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ABSTRACT 

Marek's disease is a naturally occurring lymphoproliferative 

disease of chickens which is caused by a herpesvirus (Marek's disease 

virus, MDV). To determine whether the cells in Marek's disease lympho

mas are homogeneous or consist of several lymphocytic subpopulations, 

lymphoid cells from a MDV infected group of chickens were compared 

with lymphoid cells from vaccinated chickens and uninfected chickens 

using computer assisted microphotometric analysis (CAMA). CAMA is a 

quantitative technique capable of differentiating cell populations 

based upon slight differences in the chromatin and cytoplasmic textures 

of stained cells. Lymphoma cells, splenocytes and peripheral blood 

lymphocytes (PBL) were stained with Papanicolaou stain and scanned on 

a Leitz MPVII microscope photometer operated on line to a PDP 11/45 

computer. 

Two populations of lymphoid cell were detected in MD lesions 

using CAMA. One of these populations had features which were different 

from lymphoid cells from uninfected chickens and were termed ""altered" 

cells. The other population had features which were similar to unin

fected lymphocytes. Features were identified and selected that would 

classify cells as "altered" or "unaltered" and used to derive a 

decision rule to classify cells from other lymphoid populations. The 

decision rule classified up to 74% of cells from different lymphomas 
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as "altered" cells. CAMA results were compared with, clinical data 

and Immunological data to quantitate T lymphocytes, B lymphocytes and 

MATSA (Marek's Disease Tumor Specific Antigen) positive cells. Re

sults showed that there was a high correlation (r=0.79) between the 

percentage of "altered" cells detected using CAMA and the percentage 

of MATSA positive cells. The majority of splenocytes and PBL from 

the MDV group were classified as "unaltered". 



INTRODUCTION 

The Lymphocyte 

The immune system is composed of a network of organs, tissues 

and cells that provide an organism with the ability to mount an immune 

response and obtain immune protection against harmful extrinsic and 

intrinsic agents. A major cell type in this network is the lymphocyte. 

The lymphocyte as a cell type is defined on the basis of morphology. 

Lymphocytes have rounded nuclei or nuclei with single indentations; 

their nuclei are generally large compared to their cytoplasms, which 

may appear as a mere fringe around the nucleus; the nuclei of lympho

cytes are characterized by irregular clumping of chromatin. Lymphocytes 

are classified according to their size as small, medium and large 

lymphocytes. 

Initial observations that lymphocytes might contain subpopula-

tions of cells that are functionally distinct were made in the chicken. 

Removal of the bursa of Fabricius was associated with an inability to 

mount a humoral immune response (1). Further work in the chicken (2) 

and the mouse (3, 4) showed that ablation of the thymus was associated 

with a loss in cell-mediated immune responses such as delayed type 

hypersensitivities. 

From these experiments, and observations made on human immuno

deficiency diseases (3, 6), the concept of a functional duality in 

lymphocytes developed. It is now generally accepted that in mammals 

1 
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and birds there are two populations of morphologically indistinguish

able lymphoid cells. One class, the T lymphocytes, mediate the 

cellular immune response and are dependent on the thymus for develop

ment. The other class, the B lymphocytes, mediate the humoral immune 

response and depend on the bursa, or bursal equivalent in mammals, 

for development. 

The concept that lymphocytes consist of subpopulations of 

functionally distinct cells has important implications for both the 

understanding of normal immune functions and disease processes, in

cluding neoplastic diseases of lymphoid cells. The classification 

of lymphoid neoplastic disease has been based on cellular morphology, 

histology and pathology of the disease. More recently, cell surface 

markers of neoplastic lymphoid cells have been used to determine if 

the proliferating lymphoid cells have characteristics of T lymphocytes 

or B lymphocytes (7). Many lymphoid neoplasms appear to be of either 

T or B lymphocyte origin and express different differentiation markers. 

For example, chronic lymphocytic leukemia cells usually have properties 

characteristic of B lymphocytes (8» 9), whereas lymphocytes with T 

lymphocyte properties are found in the Sezary syndrome (10). 

Analysis of lymphoid cell surface markers in lymphoproliferative 

disorders has also demonstrated that some lymphoid cells which occur in 

lymphoproliferative lesions are not transformed cells. For example, 

in infectious mononucleosis the cell infected by Epstein-Barr virus is 

a B lymphocyte, but the lymphocytosis is due to a population of non-

infected T lymphocytes, apparently reacting against the viral infection 

(11). 
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T and B lymphocyte populations cannot be differentiated one 

from another by conventional microscopic examination (12, 13). 

