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ABSTRACT

Mortality in ehiekens, resulting from avian viseeral lymphomatosis,
is of major eeonomie importanee to the poultry industry. Isolation and
genetie resistance influenees this mor tality rate, Sut are not prastisal
for the widespread ocontrol of the disease. The development of a diag-
nostie test would be a major eontribution in this field, and this work
was done in an attempt to develop sueh & teehnique by use of the indireet
eomplement fixation reaetion.

Attempts were made to utilize the teehnigue of Rice (1945) and Mayer
(1947), both of whom employed the slope of the hemolytic curve in the
caloculation of the amount of fixation. The slope value was found to vary
greatly, depending on the reagent present, and a technigque was developed
which eliminated the use of such a value. The amount of fixation was
determined in terms of milliliters of wundiluted complems nt necessary for
50 percent hemolysis by plotting the e lsoctrophotometer readings against
the volumes of undiluted complement present. From this the units o ocom-
pleament fixed could be ocalculated.

Influenza virus was employed foar the standardirzation of the test
technique. Rabbits were first used as a source of complement fixing
ant ibodies, but were found unsulitable due to the formetim of hetero-
phile antibodies which reacted with heterophile antigen of the ochiokemn
serum. The production of these antibodies had been stimula ted by hetero-

phile antigen in the influenza virus suspension and had originated from




the embryos used for its propagation. Guinea pigs were foumd not to
produce this antibody and were used for subsequent imooculations,

Test antigens were prepared by extracting normml chickem tissue
and tumors of RPL strain 12 visceral lymphomatosis (Burmester et al.,
1946). They were used for the production of antiserums in guinea pigs,
chiolkens, and ducks. Infected and nomal chicken seruns were also used
a8 antigens, both in tests and for inoculations.

The first tests were desizned to determine if the agent of the
strain 12 tumor ocould be detected in the ochicken serum. Infeoted
chioken serum was used as an antigen and allowed to react with guines
plgz antiserums that had been produced by the inooculation of normsal and
infeoted chicken serum and normal tissue and tumor extracts. Some
reaction took place, but was due to the presence of normal tissue
materials and not the result of tumor agent activity.

A direct test, employing tumor anti gen and guinsa pig antitumor
serum was standardized for use in testing chicken antitumor serums for
their tumor agent antibody content. A reaoction, in excess of that due
to the normal tissue materials was noted, apparently due to eithsr tumor
cell components or the agent.

Chicken antitumor serums were tested by the indireot techmnigus, but
no agent stimulated reaction could be deteoted. The reaction taking
place was found to be due to normal tissue materials. Normal tissue
antibodies were adsorbed fram the guinea pig anti tumor serum with nomal
chiocken red blood ocells, but when the adsorbed antiserum was used in

direct reaotions for the indireoct titration of chicken antitumor serums,




no difference was noted from the titers obtained with the untreated
antiserum,

The deteoction of the sgent of wvisceral lymphomatosis or specific
antibodies was not possible with the teochniques used, and will depemd
upon the development of more highly purified sgent suspensions and the

elimination of the normal tissus materials.
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I. INTRODUCTION

Lymphomatosis, a naturally ooccurring malignant disease of chiockens,
is characterized by the fomation of lymphoid tumors in almost any of
the tissues of the bird's body. The lymphoid cells infil trate the tis-
sues, producing a generalized enlargement of the area amd giving it a
characteristic grayish oolor. In some cases nodules are formed which
are made up exclusively of the malignant lymphoid cells.

The occurrence of lymphomatosis is widespread throughout the world.
The economic loss in this country alone has been estimated to be over
$60,000,000 annually (Tenth Annual Report of the Regional Paultry
Research Laboratory, 194,9). This amount represents the monetary value
of the birds that die from the disease. It is only a portim of the
total loss involved, since the cost of feed and maintenance up te the
time of death must also be taken into consi deration. The neural form
attacks primarily the younger birds, while the visceral form appears
somewhat later, espeolally during the laying period of pullets, and
deaths are continuous thersafter as long as the birds are maintained
(Biester and Devries, 19l);) (Waters and Prickett, 19,6). The losses
from this disease are felt in all branches of the poultry industry.

From what has been said, it is evident that the development of a
method for the control of lymphomatosis would be of great economis
importance. There are at present, two methods for limited control of
the disease: breedimg for genetic resistance, and isolation. 1In breed-
ing for genetisc resistance, chickens are seleoted on the basis of the
performance of the ir ancestors (Johnsen and Wilson, 1937) (Waters, 1945)

(Hutt and Cole, 1947).




The seocond method of control is isolation. By ngrogiting a greup
of birds so that they have no contact with other chickens at any time
during their life, a marked reduotion, and ia some instances, the com-
plete elimination ef disease manifesteations, ocan be brought about. This
procedure consists of seleoting .eggs from certain hens, and incudbating,
hatching, and rearing the resultant chickens in complete confinement and
under rigid quarantine (Waters and Priskett, 194l;). This procedure,
as well as the method of sslective breeding, would not be practisal fer
widespread control of the disease.

Transmission of the agent causing lymphomatosis in its varlous
ferms appears to eccur by the follewing methods: from parent to off-
spring through the egg (Cottral, 139,9), by direet bird to bird contaet
(Naters, 19,7) (Waters and Bywaters, 19,9), and pessibly by indireot
eontact (Waters, 19,7) (Hutt snd Cole, 1947).

Indireet eontact by means of feges and other body oxcr;tionu
may play an important role -(Biester and Devries, 19L)). The only ex-
oretions, however, which have been definitely shown to transmit the
infeotion, are nasal and tracheal washings (Cottral, 1952).

The methods of tranamission mentioned px-nrlou]y all indicate the
presence of an infective agent. The genetic resistance exhibi ted by
certain inbred lines :ls‘ apparently due to a factor whioch prevents the
mnifestation of infection in the form of tumors, but not one that pre-
vents the entrance of the agent into the chicken's body.

The first isolation of an agent capable of producing lymphomatosis
was achieved by Furth and Breedis (1933). More recently Burmester

(1947a), using high speed centrifugation, concentrated the agent of a



lymphoid tumor - designated as RPL* Strain 12 (Burmester et al., 1946).
He also demc -tral. . filtrable agents of other lymphoid tumor strains
designated as RPL 16, 18, 19, 20, and 21 (Burmester, 1947b). The tumor
material, usually liver, was minced, suspended in saline amd centrifyged
to sediment the cellular componemts. If the supernatant fluid was
inoculated into young chicks, usually at one day of age, no immediate
response was noted. However, after a period of approximately 75 to 160
days, tumors, imdistinguishable From those occurring naturally, wer;
produced (Burmester et al., 19L6). Similer results were obtained follow-
ing inoculatiom of tumor filtrates which had been prepared by passage
through a bacteria retaining filter (Burmester et al., 15L46). It was
thus demomstrated that an agent, capable of passing a bacteria retaining
filter, was present, and that this agent would produce tumors indistin-
guishable, both grossly or microscopically, from the naturally ococurring
tumor of visceral lymphomatosis.

With the establishment of the presemce of a causative agent which
could be camoentrated by centrifugation, its use in the development of a
test was consi dered. It had beem showm by Burmester (1947¢) that the
lymphoid tumor cells stimulated the proiuetion of a factor consi dered to
be an ant ibody, which had a strong oytotoxic actiom toward subsequently
inoculated tumor cells. This factor was found in the serums of chickeas
which had survived a tumor cell imoculatiom or had been imoculated
repeatedly with a suspension of nom-viable tumor cells. Serum omtaim-

ing this factor showed a toxio effect upon tumor cells both im vivo amd

* Regiomal Poultry Research Laboratory




in vitro. Even though there was appareatly am antibody produced which
was active againat the cells, it could not be used to identify the agent.
A practiocal test would necessitate the production of an antibody capable
of resocting with the agemt and the resulting reactiom made detectable by
some type of indicator system. The complememt fixation test was seleoted
to be used im an attempt to identify the occurrence of such a reactiom,

and a report of the findings when suoch a test was used comstitutes the

basis of this thesis.




'II.‘ REVIEW OF LITERATURE

The phenomenon of baoteriolysis, due to the aoction of complement
upon a baoterial antigen-antibody complex, may be observable due to the
breakdown of the bacteria. Many antigens, however, which are capable of
inducing the production of specific antibodies and forming sm antigen-
antibody complex which will reaoct with complement, are not of sufficienmt
size to allow the easy detection of changes whioch occur amd indicate a
reaction with complement. A reaoction of this type, therefore, must be
made evident by the use of an indicator system. This system must con-
sist of an antigen and specific antibody whioch will, whem allowed to
combine, react readily with complememt. Also, the resulting reaoction
must be easily detected. Red blood cells and an antibody specific for
them are used for this purpose. The antibody, specific for the red
cells, is oalled hemolysin.

The red bdlood cells, hemolysin, and complement constitute the indi-
cator system of the complement fixation test. When placed together, the
red cells amd hemolysin combine and with the addition of complement,
hemolysis will occur, as is illustrated in Figure la. The solid lime
enclosing the names of the reagemts is meant to indi cate that they react
together. When & dotted line is used, the absence of a reaction is
indicated.

When & specific aqﬁigen-lntiserum mixture is prepered, the complex
formed will, with few exceptions, unite with complement. Such a reactiom
inactivates the portion of the complement teking part in this union amd

it is said to be fixed. If excess complement is presemt, the umcombined
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portior remains active and is ocapadle of reacting with additional amounts
of the same or a different antigen-amtibody complex. 1Imn order to deter-
mine if any complement remains free after the ant igen-amtibody complex
being tested has had times to react, the red blood cell-hemolysin mixture
is added. If the test system has fixed all of the complement, no actiomn
on the red cells occcurs and the test is called positive (Figure E_). It
must be assumed that the amoumt of complement preseat in & test, such as
the one shown in Figure 1b, had beer adjusted so that all would be fixed
by the antigen-antibody complex of the test system. If this had not been
done, the excess complement would resct with the indicator system, and
the test system reaction could mot be detected. If, om the other hand,
the antigen and amtibody of the test system are not specific or there is
insufficient antibody present, no detectable effect om the complement
will take place. This will leave complememt free to react with the red
cell -hemolysin complex (indicetor system) amd hemolysis will be noted
(Figure 1c). In this omse the test is called negative. Influenza virus
and guinea pipg anti-influenza serum are used in the illustratioms.

This basic procedure for the detection of the fixation of complement
was developed by Bordet and Gengou (1301), (Gengou, 1902) amnd is oftem
referred to n§ the Bordet-Gemgou phenomenon. Soom after Bordet amqd
Gemgou's experiments, Citron (1906) showed that bacterial extraots could
be successfully aubstitu‘ted for bo.c;terial suspeasions in these reactions.
Wasserman, while working with Neisser (Wasserman et al., 1906a) amd
Schucht (Wassermsn et al., 1906b), developed a method far the i agnosis

of syphilis in man by complememt fixatim, which is known as the




Wasserman re;otion. This was the first widely used diagnostic test
employing the phenemenon of oémplomont fixation.

In complement fixation reactions which use 100 percent hemolysis as
the end point, as 1s the ocase with the Wassorman reaction, the degree of
hemo lysis is determined by holding the tube containing the material im
front of a bright 1light and observing the turbidity. The variations in
turbidity are graded as L+, 3¢, 2¢, 1le, *, and -, which correspond to
approximately O, LO, 80, 90, 97, and 100 percent hemolysis.

When amounts of complememt are plotted against the perceamtages of
hemolysis produced by them, a sigmoid curve is formed. Larger amounts
of complement are. required per unit chamge of hemolysis as the hemolysis
approached either O or 100 percemt. It has beem shown (Brooks, 1918)
that the differences in the susceptibilities of the red cells to lysis
by complement are responsible for the deviatiom from a streight line
relationship and are due to various kinetic factors imvolvimng the con-
centrations of erythrocytes, antibody, and complement, and their respec-
tive speeds of interactiom (Mayer et al., 19.48a), amd the susceptibili-
ties in the red blood cell population to lysis by complemsmt (Waksmeam,
19L9).

In the range between 20 and 80 percemt hemolysis, there is praocti-
cally a straight line relationship betweem the amount of complement amd
the hemolysis produced, and within this range, where a small amount of
complement produces a large change im the degree of hemolysis, more
accurate mesasurement of the amount of complement presemt cem be made.

A highly quantitative test was developed usinz 50 perceat hamolysis

as the end poimt (Wadsworth, 1939, Maltaner and Maltaner, 1935, Thompson




and Maltsner, 1940, Wadswor th et al., 1931, 1938a, 1938b, and 1938¢c),
and utilization made of an instrument such as an electrephotometer or a
spectrophetometer (Friedewald, 1943, Mayer et al., 1946b). This type ef
technique was used in the studies reported in this thesis.

The complement fixation test, as it has been eutlined, could mnot be
used feor the detection of antibodies in chicken serum because the reac-
tion of these antitodies with specific antigen does not form a oceomplex
capable of fixing. complement (Rice, 19.,8b). However, chi cken antiserum
will combine with specifioc antigen and the antigen involved in such a
reaction is no lenger free to react with other antiserum. Fer example,
if chicken anti -influenza serum is mixed with 1nf'1uc'mza antizen, they
will combine but will have no effect en the complement. If guinea pig
anti -influenza serum is added, it can not combine with the antigen and
no complex oapable of fixing co;mplomont will be formed. If there were ne
specific antibodies in the chicken serum, the guinea pig anti -infl us nza
serum weuld react with the antig en and the complement weuld be fixed as
is shewn in Figure 1b. The extent te which the antigen-guinea pig anti-
serum cemplex is inhibited measures the artibedy titer of the chickem
antiserum, arnd since this monsuromAnt is made indirectly, the technigue
has been called the "Indirect Cemplement Fixation Test."

The actual mechanics of the reaction may be more clearly understoed
with the aid of diagrams such as those shewn in Figures 2a and 2b.
Figure 2a represents a pesitive indirect reaction. The chicken anti-
influenza serum contains antibodies which will combine with the influemze
antigen; therefore, their svmbols are enclosed in a solid line to indi -

cate this remction. The cuinea pig anti-influenza serum, when adled, cam
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Figure 2b, Diagram of a Negative Indirect Complement Fixation Reaction

* () is the order of addition of reagents




not reaot, simece all the amtigem has beem bound by the chickem amti-
bodies. The complememt is thus not affected, and whem the indicater
system is added, the complement is free to act upom it and hemolysis
occurs. Imn Figure 2b, a megative indirect reaction is showm. The
chicken serum does not contaim amtibodies specific for the influenza

ant igen and mo resoction occurs. Whem the guinea pig amti-imfluemza serum
is added, the antigen reaocts with it ard the complex formed fixes the
complement. With the addition of the indicater system, mo canplement is
nvtilablo.and no hemolysis is seemn. These illustrations assume that all
or meme of the various reagemts are involved im the respeotive reactionms.
In aoctudl practice, the preportionate part of esach reagent which emters
into the reaction is quamtitatively measured.

The use of a serodisgnostic test for visceral lymphomatoesis must be
of @ mature which will allow the detection of the agemt causimg the
disease, and not merely a demonstration of the presence of tumor tissue.
In hunan cancer, the detection of the presemce of tumor tis sue would be
of value. As has been poimted out by Maver (19Ll), such a test could be
used for the differeatiation of camcer amd tuberculosis or to imdioate
the absence of metastases or residual growths following surgery. Also,
it would provide & method for detecting growths while they were still im
the operable stage. Many procedures have been used in attempts to
develop such a test. Reviews by Davidschm (1936) amd Maver (19l),) are
aveilable which show that the tests for the variocus types of tumors inm
animels amd humans may be divided imto three groups: (1) those which
measure the comparative concemntrations of the constituemts of the bleod,

or the chemical or physical charsoteristics dependemt upon these



ocmstituents, (2) those which depend upon a spocific‘anmigon-nntibody
reaction, and (3) those which compare the proteolytic or lipolytic acti-
vities of the serums. Only tests of tﬁe type mentioned in group 2 are
of interest here. These tests, hdwevor, are designed to allow the icden-
tification of a specific material which is & component of the tumorous
tissue, such as purified protein fraotions (Kidd, 1942) and not an agent.

Many of the tumors of animals have been shown to be caused by an
agent, presumably a virus. The first demonstration of an agent of this
type was made by Rous (1911), while working with sarcoma in fowls.
Othe r animal tumors, such as the adenocarcinoma of frogs (Lucke', 1938),
benign papillomas of the skin of western cottonteil rabbits (Shope,
1932), the mouse mammary oarcinoma (Bittner, 1936), and Leukosis of
fowls (Ellerman and Bang, 1908) are known to be produced by vir;s-like
agente. Serodiagnostic methods have been attempted for all these
various types of tumors and are discussed in a review by Maver (194;).
Only the tests concerned with the various forms of the avian leukosis
complex (Biester and Devries, 15LL) will be mentioned here.

The classification "leukosis" includes all the various forms of the
disease listed under the avian leukosis complex. The early studies were
made on the erythroblastic form. In this disease, the immature forms of
erythrooytes become the dominant blood cell. Thomsen et al. (1933) used
& ground suspension of these cells as an antigen for complement fixation
studies. They reported fixation in about 20 percent of the serums under
study. These serums were from chickens which had been inoculated with a
suspension of the neoplastic cells. The fixation observed was not con-

stant on repetition and may have been due to factors other than s specific



antigen-antibody reaction, since antibodies formed in chickens are not
of a type capable of rescting with complement (Rice, 1948b).

Kabat and Furth (1940) attempted precipitir and camplement fixetion
studies on the sedimented agents of fowl erythroleukosis and sarcoma,
but were unable to disclose any specific antibody in immune serums pre-
pared from tumor extract and leukotic serum. They attributed their
feailure to demonstrate difference by immunological methods between the
materials sedimented from tumorous and normal spleen extracts by high
speed centrifugation, to the presence of large amounts of "normal heavy
material™ in the virus preparations. They concluded that if agents for
these conditions were present, they were there either in small amounts
or they were less effective antigens than the normal heavy substance.
Kebat and Furth (1941) did demonstrate, however, that the agemt of the
Rous sarcormm produced neutralizing antibodies in the rabbit. Similar
sediments from normal chicken spleen produced no neutralizing antibodies,
and the complement fixing antibodies produced by both materials were
unreleated to the neutralizing antibodies. Similar results were obtained
by Foulds (1937) and Lee (1942), using the s=erums of ducks, turkeys and
chickens which had been inoculated with lymphoid and myeloid tumor
extraots.

Pollard et al. (1943) obtained complement fixation reaotions with
one form of the avian leukosis complex, fnmoly, hemocytoblastosis. The
malignant blood cells were ground in a Ten Broeck grinder, centrifugead
at low speed, and the supernataeant fluid was used as the antigen. Serums

from adult turkeys and guinea fowls which had been inoculated with whole

blood from normml chickens and from chickens showing lesions of varlous

P




forms of lymphomatosis and leukemic conditions were tested against the
antigen. No reaction was observed when the serums of the animals receiv-
ing normel chicken blood were used, but all the serums of those receliv-
ing blood from infected chickens gave positive reactions. Since the
antigen was an extract of malignant white blood cells or their pregur-
sors, and the positive antiserums were produced by the inoculation of
whole blood containing the same type of cells, the positive reactions
were apparently not due to an agent responsible for the conditicn, but
rather to components of the malignant cells and a specific antidbody pro=-
duced by the inoculation of an extract of the same type of cells. It
1ndicated, however, that the tumor cells formed in these related condi-
tions were similar and containsd common components distiAguishahle from
normal blood cells.

Kissling (1947) described a repid slide test usi ng stained, washed,
formal inized lymphocytes which agglutinated in the presence of serum
from a lymphomatosis positive chicken. Investigations of this test by
Darcel (1950) showed that whereas a high correlation was obtained with
birds showing advanced oases, healthy birds in a flock also showed a high
number of positive reactions. The lymphocytes were not found to be
necessary in the reaction because the dye and serum would react similar
to the reaction between horse serum and isamine blue, the phenomenon
described by Dean (1937).

The use of a test, particularly complement fixation, in efforts to
detect the agent of visceral lymphomatosis, has not been reported. The
segregation of the agent in sufficiently pure form to permit its use as

an santigen in the production of antiserum, and the development of a test

44
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which would allow the identification of either the agent of visceral
lymphomatosis, or specific antibodies in an infected chicken, were the

aims of the work reported in this thesis.




IIT. MATERIALS AND METHODS

sa. Complement:=~It has been shown by Wadsworth (1947) that complement

can be preserved for an indefinite period of time by freezing. Pooling
of the serums of a large number of guinea pigs would ufford s constant
supply of complement and olimiﬁuto the necessity of collecting and pro-
cessing small batches at frequent intervals.

Approximately 300 young guinea pigs, weizhing 800 to 1000 grams
each, were secured and bled by cardisoc puncture. Eight to 10 milliliters
of whole blood was taken from each snimal, placed in a small vial, and
allowed to clot in an ice water bath. The vials were then placed in a
refrigerated centrifuge and spun for five minutes at 1500 g to constrict
the clot. The samples showing hemolysis, due to the mechanical breeakdown
of the red blood cells, were discarded. The serums of the remaining
samples were then decanted into a large flask which was immersed in an
ice water bath and rotated continually to insure complete cooling and
mixing. The resultant pool was transferred to small vials in 1, 3, and
5 milliliter amounts and sealed with rubber stoppers. Each vial, imme-
diately after sealing, was placed in s wire basket in a mechanical
freezer where it was frozen and stored at =35° C.

The guinea pigs aurvivinglthe first bleeding (approximately 200)
were held for seven days and bled a second time. The serums obtained
from this second bleeding were handled in the same manner as outlined
for the first group. Approximately 2000 millilitors of guinea pig serum
wae obtained from the two collections, and served as & common source of

complement for all the tests.




b. Hemolysin;--The detection of a specific reaction between an antigem
and an anti serum, by the complement fixation test, is dependent upon the
demonstration of the fixing or inactivation of the complement. As was
mentioned previously, the hemolysis of the sheep red blood cella is used
as an indicator of this reaction; however, the presence of the red
blood cells alone is not enough. The complement must have an antigen-
ant ibody complex to act upon, and the sheep red blood cells act as the
antigen for such a complex. When inoculated into rabbits, the sheep red
blood cells stimulate the produetiom of a specific antiserum which is
called hemolysim (Kabat and Mayer, 19L8).

