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ABSTRACT
The proliferative response of lymphocytes to mito
gens is commonly used as an in vitro test to evaluate
immunological status.

Marek's disease is a neoplastic

disease of chickens caused by a herpesvirus and is associ
ated with a depressed immune status.

This disease is of

special interest because it can be prevented by vaccination.
This study evaluated the mitogenic responsiveness
of splenocytes and peripheral blood lymphocytes from chicks
developing Marek's disease and chicks protected by vaccina
tion.

Experiments were designed to study the PHA and Con A

responses as a function of time.
These studies show that splenocyte responses to both
mitogens were depressed in the disease.

Peripheral blood

lymphocytes from chicks developing the disease often had
increased responses to Con A while responding normally to
PHA.

This resulted in decreased PHA/Con A ratios in the

peripheral blood lymphocytes from chicks developing Marek's
disease.

Reduced responses to PHA by peripheral blood

lymphocytes were observed late in the course of the disease.
Normal mitogenic responsiveness was obtained from chicks
protected from Marek's disease by vaccination with the
herpesvirus of turkeys.

ix

INTRODUCTION
Neoplasia is the pathologic process that results
from a progressive proliferation of abnormal cells.

Condi

tions which are associated with the development of neoplasia
include genetic predisposition, exposure to ionizing radia
tion, contact with chemical carcinogens, and infection with
oncogenic viruses. The circumstances which produce neoplasia
!
and methods to prevent proliferation of neoplastic cells are
.

the subjects of much research in a variety of disciplines.
Viruses have been associated with neoplastic disease
for more than 60 years.

In 1911, Rous (1) was able to pro

duce a solid tumor in chickens with a filterable agent.
Vira11y-indueed neoplastic diseases are now known in a
large number of species, including primates (2).

The herpes

viruses and leukoviruses are the major viral groups that
produce malignant tumors in their natural hosts (3).
Tumors induced by oncogenic viruses possess neo
antigens that are found on other tumors induced by the same
virus, but not on normal cells (4).

Neoantigens were first

demonstrated by transplantation work and consequently re
ferred to as tumor specific transplantation antigens (5, 6).
The theory of immunological surveillance states that cells
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with foreign antigens are normally eliminated by the host's
immune system (7).

Neoplastic disease results from some

failure of this immune function.

This failure could be the

result of immune enhancement, in which the neoantigens are
hidden by a specific antibody; or immune suppression, in
which the normal functioning of the immune system is interferred with by some physical, chemical, or biological means;
or some other mechanism (8).
Virally-induced diseases are often associated with
a suppression of the immune system (9, 10).

Payne (11) sug

gests that there are three possible relationships between
virally-induced neoplastic diseases and virally-induced
immunosuppression: viral interference with immune mechanisms
is necessary to the emergence of the neoplasia; the neo
plastic changes result in a depression of the immune system;
immune depression and neoplastic disease are independent.
The competency of an animal to mount an immune re
sponse can be measured in vivo by techniques which measure
antibody production and delayed hypersensitivity.

Immuno-

depression is also studied in vitro by techniques which
determine antibody production and correlates of cellmediated immunity.

In vitro correlates of cell-mediated

immunity include the macrophage migration inhibition test,
cell-mediated cytotoxicity test, and lymphocyte stimulation
test (12, 13, 14).

Macrophage migration inhibition measures
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the reduction of macrophage movement caused by products of
antigen activated T lymphocytes.

Cell-mediated cytotoxicity

determines the extent of target cell killing by sensitized
T cells.

The lymphocyte stimulation test measures the

transformation of small lymphocytes into lymphoblasts.

The

response of the lymphocyte stimulation test is quantitated
by direct counting of blast cells, or by the measurement of
incorporation of an isotopically labeled precursor into
cellular protein or nucleic acid.
lymphocyte stimulation tests.

There are two types of

The specific test measures

antigen-induced transformation of lymphocytes from an
animal sensitized against the specific antigen.

The non-

specific test measures the response of lymphocytes to mito
gens.
The nonspecific lymphocyte stimulation test de
veloped in the early 1960s from observations by Nowell (15)
that phytohemagglutinin (PHA), a glycoprotein extracted
from beans, would cause small lymphocytes to transform into
blast cells and to undergo mitosis.

Subsequently, other

plant extracts, such as concanavalin A (Con A) and pokeweed
mitogen (PWM), were found to have mitogenic properties, as
were certain bacterial extracts such as the lipopolysaccharide (LPS) of some gram negative organisms.

Some .

mitogens were found to have differing abilities to cause
transformation of subpopulations of lymphocytes (16, 17,

18, 19).

PHA and Con A stimulate T cells; LPS stimulates

B cells; and PWM stimulates both T and B cells.

More

recently, subpopulations of T cells in the mouse have been
found to respond to PHA and Con A differently (20, 21).
One population of T cells responds equally well to both
PHA and Con A, has a high density of 9 determinants, is
relatively sensitive to radiation, recirculates in the body,
is located in the lymph nodes and spleen, and functions as
the amplifier cell in graft versus host reactions.

The

second population of T cells responds to Con A much better
than to PHA, has low 9 density, is relatively resistant to
radiation, is located in spleen and. bone marrow, is relative
ly sessile, and functions as effector cells in graft versus
host reactions, as killer cells in cell-mediated cytotox
icity reactions, and is required for synthesis of DNA in
the specific antigen lymphocyte stimulation test.
The mitogenic responsiveness of lymphocytes has been
found defective in a number of immunodeficiency diseases
(22, 2 3 ) , viral infections (24, 25, 26, 27) and neoplastic
diseases (28, 29, 30, 31).

The lymphocyte stimulation test

is a useful technique to study immunosuppression in
virally-induced neoplastic diseases.

A disease which is

economically important as well as a model of neoplastic
disease with an immunosuppressed character is Marek's
disease.

'

.

■
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Marek’s disease is a common lymphoproliferative
disease of young chickens which is caused by a herpesvirus
(32, 33, 34, 35, 36).

Chicks with Marek's disease may

exhibit paralysis, often of a single limb, or may die with
out paralytic symptoms after a period of dehydration,
emaciation, nonmobility and weakening vitality.

Lymphoid

tumors can occur in the gonad, spleen, kidney, heart, nerve
and other organs of diseased birds.
another common finding.

Lymphocytosis is

:

Small lymphocytes and a pleomor

phic population of lymphoid cells are the major cell types
in the tumors and nerve lesions associated with Marek's
disease (37) .
Marek's disease is considered neoplastic on the
basis of the progressive proliferation of lymphoid cells
(33).