Techniques which can be used to differentiate these two functionally 

distinct populations of lymphocytes are based on differences in cell 

surface markers, physical characteristics or subvisual differences in 

morphology. 

Certain surface membrane markers occur on T lymphocytes that 

are not found on B lymphocytes. Other surface membrane markers are 

found on B lymphocytes but do not occur on T lymphocytes. These 

markers can be detected by •immunologic techniques. For example, an 

antiserum can be raised against thymocytes and adsorbed with bursacytes 

to produce a monospecific antiserum that will react only with thymus 

derived cells (.T lymphocytes). Similarly, an antiserum can be raised 

against bursacytes and adsorbed with thymocytes to produce a mono

specific antiserum that will react only with bursa derived cells (B 

lymphocytes). Binding of the specific antibodies to T or B lymphocytes 

can be detected by several methods. 

In the direct immunofluorescence technique the desired specific 

antibodies are covalently conjugated with a fluorescent molecule, such 

as fluorescein isothiocyanate. The indirect immunofluorescence tech

nique uses a primary antibody having the desired antigenic specificity 

and a secondary antibody which, is specific for the primary antibody and 

is covalently conjugated with a fluorescent molecule. In these fluor

escent antibody methods the presence of the antibody is detected by 

cell fluorescence using a fluorescence microscope. 
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In the direct immunoadsorbent bead technique the desired 

specific antibodies are covalently conjugated with particles such as 

polyacrylamide beads. The indirect immunoadsorbent technique uses a 

primary antibody having the desired antigenic specificity and a 

secondary antibody which is specific for the primary antibody and 

is covalently conjugated to beads. In these immunoadsorbent bead 

methods the presence of the antibody is detected by the presence of 

rosettes of beads around a lymphocyte when observed under a phase 

contrast microscope. 

Other methods to differentiate T and B lymphocytes rely on 

different physical characteristics of the two cell types. For example, 

B lymphocytes adhere to nylon wool columns, while T lymphocytes do 

not (.14); T lymphocytes have a higher electrophoretic mobility than 

B lymphocytes (15). 

Another approach to differentiating T lymphocytes and B lympho

cytes is computer assisted microphotometric analysis (CAMA). This 

method examines digitized images of cells and describes their properties 

in objective, numerical terms to determine differences in chromatin 

and cytoplasmic textures between cell types (16, 17). CAMA of chromatin 

and cytoplasmic textures has proven to be a valuable technique in 

(i) the evaluation of lymphocyte subpopulations in biological samples 

and (ii) in the differentiation of normal cells from cells altered by 

disease processes and other assults (16). 

CAMA methods have been applied to many cell types. Considerable 

work has been done using computer assisted microphotometric analysis 



on normal lymphoid populations of humans, mice and chickens (16). 

Human T and B lymphocytes stained with the Feulgen stain or by the 

Papanicolaou procedure have been differentiated using CAMA. The 

success of the discrimination has been assessed -immunologically using 

immunoadsorbent beads to label T and B lymphocyte populations. In 

one study (18), CAMA correctly classified 80-90% ofT and B lympho

cytes correctly. CAMA has also been used to identify and morpho

metrically characterize subsets of Papanicolaou stained mouse T 

lymphocytes (19). A strong positive correlation was demonstrated 

between the identification of subsets of mouse T lymphocytes separated 

by the use of highly specific monoclonal anti-Lyt antibodies with a 

fluorescence activated cell sorter and identification using computer 

assisted microphotometric analysis (20). Feulgen and Papanicolaou

stained chicken thymus and bursa cells have been characterized and 

differentiated with CAMA (21, 22). 

CAMA has also been used in the analysis of lymphoproliferative 

diseases. Human chronic leukemia cells have been differentiated from 

normal human blood lymphocytes using CAMA (23). Cells from mice 

infected with Friendls leukemia virus have been differentiated from 

cells. from noninfected mice (24). Consistent changes in subsets of 

cell image features were found as the leukemia developed in the in

fected animals. CAMA allowed earlier detection of leukemic cells 

than was possible by immunological methods. 

5 
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Computer Assisted Microphotometric 
Analysis of Lymphocyte Images 

Analytic microscopic photometry is a quantitative technique 

for the analysis of cells and cellular components based on the absorp

tion of light. Modern scanning microscopes are able to gather vast 

quantities of data by measuring the optical density (OD) of many small 

areas in the interior of a cell using a specified wavelength of light 

and a cytochemical stain. The gathered image data represent the 

pattern of OD values in the cell. The information obtained includes 

data on the size, total and average optical densities of the cell and 

information on the distribution of opitcal density values as textural 

patterns. 