Commercial antisheep hemolysin was used for the tests reported
here. It had been preserved by the addition of an equal volume of gly-
cerol, and when kept in a refrigerator at 2-4° C, the titer remined
constant for an indefinite period of time.

¢. Sheep red blood cells:--A special flask was prepared for the col-

lection of the sheep red blood cells. It consisted of a 500 milliliter
Erlenmeyer flask fitted with a number &, two-hole, rubber stopper.
Through one hole was placed a three-inch piece of 6 millimeter glass
tubing which was plugged loosely with cotton and acted as an air vent.
The other hole was fitted with a six-inch piece of the glass tubing teo
which was attached a heavy walled rubber tube approximately 18 inches in
length. The blunt end of & 16-gauge California typs bleeding needle was
inserted intc the free end of the rubber tube. The beveled end of the
needle, which protruded fran the tube, was pushed through the center o
a8 square piece of gauze and inserted into a test tube which was of

sufficient size to fit snugly over the end of the ruwber tube. The gauze
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prevented the rubber tudbing from adhering to the glass wall of the test
tube during sterilization. A screw clamp on the rubber tube completed
the ocollection flask.

The preservative for the sheep red bleod cells was a modified
Alsever's solution (Bukantz et al., 1946) consisting of:

Dextrose .....ccve0ccccccescece 2,05 grams

Sodium citrate ..cccecccvccces 0.80 grams

Sodium chloride ¢.cccvcvececess 042 grams )

Citric acid tetescsiiriaiscaen 0.055 grams

Distilled water ......ccvc0ese 100 milliliters
This amount was suf ficient to preserve 100 milliliters of blood; it was
placed in a collection flask and steam sterilized. The sterilization
had to be limited to 15 minutes at 121® C (steam at 15 peunds pressure)
to prevent caramelization of the solution.

Sheep were made available at the Michigan Department of Health
laboratories, Lansing, Michigen for the collection of blood. An ares
approximately three inches square over the jugular vein was clipped,
lathered, shaved, washed with water, rubbed dry, and painted with iodine.
After oareful removal of the test tube and gauze, the needle was inserted
into the jugular vein and 100 milliliters of blood allowed to flow inte
the flask. The flask was agitated continually to insure complete mixing
of the blood and jreservative solution. When 100 milliliters of blooa
had been obtained (determined by a mark previously plsced on the side of
the flask) the screw clamp was tightened and the needle remeved. Before
storage, the preserved cells were transferred to sterile glass bottles

and sealed with rubber stoeppers. Sheep red blood cells, when collected




and stored in this manner, remained in good condition for six to eight
woeeks, after which time a portion of them started to break down and a
new batch had to be secured,

d. Diluents;--The components of the complement fixation test vary in

their activity and must be diluted so they will be present in optimal
concentrations. Also, after the antigen, antiserum, and complement are
present, the volume must be made constant so that when the sensitized
red blood cells are added, a umiform volume and red cell concentration
are obtained. The diluent selected for use in these tests was described
by Mayer et al. (1946a). They had shown that the addition of oations,
especially those of magnesium and calcium, and to a lesser extent, those
of cobalt and nickel, had a marked enhancing action on the hemolytic
activity of complement. Veronal buffer, containing megnesium amd cal-
cium cations, was prepared as follows:

Sodium chleride ....cececeeccecccccccecces 85.0 grams

€,5-diethyl-barbituric acid sieececcceceece 5.75 grams

Na 5,5-diethyl-barbiturate .c....ccoc000ee 3.75 grams

Mg 012>. SHoO eeeevecrcreccccceccceccccees 1,02 grams

Ca Cly ¢ 2H 0 eevvevernncncnnenncnnnconns 0,22l grams

Distilled water ..cc.cccceecccccccnccceces 2000 milliliters
The acid was first dissolved in 500 milliliters of hot distilled water
and the other components then added. The resulting solution was steri-
lized by steam st 121® C for 15 minutes. This constituted a stook selu-
tiom which was diluted with four parts of distilled water before use.
Due to the presence of the cations, the soclution has been called "Ionic

buffer” and will be referred to as such.




The ionic buffer was used as the vehiocle for all of the components
of the tests. This included the diluting of the antigens, antiserums and
complement to the proper cencentrations, addition to the test system fer
ltandurdizition of the volume, dilution ef the hemolysin, and the final
suspension of the red blood cells. The only place where this diluent
could net be used was in the washing of the red blood cells. The red
cell preservative employed as an anticoagulant, sodium citrate, which
prevented clotting by its action on the calcium of the blood plasma
(Dukes, 1942). If the ionic buffer was used for washing the cells, an
excess of calcium cations was available which overcame the action of the
sodiumn citrate and clotting occurred. Therefore, a solution which diad
not contain an excess of these cations had to be used for the washing
process. A phosphate buffer (Kent, 19L() was selected for this purpose
and prepared as follows:

Sodium chloride .scccccscccccscescscces 170.0 grams

KH,, Poh cteccscssesscsscesssassscscsss 2o grams

Nazﬂ Poh ecessscscscscsacsesssssrssssesce 11.3 grams

Distilled water ....ccececceccoscecccee 1000 milliliters
The components were mixed and heated slightly to facilitate dissolving
and the mixture sterilized by steam at 121° C for 15 minutes. This
served as a stock s;lution and was diluted with 19 parts of distilled
water before use. After several washings with this solution, the plasme
comp;nents responsible for the clotting were sufficiently removed so
that ionic buffer could be placed with the red cells for the preparation

of the standard suspension.



Titrations of complement were conducted to determine the extent eof
the enhancing action of the calcium and magnesium ions. This was done
by titrating complemsnt with ionic buffer as the diluent and comparimg the
titer to titrations in whioch phosphate was employed. As will be seem in
Table I, less than half as much complement was needed to produce 50 per-
cent hemolysis when the ionic buffer was used as when phosphate buffer
was present, which agreed with the findings reported by Mayer et al.
(19L6a).

e. Electrophotometer:--It has been shown by Kent et al. (1946) and

Maver et al. (19L46b) that the measurement of the amount of hemolysis by
the spectraephotometric or electrophotometric technique is very accurate
when S50 percent hemolysis is used as the end point. A Fisher model AC
electrophotometer was used for these determinations.

A straight line-should be obtained by pletting the log scale read-
ings frem the drum dial of the eleotrophotometer for varying concentra-
tions of a given solution. Since the material measured is a solution
of hemolized sheep red blood cells, a.aimilar solution was prepared
by adding 2.5 milliliters of washed sheep red blood cells to 122.5 milli-
liters of distilled water. The resulting solution was then used for the
preparation of a series of hemoglobin concentrations, considering the
original solution as representative of 100 percent hemolvsis.

Three filters were available for use in the electrophotometer. They
had their peak transmittance at different wave lengths, namely L25, 525,
and 590 millimicrons. To determine which of these was most applicable,
the various solutions, ranging in hemoglobin concentration from 10 to

100 percent, were tested against each of the three filters. The values




TABLE I

THE EFFECT OF CALCIUM AND MAGNESIUM CATIONS ON THE TITER OF COMPLEMENT

Tube Fumber 1 2 3 4 5 6 7 8 9 10
T Complement ml. o3 425 .30 .35 40 .45 .50 .5 .60 .65
(1:100)
Diluent ml, 680 75 70 65 60 55 o50. .45 .40 .35
Sensitized cells ml, 1.0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1.0 1.0
Diluent Electrophotometer Readings
Phosphate Buffer (a) 3 4 6 10 18 20 26 | 31 39 42
(b) 2 4 6 11 15 20 24 32 38 43
Ionic Buffer (a) 24 32 38 46 51 55 59 62 65 69
23 63 65

(b)

32

38 47 52

57 60

69

Milliliters of undiluted complement necessary for 50 percent hemolysis with:

Ionic Buffer 0,00275

- - - —— - . -

Phosphate Buffer 0,00575
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for the eleotrophotometer readings are plotted in Graph 1. The readings
for the ;25 millimicron filter did not give a straight line, the values
for the lower concentrations dropping considerably belew what would be
expected. The readings for the 590 millimicron filter covered only 12
divisions on the log scale of the dial, which did not alleow the accurate
differentiation of readings for concentrations differing only a few per-
cent. The 525 millimicron filter gave a consistent increase in the leg
scale readings with increased concentration and was selected for use in
subsequent determinations. The plotting of these points, as shown in
3raph 1, did not coincide exactly with a straizht line; howchr, the
variation was later found to be due to differences in the inside dia-
maters of the tubes containing the hemoglobin solutions.

The variation in the tube size was first noticed when repeat deter-
minations on the various concentrations were attempted. To check the
reproducability of the readings obtained with the 525 millimicron filter,
a8 hemoglobin solution was prepared by adding 10 milliliters of washed
red cells to 400 milliliters of distilled water. The reading fer this
solution was then adjusted to LO on the log scale by the addition of dis-
tilled water. Using this value to represent 100 percent hemolysis, 25
milliliters of each of the other concentrations (10 te 100 percent) were
prepared. Two milliliters of each concentration was pipetted inte 15
tubes, making 15 groups of the 15 concentrations. The electrephotometer
readings for the tubes containing any given concentration varied consi-
derably. A few tubes were chosen at random, their inside diameters
measured, and found to vary in size, with the smallest measuring 0.975

centimeters, and the largest 1.020 centimeters.
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Since the electrophetometric determinations are based on the amoumt
of light transmittance, the difforoncos in the diameters of the tubes
would alter the amount of selution through which the light would have te
pass. If the tube were large, the distance through the solution would
be increased and the reading lewered, due to the adsorption of more
light. If the tube were small, the distance through solutien would be
decreased and the reading high. To obtain accurate fcadinga with a large
number of tubes, the inside diameters of all the tubes must be constant.

Appreximately 3600 tubes were available for use in these tests.
They measured three-eighths by three inches and were flanged at the tep.
The tube size was not the same as the cuvette usually used with this
model electrephotometer, and a special cuvette holder was made.

The first step in the standardizatiosn of the tube size was the mea-
surement of their inside diameters with calipers. The calipers were set
at 0.995 centimeters, and the inside diameter ef each tube graded sccord-
ing to the manner in which it fitted over this size measure. The tubes
were found to fall into three general classes: small, into which the
measure could not be forced; average, which fitted snugly over the mea-
sure; and large, which allewed considerable movement after it had been
inserted into the tube. A second check on the uniformity of size was
then made on the tubes which had been classified as average. This in-
oludod)approximatoly three-feurths (2700) of the eriginal group ef tubes.
This second check consisted of preparins 200 milliliters of a hemoglobin
solutien giving a reading of LLO on the electrephotometer. The solution

was pipetted into the tubes in the ameunt ef two milliliters each and the

-

electrophetometer readings taken. Since the solutien was standard fer




all tubes, those having the same inside diameter should give the same
reading. A marked variation was noted in only about 10 percent of the
tubes, andi these were discarded. The remaining tubes, all giving apprex-
imately the same reading, were considered satisfactory and used in sub-
sequent determinations.

f. Red blood cell concentration standardization:--A reading of LO on

the log scale of the drum dial of the clootr'phdtomptor was used as the
100 psrcent hemolysis end point for the determination ef the uniformity
of the tube size. This value was chosen arbitrarily, 3ince it was
approximately in the middle of the scale, where the unit scale size was
relatively large and allewed easy determination eof slight variatioens in
the readings. When selecting the 100 percent hemolysis value to be used
in the tests, however, a larger value was considered mere desirable.
This allowed a greater range between O and 100 percent, thus making the
unit interval on the scals representative of less difference in the
ameunt of hemeglobin present in the solution being measured. The unit
size on the scale was largest at the O end and became smaller as the
values increased, Individual scale units were marked off on the dial
frem O to 75, abeve which the markings were at intervals of five units
each., The value 70 was chosen fer 100 percent hemolysis, thus making 35
the reading representing 50 percent hemelysis.

Cencentratinns of hemeglebin, varyinz from 10 to 10D percent, the
same as were used in the testing of the filters, were prepared. The con-
centration of hemoglobin in this case, however, was adjusted to zive a
reading of 70 for the 100 percent value. When pletted, the readings feor

these concentrations _gave appreximately a straight line as shown in

raph 2.
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The preserved red cells had to be washed befere their concentratiosn
ceuld be adjusted. The washing precedure was conducted as follews: 10
milliliters of the preserved cells was placed in a graduated centrifuge
tube and centrifuged for five minutes at 1000 g. The supernatant fluid,
or preservative-bleod plasma mixture, was decanted eof f and appreximately
five milliliters of phqsphato buffer solution added. The tube was then
shaken vigoerously until all of the cells which had adhered to the bottem
of the tube were resuspended. The volume was then made up te 15 milli-
liters with the phoesphate buffer, the tube shaken, and the suspension
centrifuged in the same manner as described abeve. This procadure was
repeated until a total of three washings with the phosphate buffer had
been completed. Follewing the last washing, the volume of the packed red
cells was measured, a small amount of ionic buffer added, and the cells
resuspended by shaking. They were then transferred to a 500 milliliter
graduate and ienic buffer added in an ameunt sufficient te make a 2 per-
cent suspension of the cells. A pertion of the buffer was used to rinse
the centrifuge tube.

In the teasts the red cells were broken down by the action of the
complement. For the standardization of the red cell concentration, how-
ever, this breakdown had to be breught about in seme other way. The
addition of distilled water proved satisfactory feor this purpoese. The
ratio of distilled water to the red cell suspension, however, had to be
accurate, since the concentration ef the resulting hemoglebin solution
was critical. This ratio was dependent upen the volume of the red cell
suspension and the tetal volume when all the cempenents were present in

a given test, which had been set at two milliliters. Of this amount,




one milliliter was taken up by the antiserum, complement and diluent,

the diluent (ionic buffer) being added in amounts sufficient to standard-
ize this volume. The other one milliliter was made up ef equal parts ef
red cell suspension and hemolysin. Therefore, the standardized red cell
suspension accounted feor 0.5 milliliters of the total velume in any
given test. By adding 1.5 milliliters of distilled water to 0.5 milli-
liters of the red cell suspension, a hemorlobin solution comparable to
100 percent hemolysis in a test was obtained, The readings for hemegle-
bin solutions prepared in this manner from the 2 percent cell suspensionm,
were uniformly higher than 70, indicating that there was toe great a
concentration of red cells. To correct for this, the formula Voz VIODI

70
was used (Kent et al., 19L,6). 1In this relation, V, was the volume ef

the suspension beinz measured, OD; the reading obtained for this suspen-
sion, 70 the reading desired, and V, the velume needed to give the read-
ing of 70. By iné‘rting the proper values and calculating fer Vo, the
amoeunt of ienic buffer necessary to add to the suspension tn give a
reading of 70 was determined. If the reading for the OD; value was
belew 70, the same formula was used to calculate the ameunt of diluent
to be removed. This was accemplished by centrifuging a perti on of the
suspension and the calculated amount of diluent Adecanted of f« The sedi -
mented cells were then resuspended and returned to the parent suspensien.
The roadiné was checked the same as before and, if necessary, additional
adjustments made until a value of 70 . 5 was obtained.

An example of the use of the abeve formula would be as follews. If

the readinz fer the oripginal suspension er OD; was 78, and the tetal veol-

ume er Vl was 1,0 milliliters, these values weuld be inserted into the




formula as:
- 1,40 x 78
76

Vo = 156

“f
'

The secend volume, V,, which should give a reading of 70. is 156 milli-
liters or an increase of 16 milliliters over the original velume Vye
Therefore, 16 millilitots of ienic buffer weuld be added, the suspension
thereughlv mixed, and the reading again checked.

g. Selection of complement fixation technique:--In complement fixatiem

tests conducted prior t» those reperted here, the techniques described

by Mayer et al. (19L7, 19L8Bb) and Rice (1946, 19L7a, b, 19L8a) had been
used., Both ef these techniques utilize the 50 percent hemolytic unit ef
cemplement. In the technique described by Mayer, an excess amount of
complement was placed with the antigen-antibody system being tested. By
titratinz the ameunt ef complement present before and after the antigen-
ant ibody complex had acted upoen it, and subtractinz the latter value from
the former, the ameunt of complement fixed was determined.

In the second technique, that used by Rice, a series of tubes, each
centaining the same ameunts ef antigen and antibedy, was prepared. Vary-
ing ameunts of cemplement, usually 3, 6, 9, and 12 units, were added te
these tubes. The degree of reaction was then calculated frem the ameunt
of hemolysis occurring in the various tubes.

Both eof the techniques mentioned used the slepe of the hemolytie
curve in the determinatien ef the units of complement which had been fixed

in & given reaction. The slepe of the line, represented by 1 was the

—_
n

slepe of the straight line obtained by plotting the lez x which was the

o
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quantity ef cemplement used, against the leg T§;.whoro y equaled the
percentage of hemelysis which had eccurred. By using this slepe value,
the units ef cemplement respensible fer any given change in hemelysis
ceuld be ocalculated. If these values were calculated over the entire
range eof hemelysis ebtained, a table ceuld be prepared which weuld give
the ameunt ef cemplement (in units) respensible fer a given ameunt ef
hemelysis. These complement values changed, however, with a change ef
the slepe value. |

The actual determinati»n of the slope was made by use of von Krogh's

alteration equation (von Krogh, 1916);

x =2 K ( ) 1/n
4

or in logarithmic form:

log x 2 log K+ 1 log y
n l-y

In these relations, x represents the volume of complement used and y the
corresponding percent of hemolysis. The constants 1/n and K, respec-
tively, denote the slope of the hemolytic curve and the quantity of com-
plement giving 50 percent hemolysis (one unit). The direct calculation
of 1/n, howsever, was made by the use of the method of least squares

(Kent et al., 19L6) in which the following formula was employed:

- N 3XY - (“X x2Y)
1/n = 2
/0 N .:Ye - (5£Y)<

In this relation X was the log x, and Y the log y , and N the number of
1-y
observations.
The values X and Y had to be calculated for sach of the tubes used

in a given titration. To facilitate these calculations, tables were
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prepared which gave the values for X, Y, and Y2 over the range of values
encountered. In the s;mple calculation shown in Table II, five values
for x (the amount of the complement) were used, since they all gave read-
ings within the range of 20 to 80 percent hemolysis. If the 50 percent
end point had been near the smallest, or largest, of the x values, how-
ever, only a portion of them could have been used since those at the
opposite extreme would have bazen out of the usable range. A minimum of
three values was considered necessary for the calculation, with the 50
percent value falling between them. In other words, if there were only
three values within the 20 to 80 percent range, but all were either
above or below the 50 percent value, no calculaticn was made.

The consistency of the slope value was questioned when, upon pre-
liminary calculations using complement titrati~ns, a variaticn from 0.25
to Ce3% wae obtained. A large group of complement titrations, the tech-
nique of which will be given later, was conducted, and the slopes calcu-
lated. The slope values ranged from 0,23 to 0O.323 for the 129 determina-
tions involved. The average for the group was 0.30, which was consicer-
ably above the 0.20 given by Mayer et al. (19L6b) and Rice (194L2) as the
optimal value. If the slope were considered to be 0.20 and conversion
tables prepared (Rice, 194Ra), considerable error would arise when such
tables were used in calculating the amount of complement fixed in e test.
These slope determinations had been made with values obtained from
complement titrations. It was obvicus that they dicd not agree with the
generally accerted slope value of 0,20. This discrepancy led to the
consideration of the possible effeot of either the antigen or antiserum,

or both, on this slope value, and tests were conducted to determine what

effect they might have, ‘




27

TABLE II
A SAMPLE SLOPE CALCULATION

- el i n s m —me v SR e ae . e Ame—— - e — -

(ml. of complement) 0.30 035 0.40 0.45 0.50
b ¢ . . . : ,
(log of x) 1,477 1.544 1.602 1.6563 1,699
Electrophotometer
readine 15 23 36 43 48
Yy
. (percent hemolysis) <215 «315 «515 . 615 «685
Y
(log of y) 1.438 1,663 2,026 2,203 2.337
y & 2,068 2.766 4.106 4.853 5.462

b & ¢ 2,124 2,568 3.246 3.642 3.970

.- -

Values needed in the calculation:

i X ZY IY® XY (2Y)2 (:Xe=Y)
7.875 9.667 19.254 15.550 93.451 77.094

Yormla used in the calculation:

(B zXY)~ (X oY
(X Y- (1Y)

l/n =
. - (77,004

(5 ¢19.254) - (93.451

w 772750 ~ 77,094
96.270 ~ 93.451

= -‘ﬁé—en
2,891
1/n = .23

— - -

* N i-.thovnﬁmbor of values involved.




The antigen selected for standardization of the technique had been
the PR8 strain of humesn influenza virus Type A. The slope values fer
titrations made when 0.1 milliliter of the influenza antigen at a dilu-
tion of 1:20 .was present, differad from thoses obtained when only comple-
ment was present, varying from 0,26 to O.Ll with an average of 0.3% for
123 determinations.

The antiserum selected for these tests had been prepared by the
inoculation of rabbits with the influenza virus as is described under
the section on antiserum preparation. A series of titrations was made
in which 0.1 milliliter of the antiserum was used at & dilution of 1:20,
and the slopes calculated. The slope values varied from 0,26 to 0O.43
with an avorﬁge of 0.34 for 105 determinations, which was approximately
the same as had been “ound with aptigen present.

The most importané determination in a complement fixation test is
the titration of the specific reacticn between antigen and antiserun. To
determine the variability of the slope value when this reaction took
place, a series of titrations was made in which the amount of complement
was adjusted so that there were sufficient electrophotometric readings in
the desired range to allow the calculation of the slope values after a
portion of the complement had been fixed by the reaction of influenza
antigen and rabbit anti-imfluenza serum. The slope values in this case
renged from 0.15 to 0.26 for 97 determinations, with an average of 0,21,
which agreed closely with the recommended 0.20 value mentioned previously.
The variation betweem individual values, however, was considerably

greater than had been desired.