Two theories to explain the lymphoid proliferation

in this disease are the intrinsic and the extrinsic models
(35).

The intrinsic model views the lymphoid proliferation

as a result of oncogenic transformation of lymphocytes by
the herpesvirus of Marek's disease.

The extrinsic model

explains the proliferation as a result of an aberrant immune
response resulting from a chronic viral infection.

The

intrinsic model has been supported by the greater amount
of experimental evidence.

Viral particles can be induced

in lymphoid tumor cells by prolonged culturing in vitro
(38) or culturing in the presence of PHA (39).

Lymphoid

tumors contain DNA which can hybridize to viral RNA probes
(40).

Lymphoid tumor cell lines can be established in vitro

(41, 42) and in vivo (43), and these cells contain hybridizable viral DNA (44).

The extrinsic and intrinsic models

are not mutually exclusive and both processes may contribute
to the pathogenesis of Marek's disease.
Functions of the thymus dependent and bursa depend
ent limbs of the immune system are depressed in chickens
with Marek's disease.

Chickens with the disease have de-^

creased antibody responses to a variety of antigens (45,
46).

Marek's disease also causes delayed skin graft rejec

tion (11, 46, 47), and reduced skin tests to tuberculin
(11).

Splenocytes from chickens with clinical Marek's

disease have reduced responses to mitogens (48, 49, 50, 51).
The depression of mitogenic responsiveness is not related
to decreased cell viability during culture (51).

Lymphoid

cells from tumors are totally unresponsive to mitogenic
stimulation (49).
The development of Marek's disease is complex and
is related to the genetic background of the chick (52, 53,
54, 55), the age at which the chicken contacts Marek's
disease virus (MDV; 56, 57, 58), the dose of virus (59),
and the virulence of the virus (60).

Resistance to Marek's

,disease can be provided by previous contact with low viru
lence MDV (61, 62, 63, 64), or vaccination with the

herpesvirus of turkeys (HVT; 65, 66, 67, 68).

Marek's

disease virus can be isolated from most flocks of domestic
chickens (69), as well as feral red jungle fowl of Malaya
(70).

Most chickens become infected with MDV, although, only

a small percentage of birds develop the disease under
natural conditions (71).

The virus persists in infected

birds regardless of whether or not the birds develop the
disease (72, 73, 74).

Birds that have been vaccinated with

HVT can be superinfected with'MDV (75, 76).
■

-

The level of

-

viremia of MDV is lower in vaccinated chicks than in non
vaccinated chicks (75).
Chicks can be protected from the development of
Marek's disease by passive transfer of immune spleen cells
(77).

Chicks with maternal antibody against MDV (78) and

chicks given antibody passively (79, 80), have reduced
frequency and delayed onset of Marek's disease.

The titer

of neutralizing antibody correlates with the degree of pro
tection from development of the disease (81), especially
when the virus is injected in a cell-free form (82).

In

fected chicks develop antibody to the virus. As many as
six precipitin lines can be detected in double diffusion
agar precipitation tests using sera from infected chickens
and antigens from infected tissue culture cell homogenates
(83). .Other tests to detect antibody include virus neu
tralization (84), indirect fluorescent antibody (85), and
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complement fixation (86).

Antibody of the IgM class can be

detected as early as five days; IgG can be detected at 7-8
days (87).

The herpesvirus of turkeys cross reacts sero

logically with MDV, but the two viruses can be distinguished
by absorbed antisera (88).
Bursectomy has no effect on the susceptibility of
chickens to develop Marek's disease (89, 90, 91,.92, 93).
Thymectomy results in a greater susceptibility to the
development of the disease (94).

Chicks develop delayed-

type hypersensitivity to Marek's disease antigens as
determined by skin tests (95).

Little work has been done

on in vitro correlates of cell-mediated immunity in the
Marek's disease system.

Most of the proliferating lymphoid

cells in Marek's disease lesions (96, 97, 98) and cell
lines established from Marek's disease tumors (42, 98),
have T cell specific antigens.

The T' lymphocyte appears

to be both the target cell for oncogenic transformation
and the cell type involved in protection from the develop
ment of Marek's disease.
Marek's disease was the first naturally occurring
neoplastic disease for which an effective vaccine was
developed (34).

Chicks are commonly vaccinated with the

herpesvirus of turkeys on commercial poultry farms.
Chicks can also be protected against the disease by im
munization with cellular membranes from infected fibroblast

cultures (99, 100) or glutaraldehyde-treated lymphoid cell
lines from Marek's disease tumors (101).
contain different antigens.

These preparations

The infected fibroblasts have

virally-induced antigens, but no tumor antigens (83).

The

lymphoid cell lines have a tumor-associated surface antigen,
but not the virally-induced antigens found on infected
fibroblasts (102).

From the results of immunization

experiments, a two-step model of resistance to Marek's
disease has been postulated (36).

The first step is initial

resistance to multiplication and spread of the virus by
immune mechanisms against viral antigens; the second step
is the immunological rejection of tumor cells. Vaccinated
chicks or chicks that had maternal antibody would be able
to contain and slow the virus in the first step.

Suppres

sion of the immune system would enhance the development of
Marek's disease.
There is a relationship between immunosuppression
and the development of Marek's disease.

It is not known

whether this relationship is causal, consequential or
independent of neoplastic changes. More work is needed on
the chronological development of immunosuppression in
Marek's disease.
The purpose of this study is to extend the observa
tions of mitogenic responsiveness in the Marek's disease
system.

This will be attempted by

1) extending the
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studies of mitogenic responsiveness to blood lymphocytes,
2)

comparing the mitogenic response of infected chicks

with uninfected chicks at various time intervals, and
3) determining alterations in PHA/Con A ratios as a possible
indication of changes in subpopulations of lymphocytes
during the course of Marek's disease.

MATERIALS AND METHODS
Preparation of Reagents
Marek's Disease Virus
The GA strain of Marek's disease virus (103) was a
gift from Dr. E. W. Marty, Jr.

The virus was obtained as

a 50 percent suspension of heparinized chicken blood in
dimethyl sulfoxide, frozen in liquid nitrogen.

The suspen

sion was rapidly thawed and diluted 1:5 in Marek's Disease
Vaccine Diluent (De Kalb Ag Research, Inc., De Kalb, Illinois).
The preparation was kept on ice until used.
Herpesvirus of Turkeys
A commercial preparation of the FC 126 strain (104)
of the herpesvirus of turkeys in a cell-free lyophilized
form was obtained from the manufacturer (Herpevax, American
Scientific Laboratories, Madison, Wisconsin).