Computer assisted microphotometric analysis uses digital compu

ters to process optical density information by the use of appropriate 

multivariate descriptive statistics. One of the first effective 

systems was the Taxonomic Intracellular Analytical System (TICAS; 16, 

25). TICAS allows the computer assisted acquisition, display, reduction 

and editing of cellular microphotometric data. Analytical programs in 

the TICAS package include feature evaluation (16), multiple discrimina

tion (26), and supervised (.27) and unsupervised learning algorithms 

(28). 

TICAS utilizes a high resolution opitcal scanning microphoto-

meter attached online to a computer to record optical density values 

in digitized form 0-6). The range of the microspectrophotometer is 

from Q.01 to 1.80 OD units. Optical density values for a measuring 
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aperture of a preselected size, often 0.5 by 0.5 micrometers, are 

measured over the area of a stained cell. The 0D values of stained 

material form a digitized image of the cell. The digitized data are 

stored as cell image files and analyzed by computer-assisted methods. 

The number of cells scanned depends on the design of the experiment, 

but commonly 100 cells are scanned per cell sample. 

For analysis, information contained in digitized cell images 

is condensed into cell image features. Each feature is calculated 

in a specific way from the digitized cell image. Features include 

size, total and average 0D values and a variety of image descriptors 

reflecting the arrangement, dispersion, size distribution and shape 

of the cellular material. Specific feature extraction programs are 

used to create the feature files from each digitized cell image file. 

Routinely in the analysis of lymphocytes 72 features are generated by 

the use of five feature extraction programs. 

Program HIST10 (.29) generates two feature files. One feature 

file contains the data describing relative cell area and total average 

OD. The relative area Is calculated as the number of OD readings above 

a chosen OD threshold, the total optical density is calculated as the 

sum of OD values and the average optical density is calculated as the 

ratio of the total optical density to the relative area. 

The other feature file generated by program HXST10 contains 

data on the relative frequency of occurrence of OD values. Individual 

OD values of each cell in a cell image are evaluated. Each optical 

density value is placed into one of 18 different OD intervals with 
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their ranges incremented by 0.1 OD units. The relative frequency of 

occurrence in each interval is calculated and is stored. Histograms 

at interval widths of 0.1 OD units thus provide 18 features. 

The program REDUCE generates texture features derived from 

transition probabilities between OD values in adjacent measuring spots 

in the cells (30). This can be explained as follows. In a digitized 

cell image each point has a certain optical density value. This value 

depends with a certain probability on the optical density values that 

adjacent points have. A texture may be described by the probability 

with which values from a given OD value are followed by other optical 

density values. This program generates 24 features. 

The program POLAR evaluates the distribution of OD values with 

respect to their location in the cell image (31). The program computes 

an averaged radial OD profile at 0.5 micrometer intervals. It gener

ates 17 features. 

The program CONDEN uses OD values to determine measures of 

clumping based on values derived from condensed and noncondensed 

material (32). The three features generated by this program include 

the ratio of the average OD of condensed material to the average OD of 

the cell, the circumference of condensed material divided by the area 

it occupies and the peripheral tendency of chromatin. 

The program CELSCN extracts textural features using run length 

statistics (33). A total of seven features describing texture are 

determined. 
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At any point in the analysis it is possible to use plotting 

methods to help visualize the data represented by the cell image 

features. These methods, for example, include bivariate plots of any 

two features from two sets of data (34). The program computes the 

bivariate mean vector, confidence ellipse for the bivariate mean, the 

tolerance ellipses and the Bayesian boundary. The Bayesian boundary 

marks the curve on which assignment of a cell image to either of two 

sets would be equally likely. 

Other programs allow the visualization of the frequency of 

occurrence of any desired feature in a cell population (13). Programs 

exist to merge or subdivide cell files as chosen by the investigator 

(25). 

The feature files can be analyzed using a program for the 

analysis of variance, ANVAR, to compute the arithmetic required for 

various statistical tests such as the mean, standard deviation and 

sums of squares (16)• 

The features may be subjected to feature evaluation programs 

to determine which, subset of features can best differentiate one 

specific cell population from another. An automated feature evaluation 

and selection program, FMERIT (.16), can ascertain which features are 

of highest potential value to differentiate the cell populations. 