The determination of the amount of reesction occurring in a given
titration, and the ameunt of complement necessary for the production ef
50 percent hemolysis, when alone or in the presemce of either antigen er
antisgerum, or toth, is dependent upon the slope value in the techniques
of both Rice and Mayer. If the slope were considered to be 0.20 for the
camplement titration, but was actually 0.30 (the average of the slepe
values obtained for complement titrations), the ameunt of complement
necessary for one umit could not be accurately calculated, and any deter-
minations employing the umit value calculated with the 0.20 slope value
would pe in error.

The variability of the slope values, when the various reagents were
present, and the possible errors which would occur unless separate slepe
values were used in the preparation of conversion tables for each reac-
tion involved, led to the comclusion that a technigque was needed in which
the slepe calculation was not necessary. In the technigues mentioned
previously, the amount of complement necessary for 50 percent hemeolysis,
or one unit, was determined and a given number of units used in a reac-
tion. Since the amount of complement fixed by a givem reaction is uwsed
to determine the extent of the reaction, it was considered a more direct
approach to determine the actual milliliters of complement involved, amd
then convert this to units, rather tham to determine one umit and work
in multiples ef this value.

The determination of the exact amount of complememt necessary te
give 50 percent hemolysis, either in a complememnt titration or when onme
or more reagents were present, was possible by pletting the electrophoto-

meter readings against the milliliters of complement used. Where the




curve ocrossed the lime representative of 50 percemnt hemolysis (readimg ef
35), it would also intersect the coordinate representing the ameumt ef
complement necessary to produce this degree of hemolysis. The curve
shewn in Graph 3 was ebtaimed frem a titration of cemglement and was
carried out as described in the section er cemplement titration. The
same type of graph can be prepared fer the readings obtaimed fer amy
titratiom, or resction measurement, as leng as the amoumt of hemelysis
gives readimgs which are within the range of 20 to 80 percent and are
distributed to both sides of the 50 percent hemolysis value.

When a largs number of determinations was to be made, the plottimg
of the respective values became a task of considerable magnitude. As
will be noted in Graph 3, only two of the readings are actually used fer
the determination of the 50 percent emd peint. These are the ones just
sbove and just below the reading of 35 (50 percent hemolysis). To eli-
minate the necessity of pletting the electrephotometer readings om graph
paper, connecting the peints and determinimg the milliliters of comple-
ment fer each titration, a table was prepared which gave the proportien-
ate distance, between any two complement values, where the curve weuld
oress the lime representative of 50 percemt hemolysis. This table was
prepared by using a large sheet of graph paper and making twe columms ef
values frem O to 70 as shewnm in Figure 3. By extending a straight edge
from the value 1 of the left columm to all of the values greater than 35
in the right celumn, then from 2 to all of the values over 35, and se on
through 3., the propertionate distamce between these columns (considerinmg
the total distance to be 10 umit spaces) where the curve intersected the

lime of 50 percemt hemolysis (35) was determimed and recorded. For
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example, if the reading immediately belew the 50 percent value was 25
and the ome abeve wnﬁ LS, s lime cennectimg the two weuld imterseoct the
50 percemt line half-way between the columms, as shown in Figure 3, amd
give a prepertionate value ef S. By arramging these values as shewa in
Table 111, the prepertienate distance where a lime, between any two ef
the readings for different ameunts ef complement weuld cross the 50 per-
cent hemelysis lime, could be determined. This eliminated the necessity
of pletting the readings and ceuld be used with any ameumts of cemplement
empleyed.

The use of the table fer the determimation eof the prepertiomate
distamce where the curve cresses the 50 percent hemolysis value met enly
eliminated the necessity ef pletting the electrephotemeter readimngs, but
also reduced the numbor.of readings which had te be made. Only two read-
imgs were necessary to determine the ameunt of resctien eccurrimg im a
giver titration, those beimg the enes en either side amd clesest te the
50 percemt hemelysis value. The use of this precedure elimimated the
necessity fer the use of a slepe value in any of the determinations and
aveided the inheremnt errers which weuld have resulted frem the use of
such a value.

h. Calculation of data:--The use of a large mumber of differemt anti-

gens and antiserums made it necessary to adept a method fer the calcula-
tion of results which would facilitate the easy identification of the
varieus reagents. As will be shewn later, symbols for the individual
reagents were used, but fer the calculation of the ameunts ef complement
fixed, either im terms ef milliliters ef umdiluted complement er umits,

additional symbels were needed. The notations suggested by Thompsom et
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al, (19L9) were used fer this purpese. The origin ef these symbels was
outlined by him and will not be repeated. A list ef these uzed in the

calculation of the results given here are as fellows:

(1) K = the ameumt ef cemplement necessary to preduce
50 percent hemelysias.

(2) K‘ S K when serum, antibody, and antigem are sabsent
such as in the reaction called "cemplement
tisratien." This value is the arbitrary umit,
mking K. =1,

(3) X, = K whem serum alene is present, and

(LY Kq = K whem antigen alone is present.

(5) Kg,a= K when beth serum and antigen are presemt.
All of these notations refer to the values when expressed in terms ef
unite of cemplement. The same netation was used when the values were in
terms of milliliters ef undiluted cermplement, except that the letter K
was primed. Therefore, when expressed in terms of milliliters ef umdi-
luted coemplement, the symbols were K',, K'y, and K'.". If specific
serums or antigens were invelved, the symbols representative of them
were inserted im place of the "s" or "a". This made it pessible to use
more than one serum er antigen in a greup of tests and maintain its
identity,

The use of these symbols in the indirect test calculations neces-
sitated the intreduction of an additional notatiom representing the
reaction where beth chicken and guinea pig serums were present. This

was designated as:

(6) Ks,-,a (units) er K's,u,a (milliliters of umdiluted
cemplement)

which, whem subtracted from the values ebtained fer (5), gave the titer

of the chickem serum.




A clearer understanding of the methed of calculation will be pessi-
ble if the values fer a typical titration are used, and a detailed
calculation carried eut.

Tyo titer of the complement was determined first. The K. value is
always 1; therefere, emly the K'gs which is in terms ef milliliters ef
undiluted cemplement, can be used since, as will be shewn, the other K'
values must be divided by it te determine the K, or unit, values. Im
this cese, the K'_  was 0.0032.

The values fer the K'  and K" were calculsted next by use ef the
prepertionality table (Table 111) and were the tests on the anticemple-~
mentary activity ef these reagents., The symbels for the actual reagents
were substituted fer the "a" and "s", respectively. The calculation fer
the influenza antigen (FA) was: Kp, = K‘pa =l. The subtraction ef 1
acoceunts for the one umit necessary to pr:duco the 50 percent hemelysis
which was measured. When the actual values were inserted, the actual
oalculation was: Kg, = :Oggé -1 = 1.4 =1 = 9.); units. The anticemple-
mentary values fer the guinea pig anti-influemza serum (FGPS) amd chicken

enti-influenza serum (FCS) were calculated in the same msnner.

Kpgps = :OOhh 1 = 1.3 =1 = 0.3 units

Kpcg = 20050 -1 = 1.5 -1 = 0.5 units
These values ropr.s;ntod the anticemplementary activity ef the indivi-
dusl reagents, and had to be taken inte consideration in the calculatiom
of the ameunt of fixation eccurring in any reaction in which they were
invelved.

The next calculations te consider were the centrel reactiens invelv-

img 8ll pessible cembinatiens of reagents nermally considered te have me




effect on the cemplement. When a specific reaction was being measured,
and there was a number of reagents present, control teste had to be made
using all cembinations of all reagents. This was done to eliminate the
peseibility that a secend reaction was taking place which weuld have
some effect on the complement. The first of these combinations was the
influenza antigen and chicken anti-influeaza serum. The antibodies frem
the chicken, altheugh capable of combining with the antigen, sheuld net
preduce a complex which weuld affect the cemplememt, and this test wase
made as a check em that assumption. The anticomplementary values fer

these two resgemts had to be taken inte consideration and the calculatien

meade as follows:

- K?
Kpa o FCS = E Fﬁ_%.ms -1 3 - (Kpp + Kres)
= 0050 =1 ) - (04 ¢ 0,5)
( .0032 )
= ( 1.6 -1 ) = 0.9

= 0.6 - 0.9
KFA &+ FCS = - 0.3 units
The second contrel test involved the guinea pig anti-influen:za
serum (FGPS) and the chicken anti-influenza serum (FCS). This was an
impertant contrel since, if the material ineculated inte the guinea pig
te preduce the influenza antiserum had contaimed chicken material of a
nonspecific type, the antibedies fermed might react with a similar sub-

stamce in the chiékon serun. The calculation for this test was:




(K'rops o res )

( K, y - (Krgps 4 Krcs)

Kpops o FeCS

= g..g.g_}?g_ -1; - (0.3 » 0.5)

( 1.8 '1 ) - 008

0.5 - 0.8

Krgps & FCs = 0.0

The dirsct test involving the influenza antigen (FA) and guinea pig
anti-influenza serum (FGPS) was then calculated in the same manner as
the two previous reactions. When a lsarge number of tests was being made
by the indirect technique, the direct test had to be standsrdized and
was sactually an indicator system, since all indirect tests contained a
complete direct test system plus an additional antiserum (chicken) whioch
was the material being tested.

The calculations for the direct reaction were as follows:

Kra » FoPs = (F'ra o FoPs ;) _ (4 Ke)
( K'y ) FA « "FGPS

(00580-)_(. o
oo 1) (0. + 0.3)

= ( 1801 -1 ) - 007
: 17.1 - 007
KrFa « PGPS = 16.4

The indirect test was calculated next. Both the guinea pig and
chicken anti-influenza serums were invelved in this test and as will be

neted, the anticemplementary values fer each are taken into censideratien.




X (K'FAeFGPSsFCS  _;)

FA ¢ FGPS ¢ FCS = S y = (KrasKrgps+Krcs)

g :gg§0 -1; - (0.4 » 0.3 » 0.5)

= (6.9 =-1) -1.2

5.9 = 1.2

Kra * PGPS * FCS = Le7 units

The difference fn the number of units of complement f ixed in the
twe tests indicated the extent ef binding of the antigen by the chicken
antiserun. When the units fixed in the indirect test wers subtracted
frem the number obtained fer the direct test, this binding by the chickem
antiserum was determined in terms of units of complement.. This value was
the indirect titer of the chickem serum and desiznated by the symbol I 4.

In terms of the notatiens it was equivalent te:

Tce ™ Xra o FGPs ~ Kra » moPS + FCS
which , when calculated with the actual values, was:
Ics - 16.)4 - Ll.7

Ic. = 11.7 units
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IVv. TITRATION OF REAGENTS

a. Complement titratien z_--Tho ameunt of fixation was mesasured ia the

tests im terms ef milliliters of complememt. It was desirable, however,
for ease of imterpre tation, to convert these amoumts to units. There-
fere, the determinatien of the amount of cemplement necessary to produce
50 percemt hemelysis, or one umnit, was mecessary.

The complement, in the form ef frezem guinea pig serum, was remeved
frem storage, thawed under flewimg tap water, and diluted 1:100 with
ienic buffer.

A suspension of sheep red bleod cells was standardized electrophe-
tometrically and mixed with an equal volume of hemelysim. The cells were
thus made sensitive to the actiosn of complement. By mixing varyimg
ameunts ef complement with the se sensitized cells, the exact sameocunt neces-
sary to preduce 50 percent hemolysis, which would be ene unit, could be
determined. A series of reactions in which varyings amounts of complement
were empleved, canstituted a complement titration and was prepared as
shown in Table IV. When the preportionality table (Table III) was used
te determine the prepertienate distamce between the sameumts ziving the
resadings of 34 and LB in the titratien shown, a value of 1 was ebtxined.
Therefore, since in this case the interval between the volumes of comple-
ment was 0.05, the preportieonate amount was 0.1 ef this er 0,005, making
0.255 milliliters of the 1:100 dilution of cemplemsnt necessary for the
50 parcent hemelysis. This was reumded off to 0.26 er 0,0026 milliliters

of undiluted complement.
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TABLE IV

COMPLEMENT TITRATION

. 'Tube Bumber
Reagent 1 2 3 4 5
Complement 1:100 (l.) 0,15, 0.20 0,35 0,30 0,35
Ionic Buffer (ml,) 0,85 0.80 0,75 0,70 0,65
Sensitized Red Cells (ml,) 1,0 1.0 1.0 1.0 1.0

Electrophotometer Reading 9 20 34 48

A



b. Hemolysin titration:--The techmique described by Kent (19L6) was

used to determine the eptimal concentration of hemolysin.. This has been
described by Wadsworth (1947) as the concemtration beyond which further
increase fails to enhance appreciably the hemelytic activity ef cemple-
mert. Therefere, if varying ocencentrations of hemolysin were added te a
series of tubes, each centaining 1 unit of complement, all tubes contain-
ing 1 or more units of hemolysin weuld show 50 percent hemolysis, simce
there would be sufficient hemolvsin present to allow all of the comple-
ment activity to be expressed. However, in those tubes containing less
than 1 unit eof hemelysin, the complement activity would be lessened and
the amount ef hemelysis weull fall below 50 percent. In ether words, as
the ameunt of hemolyvsin decreases belew a csrtain magnitude, the ameumt
of complomoﬁt necessary to preduce 50 percent hemolysis increases.

The hemolysin dilutions were prepared over a ransge of from 1:100 to
1::00C. Ten :il_:l ters cf each of the dilutions was mixed with an equal
volume of standardized red cells and allowed to stand at room tempe rature
for at least 10 minutes (Mayer et al., 19;6b). Twelve titrations of the
type shown in Table V were then prepared. These were merely complement
titrations with varying amounts of hemolysin by which the effect of the
hemolysin concentration could be determined. The titrations were con-
ducted in the same manner as described for the complement titration, but
the red blood cells were, in each case, sensitized with a different con-
centration of hemolysin. The effect of the change in the hemolysin con-
centration on the complement unit was best seen when the amount of
complement necessary for 50 percent hemolysis was plotted against the

concentrations of hemolysin, as shown in Graph L. The curve shows that

g |



TABLE V

. HEMOLYSIN TITRATION
"Hemolysin @ Complement 1:100 (ml.) ___ Complement

dilution .20 .25 .30 « 35 .40 Unit

o i __Electrophotometer Reading
1:100 - 34 48 = < 0.0026
1:200 . - a2 45 - - 0.0026
1: 300 - 31 50 - - 0.0026
11400 - 32 51 - - 0.0026
11500 - 30 49 - -  0.0026
1: 600 - 29 a7 - - 0.0026
11700 - 32 a8 - - 0.0026
1:800 - 31 51 - - 0.0026
1:900 - - 28 48 - - 0.0026
1:1000 - 24 44 - - 0.0028
1:2000 - - 31 a2 - 0.0032
114000 - - - 27 49 0.0037
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there was no change in the amount of complement necessary to produce 50
percent hemolysis at the hemolysin dilutions of 1:900 or less; however,
above this dilution, larger amounts of complement were necessary. The
titer, there fore, was considered to be 1:300, or the concentration which,
when mixed with an equal volume of stancdardized sheep red blood cells,
conmtained one unit of hemolysin.

To insure the presence of sufficient hemolysin, a dilution of 1:;500
was used in all tests. This dilution contained approximately 2 units as
recommended by Nadsworth (1939). The titer of the hemolvsin was checked
every two to three weeks and varied within the range of 1:800 to 1:1000.
The dilution used in the tests was maintained at 1:500, however, since
the 2-unit value was approximate and used only as a safeguard against a

deficiency of this reagent.




V. PREPARATION OF TEST REAGENTS

A, Antigen

The antigens used in the studies reported here were Human Influenza
virus (PR8 strain) Type A, mormal chicken tissue extract, and extracts
of lymphoid liver tumers and pectoral muscle tumors from chickens show-
ing visoceral lymphomatosis. The Influenza virus was used for the stan-
dardization of the test technique. The normal tissue extract served as
a control on the normal tissue reactions of the tumor materials, and the
tumor extracts were the test anmtigens used in attempts to determine the

presence of the tumor agent.

2. Influenza virus:--The virus* hac been cul tiveated in the allantoic

—— — - e

fluid of chick embryos, harvested when the embryos were 12 to 1li deys of
age, ani formalin added in an amount sufficient to make a 0.2 percent
solution. This inactivated the virus and served as a preservative. When

treated in this manner, the virus suspemsion remained apparently uraltered

for an indefinite period, if stored at 2-4° C. It was given the name

"Flu Antigen" and designated by the symbol FA.

b. Normt_]_._ tissu.g antigen:-~An extract of normal chicken tissue was

prepared for use as a contrnl on the normal tissue reaction which might

occur when the tumor materials were used in the tests. The principal

tumor antigens, as will be described later, were prepared from tumorous
livers. The control antigen, therefore, needed to contain as nsearly as

possible, the sam= tissue components, with the objective of making the

ey

* Obtained from Lederle Laboratories Division of the American
Cyanamid Company, Pearl River, New York.

.



only difference between the two materials the presence of the agent in
the tumor antigen.

The liver, spleen and thymus were selected as the tissues which
would furnish the materials necessary for the production of & satisfac-
tory cortrol nommal tissue antigen. The liver supplied normal liver cell
components, while the spleen and thymus, due to their relatively high
lymphoid cell content, supplied components of this type of cell. The
lymphoid cells of the spleen and thymus were not identical to those found
in the lymphoid tumors, but were cmsidered to be the best available.
The tissues were lsacurod from frozen materials that had been stored im
the dry ice chest at =70° C. They had been removed from chickens which
were the progeny of a single mating, desisnated as mating number D818,
These birds had been raised in complete isolation, having teen hatched
and reared im an isols ted pen within & quarantined building. They were
approxirmstely 2100 davs of eage when killed, and had shown no evidence of
lymphoid tumors or other disease conditions at any time.

For the actual preparation of the norma! +tissue antizen, samples of
liver, spleen and th:}mus tissue were removed from storase and thawed‘
under flowin; tap water, Jhe tubes were then openeZ and the tissues
placed in the bowl of a Waring blendor in the proportions of approxi-
ma*tely 20 grams of liver, 2 grams of thymus, and 5 zrams of spleen. Two
hundred smd fifty milliliters of sterile phosphate bulfer was added, amd
the mixture blended for five minutes. The resultant homogenate was thea
transferred to sterile lusteroid centrifuge tubes and spun in the multi-
speed attechment of a refrizerated International Number 2 centrifuge for

10 minutes at 3,,000 g. Three distinct layers were formed in the tubes,
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the bottom layer consisting of particulate material, a middle layer of
very amall particles and soluble materials, and a top layer of fatty
mterials. The middle layer was removed by carefully siphoning it from
between the other two layers. The top and bottom portions were then dis-
carded and the material whioh had been siphoned off transferred to addi-
tional sterile lusteroid tubes. The second group of tubes, containing
the original m ddle laver, was centrifuged for 10 minutes at L600 g and
the central portion siphoned off the same as had been done with the first
centrifugate. It was then diluted with phosphate buffer until a volume
of 257 milliliters was obtained, sand transferred to serum vials in 1, 5,
and 10 milliliter smounts., The vials were sealed with a flame, and
frozen by placing them directly irto a mechanical freezer at -359 C,

This material, the normal tissue sntigen, was designated as NTA, N repre-
senting normal, T-tissue and A-antigen.

6. Tumor antigzen:--The chickens used as & source of tumorous material

—— e 2

had been, with two exceptions, inoculated with filtretes of the RFPL strain
12 tumor when they were one day of age. All of the methods of prepara-
tion were designed to furmish a suspension of the tumor agewmt which cauld
be used to stimulate ent ibody production and serve as an antigen in the

complememt fixation reactions.

d. Tunor nntigon-El:--Fivo chickens served as a source of the tumorous

livers and serums used for the preparation of this antigen. 'Whem, on
physical examins tion, it was evident that the livers were enlarged, each
bird was bled by cardisc puncture, the serum recovered, snd stored in a
dry ice chest. The bird was then killed by electrocution and opened

aseptically. A portion of the liver was removed, mincesd with scissors

o



and transferred to pyrex test tubes. These were r=aled with a flame and
stored in the dry ice cher-.

