, giving a fixation of complement

when used with moat extracts having thsss products of decomposition

present*

4* This same immune serum yields negative reactions when used

with an extract of fresh beef or one in which the protein has not been

hydrolysed or decomposed*

5* Since the immune serum yields positive reactions with meat

extract antigens containing decomposition products and negative reactions

with meat extracts of fresh beef, the antibodies present must be against

the cleavage products of the proteins of the beef and not against the

whole proteins of the moat*

6* The reaction as carried out proved to be non-specific as to

the organism producing the decomposition; aerobic and anaerobic decomposi-

tion could not bo differentiated*

?. with the modifications on the procedure as outlined* the re-

sults obtained indicate that complement-fixation may be used as a means

of detecting minute quantities of decomposition in beef*
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