Features can also be examined using the Receiver Operating Character

istic Curve (35) to determine the degree to which a single feature 

differs between the two cell populations. This method generates a 
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detection measure (d-*) for the feature of interest. A d1" value may 

range from zero (indicating no discriminating value) to 0.5 (indicat

ing complete discrimination). Once features important for discrimina

tion have been selected, the information may be used in other analyses. 

A subset of features selected by FMERIT as having high discrimi

nation potential may be used in a stepwise linear multiple discriminant 

analysis program (26). This program estimates the overall separation 

of the two cell populations, evaluates the importance of each feature 

in effecting the separation and forms a discriminant function. 

Populations of cells may be checked for homogeneity using the 

unsupervised learning program KMEANS (36). This method can detect the 

existence of modes of cells which have statistically different feature 

distribution patterns. 

Cell feature files made from cells which have been purified by 

a given procedure to represent cells of a biologically known cell type 

may be used as training sets for image analysis. Selected features and 

sets of cells can be submitted as training sets to the self-learning 

program SLPRT (37) to derive a decision rule for classification of like 

cells. A second program, CLSFY, uses the decision rule to assign 

unknown cell images to the known prototypes (.38). 

Marek's Disease 

Marek's disease is a lymphoproliferative disease of chickens 

which is caused by a herpesvirus C39, 40, 41, 42, 43). Marek's disease 

virus (MDV) is ubiquitous in chickens, although usually only a small 
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percentage of chickens develop Marek's disease (.44) . Marek's disease 

may take a chronic or an acute course. In the acute form of the 

disease, visceral lymphomas can occur in the gonad, spleen, kidney or 

other organs of the chicken. Lymphocytosis and splenomegaly are common 

clinical signs. Feather follicles may be enlarged due to lymphoid 

infiltration. In the chronic form of Marek's disease there is a lymphoid 

infiltration of peripheral nerves leading to paralysis. 

Marek's disease was the first naturally occurring neoplastic 

disease for which, effective commercial vaccines were developed (45, 46). 

Vaccination with the live herpesvirus of turkeys vaccine produces a 

subclinical infection in chickens, but no grossly detectable lympho-

proliferative disease develops (47, 48). 

There is experimental evidence that the immune system influences 

the development of Marek's disease. Chicks can be protected from the 

development of Marek's disease by passive transfer of Immune spleen 

cells (.49, 50). Thymectomized chicks have increased incidence of Marek's 

disease (51). Chicks with, maternal antibody against MDV (52, 53) and 

chicks given antibody passively C54) have reduced incidence of Marek's 

disease. Infected chicks develop antibody to the virus (55) and delayed 

type hypersensitivity to MDV antigens C56), 

The nature of the neoplasic lymphoid proliferation in Marek's 

disease lesions has been studied at the level of cellular morphology, 

cell surface markers and lymphoid function. Based on histological and 

cytological observation with the light microscope, visceral lymphomas 
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and the nerve lesions associated with Marek's disease are composed 

of small lymphocytes, a pleomorphic population of medium and large 

lymphocytes, and lymphoblasts (57, 58). 

The cellular makeup of the proliferative lesions based on 

antigenic markers show that the lymphocytes in the lymphoma are com

posed of both T lymphocytes and B lymphocytes (59, 60). The virally 

transformed cell is thought to be of T lymphocyte origin because 

lymphoid cell lines derived from Marek's disease lymphomas have cell 

surface antigens characteristic of T lymphocytes (61, 62). 

The Marek's disease lymphoma also contains lymphoid cells 

displaying a tumor associated antigen. This antigen, designated MATSA 
/ 

for Marek's disease tumor-associated surface antigen, is detected with 

antiserum produced in rabbits which have been immunized with lymphoid 

cell lines derived from Marek's disease lymphomas (63). MATSA is not 

detected on normal chicken lymphocytes or on MDV-infected fibroblasts 

that are positive for viral membrane antigens (64). MATSA is detected 

on cell lines derived from Marek's disease lymphomas and on two to 

forty percent of the lymphocytes in Marek's disease lymphomas (.63), 

This may indicate that from two to forty percent of cells in the 

lymphoma are a population of virally transformed T cells and the re

maining T and B lymphoid cells are not neoplastically altered. 