At the time ef preparatiom of this antigen, which was designated as
TA-Ll (tumor antigem - liver 1), the tumorous material, tetalimg 25 grems,
was removed from the freezer, thawed umder rumming tap water, placed in
& Narimg blendor with 100 milliliters ef phesphate buffer and blemded fer
five minutes. While still in the blender, 81 milliliters of serum frem
the same birds was added. The mixture was blended for another minute,
transferred to lusteroid cemtrifuge tubes, and spun in the multispeed
sttachment ef a refrigerated Intermational Number 2 cemtrifuge at 3,000
g fer 10 minutes. The supernatant fluid was siphoned off, placed in
glass serum tubes which were sealed, amnd frozen slowly im an alcohel-dry
ice bath., The temperature of the bath was first adjusted to 0® C, the
tubes placed in it amd the temperature lewered eme degree a minute until
it reached =30®, at which time the tubes were tramsferred to a drv ice
chest.

e. Tumer antigen-12:--In this preparstion, an attempt was made to cen-

centrate the tumor agemt amd at the same time, decrease as much as pes-
sible the tissue component content., Fifty-two grams ef tumereus liver
material was placed in a Warimg blemdor with apprbximntely.njno volumes
of cold phesphate buffer (L50 milliliters), and blemded feor five minutes.
It was them trarsferred to large glass cemtrifuge tubes amd spum fer 20
minutes at 5,000 g im the angle head ef a refrigerated Imnternatisnal
Number 2 centrifuge. The supermatant fluid, which was quite turbid, was
siphoned off into & flask immersed in ice water, smd the sediment, con-

sisting ef the larger particulate materials, was discarded. A pertiem
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of the supermatant fluid was then tremsferred to six lustereid tubes
having a capacity of mppreximately 15 milliliters. These six tubes,
which were the capacity of the multispeed attachmemt head, were spum

for 120 minutes at 30,000 g. The supernatant fluid was poured eof f, the
tubes allowed to drainm, and then refilled with an additiemal 15 milli-
liters of the eriginal material. This was repeated until a total ef
feur volumes of appreximately 15 milliliters each, had beem cemtrifuged
im each tube, The pellets imcreased in size with each cemtrifugsatioen,
ard after thn-fourth run, each centained the sedimented materials from
sppreximately 60 milliliters of the origimnal material. Each pellet was
resuspended in 10 milliliters ef phesphate buffer, returmed to the multi-
speed attachment, amd spum for five minutes at 9,000 g« The supermatant
fluid was then siphened eff, and the sediment of easch tube re-extracted
with a secemd 10 milliliters ef phesphate buffer. The sy ermataat fluid
frem the second extraction was added to that obtaimed from the first
extraction amd the mixture tramsferred to serum tubes. These were frozem
with the aid of an alcehol-dry ice bath, as previously described, amd

stered in the dry ice chest.

f. Tumer antigen-L3:--A third tumer antigem, TA-L3, was prepared frem

150 grams of tumoreus liver tissue. Twe theusand milliliters ef phes-
phate buffer was added to the tumor material, and the mixture blended fer
five minutes in the Waring blemdor. The blendor capacity was limited te
sppreximately 700 milliliters, 8o the tumor materisl was divided imte
three parts and each pertiom blemded with approximately ene-third ef the
buffer solution. The three batches were then mixed in a large flask amd

96 grams ef Celite Number 503 added. This was mixed for five minutes
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with a sterile stirrimg red, and filtered threugh mumber 1 Ahatmam filter.
parer amd then passed threugh the cemtinueus flew bowl of a steam-drivenm
Sharples cemtrifuge at 70,000 g, with the rate of flew adjusted te
sappreximately 2,000 milliliters per heur. After all the materisl had
passed through the cemtrifuge bewl, the system was washed with 300 milli-
liters eof cold buffer solutiom. The centrifuge was then stopped, 20
milliliters ef sterile glass beads added, the imlet and eutlet epemings
plugged, and the bewl shaken vigerously teo free the sedimemt which had
accumulated en the s ides of the bowl. The resultimg suspemsion was
transferred to large centrifuze tubes and am additiemal 100 milliliters
ef buffer placed im the bewl te remove any sediment sti 1l adherimg te
the walls er the glass beads. This was sdded to the material im the
cent rifuge tubes, which were spum in the angle head of a refrigerated
centrifuge fer 20 minutes at 9,000 g The supermatant fluid was siphemed
off and the sedimemt resuspended im 50 milliliters of phesphate buffer.
The tubes were then recemtrifuged and the supernsatamt fluid mix=d with
that recovered frem the previeus spin. After thereugh miximg, the
material was placed im & batch bowl of the Sharples cemtrifuyge and spun
fer 10 minutes at 10,000 g. The supermatamt fluid frem this cemtrifuga-
tiem constituted the tumer antigem-L3 which was placed in serum tubes,
sealed, frezem and stared as described for the L2 antiz en.

g. Imfected chickem serum:--The serums of birds having visceral tumors,

which had been induced by the ineculatiom ef RPL strain 12 filtrates,
were used ss satigens. Fiftv-four serum tubes containimg this type ef
serum were remoeved frem sterage, thawed umder flewing tap water, peoled,

and cemtrifuged at 5,000 g fer 20 minutes. The cemtrifugatiom remeved




precipitates which fermed im some of the samples when thev were thawed.
The supermatamt fluid was siphomed ef f and placed in serum tubes which
were sedled, frezen im an alcehel-dry ice bath and stered im the dry iece
chest. This imfected chicken serum, which tetaled 920 milliliters after
t}}o cemtrifugation, was designated as ICS and was used as am amtigem in
various tests and for the ineculatiem of smimels for the preduction ef
axtiserums,

h. Normal chicken serum:--The serums of ramdomly selected chickems canm

not be considered as free of the agent ef visceral lymphematosis. Nermal
asppearing birds can spmreatly transmit the infection threuygh the egg te
their offsprimg, indicating the presence of the agemt in the hem preduc-
ing these eggs (Cettral, 1949). Simce the eccurremce of tumers im
infected birds reaches a pesk at areumd 200 te 250 days ef age (Waters,
19L7), & greup ef birds which had lived comsiderably lemger witheut
shewing imfectiem, would be a mere likely saurce of agent-free material.
A zreup ef birds from one ef the susceptible lines ef chickems (Line 15)
at the Regional Peult ry Research Laboratsry had beem reared in cemplete
iselation, lmd at the age of 2100 days, had shown me evidemce eof i;tf‘oc—
tiom. These were the DNDB18 greup which had fum ished ths tissuss fer the
normal tissue antigen. .Soruni hed beem segured frem these birds at the
time they were sacrificed and was used as a seurce of nermal chicken
serum. This served as a centrel em thse imfeocted chi cken serum, whem used
as an antigen and in the ineculatioms fer the preductien of antiserums.
In erder to differeatiate thi s mermal chickem serum from the ser ums
tsaken frem birds, which were later used for imeculations, the symbel

NCSA was used.




A greup of 11 tumer antigems was prepared specifically fer the imec-
ulation ef chickems in am attempt te preduce a material that might stim-
glata the preductien ef antibedies which weuld be detectable by the
indirect complomnt fixatien techmique. These antigems were prepared
frem strain 12 filtrate-induced tumers with the exceptiem ef ‘ono which
smpleved straim 12 pecteral muscle tumers samd a gecemd prepared frem
maturally eccurrimg liver tumers. The pecteral tumer had been induced
by the transplantatiom of viable tumer cells rather thsam s filtrate of
the agemt (Burmester et al., 1946).

i. Tumer antigem-PT,:--The pecteral muscle tumer amtigen, desigms ted

TA-PTL was prepared by mimcimg 15 grams ef pecteral tumer as described
by Olsem (1940) amd suspemding the minmce in 135 milliliters ef 0.85 per-
cent salime. This was stirred vigereuslyv amd filtered through twe layers
of fime gauze. The filtrste, tetaling 112 milliliters, was tramsferred
te a large cemtrifuge tudbe and 2.25 milliliters ef a 10 percent solutien
of formaldehyvde added. This was mixed thereughly amd allewed te stamd
in the refrigerater for seven days at L® C. On the sevemth day the ma-
terial was placed in serum visls in 10 milliliter velumes, sesled, and
stered at -35° C.

jo Tumor amtigen-Ll:-~The TA-LlL was prepared im the same manwmer as the

TA-PTL. A LO-gram ssmple of liver tumor was minced and suspemded im 360
milliliters of salime whidch was filtered threugh gauze. The filtrate
was divided inte three pertions ef 100 milliliters oac.h and 10 perceamt
ferma 1dehvde added in sameumts sufficiemt to make concemtrations of 0.05

percemt, 0,20 percemt, smd 0.80 perceant. These were sllewed te stamd im

.

the refrigerater fer one week, amd them tramsferred to serum tubes amd




stered. The three materials were identified sccerding to the cemcemtra-
tien of the formaldehyde presemt, as:

TA-LLA - 0.05 percemt formaldehyde

TA-LLB - 0.20 percemt fermaldehyde

TA-LLC - O;B(I) percemt fermsldehyde

k. Tumer antig em-L5:--The TA-L5 was prepared in the sams manner as

described for TA-L3 except that the precedure was stepped after the
washing with 300 milliliters ef phesphate buffer. The sedimemt remain-
ing after the washing was suspended in sppreximmtely 200 milliliters ef
the buffer amd divided into three equal parts. Formaldehyde was them
added as described for the TA-LL, and the resulting anti gens desi mated
as TA-L5A, TA-L5B, amd TA-LSC.

l. Tumer antigen-L7:--The mext antigen, TA-L7 was prepared from 1llO

grams ef liver tumer which was blended in a Waring blender fer three
mirutes with 500 millili‘tiors of phesphate buffer, amd them mixed with an
additional 2107 milliliters ef the buffer. This was filt ered threugh
three layers of gauze and the filtrate passed throeush the centinuous flew
bewl eof a Sharples cemtrifuge at 30,000 g with & flew rate of 2,000 mil-
liliters per heur. The sedimemt was discarded and the supernatamt fluid
passed thr ough the cemtrifuge again, this time at 60,000 gz with the same
flew rate. The supernstant fluid from this cemtrifu atinn was discarded
snd the secdimemt suspernded ir 100 milliliters ef phesphste buffer, A
clarifying spin ef 20 minutez at 2,000 g was carried out im the refri-
gerated centrify e, The supernatant fluid was then cecantecd of f and
divided imto twe parts. The first pertion, desigmeted as TA-L7A was

plsced in serum tubes, sesled and stered. Fermaldehyde soelutien (10
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percent) was sdded te the secand part im an smeunt suf ficieat te make a
0.05 percent cencentration amd was designated as TA-L7B.

m. Tumor antigen-1L9:--Thiz antigen was prepared frem a pertien ef the

same peel of tumer used fer TA-L7. A 100-gram sample was mixed with LOO
milliliters ef 0.85 percent salime amd blended fer five minutes in »
Waring blender. This was tramsferred te large cemtrifuge tubes, amd

spum im the refrigerated cemtrifugze at L,,000 g fer 20 minutes. The
supernatant fluid was then decamted eof f and allewed te stand in the
refrigerster evermight at 4® C. It was them recentrifuged at 4,000 g

fer 20 mimutes arnd the supermatamt fluid, which censtituted the TA-IQ,
decanted off amd stered im serum visls im the mechasnical freezer at -35® C,

». Tumer sntigen-Lyl:--The last of these antizems was prepared frem

liver tumers whlcb had bmen recevered frem birds having maturslly eccur -
ring visceral lymphomatesis. Filtrates, preparesd froem these tumers, had
beern usad fer the imeculaticrn ef chicks, preducing tumer im a high per-
centage of cases indicatimy the presemce of the agent (Burrester, B. R.,
eral cemmumicatisn). One humdred grams ef the tumer was blended with
LOO milliliters ef 0.85 percemt salime fer five minutes, and the same

precedure fellewed as was described fer TA-L9.




B. Antibedy Preductior

The amt iserums used im the tests were prediced im rabbits, guines
pigs, ohickems anéd ducks by the imeculatien ef the various amtigens. The
reute, velume ancd murber of Iimeculatiens varied fer the differemt amti-
gens; hewever, the precedure used fer the bleedimg ef each kimd ef amimal
remaine d constant, Alse, the freezimg and storage precedure was the same,
regardless ef the ireculum or animal imvelved.

a. Bleedimg FPrecedure

Each animal was bled prier te ineculatien to previde a cmtrel
material by which the presence ef mom-specific reactimg materials ceuld
be detected. One er mere bleedimgs were made fellewimg the imeculatienms
and the serums used as a seuroce eof antibedies. The serums ebtaimed befere
the imeculations were clsssified as moermsl serums. By cembiming the
symbels N fer mermal, R, GP, D, and C fer rabbit, guimea pig, duck, and
chickem, respectively, amd S fer serum, esch of the serums ceuld be easily
identified; fer example, NRS represemtecd mormel rabbit serum.

All bleedi mgs were made aseptically by cardiac pumcture. Fer the
rabbits, a 30 milliliter syrimge fitted with s l-inch 18 gauge meedle was
used and appreximately 30 milliliters ef bleed removed at esch bleedimg.
With the guimea pigs, & 10 milliliter syrimge and a li-imch 20 gauge
needle were used, while with the chickems amd ducks, a 20 milliliter
syringe fitted with & li-imch 20 gauge meedle wss smpleyed. Appreximately
8 te 10 milliliters ef bleed was takem frem the guimes pigs amd 1% te 20
milliliters frem the chickems amd ducks. At the fimal bleedings, as mueh

bleed as pessible was secured frem esch samnimal.

y




The bleed, after havimg been tramsferred frem the syringe to thre
test tube, was allewed to clet at reem temperature, amd them thoreughly
chilled by plaocimz the tubes im & refrigerater at L® C fer twe heurs.
They were them cemtrifuged at 1,000 g fer 15 minutes te cempress the
clets and the serums tramsferred te serum tubes which were immediately
sealed with a flame, smd as seen as sufficiemtly ceel, placed imn am
rlcehel-dry ice bath at appreximately -440® C. They were them placed im
» mechamical freezer at -35° feor sterage. The precedure eutlined here
vas used fer beth the pre~- amd pest-imeculat ien bleedimgs.

be Ineculatien Precsdure

Ineculatien techmiques varied fer the dif feremt amimals. The methed
1sed fer each animal will be described amd the velume and number ef
meculations piven later accerdimg te the individual amtiserums.

1. Rabbits :=--The imeculaticns were made intravemeusly inte the margimsl
ar veim. The ears were washad thereughly with seap amd warm water amd
he ares »nver the marcimal vein shaved, rinsed witl water and swabbed with
ettem which had beem dipped imte 95 percent alcehol. A emne milliliter
uberculia syrimge amd a l-imch 2L gauge meedle w.re used fer the imecu-
atiems. After all the material had been injected, the meedle waz care-
ully remeved, slipght pressure applied te the ares, the ear rimsed with
oli water, dried with a seft cleth, smd the rabbit returmed te its cage.

2. Guimeas pigs:~-The iatraperitenes]l reute was used fer all ef the
moculations im guimes pipgs. The animal was placed en its back, with
ts legs extemded, amd the sabdeminal wall cleamsed with 95 percemt alce-
el. The imeculations were wade threugh the pesterior pertiem ef the

bdeminal wall, with the needle directed amterierly. A eme milliliter
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iberculin syringe and a l-imch 2!, gayge needle were used fer these
1eculati ems. Ne special care was meeded in remevimg the meedle er hamd-
img the amimal befere returming it te its cage.

3. Chickens amd ducks:--The same precedure was used fer the ineculstiem

" betk the chickems amd ducks. The bird was placed en its side en =
1ble amd the ares ever the brachial veim picked cleamn eof feathers.
“ter cleamsimc the area with 95 percent alcehel, imeculatiem was made
tte the veim usimg & eme milliliter tuberculim svringe amd a l-imeh 2,
\wge meedle. Pressure was exerted en the ares fellewimg the imecula-
Lem te central the hemerrhage.

¢. Imeculstiens amd Bleedings

The number and velume ef imjectiens will be described accerdimg te
@ antigem imvelved and animal being imecula ted.

1. Imfluenza antigcen:--Three rabbits were givem twe imeculatiens ef

1e milliliter each at sn imnterval ef sevem days. Feurteem days later,
third imeculatien ef 0.5 milliliters was given amd bleedimzys started
ive days fellewing this third imeculatiem. Three bleedimgs were made
seven-day imtervals and the smimals bled te death at the third bleedimg.
Fifteen guimeas pigs were given an imitial ineculatiem ef J.5 milli-

iters amd fellewed at five-day imtervals by twe ineculatiens ef 0.25

11111iters esch. Ten days after the last imeculatien, bleedings were

srted and made everv sevem days with the surviviag smimmls beimg bled
» desth st the feurth bleedimg. Twe ef the snimals died fellewing the
scend bleeding and feur fellewin~ the third bleedimg, as a result ef

ccessive damage te the heart amd hemerrhage imte the pericardial sae.

|



Six chickems were givem twe imoculatiems ef eme milliliter each at
n imterval ef seven days. Bleedimgs were started 10 deys lster and
enti mued every seven days umtil three bleedimgs had beem made. Ome eof
e birds died fellewimg the secend bleedimg amd showed excessive cardiac
arage. Twe of the birds were bled te desth at the third bleeding. By
rrer, three eof the birds were bled te death at the first bleedinmg.
Te facilitate the idemtificatiem ef these amtiserums, the fellewimg
vmbels were sassignmed:
FRS = rabbit amti-influenza serun
F3PS = guimea pig amti-influemza serum
FCS - chicken anti-influemzs serun
The mnumber of ineculatiens and bleedimgs and the ameumts of serum
btainead mre shown im Table VIa.

2. Nermal tissue amtigem:--Twemty feur guinea pigs were given feur

neculatiens ef 7.25 milliliters each at weekly imtervels amd 10 days
pllowinz the last ineculation, they were bled. Three of the puinea
igs died fellewimz the first bleedimg. The 21 survivers were bled te
sath seven days later.

Feur chickenz amd twe ducks were imeculated three~ times at weekly
atervals with 1.C milliliter ef the amtigen. Tem days later, bleedimgs
sre started amd repested every sevem days, with all the birds beimg
led te death at the third bleedimg.

Symbels were assigned te these materials, as desecribed previeusly,
ne emly mew item beimg the nermal tissue antigem, which was desigmated

T. These antiserums were thus desigmated as:
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TABLE Via

I‘OCULLTIOKS WITH INFLUENZA VIRUS

— n —

o Inoculation Bloeding o
nimal No, No. ml. . Total ml. Before Inoc. After Inoc;
. o ) No. “1.0_  No,  ml. _
ladbit 35 2 1.0
b 0.5 2.5 1 15 3 173
a7 2 1.0
l 0.5 2.5 1 15 3 140
50 2 1.0
l 0.5 2¢5 1 15 3 175
juinea 15 pigs 1 0.5 .e
Pig 2 0,25 1.0 1 56 4 247
Chicken K1321G 2 1,0 2,0 1 15 2 65
K1316L 2 1.0 2.0 1l 15 3 85
K13198 2 1.0 2.0 1l 18 3 95
K1460C4 2 1.0 2.0 - - l 50
1717'2 2 1.0 2.0 - - 1l 50
. -1. of serum rocovered
*® total ml. for each guinea pig
TABLE VId®
IKOCULAEIORS WITH NORHAL TISSUE ANTIGEN
_ Inocnlltigqﬂ ) Bleeding L
Animal No. No. ml, Total ml. Before Inoc. After Inoc,
e o ¥o. m1? No,  mlT
Guinea 24 - pigl 4 0.25 1.0 1 126 2 300
Pig
Chicken KX1330G, 3 1.0 3.0 2 40 3 70
1310 3 1.0 3.0 2 42 3 85
K1 310D, 3 1.0 3.0 2 37 3 70
K1418H2 3 1.0 3.0 2 40 3 7?5
Duck S 3 1.0 3.0 1l 10 3 163
6 3 1.0 3.0 b 15 3

175

* ml, of serum rocovered
*s total »ml. for each guinea pig




NTGPS - Guinea pig sntinermal tissue serum
NTCS - Chicken antimermal tissue serum
NTDS - Duck sntinermal tissue serum

tabulatien of these imeculatiems amd bleedings is shewn in Table VIb.

2, Tumer amtigems:--As was desecribed previeusly, eight tumer antigems
sre prepared frem liver tumer materials saméd ene frem pecteral tumer
issue. The TA-LQ was used fer the imeculatien of guinea pigs, amd the
i-Ll fer the imeculsa tien ef guimea pigs, ducks amd chickems. All ef

2 ether tumer a mtigems were used fer the ineculs tiem ef chickems, with
18 exceptioen of the TA-L3 which was empleyed emlv as a test amtigen.

2 Table VII the amtigems amd animals invelved, the number amd velume ef

reculatiens, the nmumber ef bleedimgs, and velume ef serum recevered
pfere and after ineculatien are tabulated.

The antigserums frem these sanmimals had te be idemtified, especially
10 chickem amtiserums, and the fellewing symbels were empleved. T was
ted te desigmete tumer anti gem as the imeculated material, which was
’llewed by the symbel fer the respective amimal, such as GP fer guimea
iz, D fer duck amd C fer chickem, and that was fellewed by S, indicatinmng
ttiserur. The svmbel fer the respective amtiren as L1, L2, PTL, et
‘tera, was them added. Fer example, the guimea pig antitumer-L]l serum
1s desigmated TGPS-L1l.

The imterval betweem imecul atiens amd between the last imeculatiem
1Id the first bleedimg varied. The guinea pigs were all imeculated at
sven-day imtervals and the first bleedimg made 10 days after the lsst
teculatiem. The bleedinzs were them made at sevem-deay intervals with

l1 of the guimea pigs beimg bled te death at the secend bleediwg. This



TABLE VII

INOCULATIONS WITH TUMOR ANTIGENS

. —... Inoculation = Bleeding _
Inoculum Animal No. No. ml, Total ml.Before Inoc. After Inoc.
L e - T "No., ml,
TA-11 Guinea Pig 24 pige 4 0.25 1.0 1 178 2 305
Chicken K1412J, 3 1.0 3.0 3 55 2 1056
K1401BR, 3 1.0 3.0 3 60 3 110
K1301vw 3 1.0 3.0 3 60 3 105
K1310X 3 1.0 3.0 3 60 3 1156
Duck 1l 3 1.0 3.0 1 10 3 150
2 3 1,0 3.0 l 15 3 160
3 3 1.0 3.0 1l 13 3 165
... 4 3 10 3.0 1 15 1 28
TA~-L2 Guinea Pig 24 pigs 4 0,26 1,0 1 147 2 300
“TA-PT4  Chicken Kl1466C 9 2,0 18,0 1 25 2 36
k15121 9 2.0 18,0 1l 20 2 40
. K295 9 2.0 18,0 1 20 2 40
“TA-I4A Chicken K15030 & 2,0 €.0 1l 25 1l 20
KX2P100 9 2.0 18.0 1 25 2 40
_ ... EKsPaz 2 2.0 6.0 1 20 1 20
TA-14B Chicken K2P93 9 2.0 18.0 1l 20 2 40
. _EKS5Pa6 9 2.0 18.0 1 20 2 40
TA-14C Chicken K2P89 9 2.0 18.0 1l 20 2 40
K2P97 9. 2.0 18,0 l 15 2 40
L KsP49 9 2.0 18,0 1 20 2 40
TA-LSA Chicken K2P99 11 2.0 22.0 1 22 2 50
K2P96 11 2.0 22.0 l 25 2 §0
K1455Q 11 2.0 22.0 1 25 2 50
"TA-LSB Chicken k&P52 11 2.0 22.0 1 25 @ 2 50
K1473Y 11 - 2.0 22.0 1 25 2 50
. X7z 11 20 220 1 25 2 5 _
"PA-LS5C Chicken KX2P90 11 2.0 22.0 1 25 2 50
K1414E> 11 2.0 22.0 1l 25 2 50
- 7 » X2p72 11 2.0 22,0 1l 25 2 50
“TA-L7A Chicken K2P99 2 2.0 ST T T T
1 4.0 8.0 - - 1 50
K1455Qp 2 2.0
1 4,0 8.0 - - 1 50
K2ZPo8 2 2.0
A 1l 4.0 8.0 - - 1 5
"TA-L7B Chicken  K2P42 2 20 0 7 ' )
l 4,0 8.0 - - l 17
K1473Y 2 2.0
1 4.0 8.0 - - 1 24
X1414D, 2 2.0
_ 1 4.0 __ 8,0 - = 1 19

\



TABLE VIl (Cont.)