A thousand

dose vial of the vaccine was reconstituted in 200 ml of
diluent (Diluent for Rehydrating 1,000 Doses of Marek's
Disease Vaccine, American Scientific Laboratories).
diluted vaccine was kept on ice until used.
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The

Culture Medium
Culture medium consisted of RPMI 1640 (Gibco, Grand
Island, New York) to which HEPES buffer was added to a
final concentration of 10 mM (see Appendix A) and gentamicin
sulfate (Sobering Corporation, Kenilworth, New Jersey) was
added to a final concentration of 0.0825 mg per ml (see
Appendix A).

No serum supplement was used.

Mitogens
Phytohemagglutinin (PHA-M, Gibco) was prepared as a
10 mg per ml stock solution in water and diluted to appro
priate concentrations, ranging from 250 to 1,000 yg per ml,
in complete medium. .Concanavalin A (Con A, Sigma Chemical.
Company, St. Louis, Missouri) was prepared as a stock solu
tion of 1 mg per ml in complete medium and diluted to
appropriate concentrations, ranging from 6 to 50 yg per ml,
in complete medium.

The optimal concentrations for un-

separated PEL were 50 yg per culture for PHA and 1.2 yg per
culture for Con A.

The optimal concentrations of mitogen

for separated PEL were 50 yg per culture for PHA and 0.6 yg
per culture for Con A..-. The optimal concentrations of
mitogen for splenocytes were 25 yg per culture of PHA and
1.2 yg per culture for Con A.
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Animals
Care of Animals
White leghorn chicks of both sexes were obtained
from the University of Arizona Experimental Poultry Farm on
the day of hatching.

The chicks, were housed in pens inside

plastic positive pressure isolation chambers.

The birds

were fed chick starter mash and tap water, ad libitum.
Injection of Virus
Chicks were injected subcutaneously with 0.2 ml of
the appropriate virus suspension in the back of the neck.
Procedure for Assaying Organ Weights and
Changes in Peripheral Blood Lymphocytes
Body and Spleen Weights
Chicks were weighed while alive on an animal scale
to the nearest 0.1 gram.

Spleens were weighed to the near

est 0.01 gram.
Blood Counts
White blood cell counts were made by diluting
heparinized blood 1:50 in Natt-Herrick's Solution (105; see
Appendix A) and counting on a hemocytometer at 45OX magnifi
cation.
Differential counts were made of. Wright stained
blood smears.

One hundred leukocytes were counted for

each differential slide under 1,000X magnification.
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Procedure for Collecting Lymphoid Cell
Populations for Assay
Unseparated Peripheral
Blood Lymphocytes
Cells for the unseparated peripheral blood assay
(106) were obtained by bleeding chicks fromthe heart into a
heparinized syringe.

The final concentration of heparin

was approximately 10 U per ml.

The blood was immediately

diluted 1:80 in complete medium and kept on ice until placed
in culture.
Separated Peripheral
Blood Lymphocytes
Cells for the separated peripheral blood lymphocyte
assay were obtained by bleeding chicks from the heart into
a heparinized syringe.

The blood was diluted with an equal

volume of cell balanced salt solution (see Appendix A) and
layered over a one-half volume of Ficoll-Diatrizoate gradi
ent (Ficoll-Paque, Pharmacia Fine Chemicals, Piscataway,
New Jersey).

The gradients were centrifuged for 20 minutes

at 250 g on a PR-J centrifuge (International Equipment
Company, Needham, Massachusetts).

The lymphocyte layer at

the interface of the gradient was carefully removed with a
Pasteur pipette.

The cells were washed twice in cell

balanced salt solution and counted on a hemocytometer using
trypan blue as an indicator of viability.

An appropriate
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volume of cells was centrifuged and the pellet resuspended
in complete medium to give the desired volume at a concentra7

tion of 1 x 10

.

viable mononuclear cells per ml.

Separated Splenocytes
Spleens were aseptically removed from chicks and
placed into 20 ml of cold cell balanced salt solution.

The

spleens were weighed and then made into a single cell suspen
sion by passing through a stainless steel grid.

The spleen

cells were layered over a Ficoll-Diatrizoate gradient and
collected in the same manner as described for blood lympho
cytes .

The splenocytes were resuspended to a concentration

of 2 x 10^ viable mononuclear cells per ml in complete
medium.
Procedure for Culturing Lymphoid
Cell Populations .
One-tenth millileter volumes of appropriate mitogen
solutions in complete medium were added to the wells of
microtiter plates (Microtest II, Falcoln, Oxnard, Cali
fornia) .

The appropriate cell suspension was then added to

the wells in 0.1 ml volumes. All determinations were done
in triplicate.

'

The cultures were covered and placed in a controlled
atmosphere culture chamber (Bellco Glass, Vineland, New
Jersey) containing a mixture of 5 percent CO 2 and 95 percent
air.

The cultures were incubated at 37° for 48 hours.
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Cultures were pulsed at 48 hours with 0.5 yCi of
3 '
3
H-thymidine ( HTdR, Amersham/Searle Corporation, Arlington
Heights, Illinois, 5 Ci per mM) in a volume of 0.05 ml.
Procedure for Assessing the Incorporation
of ^H-Thymidine in the Lymphocyte Stimu
lation Test
—
.• .’
Cultures were harvested at 72 hours using a Chap-100
semi-automated harvesting device (Adaps, Inc., Dedham,
Massachusetts).

The contents of each well was transferred

onto glass fiber pads, followed by a wash with approximately
5 ml of saline and a wash with approximately 2 ml of abso
lute methanol.

The glass filter pads were allowed to dry

and then placed into glass scintillation vials.

Five milli

liters of a PPO-POP scintillation cocktail (see Appendix A)
was added to each vial.

The vials were counted on a

Packard Tri-Carb Liquid Scintillation Spectrometer (Model
332, Packard Instrument Company, La Grange, Illinois) for
one minute at appropriate settings for. tritium (see
Appendix A ) .
Experimental Design and Statistical
Analysis of Data
A preliminary experiment was done to determine the
efficacy of the GA strain of Marek's disease virus to. pro
duce Marek's disease in outbred white leghorn chickens.
This study used four control chicks and seven chicks
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inoculated with Marek's disease virus at one day of age.
Chicks were observed daily for clinical signs of Marek's
disease.

The experiment was terminated at 4.5 weeks when

four of seven chicks developed the disease.
A second study determined cellular changes and responsiveness of peripheral blood lymphocytes to mitogenic
stimulation in chicks with Marek's disease and chicks pro
tected against the disease by vaccination with the herpes
virus of turkeys.
were employed.