Functional assessment of the cells in Marek's disease lymphomas 

indicates that the cells themselves are hyporesponsive to mitogen (.65, 

66, 67) and are capable of suppressing responsiveness of splenocytes 
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from noninfected chickens to mitogens (.68) . Altered responsiveness 

to the mitogens PHA and Con A has been observed in splenocytes and 

peripheral blood lymphocytes (PBL) from chickens developing Harek's 

desease (69). 

Statement of Problem 

Marek's disease is an important experimental model of lymphopro-

liverative disease. The lymphoid cells in Marek's disease lesions 

appear to be heterogeneous, based upon their morphology and cell sur

face markers. Since computer assisted microphotometrlc analysis has 

been used extensively in the differentiation of lymphoid subpopulations 

and to study alterations of lymphoid populations due to a variety of 

assults, including lymphoproliferative diseases, studies of chicken 

lymphoid populations were made using this method. 

This dissertation presents studies on the effects of Marek's 

disease on chicken lymphoid populations as detected by computer 

assisted microphotometrlc analysis. The objectives of these studies 

are: (i) to describe quantitatively the lymphocytes in Marek's disease 

lymphomas, spleen and blood using numerically defined cell image 

features, (ii) to identify important lymphocyte image features that 

differentiate Marek's disease lymphoma cells from other lymphocyte 

populations, (ill) to generate decision rules to differentiate lymphoid 

populations in MDV-infected chickens from lymphocyte populations in 

noninfected and HVT vaccinated chickens and Civ) to compare the results 

of the computer assisted microphotometrlc analyses with, biological data 

obtained from the same chickens. 



MATERIALS AND METHODS 

Preparation of Materials 

Marek's Disease Virus 

The GA strain of MDV (70) was a gift from Dr. E. W. Marty, Jr. 

The virus was obtained as a 50% suspension of heparinized chicken blood 

in 5% dimethyl sulfoxidef frozen and stored in liquid nitrogen. A stock 

of MDV was prepared from 5 week old chickens that had been infected at 

one day of age with 0.2 ml of a 1:5 dilution of the original MDV 

preparation. This MDV stock was adjusted to a 20% spleen cell suspen

sion in cell balanced salt solution (CBSS; see Appendix A) containing 

10% dimethyl sulfoxide and stored frozen in liquid nitrogen. 

The suspension of MDV was rapidly thawed and diluted 1:5 in 

cold CBSS and kept on ice until used. This preparation was found to 

contain 1.4 x 10^ focus-forming units per ml when assayed using chick 

kidney monolayer cultures (71)• 

Herpesvirus of Turkeys Virus 

A commercial vaccine preparation of the FC 126 strain (.45) of 

the HVT was prepared according to the manufacturer's directions 

(Herpevax, American Scientific Laboratories, Madison, Wisconsin). The 

vaccine was kept on ice until used. 

14 
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Marek's Disease Viral Antigen 

A skin extract was prepared from chickens with Marek's disease 

in the following manner (.72) . Skin was removed from major feather 

tract areas. The feathers were cut off at the shaft and the skin was 

placed in phosphate buffered saline (PBS; see Appendix A) to give a 

20% suspension (weight to volume). This material was homogenized in a 

Waring blender at high speed for 30 minutes at room temperature. The 

preparation was clarified by centrifugation at 800 x g for 20 minutes. 

The supernatant fluid was removed and stored frozen at -20°C. 

Poly-L-lysine Coated Coverslips 

Poly-L-lysine (PLL, type I-B, Sigma Chemical Company, St. Louis, 

Missouri) was dissolved to 50 mg/ml in double distilled water and 

stored at -20°C until use. PLL-coated coverslips were prepared by 

washing coverslips in absolute methanol and then incubating in the PLL 

solution for 45 minutes at room temperature. The coated coverslips 

were then rinsed 3 times in PBS and stored in PBS (18). The coverslips 

were used the same day that they were coated. 

Ficoll-Hypaque for Gradients 

Eighteen grams of Ficoll (Pharmacia Fine Chemicals, Piscataway, 

New Jersey) were dissolved into 230 ml of double distilled water. 

Sixty milliliters of Hypaque (Winthrop Laboratories, New York) were 

added and mixed well. Six milliliter volumes were added to 150 x 20 mm 

tubes and the preparation was autoclaved and stored at 4°C. 