W —— o o m e v aee e

R T T Ts S Y T A e e e - e —

— _Inoculation ..____.;..- _PBleeding . . ..

Inoculum Animal No. No. ml. Total ml.Before Inoc, After Inoc.
e e e e e L ) No. ml, ¥o. al.
TA-L9 Chicken K1473L, 11 0.5 o o e
1 2.0 75 2 55 e 60
K147305 11 0.5
1 2.0 7.5 2 55 p 60
K1516Ls 11 0.5
1l 2.0 7.5 1l 30 2 60
K620Qq 10 0.5
1l 2.0 7.0 1l 25 3 80
x669L2 10 0.5
_ —— .1 =20 70 1 2 3 60
TA-Lyl Chicken K256k 11 0.5 ’ )
, 1 2.0 75 2 70 2 60
K262B 11 0.5
1l 2.0 7.5 2 60 2 60
x66912 11 0.5
. 1l 2.0 7.5 1l 45 1 60
K1466M 11 0.5
1l 2.0 7.5 e 55 1 60
1151132 11 0.5
l 2.0 7.5 1l 35 - 60
KX 3508 10 0.5
1l 2.0 7.0 1l 25 3 60
K620B 10 0.5
1 2.0 7.0 l 25 3 60
E669C; 10 0.5
1 2,0 7.0 _ 1 25 3 50
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interval eof seven days between bleedings was used reutinely fer all of
the ineculated animsls, the erlv varistiem beimg im the mumber ef bleed-
imgs made.

The chiockems and ducks receivimg the TA-Ll were imeculated at weekly
imtervals amd the bleedimgs started sevem days after the last imeculatienm.
The chiekems receiving the TA-PTL, TA-LLA, B, amd C, smd TA-LSA, B, amd
C, hewever, were imeculated twice weekly amd the first bleedimgs made 10
days after the last imeculatiem. Twe ef the birds receivimg the TA-LLA
received emly three ineculatiems imstesd ef nine, as was the case with
the ether birds in this greup. The chickems receivimg TA-L9, amd TA-Ly1l
were imeculated twice weekly with 0.5 milliliters fer a tetal ef 11l
imeculatiems, andi them givem the fimal imeculatiem ef 2.0 milliliters
after ar imterval ef 10 days. The TA-L7A un& B received twe imecula-
tiems of 2.0 milliliters amd a third imeculatiem ef L.O milliliters at
intervals of sevem davs.

L. Infected chiekem serum:-=-The serums ef imfected birds weul?d met

centain tho agent im as comcemtrated smeumts as the cemtrifuged meterisls.
Therefere , a larger mumber ef imeculatiens was needed te suruly a cem-
parable ameumt ef agemt fer amtibedy stimulat iemn. Six guimes pigs snd

twe ducks were ineculated 15 end 1, times, resﬁoctively, st weekly
intervals. The first twe imeculatiems cemtaimed feur milliliters each;
the volume was then reduced te ene milliliter fer the reraiming inecu-
lations. Seven days after the last ineculstisans, they were bled. The
ducks were bled te desth at the first bleeding, while the guimea pigs

were bled te death at the secemd blmedimg. These anti serums were desig-

|

na ted:
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ICSGPS = Guimes pig antimermsl chickem serum serum
ICSDS = Duck smtimermsl chickem serum serum
The tabulatiems of the imeculatiens amd bleedimgs with the imfeeted

amd mermal chicken serums are shewn im Table VIII.




TABLE VIII

INOCULATIONS WITH CHICKEN SERUMS

e - - e e
O . ot = L T e s e

Inoculation Bleeding

Inoculum Animal No. No, ml, Total m), Before Inoc. After ng%,__
_ . . ~ o, ! _ No, de
Infected Chicken Guinea Pig 6 pigs 2 4.0
Serum (IC8) 13 1.0 21,0*" 1 48 2 105
Dack 74 2 4.0
12 1,0 20,0 1 30 1 80
75 2 4,0
12 1,0 20,0 1 30 1 80
Normal Chicken Guinea Pig 6 plgs 2 4,0
Serum (NCS) 13 1,0 21,0** 1 45 2 100
Duck 71 2 4,0
12 1,0 20,0 1 30 1 80
73 2 4,0
12 1,0 20,0 1 30 1 80

* ml, of serum recovered
** total ml, for each guinea pig

1l



Vi. STANDARDIZATICN OF TECHNI.(UE

A reagtier invelvimg a kmewn virus ami specific amtiserum was needed
fer the stamdardizetiem ef the techmique with regard te the erder ef
adiitien of the reagemts amd the temperature amd duratiem ef the imcuba-
tien perieds. The influemza virus was chesen te seorve as the antigem,
and antiserums were preduced im rabbits and chickems. The rabbit smti-
influenza serum was titrated first and then the sntizem stamdardized at
& comcentrstien’where it was the limitimg facter with regard te the
smeunt eof c emplement fixede This was neeessar  te imsure that all ef
the activity ef the chickem anti-influemza seoerum ceuld be measured when
it was allewed te react with the sntigen im ar indirect test,

The direct reactiem invelvimg the imfluemza samtigen smnd rabbdit snti-
imfluenza serum was standardized amd am indirect test em the chicken
anti-influenza serum attempted. If imfluenzs sntibedies were presemt
in the chicken amti -imfluemza serum, they weull corbine with the antigen
saad reduce the ameunt eof complement fixed hen the rabbit anti -influemza
ser ' was added. Hewever, a larger ameunt ef cemplement was fixed when
the chicken anti -influemza serum was present than eccurred im the direct
reactien. Nermal chickem serum, frem the same birds furnishin; the anti-
influenza serum, was then tested and similar results ebtained, with even
greatsr ameumts ef cemplement fixed than was obtained with the chickena
santi =influenza serum. Nermal serums {rem herses, ocews and ducks were
teste! but failed te affect the ameunt ef complement fixed by the direct
reasctiom of influenze virus and rabbit anti-influenza serum. Centrel

tests in which rabbit anti-influenzs serum was tested against chicken




&
ant i-influenza serum and nermal chicken serum showed there was & resctiem

eccurring in beth instances which preduced s cerplex capable of fixing
sppreximately 7.5 umits ef cemplement. This fixatien was cemsidered due
te an anti genic material in the chicken serums snd specific antibedies

in the rabbit anti-influenza serum because, ss has been mentioned, anti-
bedies preduced in the chicken are mot capsble of preducing a cemplement-
fixing comple} with specific antigen.

When the imdirect titers ef the chicken anti-influenza serum and
nerrnal chicken serum were calculated, & negstive rather than pesitive
value was ettaimed. The magnitude ef this negetive titer incresset with
inoreased dilutiem ef the chicken amti-influemza serum but decreaced
with the higher dilution ef the nermal chicken serur., Thirs difference
was attributed tos the follewing "ects. Thres reactions occurred in the
tests where the chicken anti-influenze serum was used. The first was
the rerctien of the chicken anti-influenza serum with the influenza anti-
gen, which weuld reduce the ameunt ef antigen available to rezct with
specific antibodies im the rabbit anti-influemza serum and decreased the
final areumt of fixatien. The second resctior was betwesen the rabbit
santi-influenza serum end the antigen which caused fixa*ien im prepertien
te tre amount eof antigen available. The third resctisn was the ere
betwean the umknewn compemenrt in the chickem anti-inTluenze serum amd an
antibedv in the rabbit anti-influensa serum. Tnis trhird reactiem was
s-parently capable ef fixing cemplememt and weuls add to the final ameunt
of fixatiem messuraed, ‘them nermal chicken serum wss pre-s=mt, enlwv two
9° the resctiens eccurred; the one Letween the rabbit anti-influenza

serur. and the inf luemzs ant izen, snd the ene between th~ unidentified
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antibedies in the rabbit anti-imfluemza serum ani the specific cempement
present in the chicken serums. Both of these reactions fixed complement.
The thir3d reaction, present only when the chicken anti-influenza serum
was used, acted in the opposite way in that it decreased the amount of
fixation by its action on the influenza antigen. As the chicken snti-
influenza dilution was increased, this resction was lessened snd the
offect of the othef two reactions became more evident.

A determination of the nature of the substance, present ss & normal
corstituent of the chicken serums, was attempted. The antibodies in the
rabbit anti-influenza serum which rescted with this component spperently
vnere produced by a subs*ance in the influenza antigen otrer than the
influenza virus., The influenzes antigen had been grown in chicken
smbryocs, and harvested fram the allantoic fluid of tlLes= eanbr,os at
appreximately their fourteenth day of incubation. Vihen concentrsted by
centrifugation, a portion.of the sllantoic fluid would necessarily
rcceoryany the virus particles, #nd npparenély contained the meterial
responsible for the preduction sf the antibodies which reacted with the
ror stituent in the chicken serums.

The possibility that this was a heterophile-tyvpe reaction was con-
sidered. The heterephile antigens sare capable of stimulating antibedy
roduc tion when inoculsted into rabbits (Zinsser, et ml., 1945). It has
reenn shown by Scheohﬁman (1948) thet early embryenic stages of the
thicken contain one or rore antigens which occur in the adult chicken
lerur. Krichevsky (1923), using squeoeus suspensions, detected hetero-
hile antigen in the embrye as early as the fourth day of incubatien.

"his same antigen is knewn to be present in the oryans and blood of




chickens, which would sccount for the tvpe of reaction encountered when
antiserum, produced b the inoculation of embryo meterisl, waes allowed
to react with nomal or irrune chicken serums. The rabbit is one of the
few animals capable of producirng these heterephile ant ibodies (Zinsser
et al., 1945). Animals which have the heterophile antizen in either
their ergans or bleod do not produce antibodies when inoculated with the
heterorhile ant igen. If the assumption were cerrect thmt the inter-
fering substance in the indirect tests was due to a heterephile antigen-
antibod;’ reaction, the use of guinea pigs for the preoeduction of
cemplement -fixing antiserum for the direct reaction should elirinate
this difficulty, because guinea pigs have this sntigen in treir organs.
Guinea piz snti-influenza serum was tested a -minst cricken anti-
influenze serum sand normal chicken serun to -etermine if 8 reactim
occurred when thev were corbined, ss had been the case with the rabbit
anti-influenzes serum. No evidence of such & reac*ion was noted, indi-
cating thet the ~uinea 5igs had not formed antibedies wrich would resct
with the comrenent in the chrickern serums, an? thus should not give neza-
tive titers for in?irect tests on chicken anti-influenza serum. The
indirect titer for the chicker anti-influenzs serum, when tested with
tne rabbit anti-irfluenze serum, zave negative values renging from -0.2
units to -2.7 units. However, with the use of suines pig anti-influenza
serw: in the Jdirect reacti-r, cositive values up to 11.% units were
sbteined. Thre chicken anti-influenza serum and ra>bit anti-influenza
ser.—- rYa’ be=n showr. %o fix 7.5 units of cermrlerent. Thies fixation would
e~cur 8% the same *ime <Lst the influenza artigen an2 specific antidbodies

in the rabtbit antiserum were cowbining snd fixin; complement. The
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‘ixation measured would thus be the tetal of these two reactions, and if
:he fixation brought abeut by the reaction of the chicken and rabbit
int i-influenza serums were subtracted from the totsl ameunt of cemple-
nent fixed in the indirect reaction, the resultant value weuld be the
wmeunt ef complement fixed by the influenzs antigen and specific snti-
sodies fror the rabbit anti-influenza serum. If the 7.5 unlits were
subtracted frum'tho units of complement fixed in the indirect reaction
and the resultant value subtracted frem the direct reaction value, a
correct indirect titer for the chicken antiserum slould be obtained.
NMen this was cdone, chicken anti-influer.i se:um titers up tn» 7.3 units
vere eobtained, which agreed clesely with the titers found when the gui-
nea pig anti-influenza serum was used. This further indicated that the
interferings resction believed to be of 8 heterephile type was a distinot
entity and independent ef any ef the ether reactions taking plece. A
tabulation ef the ﬁreceding reactions and calculatiens is given in .
Table IX. .

Frem these findings it was censidered necessary to use guinea pigs
fer the preductien ef the antiserums fer any reactions involvimg chickem
tissue cempenents, since all of the ant izgens for the varieus tests had
been prepared frem chicken tizsues, either nermal er tumoreus, and weuld
centain the heterephile antigen.

The tempersture and lemgth of incubstien recemmended by Rice (19L6)
had been used in the tests for the detectiom ef the heterephile antigen-
antibedy reaction. The influenza antigen, guinea pig anti-influenza

serum and chicken snti-influernza serum were used to test the techniqgue

precedure.
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TABLE IX

INDIRECT TESTS ON CHICKEN ANTI-INFLUENZA SERUM WITH RABBIT AND
GUINEA PIG ANTI-INFLUENZA SERUMS IN THE DIRECT REACTIONS

T  Antigen " Units  Chicken Serum
__Reaction ~ Dilution ~ Fixed » Titer
TA « TR8® 1: 20 14.4 -
1:40 9.4 -
o 7 ‘ 1:80A _ 6.8 N -
FA + ¥YoPS" 1:20 26.2 -
1:40 16.1 -
FA + FRS , FCS® . 13120 14.6 -0.2
1340 : 11,2 -1.8
1:80 9.5 ~2.7
FA + PGPS o FC8 1320 17.8 7.4
1:40 10.2 5.9
1:80 5.3 42
FRS » rc: R - 7.5 -
YRS &+ NCS - 7.1 -
yoPs o« yOB - o0 -
FGPS + NCS A B - ‘ ‘ Q'Q, » -
(FA « ¥BS &+ IC8) - A
(FRS + ¥CS) 1:20 7.1 7.3
1:40 3.7 5.7
_ 1:80 20 48

* at a dAilution of 1:5
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The order in which the varieus reazents should be added, with
reference to the incubation perieds, was checked first. Fer the
indirect test, three incubatiens were mesded; the first allewed the
chilcken antiserum to react with the antigen; the second perritted the
guines pig antiserum and antigen to combine and act en the cemplement;
and the third allewed cemplement to sct on the sensitized cells. 1Im
the follewimg discussion these will be referred teo as the first, secend,
sand third incubatienms.

The advisability ef adding the cemplement befere the first incuba-
tiem, or adding it at the same time as the guines pig sntiserum, was
cshecked. Either methed weuld allew the sntigen-guines piz antiserum
complex to sct upen the complement; however, a portion ef the cemplement
mirht be destroyed during the first inmcubation, if it were added befere
this time. Amether methed, in which all the reagents were mixed at the
same time, was investigated. This weuld completely eliminate the first
incubatien per ied. A feurth methed censisted ef mixing the antiren,
guinea pig antiserum, amd cerplement before the first incubatiem and
then adding the chicken antiserum. This weuld determine if the chicken
antiserum cesuld cause the breakin- ef the unien between the antigen,
muines pig ant iserum, and cemplement, and thus combine with the santigen.

Methed mumber 1, where complement was added befere the first incu-
batien, gave an indirect titer fer the chicken antiserum ef 9.1 units.
In the secend method, when the complemeat wes not added until a ter this
incubation, the chioken antiserum titer was 9.8 units. This weuld indi-

cate that the antigen and chicken antiserun cembimed equally as well

either in the presemce or absence of cemplememt. The additiom ef the .
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emplement after the first incubatien was more desirable, since tests en
the temperature amd time of imcubatien fer the amtigem-chicken antiserum
reaction were to be made and the additiom eof the cemplememt after their
imcubation weuld eliminate the pessibility of destructiom ef a pertiom
»f it due to varyimg times amd temperatures empleyed. Whem all the
reagents were added at ene time as in the third methed, the chickem anti-
serum titer was emly 6.1. This reduction in the titer was censidered
jue to the guimea pig antiserum combining with the antigen at the same
time as the chickem antisorum, thus prevemtimg the chickem antiserum
"rem exertimg all ef its activity. Im the feurth methsd, where the
chicken sntiserum was added after the antigen, guirnes pir satiserum,

ind cemplement had bemm incubated, no effect by the chicken antiserum
vas detected. Therefers, it was concluded that the ant izen-zuinea pig
int iserum-cemplement complex was stable and ceuld net bhe reversed by

he presemce of the chicken smtiserum. Frem these results, methed 2 was
thesen te be used in subsequent tests.

The effect ef the time amd temperature of incubatiem on the indirect
titer ef the chiocken antiserum was them determined. The incubation ef
she antigen-chickem antiserum mixture was carried eut st 37® C fer
c>erieds eof 1% minutes, 30 ;inutcs, eme hour, and twoe hours, and at L® C
"er perieds ef one, two, four and 16 hours. Thirty minutes at 37° C was
seleeted to be used fer the first incubatien period in the standard tech-
rique. The secemd imcubatien, after the adiition ef the guinea pig
\ntiserum, was then tested, using varieus times st temperstures eof L®
ind 372 C. Twe hours at 37® C pave the eptimum results. Thirty minutes

i\t 37® C was feund best fer the third imecubatien, after the additien ef

the sensitized red bleed cells. The stsndsrd technique preceeded as f‘ollo"
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Antigen & chiclen antiserunm

30 minutes - 37° C

Guinea piz antiserum ¢ cemplement

2 heurs - 37® C

Sensitized red bleed cells

30 minutes - 37® C

For direct tests of a specific reactien the first incubstion was
net necessary. Therefere, the antigen, antiserum, and cemplement were
81l sdded st the same time, incubated twe heurs at 37® C, the semsit ized
red bleed cells added and then the final 30-minute incubation befere the
electrephetemeter resadings were made. If the direct test was in een-
jumetien with am indirect test, hewever, the antigeam was incuated 30
minutes at 37® C, er the first incubatien, the same as the antigem-
chiekem amtiserun mixture ef the indirect test. This made the omly
differemece the presence of the chicken antiserum in the imdirect reaction.
The velume of cemplement and iemic bu“fer varied secerdin - te the

aneunt ef cemplement desired im the indi viduwml tube. The amtigen and
antiserums were always used in velures ef 0.1 milliliter. Im direst
tests, the cemplement amd buffer eceupied J0.8 milliliter amd im the
indireet tests where chiskem serum was beimy; tested, they eecupied 0.7
milliliter.: Ome milliliter ef sensitized eells was used, nakimg the

toetsl velume 2.0 milliliters.




VII. RESULTS AND DISCUSSION

The dememstratien of a reaction between am antigen and an antibedy
by the cemplememt fixatien test depends upen the imactivation eof s per-
tien of the ;omplemont fellewing the fermatien ef am antigen-antibedy
eemplex. If ene ef these reagemts, either antigen er amtibedy, is ef
kmown oonpo_lition, and has been shewn te be active when empleved in a
cemplement fixatiom test, it cam be used fer the detectiem ef the ether
resgemt. This means that if an antigem ef kmewn quality is used, speci-
fic smtibedies cam be demenstrated, er if a kmewm antibedy is availabdble,
the presemce of specific smtigen can be determined.

Whem & preparatien centeins a particular substamce which is desired
fer use as arn antigen im the cemplement fixatien test, but me methed is
avai lable for the quantitative measurement ef the substamce, its inecu-
lation inte guimea pigs may stimulate antibedy fermatiom. If this anti-
serum is allewed te resct with the amtigenic material, a demenstrable
reactiem mav eccur. A situatien ef this type exists in the easc of the agent
of viseeral lymphomatosis. The only methed by which the presemce of the
sagent oam be demenstrated is the imssulatien ef chickems at ene day ef
sge. These birds must be maintsined fer 200 te 300 days amd the lympheid
tumers, develeping as & result ef the imeoculatiom, used as a measure ef
the ameumt ef agzent that was presemt in the erigimal ineculum. The pre-
sence of matursl infectiem in the ineculsted chickems, the space regquired
to heuse sufficiemtly large greups ef birds, and the 200-300 day peried
RAecCesBAry fo} tumer develepmenat, limit the ameumt ef werk which can be

directed aleng this line. Therefere, the develepment ef s techmigque by




which the presence of the agemnt ef visceral lymphematesis ceuld be
detected, and with which its petemcy er resctivity eeuld be messured,
weuld be eof great value in studies en this disease. The tests reperted
here were cendueted in sn sttempt te develep such a techmique.

a. Tests fer the RPL straim 12 agemt er specific amtibedies im

infected chicken serum:--The serums of chickens pessessing visceral lym-

pheid tumers were knewm te centain the agent ef viscersl lymphematesis
(Burmester, 194,7b). The RFL Strain 12 visceral tumer had been trams-
mitted by the ineculstien ef the serums ef infected birds (Burmester et
al., 1946), imdicatimg the sgent wes presemt im the serums o such birds
and the ineculatiem ef these serums inte guinea pigs sheuld, theeretic-
ally, stimuleate the fermatien ef antibedies which weuld react with the
agent, If guines pis ant iserums were preduced by the ineculation ef the
serums of infeeted birds snd mixed with chicken serum which cemtsined
the agent, an antigen-antibedy cemplex might be fermed that weuld be
detectable by the cemplement fixatienm test. Teo determinae if such a
reaction woula eceur, the fellewins tests were cencdue ted.