Five groups, containing six chicks each,

The groups consisted of: 1) control chicks

receiving no virus, 2) chicks vaccinated with the
herpesvirus of turkeys at one day of age, 3) chicks in
fected with Marek's disease virus at one day of age, 4)
chicks given Marek's disease virus at 18 days of age, 5)
chicks vaccinated at one day of age and infected with Marek's
disease virus at 18 days of age. Medium and mitogens were
prepared for the entire study and stored frozen at -20° C
until u s e .

Leukocyte counts and mitogenic response in

unseparated peripheral blood were determined weekly from
2.5 weeks of age to ten weeks of age.

At ten weeks,

mitogen responsiveness of the separated peripheral blood
lymphocytes and separated splenocytes from surviving chicks
was ascertained.
To check the responses of the various lymphoid
populations at an earlier time, a third study was done to
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determine the effect of Marek's disease on the mitogen
response.

This experiment employed six chicks given Marek's

disease virus at one day of age and six control chicks.
Data from all studies were prepared for analysis
in the following manner.

The geometric mean of triplicate

cultures was transformed to log^Q counts per minute.
Logarithmic transformation was also used for leukocyte
counts and body weights.

Stimulation indices were calcu

lated as the log counts per minute in mitogen stimulated
cultures minus the log counts per minute in cultures with
out mitogen.

PHA/Con A ratios were calculated as the log

counts per minute in PEA stimulated cultures minus the log
counts per minute in Con A stimulated cultures.
Data was analyzed by analysis of variance (107)
multiple discriminant analysis and multiple regression
analysis (108).

See Appendix B . Multiple discriminant

analysis and multiple regression analysis were done on a
Control Data Computer, Model 6400, using programs provided
by Dr. L. M. Kelley, Department of Microbiology and Medical
Technology, The University of Arizona.

RESULTS
Clinical Signs and Mortality
Three experiments were done over a period of six
months.

Each of these experiments was designed to answer

certain questions, therefore the experimental design of each
was somewhat different.

In each experiment, data concerned

with mortality and clinical signs in chickens with Marek's
disease appeared to be consistent and may be discussed as
follows.
All unvaccinated chicks infected with MDV either
died of Marek's disease or were killed for experiments.
Mortality due to Marek's disease began at about four weeks
after injection of the virus and continued through the
eighth week.

The mean survival time in birds infected at

one day of age was 47 days.

Chicks developing Marek's

disease had clinical signs of disease which included
somnolency, emaciation, immobility and occasional paralysis.
These signs lasted from a few days to a week or more before
death.

There were no clinical signs or mortality due to

Marek's disease in vaccinated chicks that were given MDV at
2.5 weeks, chicks given only the HVT vaccine or uninjected
chicks.
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Gross lesions occurred in all unvaccinated chicks
infected with MDV.
gonad and liver.

Lesions were most common in the kidney,
Effected organs were enlarged and had a

whitish discoloration.

White nodules were occasionally

seen in the spleen, liver and heart.

Bursal atrophy

occurred in some birds with the disease.

Enlarged nerves

were not commonly seen in these experiments.
Table 1 compares body weight of infected chicks
with other groups pf chickens.

Chickens developing the

disease were lighter than uninjected chicks at 4.5 weeks
and at ten weeks (p < .05).
Table 2 shows spleen weight to body weight ratios
for the various groups of chickens.

Birds developing

Marek's disease had increased spleen weight to body weight
ratios compared with uninjected birds (p < .05).
Table 3 shows leukocyte counts in the groups of
chicks.

Birds developing Marek's disease had increased

leukocyte counts at both 4.5 and ten weeks (p < .05).
Sequential Study of Mitogen Response in
Unseparated Peripheral Blood Lymphocytes
Once it was determined that the GA strain of MDV
caused a high frequency of Marek's disease in white leghorn
chicks, an extensive experiment to determine the alteration
of PEA and Con A induced DNA synthesis in MDV-infected birds
as a function of time after infection was done,

Leukocyte

21
Table 1.

Body weights of white leghorn chickens as a
function of time after infection with Marek's
disease virus.

Treatment

4.5 Weeks

10 Weeks

None

228 ga (205-244)b

536 g (482-570)

HVT

623 g (523-710)

HVT Plus MDV

516 g (436-643)

MDV at 2.5 Weeks

450 g (361-577)

MDV at 1 Day

149 g (120-203)

^Geometric mean, in grams.
bRange.

"

cNot done; no chicks surviving at ten weeks.

NDC
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Table 2.

Spleen weight to body weight ratios of white
leghorn chickens as a function of time after
infection with Marek's disease virus.

Treatment

4.5 Weeks

None

1.39a (1.09-1.59)b

10 Weeks
. 1.45 (1.17-2.02)

HVT

1.56

(1.20-1.77)

HVT Plus MDV

1.69

(1.10-2.55)

MDV at 2.5 Weeks

5.91

(1.26-15.1)

MDV at 1 Day
a

Geometric mean x 10

5.37 (2.85-7.51)
-3

bRange.
"Not done; no chicks surviving at ten weeks

NDC
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Table 3.

Leukocytes per cubic millimeter in peripheral
blood of white leghorn chickens as a function
of time after infection with Marek's disease
virus.

Treatment

4.5 Weeks

10 Weeks

None

13,020a (9,250-15,750)b

26,571 (22,000-33,500)

HVT

23,078 (16,750-31,625)

HVT
Plus
MDV

25,480 (19,750-37,375)

MDV at
2.5 Weeks

40,523 (27,250-59,625)

MDV at
1 Day

44,412 (21,250-87,750)

NDC

^Geometric mean.
b

Range.

cNot done; no chicks surviving at ten weeks.
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counts were also obtained in order to follow a clinical
sign of the disease.

Chicks, were infected with MDV at one

day or 2.5 Weeks or vaccinated at one day and challenged
at 2.5 weeks of.age.

Appropriate controls consisted of

vaccinated birds that did not receive MDV and uninjected
birds.
Figure 1 compares the leukocyte counts as a function
of time in the various groups of chicks.

Chicks developing

Marek's disease developed leukocytosis by 4.5 weeks compared
to uninjected controls (p < .05 at each time period).
Vaccinated chicks given Marek's disease virus had signifi
cantly elevated leukocyte counts at 4.5 weeks (p < .05), but
counts were not significantly different from vaccinated
controls at any other time period (p >0.05).
Figure 2 shows the PHA responses of the various
groups of chicks as a function of time.