Production, Adsorption and 
Testing of Antisera 

Preparation of Rabbit Anti-Chicken 
Thymus Cell Gamma Globulin 

Thymuses were removed from chickens, made into a single cell 

suspension by gently teasing through stainless steel sieves into CBSS 

and purified by centrifuging on a Ficoll-Hypaque gradient at 300 x g 

for 20 minutes at room temperature. Cells at the interface of the 

gradient were collected, washed three times in CBSS and adjusted to 

2 x 108 cells/ml. One milliliter of the thymus cell suspension was 

injected via the ear vein into each rabbit. The rabbits were boosted 

using this same procedure two weeks lat~r. The rabbits were rested 

for seven days and then exsanguinated to obtain the maximum amount of 

antiserum. 

The gamma globulin fraction of the antiserum was prepared by 

ammonium sulfate fractionation in the following manner (73, 74). The 

serum was diluted with an equal volume of saline. Cold saturated 
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ammonium sulfate (4.05 M), adjusted to pH 7.4, was added dropwise with 

stirring to a final concentration of 45% volume/volume (1.82 M). The 

mixture was stirred for 90 minutes at 4°C. The precipitate was centri-

fuged at 1,400 x g for 30 minutes at 4°C. The precipitate was dissolved 

in PBS, centrifuged at 1,400 x g to remove undissolved materials and 

then reprecipitated using a final concentration of 40% saturated 

ammonium sulfate (1.62 M). The material was stirred for 90 minutes at 

4°C, then centrifuged at 1,400 x g for 30 minutes. The precipitate was 
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washed once in a solution of cold 40% ammonium sulfate (1.62 M) and 

then redissolved in PBS to the original volume of the serum. This 

gamma globulin fraction was then dialized at 4°C against five changes 

of PBS, 12 hours for each change. 

Rabbit anti-chicken thymus cell gamma globulin was adsorbed 

with fresh chicken liver in the following manner. Chicken liver was 

chopped and forced through a stainless steel sieve into PBS at 4°C. 

The liver membrane preparation was washed by centrifuging ten times 

with cold PBS. An equal volume of the packed liver membrane prepara

tion was mixed with the rabbit anti-chicken thymus cell gamma globulin. 

The antiserum was allowed to adsorb with the liver membrane overnight 

with a slow rocking motion at 4°C. Rocking of antisera preparations 

was done on a rocking platform (Bellco Glass Inc., Vineland, New Jersey) 

with a 7 degree platform tilt at approximately 15 oscillations per 

minute. The liver-adsorbed rabbit anti-chicken thymus cell gamma 

globulin was recovered by centrifugation at 1,400 x g for 30 minutes 

at 4°C. 

The rabbit anti-chicken thymus cell gamma globulin was then 

further adsorbed using chicken red blood cells (.CRBC) in the following 

way. Forty milliliters of heparinized chicken blood were diluted with 

two parts of PBS. The diluted blood was placed on a Ficoll-Hypaque 

gradient and centrifuged at 300 x g for 20 minutes at room temperature. 

The material over the CRBC pellet was discarded and the CRBC were 

resuspended and washed in PBS 5 times. Equal volumes of packed CRBC 

and the gamma globulin fraction of the antiserum were mixed and incubated 
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at 4°C overnight using a rocking motion on a rocking platform as 

described above. The CRBC were removed from the adsorbed antiserum 

by centrifugation at 1,400 x g for 30 minutes. 

The gamma globulin fraction of liver membrane, CRBC-adsorbed 

rabbit anti-chicken thymus cell was adsorbed with an equal packed 

volume of bursa cells overnight with a rocking motion at 4°C as 

described above. The supernatant was separated by centrifuglng at 

1,400 x g for 30 minutes at 4°C. 

The adsorbed rabbit anti-chicken thymus cell gamma globulin 

was tested on thymocytes and bursacytes obtained from eight chicks 

that were 7 days old using the indirect immunofluorescence technique 

(see below). The antiserum stained 93.3% of the thymocytes with a 

standard deviation of 4.3%. The antiserum stained only 1.4% of the 

bursacytes tested with a standard deviation of 1.2%. 

Preparation of Rabbit Anti-Chicken 
Bursa Cell Gamma Globulin 

g 
Rabbits were injected with 2 x 10 bursa cells using the same 

procedures as were used for the production of rabbit anti-chicken 

thymus cell given above. Identical methods were used for the prepara

tion of the gamma globulin fraction of this serum, adsorption with 

liver membrane and CRBC as given above for the preparation of rabbit 

anti-chicken thymus gamma globulin. 

The rabbit anti-chicken bursa gamma globulin was adsorbed with 

an equal packed volume of thymus cells overnight using a rocking motion 
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as described above. The supernatant was separated by centrifuging at 

1,400 x g for 30 minutes at 4°C. 