Guinea piz sntiserums were predused by the ineculatien ef nermal amd
infected chicker serums. The guines pi- antimermal-chicken serum serur
was preparec te serve 8ss a centrel en any resctior which might eccur be-
tween nermal tissue cempenents (ether than the heterephile materials) ef
the infested chicken serum amd smtibedies thst had bean stimulated by
them, The enlv kmewn difference between th~ nermal smd infected chicken
serums was the pr=a=emce of the agent in the latter. If the mermsl tissue

censti tuents ef the infected chicken searum stimulsted amtibedy fermatiem,

a merma! tissue reaction weuld eccur. By using normal chicken serur
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antigen and guines pig antinormal-chicken serur serun as cemtrel resgents,
the ameunt ef fixatiem whieh sheuld be attributed te these materials
ceuld be determined.

A prelimimary test was them made te determine if amy fixatien ef
eemplement weuld result frem the reactien of differemt cembinstiems ef
these reagemts. This preliminary test was net designed te messure the
exast ameunt ef fixatien takimg place, but weuld indicate when signifi-
cant ameunts ef fixstien had ecourred. If fixatien hsd takem plsce, the
reagents invelved ceuld them be titrated against varying amoumts ef cem-
plerent amd the exact magnitude ef the fixatien determined. The use ef
a preliminary test previded net emly a relatively simple methsd fer the
demenstration ef fixation but redueed greatly the smeunts ef the antigenms
sand antiserums required which, in seme instamces, were quite limited.

The precedure fer this preliminary test consisted ef placimg te-
gether 0.1 rilliliter of esch of the tast reagents (sntigen and anti-
serun), 7.2 rnillili%er of cemplement and 0.6 milliliter ef iemic buffer.
These were incubsted twe heurs at 37® C, during which time the tubes
were plu;;zsed with cerk steppers. This was done reutinely te prevemt amy
reduction in velwrs due te evaperation. Follewing this incubstien, 1.0
milliliter ef semsitizec red binod cells was sdced te each tube, the
steppers replaseed, tubes shakem theraughly amé again imcubated fer 20
minutes st 37® C. They were thenm remeved frem the water bath and the
electrerhetoreter resdingss determined,

By knowing the anticomzlementary activity of each of the reagents,
the amount of hemolwvsis which shoul” occur in a given tube, rrovi-ing

there was no fixeti~n of complement, coul? be estimated. Three units of



complement was used in each tube. Complement titrations gave a value of
0.0025 milliliter of undiluted complememt, or .25 milliliter of a 1:100
dilutinn to be necessary for one unit. Three units, when using a 1:100
Ailution, would have required C.75 milliliters, but this volume was too
large for rapid pipetting. It was calculated that 0.2 milliliter of a
1:15 dilution would contain 2.0075 milliliter of undiluted complement,
which was the equivalent of three units. The accuracy of this calcula-
tion was checked by diluting 2.2 milliliter of a 1:15 diluti:m with C.l
milliliter of ienic buffer. Fach 0.2 milliliter of this materisl shouléd
contain one unit, or sufficient complement to precduce exactly 50 percent
herolyvsis. ‘hen added to 0.8 milliliter of buffer and 1.0 milliliter of
sensitized red bleed cells, frem 4?7 to 52 percent hemolvsis was preduced,
indicating the calculaticn to be cerrect.

The zuinea piz antiserums praduced by the inoculation of the normal
and infected chicken serums were then tested using the nomal chicken
serum (NCSA) and infected chicken serum (ICS) as sntizens. Two-fold
dilutions, ranging from 1:2 to 1:16 were prepared for each of the resgents,
All of the dilutions of each antiserum were tested agsinst each dilutien
of beth antigens and gave the results shcwn in Table X. If there had
been mo fixatien or anticomplementary activity in any of the reactiens,
811l of thre readings would have been 70. In sone of the higher corcen-
trations, however, the anticomplementary activity ef the reagents had
inactiveted a portion of the cemplement, reducing the amount availsble
to herolvze the red cells and thus lower the readings. 1In the tube con-
tsining beth the NCSA smcd NCSGPS at dilutiens ef 1:2, only slightly over

ene unit of complement remained active, as indicated by the resding ef




TABLE X

PRELIMINARY TESTS WITHE POOLED GUINEA PIG ANTINORMAL AND ANTI-INFECTED CHICKEN SERUM SERUMS AGAINST
POOLED NORMAL AND INFECTED CHICKEN SERUM ANTIGENS

i | " “Antiserun o
Antigen Dilution ) NCSGPS _ ICSGPS o
1:2 1:4 1:8 1:16 1:2 1:4 1:8 1:16
| Electrophotometer Readings
NC8A 1:2 36 63 70 70 4] 66 70 70
1:4 61 70 70 70 68 70 70 70
1:8 70 70 70 70 70 Y 70 70
1:16 70 70 70 70 70 70 70 70
ICS 1:2 43 €8 70 70 39 62 70 70
1:4 65 70 70 70 66 70 70 70
1:8 70 70 70 70 70 70 70 70
1:16 70 70 70 70 70 70 70 70

o



36. The anticemplememtary value for the 1:2 dilution ef the NCSA was
0.9 units end fer the NCSGPS it was 0.7 units. This tetaled 1.6 units,
which was the amount of complement non-specifically destroved, leaving
only l.l; of the original three units available to be acted upen bv a
specif'ic antigen-antibody reaction. Since there was slightly ever ene
unit ef cemplement sctive against the red cells, as indicated by the
reading ef 36, no specific resctien ceuld have taken place. Ig the
higher dilutions where the anticemplementary activity was less, the
ameunt ef cemplement remaining active, as measured by the degree ef
hemelvsis, increased prepertionsally. All combinations eof the varieus
resacents follewed this psttarn. If a specific resction ef any megaitude
had tuken place, all oer a larpge part of the cemplement, mot acceunted
fer by the anticomplementary activity of the reagents, weuld have beem
rendered inactive ani the amount ef hemolysis weuld have been markedly
reduced er completely absemt. It was evident, therefore, that either
there was no antibodv fermaticon in the guines pigzs, or the nermal and
inf ected chicken serums did not fumctien as ssatisfactery antigens.

The pguines pig antiserums had been peeled samples im the tests just
described. There remained the pessibility that ene er mere of these
anti;orums, when t?sted separately, might exhibit the desired reaction.
If antibedies had been fermed by ene er twe of the guinea pigs, the
dilution resul%ing frem the peeliang might have made their detectien
impessible. Therefere, each guinea pig antiserum was tested in the same
manner as “escribed fer the poeled samples, with the exception that amly
the 1:2 and 1:, dilutioms were used, Nene of the individusal antiserums,

hewever, gave evidence ef a specific reactien having taken place, all ef




the reductien im fixation being acceunted fer as anticomplementary acti-
vity. The results ebtained when the in dividual antiserums were tested
azgainst the NCSA and ICS are showm in Table XI.

It was cencluded that either the agemt particles in the infected
chiicken serum were net presemt in sufficient cencemtratien to stimulate
antibedy fermation, when inoculated inte zuimes pigs, er if antibedies
had been fermed, the concentratioen ef the psrticles in the ICS was net
sufficient to allew a detectable reaction te take place when it was used
as an antigen. If the fermer were true, and ne antibedies had been
fermed, me reaction could be expected. HCNQVQr, if the agent had stimu-
lated ant ibedy fermmtien but was net carable of fermirg s detectable
sntigen -antitedy cemplex when in contact with these ant itedies, the sub-
stitutien ef & cencentrsted suspension ef the agent as an antigen sheuld
result in & messurable reactiom.

The tumer antigen-Ll was feund te be highlv anticemplementary,
destreying ever tLree units ef cemplememt in dilutiens as high ss 1:8.
The results which might be obtained in tests where a material having
sush a hizh anticemplememtary activity was used, ceuld net be depended
upen, and another material was selected as a seurce ef agent., The TA-L2
(tumer antigen - liver 2) which had been prepared frem the same materials,
but purified te a higher degree, was fested and feund te have anly slight
anticemplementsry activity, the maximum being 7.5 units at a dilution of
1:2. This sntigen (TA-L2), having been prepared frem tumereus liver

material, cemtained seme normal chicken tissue cemponemts. These com-

perents might react with normal tissue amtibedies that had been fermed im

y

the guines pigs fellewing the ineculstisns with the chicken serums, and




TABLE XI

PRELININARY TEST OF POOLED NORMAL AND INFECTED CHICKEN SERUM ANTIGENS
AGAINST INDIVIDUAL GUINEA PIG ANTINOBRMAL AND ANTI-INFECTED
CHICKEN SERUM SERUMS

Antigen

Guinea Pig _ Ncsa _ “Ics .
Antiserum No. Dilution 1:2 1l:4 = 1:2 @ 1:4
. "Electrophotometer Readings )

NCSGPS 1l 1:2 39 58 38 57
1:4 48 70 51 70

2 1:2 36 61 40 62

1:4 46 70 56 70

3 1:2 42 59 43 60

1:4 61 70 S0 70

4 1:2 32 50 35 56

d:4 44 70 43 70

85 1:2 52 70 49 68

1:4 70 70 56 70

6 1:2 30 51 36 59

1:4 43 70 48 70

IC8GPS ? 1:2 41 61 42 63
1:4 56 70 61 70

8 1:2 45 63 40 64

l:4 58 70 56 70

9 1:2 39 57 39 54

1:4 56 70 54 70

10 1:2 43 64 42 62

1:4 63 70 57 70

11 1:2 40 67 46 64

1:4 6l 70 60 70

12 1:2 44 61 46 58

1:4 59 70 54 70




the NTA (nermal tissue antigen) was used to serve as a centrel fer such
a reactionm.

By testing the zuinea pig antinermsl chicken-serum serum snd guinea
pig amti-infected chickem-serum serum against bot: the NTA and the TA-L2,
any specific agent reactien which might be presemt ceuld be detect=d.

The reactien betweem the NTA amd NCSGPS determined the nermal tissue
antibedy centent ef the guines piz antimermal chickem-serum serum. By
then testing the TA-12 against this same antiserum, the nermal tis=csue
centext ef the TA-L2, in rrepertion te the ameumt feund in the NTA, ceuld
be determined. The reaction betweem the ICSGPS anrd the NTA in.dicated
the mermal tissue amt itedy centemt ef the guimea pig amti-infected chidkem
serum serum cempared te that ef the guinea pig antimermal chickem-serum
serum. Frem these values, the ameunt ef mermal tissue reactim which
sheuld eccur when the ICSGPS was tested against the TA-I2 ceuld be esti-
mated, and whem subtrscted frem the ameuat ef reactien actually taking
place, weuld indicate if any specific agemt-agemt amtibedy reactiem had
eccurred. The anticemplememtary activity fer all ef these reagents wss
determined. The largest smeumt ef cemplemeamt which weuld be men-speci-
fically destreved by the cembinatien ef any ef these reagents was 1.2
umits when the 1:2 dilutien NTA was in centact with the same dilution ef
NCSGPS. Thorofcr‘e, when the preliminary type of test was used, employing
thr ee umnits of coamplememt, all tubes weuld have st least 1.5 umits ef
coemplement remainimng active amd weuld give readings nesr 70 if ne fixa-
tiem by a specific reactien teek place. As shewnm in Table XII, seme

fixatien apparemtly had “skem place in the resctione invelvimz the lewer

P

dilutions of all ef the reagemts. To determire the extent ef these



TABLE XII

FRELIMINARY TEST OF GUINEA PIG ANTINORMAL AND ANTI-INFRCTED CEICKEN SERUM SERUMS
AGAINST TA-L2 AND NT ANTIOGENS

E—— e - e e o mem em et me e mae s sae e
- . it

_Antin‘m ‘

Antigen Dilution ) NCSGPS = _ . _Icsers.
' 1:2 1:4 1:8  1:16 1:2 1.4 18 1116
Electrophotometer Readings

NTA 1:2 14 46 70 70 9 43 66 70
1:4 39 63 70 70 44 64 70 .
1:8 70 70 70 70 70 70 70 70
1:16 70 70 70 70 70 70 70 70

TA-12 1:2 27 61 70 70 34 64 70 0
1:4 56 70 70 70 60 70 70 70
1:8 70 70 70 70 70 70 70 0
1:16 70 70 70 70 70 70 70 70




reactions, the 1:2 and 1:L dilutions were titrated in a direct reactiom
empleying varying ameunts ef cemplememt, Three sets ef titratiems were

made, and the average mumber eof umits fixed is shewm in Table XIII. The

NTA ¢ NCSGPS resactien fixed l.l; umits when beth reagents were used at

a 1:2 dilutien, indicating that memal tissue antibedies, sltheugh in a
lew cencemtratien, had been preduced fellewimg the imeculetion ef the
NCSA. The ICSGPS fixed 1.9 umits whem tested sgaimst the NTA, er 0.5
units mere than the NCSGPS, shewimg that the cencemtratien e nermal
tissue antibedy was slightly greater in the ICS7PS then im the NCS3PS.
Hewever, when the antiserums were tested against the tumer antigem, the
ICS3PS preduced slightly less fixatien than the NCS5PS, indicating that
no specific agent-azent antibedy reactien hed taken place.

The tests just described had beem cenducted using peeled samples eof
the guinea pig amti-infected and sntimermal chicken-serum serums. The
guines pis antiserums which made ur these peeled samplecs were then tested
agsinst the tumer antigem-L2 and nermal tissue amtigem. The results
ebtained with these incdividual amtiserums are shown in Table XIV amd
were practically the same ss these ebtaimed with the peeled samples,
with the ICS5PS ¢ TA-L2 reactisns consistently showimg the lesast fixatiom.
This eliminatad the pessibility ef utilizimg the guines pig antiserums
preduced by the ineculati »n ef the imfected chickem serum as & seurce ef
visceral lymphema tesis acent antibedy.

The failure e the irfected chicken serum te stimulste amtibedy
ferrstior did net eliminate the pessibility that the agent, krewn te be
present in this infected serum, might be detected by cemrlement fixa-

tiemn. The presence ef specific sgemt antibedies im the suipea pig
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TABLE XIII

TITRATION OF GUINEA PIG ANTINORMAL AND ANTI-INFECTED CHICKEN SERUM
SERUMS AGAINST TA-L2 AND NT ANTIGENS

———————— e e s

~Antiserum

Antigen Antigen Test _ ResePs __ 108GPS
.41, 2 No, 112 1:4 1:2 1:4
Units Fixed
NTA 1:2 (1) 1.6 1.0 1.8 0.9
(2) 1.3 1.0 1.9 0.8
(3) 1.2 0.7 1.9 1.2
Ave. l.4 0.9 1.9 1.0
1:4 (1) 0.8 0,3 0,7 0.3
(2) 1.0 0.3 0.9 0.2
(3) 0.9 0.5 0.7 0.3
Ave. 0.9 0.4 0.8 0.3
®aLz 12 (1) 1.3 0.2 0.9 0.0
(2) 1.0 0.2 0.7 0.1
(3) 1.1 0.3 0.8 0.1
Ave. 1.1 0.2 0.8 0.1
1:4 (1) 0.3 0.1 0.1 0.0
(2) 0.4 0.0 0.3 0.1
(3) 0.4 0.1 0.2 0.0

Ave. 0.4 0.1 0.2 0.0




93

TABLE X1V

TITRATIOR OF INDIVIDUAL GUINEA PIG ANTINRORMAL AND ANTI-INFECTED
CHICKEN SERUM SEIRUMS AGAINST TA~L2 AND NT ANTIGENS

- . . . Antigem = =
Antiserum Guinea Pig Dil, ._ . _. BT . _TAL2
. No. ] 1:2 1:4 1:2 1:4
NCSGPS 1 1:2 1.6° 0.8 1.0 0.2
1:4 1,1 0.5 0.4 0.0
2 1:2 1,7 1.3 1.1 ~ 0.4
1:4 1.0 0.6 0.6 0.2
3 1:2 0.9 Ce2 0.8 0.3
1:4 0,3 0.0 0.5 0.1
4 1:2 1.2 0.6 1.1 0.5
l:4 0.5 0.2 0.4 0.0
5 l:2 1.8 1.3 1.4 0.9
1:4 1.1 0.7 0.6 0.3
6 1:2 1.1 0.6 0.7 0.4
1:4 0.6 0.2 0.5 0.1
IC8SGPS 1:2 1.7 1.2 1.1 0.2
1:4 0.7 0.4 0.3 0.0
8 1:2 2.1 1.3 l.4 0.7
1:4 1.4 0.7 0.8 0.2
9 1:2 1.1 0.4 0.8 0.1
1:4 0.5 0.1 0.2 0.0
10 1:2 l.4 0.7 1.0 0.3
1:4 0.6 O.2 0.2 0.0
11 1:2 0.6 0.1 0.2 0.0
l:4 0.2 0.0 0.0 0.0
12 1:2 1.7 1.1 0.9 0.3
~ 1:4 1.2 0.6 0.5 0.1

® Unites fixed




ant i-infected chicken-serum serum was depemndemt uper the presemce of
sigrificant ameunts ef agemt in the imfected chicken serum used as the
imeculum. As has been shewn, me antibedies ceuld be detected; hewever,
if an untisirun‘woro pre ducad which was high in specific tumer agemt
sntibedvy cemntent, amd it was allewed te react with the imfected chicken
serum, the presemce of the agemt might be detectable. Im ether werds,
the cencemtratisn ef the agemt in the ICS (infected chicken serum), al-
theugh net in sufficient cencentratiem te stimulate antibedy fermatiem,
mizht, when in centact with a petent specific antibedy, cembine with it
and fix cemplement. This pessibility, altheugh net censidered to be
likely, was ef sufficiemt impertance te warrant imvestigatien.

Antiserums were preduced in guinea pigs by the imeculatisn ef cen-
centrated suspensiens_ef the agemt. The TA-Ll (tumer antigem - liver 1)
and TA-L2 (tumer antigem - liver 2) were used fer this purpese. A third
rreup ef guimes pigs was inoculated with NTA (nermal tissue antigem) te
serve as a centrel em the mermal tissue resactisns eof the tumer materials.
The guinea pig amtitumer serums were desigmated as TGPS-Ll1 amd T3PS-L2.
These twe guinea pig antitumer serums, and the guinea pig antimermal
tissue serum were used in tests empleyimg nermal sand infected chicken
serums as smtigens. If the sgemt im the infected chicken serum cembined
with specific amtibedy, the tests empleying the guinea pig antitumer
serums and imfeoted chicken serum weuld fix larger smeumts ef cemplement
than the centrel reactions invelving the normal tissue resgents.

As had been the precedure previeusly, s preliminary test was made
using three units ef cemplement amd peeled antiserums. The results ef

these prelimimary tests failed te indicate the presemce ef a reactien

oL
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imvelving the agemt. Hewever, seme nermal tissus reactien apparemtly
teek place in these tests where the NTGPS and TGPS-Ll (amtiserums) and
NCSA (antigem) were presemt. The TGPS-L2 exhibited little er ne nermal
tissue resctior. This was attributed te the relative purity ef the
antigen (TA-L2) used in its preductienm.

Titratiens, using varying ameunts ef cemplement, te determime the
exact ameunt eof cemplement fixed were then cemducted. The results ef
these tests, ;hown in Table XV, further indicated that me sgent reaction
had eccurred and that the fixation which had takem place was due te ner-
mal tissue cempememts in the antigen amd specific antibedies in the
varieus snt iserums.

Frem the results of all the tests thus far described, it was cen-
cluded that, with the techmniques empleved, the presence ef the agent in
infected chicken serum ceuld ret be detected.

There remaimed the pessibility thst the infected chicken serum might
centain nntibodie; which weuld react with a cencemtrated susponsi;n of
the sgent, such as the .tumer antigem-L2. Burmester (19L47c) had shewn
that the serums ef birds hyperimmumized agaimst lympheid tumer cells
markedly reduced the mertality in birds ineculated with s suspemsien ef
viable tumer cells ef the same type. The serums ef chickens that had
received injectiens ef suspemsions ef apparemtly me rmal lympheid tissue
did mnet retard the grewth ef the tumer cells. Olsen (1947), using
varieus tissues frem birds pessessing lympheid tumers, ebtsined similar
results. Therefere, the chickem is capable eof preducimg a pretective
mechanism, presumably sma smtibedy, agaimst the lympheid tumer cells. The

preductiem of such a pretectien against the sagemt ef visceral lymphematesis,




TABLE XV

TITRATION OF noium. AND INFECTED CHICKEN SERUM ANTIGENS WITH POOLRD
GUINEA PIG ANTINORMAL TISSUE, ANTITUMOR-L1 AND ANTITUMOR-L2
SERUMS

— e« .. ntigem
. ) [+7-7 S {+. - R
Antiserum D11, 133 134 1:8  1:2  l:4 118 _
Unite Fixed
NTGPS 1:2 2.1 1.2 0.4 2.0 0.8 0,2
1:4 1.3 0.3 0.0 1.1 0.4 0.0
1:8 0.3& 0.0 0.0 0.3 0.0 0.0
TePS-1L1 l:2 1.6 0.9 0.3 1.7 0.8 0.3
1:4 0.6 0.3 0.1 0.4 0.1 0.0
1:8 0.2 0.1 0.0 0.0 0.0 0.0
TGPS-L2 1:2 0.5 0.1 0.0 0.4 0.& 0.0
1: 4 0. & 0.0 0.0 0.1 0.0 0.0

1:8 0.0 0.0 0.0 0.0 0.0 0.0
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and especially the RPL Strain 12 tumer, has met been reperted. Reus
(1913) in ebservatiems with a fewl sarcema, deseribed a natural r'siof-
sance in seme chickems te the imeculatien ef the tumer preduciig agemt.
Duran-Revmals (19,0), werking with the same agent and ether agemts pre-
duc ing similar types ef tumers, feund the matursl resistance increased
with the age of the chicken, but he ceuld net determine the specificity
of the neutralizing materisl. Friedwald and Kidd (1345) demenstrated,
by cemplement f ixatien, antibedies in the bleed ef rabbits carrying
varieus tramsplanted tumers. They attributed the reactiens te what they
termed "induced tiscue antibedies” in thsat the reaction invelves censti-
tuents of the wvarious cells and net a causative agent. !MacKenzie and
Kidad (13L5) diffore;tiated between these induced tissue antibedies and
an antibedy that reacts specifically with a distinctive sedimentable
censtituent ef Brewn-Pearce carcinema cells, but this constituent was
net asceciated with the specific agent.

b. Standardization ef a direct cemplement fixation test for use im

testing fer tumer agemt smtibedies im chicken serums:--The infected

chicken serum (ICS) had been usad previeusly as an antigem, but was new
te be employed as an antiserum te determine if the agent, when stimulat-
ing the fermstien ef visceral tumers, alse stimulates antibedy fermatiem.
If such an sntibedy were present, the indirect reaction weuld have to be
used fer its detectisen. A pesitive direct reaction, invelving san antigem
high in visceral tumer agent centemt, and a specific guinea pig antitumer
azent serum weuld be necessary. Such a direct reacti-n ceuld then be
used in testing chicken serums fer their agent antibady centent by the

indirect cemplement fixation technique previeusly described.

y



Antiserums te be used in the tumer direct test were prepared by
inoculating guimea pigs with tumer antigens (TA-Ll and TA-L2) and the
nermal tissue entigem (NTA). The suines piz santitumer sntiger serums
(TAGPS -L1 and TAGPS-L2) were te serve as seurces of specific sagent anti-
Yedy, but nermnal tissue amtibedy fermation was expected and the guinea
pig antinermsal tissue sserum (NTGPS) was prepared t> serve as s centrel.
The three antipens, TA-Ll, TA-L2, and NTA, used for the procucti-n of
ertibedies, als» were used as antigens fer the direct test standardizatien.