At 2.5 weeks, PHA

responsiveness was significantly elevated in groups given
MDV or HVT compared to uninfected controls (p < .05).

By

3.5 weeks both groups of chicks had CPM similar to control
birds.

PHA response increased in uninjected chicks between

2.5 and 4.5 weeks, possibly indicating the development of
PHA responsive cells in the peripheral blood of young
chickens.

PHA responsiveness was significantly depressed

in chicks with Marek's disease at 6.5 weeks (p < .05).
This depression in PHA responsiveness coincided with the
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Changes in leukocyte count as a function of age
in Marek's disease virus infected and non
infected white leghorn chickens. -- • -uninjected,
O-HVT,
6 -HVT plus MDV, a -MDV given at
2.5 weeks,
■ -MDV given at 1 day. Vertical lines
represent 95 percent confidence intervals of un
inj ected controls.
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Changes in the uptake of HTdR as a function of
age in PHA stimulated unseparated peripheral
blood lymphocyte cultures obtained from Marek's
disease virus infected and noninfected white
leghorn chickens. -S-uninj ected, O-HVT,
&-HVT plus MDV,
a -MDV given at 2.5 weeks,
■ -MDV given at 1 day. Vertical lines repre
sent 95 percent confidence intervals of unin
jected controls.
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time of maximum mortality from Marek's disease in this group
of chicks.

PHA responsiveness in groups not developing the

disease was similar to uninfected controls.
Figure 3 shows the Con A responses of the various
groups of chicks as a function of time.

Responsiveness to

Con A was significantly increased in groups given MDV or
HVT at 2.5 weeks compared to uninjected controls (p < .05).
Response to Con A increased in uninjected birds between 2.5
and 4.5 weeks.

Inspection of the data indicated several of

the chicks developing Marek's disease had increased Con A
induced DNA synthesis in conjunction with normal or reduced
PHA induced DNA synthesis.

The correlation coefficient

between Con A responsiveness and time to death from Marek1s
disease was -.42.
Figure 4 compares PHA/Con A ratios in normal birds
and chicks developing Marek1s disease.

There was an in

crease in. the ratio as a function of time in normal birds
(correlation coefficient of .63), possibly an indication of
changes in subpopulations of T cells in the peripheral
blood of maturing chickens.

Considerable variation in the

PHA/Con A ratios occurred in chicks developing Marek's
disease.

There is a trend for these birds to-have lower

PHA/Con A ratios.
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Changes in the uptake of HTdR as a function of
age in Con A stimulated unseparated peripheral
blood lymphocyte cultures obtained from Marek's
disease virus infected and noninfected white
leghorn chickens. -# -uninjected,
O -HVT,
A -HVT plus MDV,
a-MDV given at 2.5 weeks,
m -MDV given at 1 day. Vertical lines repre
sent 95 percent confidence intervals of unin
jected controls.
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WEEKS OF AGE
Figure 4.

PHA/Con A ratios as a function of age in un
separated peripheral blood lymphocyte cultures
obtained from Marek's disease virus infected
and noninfected white leghorn chickens.
• -geometric mean of uninjected group,
■ -individual birds that received MDV at 1
day of age. Vertical lines are one standard
deviation of the noninfected group.
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Studies Comparing the Responses of Different
Lymphocyte Sources Towards Mitogens
Prior to the conclusion of this experiment (week 10),
all chicks infected at one day of age with MDV had died of
the disease.

Four of six unprotected chicks infected with

MDV at 2.5 weeks remained alive.

Surviving chicks were

killed and lymphocytes obtained from spleen and blood were
evaluated for their ability to respond to PEA and Con A
stimulation.
Figure 5 shows mitogen-induced DNA synthesis in
splenocyte cultures from the various groups of chicks.
Chicks infected with MDV had reduced responses to both PHA
and Con A.

Chicks protected with the HVT vaccine had a

slightly reduced response compared with uninjected controls
or chicks that received just the vaccine.

The same trends

were evident when evaluated by uptake of thymidine or by the
stimulation index.
Figure 6 shows mitogen responsiveness obtained from
separated peripheral blood lymphocytes (PEL) from the vari
ous groups of chicks.

Cells obtained from chicks infected

with MDV had reduced responses to both PHA and Con A.
The challenged group had slightly reduced responses to PHA,
but were normally responsive to Con A.

Similar trends were

obtained when evaluated by stimulation indices.
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Response of splenocytes from Marek's disease
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are one standard error.
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Figure 7 shows mitogenic responsiveness in un
separated PEL.

Responses, to both mitogens were similar in

all groups of chicks at this time.
Table 4 summarizes the PHA/Con A ratios for splenocytesand PEL.

Results from unseparated peripheral

blood

lymphocytes do not agree with separated peripheral blood
lymphocytes or splenocytes.

This may reflect differences

in the distribution of cell types within the different
sources of cells or alteration of cell types by separation
techniques.
To check these results at an earlier age, a third
experiment was done.

Birds were infected with MDV at one

day and the experiment was terminated at 4.5 weeks.

Spleen,

separated PEL and unseparated PEL were assayed at this time.
The results of this experiment are shown in Figure
8.

As

in the previous experiment, splenocytes from infected

chicks had reduced responses to both PHA and Con A compared
with uninjected controls.

Both separated arid unseparated
3
PEL had similar amounts of uptake of HTdR in infected and
control birds with the exception that PHA responsiveness

was higher in separated PEL from infected birds.

In con

trast, infected birds had reduced stimulation indices at
this time.

"

Table 5 gives the PHA/Con A ratios observed in this
experiment.

Comparison of Table 4 and Table 5 shows the

NONE

HVT

HVT
MOV

PHA
Figure 7.

MOV

NONE

HVT

HVT

MOV

MOV

CON A

Response of unseparated peripheral blood lympho
cytes from Marek's disease virus infected and
noninfected white leghorn chickens to mitogens
at 10 weeks of age. -- Open bars--log^Q CPM,
closed bars--stimulation index. Vertical lines
are one standard error.
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Table 4.

PHA/Con A ratios of 1 0 '.-week-old white leghorn
chickens in relation to Marek's disease virus
infection and source of cell population.

Treatment

Unseparated
PEL

Separated
PEL

Splenocytes

None

7.42*

1.31

0.34

MDV at
2.5 Weeks

2.79

. 0.76

' 1.95

^Geometric mean.
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Table 5.

PHA/Con A ratios of 4.5-week-old white leghorn
chickens in relation to Marek's disease virus
infection and source of cell population.