The adsorbed rabbit anti-chicken bursa cell gamma globulin was 

tested on thymocytes and bursacytes obtained from eight chicks that 

were 7 days old using the indirect immunoflorescence technique (see 

below). The antiserum stained only 2.7% of the thymocytes with a 

standard deviation of 2.6%. The antiserum stained 98.3% of the 

bursacytes tested with a standard deviation of 2.0%. 

The rabbit anti-chicken thymus cell gamma globulin and the 

rabbit anti-chicken bursa cell gamma globulin were stored frozen in 

1 ml quantities. Antisera were thawed just before use and the unused 

portions were discarded. 

Preparation of Rabbit Anti-Marek's 
Disease Associated Tumor Specific 
Antigen (MATSA) Antiserum 

The MSB-1 cell line (.75) was obtained from Dr. Keyvan Nazerian 

of the Regional Poultry Research Laboratory in East Lansing, Michigan. 

The cell line was obtained at passage level 361. The MSB-1 cells were 

grown as detailed below and were used to immunize rabbits at passage 

levels 371-385. 

The MSB-1 cells were grown in RPMI 1640 medium (.Grand Island 

Biological Company, Grand Island, New York), supplemented with 15% 

fetal bovine serum (.Grand Island Biological Company) , 10 mM HEPES 

buffer (.see Appendix A) and 50 mg/ml gentamicin sulfate CSchering 

Corporation, Kenilworth., New Jersey; see Appendix A). The cultures 
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were maintained at 39°C in 5 ml volumes in 25 square centimeter tissue 

culture flasks (Falcon Plastics, Oxnard, California). Cells were 

grown to a concentration of approximately 4 x 10^ cells per ml and 

cultures were split 1:2 every two or three days. 

The procedure used for immunization of animals and adsorption 

of antisera to produce anti-MATSA was that of Witter et al. (63). 

MSB-1 cells were harvested by gently swirling the flasks and decanting 

.the cells into siliconized 150 mm tubes. The cells were washed three 

times in sterile CBSS by centrifuglng at 300 X g for 10 minutes. 

Rabbits were injected with 2 x 10^ MSB-1 cells in a volume of 1 ml 

via the ear vein. Rabbits were injected three times at intervals of 

14 days and bled 14 days after the last injection. 

Serum was heat inactivated at 56°C for 30 minutes and then 

adsorbed by incubating it overnight at 4°C with an equal volume of 

a mixture of bursacytes, splenocytes and thymocytes taken from 5 week 

old chickens that were raised without contact with MDV. The adsorbed 

serum was recovered by centrifuging at 1,400 g for 20 minutes at 4°C. , 

Preliminary testing showed this antiserum stained 3.2% of the spleno

cytes from noninfected chickens with Marek's disease with a standard 

deviation of 32% and 100% of the MSB-1 cell line cells using the in

direct immunofluorescence technique (see below). 

Indirect Immunofluorescence Technique 

Lymphoid cells from the various sources were adjusted to 

approximately 2 x 10^ cells per ml. One tenth milliliter of the cell 

suspension was mixed with 0.1 ml of the appropriate primary antiserum 
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at the optimum dilution. The cells and antiserum were incubated for 

30 minutes at 4°C. Cells were washed free of unbound primary antiserum 

by three centrifugations at 250 x g for 5 minutes at 4°C in CBSS. 

The lymphoid cells were then mixed with 0.1 ml of fluorescein-

conjugated goat anti-rabbit gamma globulin (Gibco) at a dilution of 1:5. 

The cells were allowed to incubate with this secondary antibody for 

30 minutes at 4°C. The cells were washed three times and observed for 

the percentage of fluorescent cells using a fluorescence microscope 

(Leitz phase contrast fluorescence microscope equipped with a Ploemopac 

illumination system). 