The normal tissue reacti n wes tested first using the normal tissue
antiger and poeled guinea pig antinermsl tissue eerum. Wnen beth ef
these reagemts were at a dilution ef 1:2, L.6 umite ef coemplemen: was
fixed. The relatively cmall sameunt ef fixsti-~n eccurring when the poelad
antiserum was usel made it desirable te check the antiserums imdividuallyv.
They were titrated separstely with the NTA against varying ameunts ef
cemplement, and the units of cemplemsnt fixed for each antiserum deter-
mined.. The ameunt of fixestion varied frem less thsn the 1.2 umits, the
lewest ameunt use- in the titretions, tc greater tham 7.3 umits, which
was the largest smeumt empleyed. Six ef the 2/, antiserums gave the high
titers ( 7.3 units) snd were peeled fer use e&s the sn+inermal tissue
serur. The otrer 13 samples, whese titers were lesc than 7.3 units,
werea discarded. When this peel ef guines piy antinormal tissue serum
was titrsted againsgt the mermal tissue antigen, reactions fixiag up te
15 unite of cerplement were ebtained (Table AVI). This nermsl tissus
reactionAprovidod a control with which the mermal tissue resgent cem-
penent centent ef the tumer amtigems and antitumer serums could be

measured.

P



TABLE XVI

TITRATION OF FOOLED HIGH TITERED GUINEA PIG ANTINORMAL TISSUE SERUM
WITH NORMAL TISSUE ANTIGEN

A;t:lﬁgen | ‘ _ S ﬁnti;_em Dilu;{on' L
_ _Reaction = Dil. Test No. 112 l:4 ~ 1:8 = 1:16
. . _Units Pixed =
NTA ¢ NTGPS 1:2 (1) 15,2 12.5 8.6 5.1
(2) 14.9 13.5 8.7 4.8
(3) 14.8 12.7 8.6 5.3
Ave, 15,0 12.6 8.6 5.0
114 (1) 8.7 7.2 5.4 4.8
(2) 9.1 7.5 5.6 4.3
(3) 9.2 7.6 5.3 4.0
- Ave, 9.0 7.4 5.4 4.2
1:8 (1) 5.6 4.9 4.8 3.0
(2) 5.4 5.1 4.5 3.1
(3) 5.2 4,9 4.4 3,0
Ave, 5.4 5.0 4.6 3.0
 1:16 (1) 2.9 2.6 2.4 2.1
(2) 3.1 2.6 2.2 2.2
(3) 3.0 2.7 1.9 22

Ave, 2.0 2.6 2.2 2.2




Since the antibedy fermatien in the guinea ;i s ineculated with
nermal tissue antigen had shewn such 8 marked varistion betwean indivi-
dusl animals, the testing ©f peeled samzles of ths turmer artiserums was
net attempted, and tests en the individual sntiserums vere maie. The
TA-Ll, due te its high anticemplementary sctivity, was net used as &
test antigem. The guimesa pig antitumer antizen-Ll serum (TAGPS-L1) and
the guinea pig antitumer antigem-L2 serum (TAGPS-L2) were titrated
azainst the TA-L2 in the same manner as was us=d fer the nermal tissue
materials. fest of the guines pig antitumer serums failed te shew fixa-
tien ef as much as 2.L units ef cemplement. Hewever, six eof the snti-
serums frem the TAGPS-L1 greup and sevem frem the TAGPS~LZ2 greup gave
titers of 23.1 units. These high titered samples wers peeled frem esch
greup amd censtituted the antiserums TAGPT-L1 and T:3PS-L2 used in tre
subseguent tests,

Fellewimg the tests en the im2ividusl tumer sntiserums, the supply
of tumer antigem~L2 was practieally exhausted, and tie tumer antigcen-L3
was breught inte use. These twe antigcens (TA-L2 and TA-L3) were titrated
against the tumer antiserums (TAGPS-Ll1 ané TiA3PS-L2) te determine their
relstive petencyv. The ameunt ef fixatinn eccurrimg in the tests ompleov-
img the TA-L3 was 20 ard 23 units when tested against *he Ll and 12 anti-
tumer gerure, resrectively, which wes slightly less thsn wnen the Ta-L
was used, which fixed 26 and 26 umits. Hewever, the Z¥ uni*s vwas suffi-
cienmt o sllex the use of the TA-LZ% in the Adirect tumer tecs:.

Tr.e nerral +tissue amtizen {(NTA) snd guinea ;i antinerral tissue
serur [(NT3PS) served as centre. materials with which *he reaction of

nerwel tissue cemponents ef the turer raterials ceulc be measurel. The

y
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specific nermal tissue reactien was tested first by preparing twe-feld
serial dilutiens ef antigen rangimsg frem 1:2 te 1:3Z and dilutions ef
the gulnea pig antinermal tissue serum frem 1:2 te 1:16. Three sets ef
determinsatiens were made in which each dilutien ef the ant igem was tested
against each dilutien ef the antiserum. The results in the duplicate
tests were censtant amd the values fer the varieus resctiens averaged.

A 1:2 dilutien ef the antigem and 1:4 dilutien ef the antiserum fixed
12.5 units sand was used as a base line fer the determinatien ef the
relative ameunts ef nermal tissue reagemts in the tumer materials. The
nermal tissue antibedy centent of the guinea pig antitumer serums was
then determined. The ameumt of fixatien by the nermal tissue sntigen-
guines pig ant itumer serum reactien, when cempared te the ameunt ebtained
with the nermal tissus reagent reactiem, indicated the relative cencem-
tratien ef nermal tissue antibedies in the guines pig sntitumer serunms,
with respeet te their eencemtrsti~n in the guines pi; antinermal tissue
serun. The number ef units fixed by the twe guines pig antitumer serums
was practically identical, beimg 12.6 amd 12.5 units fer the Ll and L2
antiserums, recspectively. When cempared te the 12.5 umits ettained with
the guines pig antimermal tissue serum, it was evidemt that the nermal
tissue antibedy centemt in all three ef the antiserums was sppreximately
the same.

The next step was the testing ef the three satiserums (NT3PS,
TAGPS-L1 and TAGPS-L2) against tumer antigen (TA-L3). The cencentratien
of mermal tissue antibedies in these antiserums had be~n shewn te be the
same. When allewed te resct with tumer sntigen, the sntitumer serums

sheuld fix mere cemplememt if antitumer cell 'canponoxt: antibedies er

y
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antit umer agent antibedies were present. The mermml tissw ant ibedy
centent of the antiserums had been cempared whenm all ef them were at a
dilutien ef 1l:l; therefere, the same dilutiem was use3 amd the anti serums
tested against varying cencemtratiens ef the tumer antigen-L3. As shewn
in Table XVII, the f ixatiem by the smti tumer serums was much greater
than with the antinermel tissus serum, being mere tham twice as great
when the antigem was at the 1:8 dilutiem. This differemee was attributed
te the reactien ef antibedies in the guines pig amtitumer serums which
reascted with a specifie mmterial im the tumer smtizem which was met pre-
sent in the nermm1l tissue antigem. These reactiens were due either te
tumer cell cemstituents snd specifiec antibedies, er tumer agent amd its
specific antibedy. Ne methed was kmewmn t» differemtiate betweem these
resctiens. There was the pessibility, hewever, that if chicken amti-
serums eeuld be ebtaimed which centained enlv agent amtibedies, they
ceuld be used te differemntiate the pertiem ef the resctien due te the
agenrt , but this weuld be Zepemdemt upen the demenstration ef antibedies
im chicken serum, which was ene ef the maim edbjectives ef the tests.

The guimea pig antiserums had been used at a dilutiem ef 1l:L fer the
cempari sen of their mermal tissue ant ibedy centemt. Other dilutiens,
namely 1:2 and 1:3, were alse premred amd all three dilutiens ef the
guimes pig amtitumer and antinmermal tissue serums tested azainst a 1:8
dilutien ef the tuwner antigemn-L3. The 1:L, dilutiens ef the sntiserums
gave titers which cempared faverably with cemparable reactisms cenducted
previeusly. Im the reactiens with the 1:8 dilutiens ef the antiser ums,
there was the expeected deerease im fixatien with decresased antiserum cenm-

sentratien. Hewever, when the 1:2 dilutiem ef antiserum was imwvelved,
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TABLE XVII

TITRATION OF TUMOR ANTIGEN-L3 AGAINST GUINEA PIG ANTITUMOR-L1,
ANTITUMOR-L2,AND ANTINORMAL TISSUE SERUMS

TA -L3 ]
__Antiserum_ Test No, 1:4 1:8 1:16
Units Fixed ~

NTGPS (1:4) (1) 15.5 10.8 8.1

(2) 15.2 11.3 8.0

(3) 15.1 1Q.9 8.4

Ave. 15.3 11.0 8.2

TGPS-L1 (1:4) - (1) - >26.0 24.1 13.1

(2) >26.0 23.9 13.6

(3) >264.0 23.4 13.5

Ave. >26,0 23.8 13.4

TGPS-L2 (1:4) (1) >26,0 24,2 13.0

(2) >26.0 24.1 12.9

(3) >26,0 24.6 13.3

Ave, >26,0 4.3 13.1
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very little imcrease in the amsumt ef fixatien eccurred ever what had
been ebtaimed with the 1:4 dilutien. These results shewed that when the
antigen was at the 1:8 dilutien and the amtiserum dilutien was at 1l:l,
beth resgents were at appreximately eptimum cemcentratien amd the anti-
gen was & limiting facter. Therefere, if chicken samtitumer serums were
tested im the imdirect test, usimg these concemtrations im the direet
resctien, any effect they might have em the amtigen weuld be detectable.
The stamdard direct tumer test thus invelved TA-L3 at & 1:8 Ailutien and
TAGPS-L1 er TAGPS-L2 at & 1:L; dilutien. Whem nermsl tissue materials
were used im direct tests (fer the indirect titratiem ef chickem anmti-
serum), the sntigen (NTA) was diluted 1:2 amd the amntiserum (NTGPS)
diluted 1l:l,

e. Indirect cemplement fixatien tests en chicken sntiserums fer the

detectien ef tumer agemt antibedies:--The next step was the testing ef

chicken amtiserums indirectly, using the s tamdardized tumer direct reae-
tiem. The chicken antiserums preduced by the ineculatien ef the L1 tumer
ant iz em were prepared im dilutiems ef 1:2 smd 1l:L, and tested with direct
tumer resctiens onﬁloying tumer antigen-Ll and guinea pig antitumer
serums L]l ard L2. Nermsl serums, which had been ebtained frem the res-
pective birds prier te their inecul atien, were alse tested. The results
of these tests are given im Table XVIII and indicate that three ef the
feur chiekemn anti tumer serums apparently pessessed smtibedies im lew
cencemtratien, the highest titer being 2.4 umits. The mermal serums,
hewever , were witheut effect. The small values ef 0.1, 0.2 smd O+3% units
feund im mamy eof the centrel tests were feumd te be due te irregularities

invelvimg the smticemplementary activities ef the individusl reagents.




TABLE XVIII

INDIRECT TITER OF CHICKEN ANTITUMOR ANTIGEN-L1 SERUMS WHEN TESTED WITH TA-L3 (ANTIGEN)
AND TGPS-L1 AND L2 (ANTISERUMS) IN THE DIRECT REACTION

e a—. - —— . ol
= . LT T—

. Indirect Titer of Chicken Serum

Direct Reaction Chicken No. @ MNes» "8 L1+ 00

(1) (20 (3) 4ave. (1) (2) (3)  ave,

TA - L3 4 TGPS -IL1 11‘41‘2.1"2' 0.2 0.2 0,3 0,2 1.2 1.3 1.5 1.3
K1401Rz 0l 0,3 0,1 0.2 0,1 0.4 0,3 0.3
X1301V 0,0 0. 0.1 0,1 2.2 2.4 2.5 2.4

X130X 0.1 0,2 0,0 0,1 1.8 1.7 1.7 1.7

TA - L3 ¢ TGPS L2 K1412J4 0.0 0.1 0.1 Oel 1.3 1.8 1.6 1.5
1140133 0.1 0.2 0.2 0.2 0.3 0,4 0,3 0.3
K1301W 0,2 0,3 0,3 0,3 1,9 1.9 2,0 1.9
K1310X 0.1 6l 0.0 0.1 1.7 1.9 1.8 1.8

*Chicken serum used at dilution 1:2

S~
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The direct reactiem was stsndard, and since the titers ef the chickem
ant iserums were the enly values ef impertamce im these tests, they were
the enly enes used im the evaluatiem ef the indirect test results.

It will be ebserved in Table XVIII that the type of guimea pig anti-
serum empleyed had ne effeect en the ehickem antiserum titer. This was
expected simce the actual reactien beimg msasured invelved the chicken
axtiserum and the amtigen, while the guinea pig satiserum was, in real-.
ity, a part ef the indicater system. The nature ef the reactim by the
chicken antiserums, hewever, was met kmewn. The tumer antigen centained
agent, nermal tissue cell comioononts and tumer cell cempenents. Anmny ef
these mizht have stimulated antibedy fermati em imn the chickem amd beenm
respensible fer the indirect titers ebserved. If mermal ticsue anti-
bed ies were presemat amd respensible fer the titers ebtained, the substi-
tutien ef nermal tissue s ntigen (NTA) fer the tumer antigen (TA-L3) in
the direct test sheuld give pesitive titers fer the chicken antitumer
serum eof sappreximastel: the same magnitude as was ebtsined with the tumer
antigen. This was dene, ard ss shewn in Table XIX, titers almest iden-
tieal te these feumd with the tumer amtigem were ebtaimed. Therefere,
the antibedies im the chicken antitumer serums sapparently had beem pre-
duc ed by memal tissue cempsnemts ef the tumer amtigem, and smtiserums
frem chickems which had beem imeculated with nermal tissue antigem sheuld
give similar reactiemns. This was feumd te be the case whem chicken anti-
nerms 1l tissue serums were tested using the same direct reactiens as
empleved im the testing ef the chicken anti tumer serumes. The results of
these tests are shewn in Table XX. Slightly higher chicken antinermal

tissue gerum titers were ebtained whem mermml tissue amtigem was cembimed




TABLE XIX

INDIRECT TITER OF CHICKEN ANTITUMOR ANTIGEN-L1 SERUMS WHEN TESTED WITH NTA (ANTIGEN) AND
TGPS-L1 AND L2 (ANTISERUMS) IN THE DIRECT REACTION

pS- S-SR |

Indirect Titer of Chicken Seruwm ===~
Direct Reaction Chicken No, NCS* o 8 L1

o (1) (2) (3) ave. (1) (2) (3] Av,
NTA + TGPS -Ll n412:2 0.0 001 001 001 105 1.4 10 Io‘

K401, 01 0.2 01 01 01 03 00 0.2

K1301¥ 0l 0.0 0.0 0.0 1,7 1,9 1.8 1.8
K1310X 0.3 0.2 0.3 0,3 1,7 1.6 1.6 1.6
NTA + T0PS -l12 4127, 0,1  0s2 0.2 0,2 13 14 14 1.4

K1401R, 0.0 0.l 0.0 0.0 0.1 02 0,2 0.2
K1301v¥ 0,3 0.1 0.2 0.2 2.4 2.1 2.0 2¢2

K1310X 0.1 0.2 0.1 0.1 1.9 1.8 1.8 1.8

*Chicken serums used at dilution 1:2

FXo) ¢



TABLE XX

INDIRECT TITER OF CEICKEN ANTINORMAL TISSUE SERUMS WEEN TESTED VITH NORMAL TISSUB AND TUMOR
ANTIGENS AND GUINEA PIG ARTINORMAL TISSUE AND ANTITUMOR SERUMS IN THE DIREC?

REACTION
Direct Reaction Chicken ~_ Inairect Titer of NIC8*
~ ¥o. ) (2) (3) Ave.
| | o Unite_
T4 -13 + TGPS -L1 K13106, 1.4 1.7 1.8 L6
K1310F2 2,4 2.8 2.8 2.7
K1310D, 0,5 0.3 0.5 0.4
K1413E, 1.3 1.5 1.2 1.3
NTA ¢ TGPS -L1 K13106G2 2.4 2.4 2:2 23
K1310E, 3.0 3.2 2,9 3.1
K1310D, 0.7 1.0 1.0 0,9
K1413H, 2.3 1.9 2.0 2.1
TA - L3 4 NIGPS K1310G, 1.6 1.3 1.3 1.4
K1310Z, 1.9 2.1 1.8 1.9
K1310D, 0.0 0.3 0.0 0.1
K1413H, 1.7 1.7 1.8 1.7
NTA 4 NTGPS k13106, 2.6 2.8 2.6 2.7
13105, 3.1 3.6 3.2 3.3
X1310D, 0.2 0.4 0.4 0.3
n41352 202 200 2.6 203

*NTCS used at dilution 1:2

aNnT



with either guinea pig antimerml tissue or amtitumer antigem-Ll serums
im the direet resctien, but the differences were net sufficient te ind -
cate any specificity ef the chicken anti nermal tissue serums. The supply
of guinea pig antitumer serums was quite limited amd simece me diff eremse
had beem neted between them in any of the reactiens, enly ene of them -
the guimea pig amtitumer antigem-Ll serum - was used im these tests.

It was evident that the amtibedies dememstrated te be preseat in
the chicken antitumner antigen-Ll serums were specific fer tissue mate-
rials but net the tumer agent. The marked reactien ef the guinea pig
satitumer serums with tumer antig en, as cempared te their reactien with
nermal tissue antigem in direet reactims, hed indicated the presemce ef
specifiic m terials ether than nemal tissue, but the chicken antiserums
apparently rescted with enly the mermal tissue pertiem. Therefere, it
was mecessary te ebtain chicken antiserur which, when tested against
tumer satigem, weuld cause mere fixatien then when tested against nemal
tissue antigen. By usiné the direct reactions TA-L45 « T7PS-Ll, and NTA »
TGPS =Ll fer the testing eof chicken anti tumer serums, the presence eof mere
fixatiem by the femer resctien weuld indicate the presence of agent
ant jbe di @£ in the .chicken serum. The subsequert tests, therefere,
empleyed these twe direct resctiens, the fermer being referred te as the
tumer direct reactien amd the latter as the memal tissue direct reacti emn.

Ducks had been ineculated with tumer and mermal tissue amtigers
(TA-L1 and NTA) and with nemsl and imfected chicken serums (NCS smd ICS).
Duck antiserums aset similar te the chicken antiserums in that they pre-
duce nme fixatien when used in direct te:.ts. Duck antinermal tissue amnd

antitumer serums were tested by the indireet techmique. The NTDS and
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NCSDS aeted as sentrels, amd the TDS-L1l and ICSDS served as petemtial
seurces of tumer agemt antibedy. As cam be seen im Table XXI , anti-
bedies had be~m preduced in all the ducks imeoculsated with the nermal
tissue er tumer raterial except duck number 2, which was in the grew
that had received the tumer antigen-Ll. The titers ef the duck amti-
tumer samd antinermal tissue serums were sppreximately the same when
tested with either the tumer er mermal tissue direct reactiems, indieat-
img ageain that enly nemmal tissue antibedies were present. The cduek
sntinermal sand anti-infected chicken serun serums failed te shew any
resstiem indicatimg the absence ef antibedy fematien.

As was mo.ntionod previeusly, infected chicken serum might centain
antibedies specific fer the agent. This serum, hsavin,- been secured frem
birds shewimg visceral tumers, had been used as a petemtial seurce of
agent in previdus experimemts. Hewever, it wes net kmewm if birds, when
shewing advamced tumer invelvement, preduced specific tumer agent anti-
bedies. Whem the serums ef imfeeted birds were peeled fer the precuctiem
of the ICS amtigen, samples eof these having the largest velumes md bern
saved and refrezen. These serums were remeved frem stersge and used as
chicken antitumer serums im indirect tests. As will be seen im Table
XXII, nne of these serums e xhibited pesitive titers when tested with
the tumer direct resctiem, which indicat ed the absemce ef either tissue
er agent antibedies. The lack ef amy reactiem with the tumer direct
resction made it umnecessary te cenduct tests em them with mermal tissue
direct reactienm.