Treatment

Unseparated
PEL

Separated
PEL.

Splenocytes

None

6,10a

0.26

0.46

MDV at
1 day

1.60

0.54

0.75

^Geometric mean.
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following trends.

PHA/Gon A ratios are higher in unsepa

rated PEL than in separated PEL and splenocytes.

The ratios

are lower in unseparated PEL of infected birds at both time
periods.

The opposite effect occurs in spleen; the ratios

in infected birds are higher.

The results in separated PEL

are not consistent between the two time periods.
Statistical Analysis of Selected Data
During these experiments, data pertaining to clini
cal signs, mortality, and responsiveness of the various
lymphoid cells towards mitogen stimulation was collected
as a function of time after infection or vaccination and
challenge.

Analysis of the data by multivariate statisti

cal methods may reveal certain relationships between
clinical signs or cellular responses which may prove to be
diagnostic or prognostic for March's disease.

Analyses of

selected data by statistical regression models and discrimi
nation programs were done.
One regression model indicated that a significant
amount of the variation in the survival .time in chicks
given MDV at one day of age could be explained by variation
in the leukocyte count and variation in the response to
Con A.

Another regression model indicated that a signifi

cant amount of the variation in Con A response could be
explained by variation in the leukocyte count, uptake of
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3
HTdR in cultures with no mitogen, and treatment with HVT
or MDV.
Multivariate discrimination analysis of the five
groups of birds gave two roots that were significant by
the Chi-square test (p < .01).

Leukocyte count and CPM in

cultures containing Con A were found to be significantly .
different between groups and probably contributed most to
discrimination of the groups of chickens.

Figure 9 shows

the centroids of the groups (see Appendix B ) .
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DISCUSSION
Previous studies have described the clinical signs
and lesions associated with Marek's disease (53, 58, 103).
The findings of this study are consistent with those studies
and show that the GA strain of MDV produces an acute form
of Marek's disease in the white leghorn chick.

Typical

findings in chicks with Marek's disease included lower body
weights, higher spleen weight to body weight ratios, ele
vated numbers of peripheral blood leucocytes, and multiple
visceral lesions.

Vaccination with the HVT vaccine in this

study prevented clinical signs and lesions of Marek's
disease.
The response of lymphoid populations to PEA and Con
A was used to study uninjected chicks, protected chicks,
and chicks developing Marek's disease.
Alterations in mitogen responsiveness were detected
in uninjected chicks between 2.5 and 10 weeks.

PHA and Con

A responsiveness in unseparated PEL increased in uninj ected
chicks during the first few weeks of life.

Uninfected

chicks demonstrated increasing PHA/Con A ratios in PEL
and decreasing PHA/Con A ratios in the spleen as a function
of time.

This may reflect the maturation of the immune

system in normal chicks and possibly is the result of
■

<-

...
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continuing development of mitogen responsive cells in young
chicks, or the result of lymphocyte traffic between spleen
and blood.
Comparison of uninjected birds with other groups
showed the following points.

An increase in mitogen induced

DNA synthesis was observed in unseparated PEL from birds
infected with MDV or vaccinated with the HVT vaccine at one
day of age when assayed at 2.5 weeks.

This may indicate a

transcient increase in mitogen responsive cells in the blood
of chicks resulting from a virus infection.

Reduced re

sponsiveness of unseparated PEL toward PHA stimulation
appeared to be correlated with the time of maximum mortality
in birds infected with MDV at one day of age.

Failure to

detect decreased PHA responsiveness in chicks infected with
MDV at 2.5 weeks may indicate that the disease had not pro
gressed to the point that hyporesponsiveness to PHA could
be detected in unseparated PEL, or a difference in lymphocytes present at this time period.

A similar or sometimes

increased Con A induced response was observed in birds
developing Marek's disease.

Similar mitogen responses were

obtained in vaccinated, vaccinated and challenged chicks,
and uninjected chicks.

These findings show that un

separated blood lymphocytes retain mitogenic responsive
ness throughout most of the course of Marek1s disease.
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A difference between separated and unseparated PEL
was not noted until 7.5 weeks post infection, at which time
mitogen responsiveness of separated PEL was decreased in
birds with Marek's disease, but was similar to controls in
unseparated PEL.

This discrepancy may be the result of

technical differences between the assay systems for the two
populations of PEL.

The unseparated PEL assay uses a con

stant volume of blood in culture; while the separated PEL
assay uses a constant number of lymphoid cells in culture.
Cell counts show numbers of leukocytes to be increasing in
the disease.

The decreased responsiveness in the assay

using a constant number of cells may indicate that the
proportion of cells capable of responding to mitogen is
decreased due to an increase in abnormal or nonresponding
cells .

The normal responsiveness detected by the assay

using a constant volume of blood may reflect that the number
of mitogen responsive cells in a given volume of blood
remains sufficient to give a response.

Lu and Lapen (50)

proposed a similar hypothesis that depressed responsiveness
to mitogens in spleen cultures, from birds with Marek's
disease was due to dilution of spleen cells by nonresponsive tumor cells.
In contrast to blood, depressed mitogen responses
in the spleen were observed at both 4.5 and 7.5 weeks after
infection with MDV.

This finding is consistent with
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several other studies using splenocytes from chickens with
Marek's disease (48, 49, 50, 51).
No correlation was noted between increased spleen
weight and reduction in mitogen response in our experiments,
or in the observations of Burg et al. (48).

This is incon

sistent with the hypothesis that depressed mitogen respon
siveness is due to the dilution of normal spleen cells by
tumor cells.

It is possible that infection of lymphocytes

with MDV, rather than oncogenic transformation, is suffi
cient to impair mitogenic responsiveness.

This hypothesis

is supported by many studies showing suppression of mitogen
responsiveness of lymphocytes by viral infections in vivo
(24, 25, 26, 27) and in vitro (109, 110) and the recent
finding that reduced mitogen responsiveness of spleen cells
from chicks infected with MDV can be detected as early as
five days after infection (111).

It is known that vacci

nated birds can be superinfected with MDV (75) , although
the virus is at lower titers than unvaccinated chicks (76).
It could be that challenged birds would show some depression
of mitogen responsiveness, while retaining the immunologi
cal competency to prevent the disease.

Of interest in this

regard is the observation that spleen cells from challenged
chicks had a slightly reduced response to mitogen.