Chickens were ineculated with tumer antigens prepared in varieus

ways in an attempt te stimulste agent antibedy preducti em. The varieus
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TABLE XXI

INDIRECT TITER OF DUCK ANTISERUMS WHEN TESTED WITH NORMAL TISSUE
AND TUMOR ANTIGENS AND GUINEA PIG ANTITUMOR-L1 SERUM IN
THE DIRECT REACTION

. - - s - - e - - om e e—e e P . —~ - - P s o
- - PR g . R N e T S D g A - S oAy S S~ ey P S g = RS- =Nl NG

Duck Duck Test Direct Beaction
Antigerum _Bo, No. __TA -L3 ¢+ TGPS -L1* ©NTA o TGPS -L1°*
Units
D8 (1:2) 5 (1) 4.5 4.6
(2) 4,1 4.7
Ave, 4., 3 4,6
6 (1) 2.8 3.3
(2) 2.6 2.9
— Ave. 2 A < 1 |
™S -L1 (1:2) 1 (1) 37 4,5
(e) 4.1 4.4
At o 3.0 4.4
2 (1) 0.2 0.1
(2) 0.6 0.0
‘v.o 004 Ool
3 (1) 2.1 1.5
(2) 2.0 1.8
Ave, 2.0 1.6
4 (1) 3.9 4.1
(2) 4,3 4.7
e e _Ave, L - 401. B 40.4
BCSDS (1:2) 74 (1) 0.1 0.0
(2) 0.1 0.4
Ave, 0.1 0.2
75 (1) 0.3 0.1
(2) 0.1 0.0
e - . Ave, o _.,_0.-2 ) _0.0
(2) 0.0 0.0
Ave. 0.0 0.1l
73 (1) 0.5 0.1
(2) 0.4 0.0
e Ave, .. 0.4 .0.0
FD8 (1:2) Pool (1) 0.0 0.0
(2) 0.1 0.2
‘v_e. ) 9.0 ) ‘ 001

® Direct reactions used to test duck antiserums




112

TABLE XXII
INDIRECT TITERS OF INDIVIDUAL INFECTED CHICKEN SERUMS WHEN

TESTED WITH TUMOR ANTIGEN-L3 AND GUINEA PIG ANTITUMOR~
Ll SERUM IN THE DIRECT REACTION

Chicken Serum (ICS) dilution

Chicken No. 1:1 1:2 1:4
K2P25 oo 0.1 0.0
K1517H 0.1 0.1 0.0
K1401E 0.0 0.0 0.0
K1516H 0.2 0.1 0.3
K1463P 0.2 0.0 0.3
K15110 0.0 0.0 0.2
K15082 0.2 0.1 0.2
K1406R 0.0 0.0 0.0
K1511N 0.0 0.1 0.1
K15072 0.2 0.1 0.1
15190, 0.3 0.2 0.3
K1504M, 0.0 0.1 0.0
K1414A, 0.1 0.0 0.0

K1521C, 0.0 0.1 0.0
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chicken antitumoer serums were tested with the tumer snd rormal ticsue
direct reactiens. The titers sbtaimed feor these antisarurs, as shewa in
Teble X111, variec¢ frem O te Ljc1 umits. As had been the case ir pre-
vieus tests, the titers were apprexirataely the same when the memal tis-
sue direct resctien was used as when th~ tunrer ~irect reactisn was
empleved. It wes, therefere, cencluded thet chickems had preduced anti-
bedies specifiic fer tissue material but had net preduced detectadle
tumer s et antitedies., e mzethed was kmewn which weul” be of value in
decres simg the nermal tissue and tumer tissue materials ef the amtigens
ether than these empleved. The develepmeant ef 8 cemplemert fixatien
test feor the jetectien ef either tha ssent of avisn visceral lymphems-
tecsis eor specific sntittedies will depemd en the develerment of technicues
fer the purificatiem ef the agent. The cemtrifuzstien techmi ques mew
svailable e net sllew sufficient separsatien o7 the s-er* anc these
tissue materials fer the 2etectien of an agent stimulated reactien.

The remeval ef the nerral tissue sntibe’ies fren the tumer ,uinea
pig sntiserum was censi-iered ss & pessilble mestled feor the el iminstien ef
the nermal tissue reactien whicl interferec with the Jeterminatiem e the
Fresence of 8 turer azent-agent sntibedy resctien. 3v reamevisr- the
ne mel tiesue smtibedies frem the guines i sntitumer serur, me fixatiasm
of cemplement by a nermrml tissue reactien weuld eccur, svern theu;h thare
were mermal -tissue materiale precemt im the antijer.

:» suspensien of nermal tissue material similsr te th e nermal tissue
antigenr ceuld net be used fer the adserptien ef the nermmsl tissue anti-
bedies frem juimea pip srtiserums since sl]l ef the tissue compenents

could met be remeved fellewing the adserptiem, and the pertien remainimg
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TABLE XXIII

INDIRECT TITER OF VARIOUS CHICKEN ANTITUMOR SERUMS WHEN TESTED WITH
NORMAL TISSUE AND TUMOR DIRECT REACTIONS

Chicken Chicken _ Direct Reaction ]
Antiserum No. TA -L3 4 TGPS -L2 NTA 4 TGPS -lL2
' ‘ ) Units
TA -PT4 K1466C 2.1 2.4
K15131 37 4,1
K2P95 1.7 2.0
TA -L4A K15030 0.2 Oe0
K2P100 1.9 2.0
K5P42 0.3 0.4
TA -14B K2P93 1.4 1.9
K5P46 0.1 0.3
TA -LAC K2P89 2.6 3.0 T

K2P97 - 0.7 1.2
I & 2 3.4 2.9
TA -LBA X2P99 1.7 1.9
K2P96 2.1 1.7
o _ K1455Q l.4 1.1
TA -LSB X5P52 2.6 2.2
K1473Y 0.4 0.0
oo _RkK14732 . 3¢ 6 3el
TA -L5C K2P90 o 0.7 i 1.1
K1414B5 2.1 1.7
L - K2P72 0.2 0,3
TA -L74 K2P99 3.6 2.9
K1455Q2 1.6 2,0
... K2POB 2.4 2.3
TA -L7B K2P42 0.7 0.5
K1473Y 1.9 2.2
K1414D, 0.2 0.1
TA =19 = K1473l, 1.6 1.9
K14730, 0.3 0.1
K1516L, 2.7 2.0
K620Q 3,8 3.4
i TA -Lyl K258k 1.5 1.9
K262B 0.2 0.0
K669X, 0.1 0.2
K1466N 2.7 3,0
K1511H, 3.6 3.4
K3508 1.2 0.9
K620B 3.8 3.5
K669Cg 0.2 0.0




weuld cembime with nemral tissue sntibe dies, fermimg a cenmplete mermsl
tissue system which weuld fix c emplement. Chickem red bleed cells pre-
vided a seurce ef nermal chicken tiscue which weuld eliminate this diffi-
culty. The red bleed cells frem sppe rently nermal chickems e~ apprex -
mately 500 days ef age were used. The chicken red blead cells ceuld be
washed and mes sured amd a"ter miximg with the sntisea ur, c euld be reneved
in their emtirety, lesvimg the sntiserum umchsm;;ed except fer the mermal
tissue materials that had been adserbed en theared cells. The guimes rig
anti aermal tissue and antitumer sxtigem-Ll serums ware mixed with 10
velummss ef packed chicken red bleed cells., The cells were suspended in
the serums by shalimy srd sllewed te incubste fer 20 minutes st 37® C.
This was repested a tetal ef 10 tires. Apgglutination ef the cells was
neted in the first fi ve er six adserptiens but became incressimrly less
urtil nene was ebserved after the severth acdserptien. Velumes ef 1L
milliliters fer the guimes piy amtinermal tissue serum srd 1l& milliliters
fer the guires pig sntitumer antigen-I.L1 serum were recevered. These were
first used in direct tests with nermal tissue antigen and tumer antigen-
L3. Vhen the titers ef the adserbed guinea pig anti serums wers cempared
te the titers ebtsined befers sdserptien, it wss evident, as shewn in

Table XXIV, that censiderable nermal tissue anti bedy hacd been remeved,

especislly frer the guinewu pip sntitumer serum. The reactien ef the
ruines pi,; sntitumer serum, remaining sfter adserptien, mizgnt be cue in
s reater prepertien t.o tumer s jent-acent antibedy reactien, which weuld
incresse its usefulness wher testing chicken serum Ter its ajent antibedy
centent., The enly metre- svailsble te determine if this were trus wes

the testimg ef chickem amtiserum believed te centaim asent santitedies.




TABLE XXIV

TITER OF GUINEA PIG ANTINORMAL TISSUE AND ANTITUMOR-L1 SERUMS BEFORE AND AFTER
ADSORPTION WITH CHICKEN RED BLOOD CELLS

e —— - - e = ) e e T e e e e e e . S A e ——————— e ——

_Antieerum

L NTOPB _ ) - TePS -1

Treatment Antigen Dilution 1: 2 1 4 1:8 1:2 1 4 1:8

Before TA -13 1:8 11.7 10.4 6.2 26.1 24.1 15.4
Adsorption

NTA 1:2 16.2 12.6 8.6 15,2 12.4 8.8

After TA -13 1:8 7.8 5.9 4,6 14,5 11.2 8.3
Adsorption

NTA 1:2 8.2 6.6 S.4 7.1 5¢3 4,0

91l
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The chicken antitumer se.ums whigh had given the hi ghest t iters when
tested with the umadserbed materials were agair tested, empleyvimg the
adserbed guinea pig antitumer serum im the tumer smd mermal tissue direct
resetiens. As shewm in Table XXV, little er ne chsmmge in the titer ef
the chicken serums ceulc be neted when cempared te the tito;‘s ebtaine d
when the umsdserbed smtiserum had been used im the direet resctiems.

The reducti n ef the smeunt ef fixatienm im the direct reactiens
indicated that the..cmcontration of mermal tissue smtibeldies was reduced
by adserptiemn with chiockem red bleed cells, but their remeval was net
cemplete. The similar titers ef the chiclen sntiserums with beth tl.e
nermal tissue and tumer direct resctiens cerclusively demenstrated that
the antibedies in the chicken antitumer s erums were specific fer mermal
tissue materials samnd met thFe tumer sgent. ThLis further emphasized the
absenee af tumer sgent sntibedies in the ehicken santitumer serums, and

the mesessity e ebtaining were purified resgents fer use in the preduec-

tien eof antiserums free eof nermal tirsue centaminatien.
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TABLE XXV

TITERS OF VARIOUS CHICKEN ANTITUMOR SERUMS WHEN ADSORBED GUINEA
PIG ANTITUMOR SERUM USED IN DIRECT REACTIONS

" Chieken Chicken _  Direct Reaction T
~__Antiserum = Fo, TA -L3 + TGPS -L1*  NTA 4 TGPS -L1*
_ e . Units -
TA -PT4 K1466C 1.7 1.8
K15131 | 1 » 5.0
TA -L4A K2P100 1.4 1.1
 ma-1eB xz2po3 _ 07 1.0
™ -14C  KzPe® 1.8 2.0
K5P49 2.1 2.6
TA -L5A  E2Pe9 1.6 1.4
K2P96 1.3 1.6
" 1a -15B KSP52 2.4 28
K1473% 3.3 2.9
TA -L5C K1414E, 1.2 0.8
" ta -L7a | K2Pe9 C2a 2.4
K2P98 1.1 1.4
 taA LB K14737 1.6 . 1.7 _
A -9 K1473L, 1.2 1.8
K1516L, 3.0 2.4
X600 30 3.4
TA -Lyl X256K 0.9 1.2
K1466M 1.7 2.1
K1511Hp 2.8 2.4
K620B 2.6 3e2 .

® Direct reaction used for testing chicken antitumor serums




VIII. SUMMARY

Avien visceral lymphomatosis, a malirnant diseass of chickens, is a
mjér economic problemn to the poultry industry. No effective method for
the cantrol of this disease is known. Genetic resistance sand isolation
procedures may influence the incidence of infection but are not practical
for large scale application. With the isolation of an infectious agent
(Furth and Breedis, 1933) and subsegquent developments in techniques appli-
cable to its characterization, the possibility of the development of a
test was consiéernd. The complement fixatian test was selected for use
in an attempt to develop such: a test.

The complanent fixation test, as used for routine lsborasterv diag-
nosis of various disesses, cannot be adapted to the testing of chicken
ser um. Antibodies produced in the chicken will combine with specific
antigen but the resulting complex is not capable of fixing camplement
(Rice, 194°b}. The indirect complement fixatim technigque must -
be employed. Attempts were made to conduct tests according to the
techniques described by Rice (19L46) and Mayer et al. (1947), in which
the complement is measured in terms of units which are calculated by the
use of the hemolytic slope. A consistent value for the slope could net
be obtained for identioal complement titratioms. The slope was alse
calculated fer a sreup of titrations when influenzs antigen or rabbit
anti-influenza serum was present, and a fourth group when both of these
rescents were present. 'When either the antigen or sntiserum was present,

slops values, considerably above the 0.20 piven by Mayer et al. (19L6D)

and Rice (156.,2) as the optima! value, were obtained, When both the
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sntigen and antiserum were present, the aversce of the determinations
was (0,21, but varied from 0.15 to 0.27.

Ire inconsistency of the slope values, which were used for the cal -
culation ef the units of fixation, necessitated the development of a
technique in which the s lope cslculation was not necessary. The deter-
mination of the titer of complement cons=i sted of testing varying smeunts
of the canplement and determining t he ameunt that weuld be needed to pre-
duce exactly 50 percent hemolysis. This could be done gquite @easily by
plotting the volume of canplement against the pe rcent of hemolysis. The
hemolysis wrs measured with ar electrophotcms ter snd since the loz scale
readings were prepertionesl to the hemolysis, the volume of complement
could be pletted directly against t hese readings. The amount of canple-
ment necessnry tm give 50 percent hemolysis when any reaction occurred
could be Jetermined in & s imilar rmnner. The actual plottirg of these
values was eliminasted by the preparation aof a tavle of proeporti-nal ity
values f'rom which the proportiormte ‘iistanc- between any two volumes of
corplement, where the amaunt necessary fer 50 percent hemolvsis fell,
could be determined fram the ele ctrophotometer readings. Ey determining
the amount of canplement necessary for £ > percent hemoly sis when s siven
resction wes prasent and dividing it by the complement unit value, the
number of units fixed by the reaction could be calcul ated.

Influenzs, normal tissue, and tumor antigens weres used ir the various
tests. These antigens were used for sntiserum preduction ir rabbits,
guinea pirs, chickens and ducks. Norml and infected chicken serums were

also used as antigens in tests snd f or ineculation.
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Influenza antig=r and antiserums were used to standardize the test
precedure., Isbbit anti-influenza serum was used in the original tests
and & direct test was standardized. when chicken influsnza antiserum
was tested by the incdirect technique, the smount of fixation was increased,
instead of decreased, over what had occurred in tne Zirect reasction, us
should have been the case if influenza antibecdies were present in the
chicken antiserum. This was found to be due to the reaction of hetere-
phile antigen in the chicken serum with specific sntivedies in the rabbit
anti serum. These sntibodies had been produced by hetersphile antigem in
the influenza antigen msterial and hsd originated from the embryes used
for the inf luenza virus propagstion. juinea pigs were “ount not to pro-
duce the heterephile antibodies, and the stercdardizatin of thLe * echnigue
was canpleted Ly the determimation of the eptimal times and temperatures
of incubation and the order in which the reazents were toc be adied.

The first tests on tumor meterials were made usimr infected chicken
serum as an antigen arainst guinea pig smti-infected chichen serum serume.
No reaction between these msterials ceuld be detected ancd liver tumer
extract was substituted as the sntigen for the infected chicken se um.
Slight reactions wer= noted but were not specific sirce similar reactions
could be ebtained with nomsel tissue antigen. Juire: pig antiserums,
preduced with normal tissue and tumor antigens, wers tested using mermal
and infected chicken serums as santigens, and agesin sli-ht reactions were
roted but were feund t o be due to normal tissue materials. It was, there-
fere, concluded that the concert ratior of the agent in infected chicken ser um

wss net sufficient to stimulate antibody formation im the guinea p_ig or te

act as specific antizen in the presence of tumor guinea pi; santiserum.



The stan'dardizntinn of & direct resction with which the chicken
ant itumor serums could be tested had to take into consideratisn the pre-
sence of normal tissue resctions. Guinea pig antitumor serum wes tested
against normal tissue antipgen and by comparing its ti ter with the titer
ef guines pig mntinomal tissue serum, the normal tissue antibeody con-
tent of the guirnes pig antitumer serum was determined. Tumer antizenm
was then uwsed for testing these antiserums, and considerabl greater
reaction was noted with the guines pi, antitumer serur. tham with the
cuinea pig antinormal tissue serum. This indicated the presemce aof a
specific reaction between the tumer rea.:emnts other than that which could
be acceunted for by the nerma. tissue materials. Tlhis specific reaction
was considered due to one of twoe systems -- either the agent and its
sntibedy, or tumor cell canponents and antibodi es specific for then.,

Chicken antitumor serums were tested with & standerdized tumer
direct resction employing tumor antigen and guines pi; antitumer serum.
The chicken serun titers, althouzh quite lew, showed that antibedies
were presemt and had insctivated a portion of the antigen. Normml tissue
sntigem was substituted fer the tumoer antigen in the direct reaction and
the chicken antiseruns sgein tested.,. The indirect titers obtsined were
almost identical with those found when the tumer sntigen had been used.
'I’ht.;s, the antibedies in the tumer chicken antiserum hsd apparantly been
produced as a8 result of normsl tissue stimulation. A normal tissue reac-
tion had not been expected. .hean guineas pi:s were inoculeted with tuner
antigen, antibedies ether than the ncrmsl tissue tvpe had been preduced,
but with the ineculsti-n Af chickens, little or no normal ticsue resction

had been exp-cteds The imeculatix of normal chicken tissue inte its

4 Chm




homeloegeus hest was considered muct less likel: to stimuls te sntibedy
preductisn than would the prrsence of tumor cell cemponents er tumer
sgent which would be considered fereigrn material. As a check en this
finding, antiserums from chickens which head baen inoculated witl noermal
tissue antigen were titrated. Approximatelv the same titers were ob-
tained for the chicken sntinermal tissue serums with either the tumer er
nerral tissue direct reaction, and were of approximately the same mazni-
tude as the titers of the cliickem anti tumer serums. It wes, therefere,
corcluded thet the lymphematesis arent in the tumor sntigern had not
stimulated antibody o»roduction in the chicken.

Ducks were inecu ' at-: with tumer anc normsl tissue antigpem, and
infected and normal chicken serums. %Le tumor and nomal tisrue santi-ens
stimulatad sntibody forrati~on, bul as ha ' been foeund with the cricken
sntiserums, & res cti-n with tumer antigen wss accempanied by 2 similar
reaction with nermel tissue arntigren. The duck antji-infected and =ntd -
nerral chicken serum serums ajiled to exhibit anv rescti-r, indicsting
the cemplete absence of antibedy formatioen.

The infected chicken serum, previously used a«s sn sntiier, wes
tested by the irdirect methed. This serum could hseve resctsad in either
of ﬁo ways., If entibeties hsed been formed during the advance il stsges
o® tumer devaleopment, they mirht inhibit the re-sctior of the s ent with
guinea pig antibecdies. ‘he secand resctioen could srise if ar-ent were
pr~sent which would rel;. ct with sntibedies in the guines pig, esntiserum,
and in this way,. also irhibit the rasction eof the antigen s:¢ sntibedy
" the direct test. This second pessibility was eliminate? whnen the

infected chlicker. s~rum hsd been used as an anticen in Jdirect tects;




therefore, if an indirect titer were ebtzinel for the infectes chicken
serum, it would have been -ue to the prasence o s, ent antibedies, This
wss not the case, howevear, since no sntibedies could te -“etact~) when it
was tested in the indirect reaction.

A group of %tumor antigens wes prepared using varinus centrifugati-n
precedures in an attempt %> procude a suspension of the a-ent whiclh weuld
stimuls te specific antibody formati > when inoculsted inte chickens. The
chicken antitumor serurs preparel with t e exhibited varying degrees of
resctivitv when tested with direct reactiosns emgployving tumor sntizen.

The titerc runsed from el to 3.8 unites, but ss had bean found in all
previous tests of this tne, & reasctiwm witl tle tumor #nti_en was scem-
panied by 8 similsr reacticn s airnst rornal tissue santigen. alsorpt Hn
of the -uinesa pir artituror serum with normal chickern re«d tSioed cells
removed a poertion of the norme 1 tissue antibodies but Adid not facilitate
the detection of szent sntibedies in the chicken wntitumer s=srumse. “ream
these findingrs, it veés corrclul=ld thst th= chickens hsd producsc normal

tissue antibodies bu* none which were spe=ci” iec for the a ent of viscera.

()

lymphoratesis, =2 7 *'a revelopmant of a canyplement fixatinn test ig

derendent upoen *le eliminati-n o %“.e norral tissue raterisls,

.
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CONCLUS IONS

1« The hemolvtic slope value shows wide variat ion and changes in
the presence of various test reagents, making it unsuitable for use in
the calculation of the amounts of complement fixed.

2. Complement fixation, Jetermined rraphically in terms of milli-
liters of undiluted complement, can then be converted to units and
eliminate the use of slope calcula*ions.

3. dhen the test amtiren contains chicke~n tissue material, rebbits
can not be used for the production of complerent fixing antiserum, due
to the formation of hLeterophile antibodies which rvact with the hetero-
phile antiren of the chicken serum. Guinea niys <o not form this
antibor,

. Infected chicken serwun does not stimulate the production of
agent antibodyv formetion in zuinea pigs, and fails - give a specificé
reaction when tested with tumor :uinea pir antiserum.

5. Tumor antigen stimulates thé formation of antibodies in guines
pizs whiich are cdistinguirheble from normal chicken tissue antibolies,
but are apparently due to the presence of tumor cell ocomponents and not
the tumor agent.

6. The inoculation of chickens witlh tumor antirens stimulaetes the
formation of sntibodies which resct similarly with tumor antigen or
normal tissus antigen, and there is no evidence of the production of

tumor agent antibodies.




7. The utilizaticn of the complement fixsti & test in the detec-
tion ef the agent of avian viscersl lymphemateosis will depend upen the
develepment of techmiques fer the incressed purificsti »n sn? concent ra-

tion ef the a ;ent.
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