Theis

et al. (51) also found reduced responses by splenocytes from
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challenged birds, although they reported the response was
not significantly different than uninjected controls.
Differences in PHA/Con A ratios were also observed
between uninjected chicks and chicks with Marek's disease.
This study showed that there was a trend for unseparated
PEL in infected chicks to have lower PHA/Con A ratios.
Lymphoid populations with different PHA/Con A ratios have
been demonstrated to have different immunological proper
ties (21).

This could suggest that chicks developing Marek’s

disease have an alteration of a subpopulation or subpopula
tions of T cells in blood with a shift toward cells that
respond better to Con A than PHA when compared with normal
birds.

In the mouse, cells that respond better to Con A

than PHA have the functional properties of being effector
cells in graft versus host reactions and killer cells in
cell-mediated cytotoxicity tests (20).

The trend for blood

lymphocytes from infected birds to have lower PHA/Con A
ratios than blood lymphocytes from normal birds is reversed
in the spleen.

Separated splenocytes from infected birds

have higher PHA/Con A ratios than normal birds.

These

opposing findings could be due to alterations of lymphocyte
trafficking between spleen and blood in the disease state,
differential infnotability of T cell subpopulations, or an
artifact caused by the separation techniques.

APPENDIX A
PREPARATION OF REAGENTS
HEPES Buffer.

Hepes (N-2-HydroxyethyIpiperazine-N'-2-

Ethanesulfonic Acid) is supplied in powder form from Grand
Island Biological Company and prepared in 100X concentration
in the following buffer:
NaCl
KCl
Na 2HP04
Dextrose
HEPES
H 20

0.800 g
0.040 g
0.010 g
0.100 g
23.800 g
100 ml

HEPES buffer is filter sterilized with a 0.45 p Mi11ipore
filter and stored frozen until u s e .
Cell Balanced Salt Solution.

Cell balanced salt solution is

prepared by dissolving the following:
Dextrose
KH 2PO4
Na2HP04-7H 2O
CaCl2-2H20
KCl
MgCl2-6H20
MgS04-7H20
NaCl
Phenol Red (0.5%)
h 2o

1.000 g
0.060
0.358
0.186
0.400
0.200
0.200
8.000
2
1000

g
g
g
g
g
g
g
ml
ml

Cell balanced salt solution is filter sterilized with a
0.45 p Millipore filter and stored at 4° until u s e .

46

47
Gentamicin Sulfate.

Gentamicin sulfate is obtained from

Schering Corporation.

The antibiotic is prepared as a 100X

stock solution of 5 mg per ml in saline using the correc
tion factor supplied, by the manufacturer.

Gentamicin is

filter sterilized with a 0.45 y Millipore filter and stored
frozen until use.
Natt-Herrick Solution.

Natt-Herrick Solution (105) is pre

pared by dissolving the following in distilled water (in
order):

3.88 g
2.50 g
1.15 g
0.25 g
7.50 ml
0.10 g

NaCl
Na 2S04
Na 2HP04
KH 2PO 4
Formalin (37%)
Methyl Violet 2B
The volume

of the solution is brought up to 1,000 ml and

allowed to stand overnight. The solution is

then filtered

through Whatman No. 2 filter paper.
PPO-POP Scintillation Cocktail.

PPG-POP scintillation cock

tail is prepared by mixing 1000 ml of toluene and 600 ml of
2-methoxyethanol.

To this mixture 8 g of PPO (2.5 diphenyl-

oxazole) and 0.48 g of POPOP 1,4-bis(2-(5-Phenyloxazolyl))
benzene) are added.

The mixture is stirred for approximately

two hours on a magnetic stirrer.
Settings for

3

H Counting.

Single channel counting for

tritium is done using a gain setting of 9.5
setting of 50 to 1,000.

and a window

APPENDIX B
THE USE OF COMPUTER PROGRAMS FOR THE
STATISTICAL ANALYSIS OF DATA
Analysis of data in this study was performed on a
GDC 6400 computer at The University of Arizona.

This

analysis included manipulation of data to convenient for
mats, calculation of stimulation indices and PHA/Con A
ratios by FORTRAN programs.

Geometric means, standard

deviations, error mean squares, F tests, as well as multiple
regression analysis and multiple discriminant analysis were
obtained using the programs DISCRIM and REGRAN as described
by Veldman (108).

These programs were furnished with minor

modification by Dr. Lee Kelley, Department of Microbiology
and Medical Technology, The University of Arizona.
Preparation, of Data
Data were organized and logarithmic transformation
and geometric means were calculated where required.

Certain

non-numerical data, reflecting group membership or experi
mental treatment, were assigned dichotomous scores (zero or
one).

Data were identified by the number of the chick, the

lymphoid population assayed and the assay number.
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Identification and data were punched onto computer
cards in the following way.

The first six spaces of the

card were allotted to identification of the data.

This

identification was later used for hand sorting the deck to
allow comparison of different groups of chicks or single
times of assay.

Spaces 7-14 were allotted to data on the

sex of the chick, injection of virus, day of assay and day
of death.

Remaining data on body weight, leukocyte count

and CPM in cultures were punched onto the cards in a F7.4
format.
The punched cards were read into the computer (112)
to obtain a list of the data.
errors were corrected.

The list was proofread and

A FORTRAN program was used to calcu

late stimulation indices and PHA/Con A ratios.
set of data was output as punched cards.

The complete

Several sets of

the data deck were reproduced to facilitate hand sorting
of various groups and times of interest.
Multiple Regression Analysis
The REGRAN program calculates means, standard devia
tions and correlation coefficients for a set of variables
in addition to multiple regression analysis.

Multiple

regression analysis is used to test whether a selected
variable (the criterion) can be predicted from other
variates (predictors), and which predictors are important.
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The predictors may be continuously distributed or may be
dichotomous scores reflecting group membership or treatment.
The program is designed to permit solution of a series of
different problems, selecting the criterion and potential
predictors independently for each problem.

The program

determines a set of weights (B and beta weights) for the
predictor variables.

Beta weights indicate the extent to

which each variable is utilized in the regression equation.
The B weight gives the same information scaled in terms of
the actual units of the predictor variable.

The weights

of predictors yield a composite variable that correlates
maximally with the criterion in question.

This is done by

an iteration process that first selects the variable with
the highest correlation to the criterion.

The second itera2
tion selects the variable which maximally increases R

when used together with the first variable to form a set of
2
two predictors. R is the proportion of the criterion
variance explained by the set of predictor variables. The
2
process continues until a limited increase in R takes
place.

The computer output of this process is shown in

Figure 10.

Reducing the number of predictors in subsequent

models is a Very powerful way of determining the relative
importance of a given predictor.
An example of a problem using regression analysis
was survival time in the group of chicks injected with MDV
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at one day of age.

The data on this group of chicks were

analyzed to answer the question: how much of the variation
in survival time can be explained by variation in predictor
variables?

Each regression problem to be solved is defined

by means of a model control card which designates the cri
terion variable and the chosen predictor variables.

The

deck set up for the RE GRAN program is shown on page 53.
For the first model, the following predictor vari
ables were tested: body weight, leukocyte count, CPH in
cultures containing no mitogen, CPM in cultures containing
2
PEA, and CPM in cultures containing Con A. The R value
for this model was 0.3418 and was tested for significance
by the formula:

^df(p) _ (Number of Predictors - 1)

df<s) " (Number

/in

(I -V)

.

of Subj ects - Number of Predictors)

(1)

X

where df(p) is the degrees of freedom of the numerator
(number of predictors) and df(s) is the degrees of freedom
in the denominator (number of subjects minus the number of
predictors).

The resulting

was 2.49 and 0.1 > p > 0.05

The model was reduced by eliminating variables one
at a time, then in all possible combinations.

The signifi

cance of elimination of one or more variables was tested by
the formula:
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2
2
(R of larger model - R of smaller model)
pdf(n) _ (df of larger model - df of smaller model)
^

(2)

(1 - R^ oflarger model)
(Number of subjects - df of larger model)

where df(n) is the degrees of freedom of the larger model
minus the degrees of freedom of the smaller model and df(d)
is thetotal number of subjects minus the degrees

offreedom

of the larger model.
Deck set up for RE GRAN is as follows:
Name of First Data Set^
2
Parameter Control Card
-2
Format Control Cards
Blank Card
Data Cards
Model Control Cards^’^
Name of Second Data Set
etc.
Blank Card^

1:

Start name in column 5.

2:

Format as follows: Columns 3 to 5-number of
variables (maximum of 100), columns 6 to 10number of subjects, columns 14 and 15-number of
model control cards to be read (maximum of 50),

-
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column 25-place a "1" if the correlation coef
ficient matrix is desired.
3:

Format control card must start with an A-type
format (subject identification).

Format must

be on two cards or a blank card must follow the
format card.
4:

Format as follows: columns 1 and 2-model number,
columns 3 and 4-the criterion variable number,:
column 5-place a "1" if a printed iteration
sequence is desired, columns 9 and 10-number of
predictor groups, columns 12 to 15, 17 to 20,
22 to 25, etc.-first two digits are the number
of the first variable in the predictor group,
the second two digits are the number of the
last variable in the predictor group; use the
serial order of variables.

5:

An example of a model control card that would
specify the third model, using variable number
eight as the criterion and predictor variables
one, two, three, six, ten, eleven and twelve
would be:03081bbb03b0103b0606bl012, where b
means space.

6:

Blank card signals the end of the data sets.

Using Equation 2, it was determined that elimination
of body weight, CPM in cultures without mitogen and CPM in
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cultures with PHA did not significantly reduce the model
(p > 0.05), while elimination of leukocyte count or CPM in
cultures with Con A did significantly reduce the model.
The final model using leukocyte count and Con A response
o
had an R value of 0.2930. Test by formula 1 indicated a
p < 0.05.

Therefore, a significant (29.3%) amount of the

variation in survival time of chicks infected with MDV
could be explained by variation in leukocyte count and Con A
response.

Test by formula 2 of the first model and the

final model gave a p > 0.25.

Therefore, reducing the model

by holding body weight, CPM in cultures containing no
mitogen, and CPM in cultures containing PHA constant did not
reduce the significance of the prediction; indeed, the
statistical significance of the reduced model was increased.
Multiple Discriminant Analysis
The Discrim program calculates geometric means, F
values, and error mean squares, in addition to multivariant
discrimination of predetermined groups of subjects.

Confix

dence limits can be calculated from the error mean square
by the following formula:

Cl

-

y

— t

\

EMS

U -L -(1 - a) ~ X - tdf(w) \ T

(3)

where C.L. are.the confidence limits at a chosen a, X is the
mean, t is the t distribution, df (w) is the degrees of
freedom within groups, EMS is the error mean square, and N
is the number of subjects.
Multiple discriminant analysis determines the extent
and manner in which defined groups of subjects can be differ
entiated by a set of dependent variables operating together.
An example of the use of the DISCRIM program is the overall
discrimination of the various groups ofchicks using the
dependent variables of leukocyte count, CRM in cultures
containing no mitogen, GPM in cultures containing PHA, and
CPM in cultures containing Con A.

The deck set up for

DISCRIM is as follows:
Name of First Data Set"*"
Parameter Control Card
Format Cards

2

3

First Group Control Ca'rd^

-

Data Cards for First Group
Second Group Control Card
Data Cards for Second Group

N

f-h

Group Control Card

Data Cards for N^^ Group
Name of Second Data Set
etc.
Blank Card.5

*
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1:

Start name in column 5.

2:

Format as follows: columns 4 and 5-number of
predictor variables (maximum of 70), columns 9
and 10-number of groups of subjects (maximum of
10), column 20-place a "1" if printed discrimi
nant scores for individual subjects is desired,

3:

Format control card must start with an A-type
format (subject identification).

Format must

be on two cards or a blank card must follow
the format card.
4:

Format as follows: column 1 to 5-number of sub
jects in the group, column 10 to 70-name of
group.

5:

Blank card signals the end of the data sets.

The computer output is shown in Figure 11.
The program gave a Wilks Lambda statistic of 0.703
which was tested for significance by the F test and found
to be significant (p < 0.0000).

This indicates that overall

discrimination of the groups was significant.

Two roots

were significant by the Chi-square test (p < 0.05).
other two roots were not significant.

The

The program tabulates

the axes versus the groups and lists the centroids of the
various groups.

The program next lists the correlation be^-

tween original variables and discriminant axes.

The program
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An example of the output of DISCRIM. -- Variable
1 represents leukocyte count, variable 2 repre
sents CPM in cultures containing no mitogen,
variable 3 represents CPM in cultures containing
Con A, variable 4 represents CPM in cultures
containing PHA.

then outputs the F ratio, p value and error mean square for
each variate.

Leukocyte count and CPM in cultures containing

Con A were found to be significant (p < 0.05), while CPM
in cultures containing no mitogen, and CPM in cultures
containing PHA were not significant.

This indicates that

leukocyte count and CPM in cultures containing Con A are
more important in discriminating the groups of chicks than
are the other two variables.

Finally, the program gives

the geometric mean for the variables and optionally lists
the axes coordinants for each subjects.
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