Indirect Immunoadsorbent 
Bead Technique 

Lymphoid cells were reacted with an appropriate primary anti

serum exactly as described above for the indirect immunofluorescence 

Q 
test. The cells are then mixed with 0.1 ml of a suspension of 2 x 10°_ 

beads per ml of goat anti-rabbit immunobeads (BIO-RAD Laboratories, 

Richmond, California). The mixture of cells and beads was incubated 

at 4°C for 2 hours, then centrifuged once at 250 x g for 5 minutes at 

4°C and then gently resuspended. The beaded cell preparations were 

then viewed under high power phase contrast observation (x450) and 

counted to determine the percentage of cells with three or more beads 

attached. 
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Chickens 

White leghorn.chicks were obtained from the University of 

Arizona Experimental Poultry Farm within 24 hours of hatching. These 

birds originated from a commercial strain of chicken (76; Shaver 

Star Cross, Shaver Poultry Breeding Farms, LTD., Cambridge, Ontario) 

and had been found to be highly susceptible to the GA strain of MDV 

(69). Chickens were injected subcutaneously in the back of the neck 

with 0.2 ml of the appropriate virus suspension at one day of age. 

The chicks were housed inside plastic isolator units in order to con

tain the MDV and prevent infection of the control group. Male chickens, 

between 5 and 9 weeks of age, were used in all studies. Sex was con

firmed at necropsy. 

Assessment of Clinical Disease 

Gross Signs of Marek's 
Disease 

Chickens were observed daily for clinical signs of Marek's 

disease. These signs included somnolency, emaciation, immobility and 

paralysis. All chickens were examined for lymphomas at necropsy. 

Kidney, spleen, gonad, liver and thymus were the organs' found to be 

most often affected with, lymphoma (69) . 

Body and Spleen Weights 

Chickens were weighed while alive on an animal scale to the 

nearest 0.1 gram. Spleens were weighed to the nearest 0.01 gram. 
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Blood Counts 

White blood cell counts were made by diluting blood obtained 

by cardiac puncture 1:50 in Natt-Herrick's solution (77; see Appendix 

A) and counting lymphocytic and granulocytic cells separately at 450 x 

magnification of a hemocytometer. 

Detection of Anti-Marek's 
Disease Virus Antibody 

Sera from all chickens used in these studies were checked for 

antibody to MDV by double diffusion in agarose gel (78). Agarose gels 

consisted of 0.15 M phosphate buffer in 8% saline at pH 7.4. The well 

pattern consisted of 5 wells containing the sera to be tested plus one 

well containing a serum known to contain antibody to MDV. The central 

well contained undiluted Marek's disease viral antigen. Gels were 

incubated in a humid environment at room temperature and checked daily 

for 5 days for the development of precipitin bands. 

Procedures for Collecting 
Lymphoid Cell Populations 

Blood 

Blood was obtained by cardiac puncture. One milliliter of 

blood was used to make white blood cell counts and to obtain serum for 

testing for antibody to Marek's disease viral antigen. Ten milliliters 

of blood were rapidly placed in a 100 ml flask containing glass beads 

and defibrinated by gentle swirling. The defibrinated blood was diluted 

with, two parts PBS, layered over Ficoll-Hypaque gradients and centri-

fuged at 300 x g for 20 minutes at room temperature. The cells at the 
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interface of the gradient were collected, washed three times in PBS 

and adjusted to a concentration of 2 x 10^ cells/ml. 

Spleen and Lymphoma 

Spleens and lymphomas were removed and made into single cell 

suspensions by gently teasing the cells through stainless steel sieves 

into PBS. The resulting cell suspensions were layered over Ficoll-

Hypaque gradients and prepared as previously described for the blood 

lymphocytes. 

Preparation of Slides 
for Scanning 

Deposition of Cells 
on Coverslips 

Three drops of cell suspension at 2 x 10^ cells per ml were 

applied to a PLL-coated coverslip, covered with a clean glass slide, 

inverted and incubated for 15 minutes at room temperature to allow 

cells to settle and attach (18). The cells on the coverslips were 

then rinsed five times in PBS, fixed in 95% ethanol and stored at 

room temperature until stained. 

Staining 

The procedure used for the Papanicolaou stain was as follows 

C79). The cells fixed on the coverslips were rinsed twice in distilled 

water, 1 minute for each rinse, and then stained with Gill's Hematoxylin 

No. 2 (Polysciences, Warrington, Pennsylvania) for 30 seconds. The cells 

were then rinsed with, distilled water three times, 1 minute for each 
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rinse, then placed in Scott's Tap Water Substitute (79; see Appendix 

A) for 1 minute, rinsed three times with distilled water, 1 minute 

for each rinse, rinsed three times with 95% ethanol for one minute for 

each rinse, and then stained with Gill's Modified OG-6 (Polysciences) 

for 1 minute. The cells were then rinsed three times with 95% ethanol, 

1 minute for each rinse, then stained with Gill's Modified EA (Poly

sciences) for 7 minutes, rinsed three times in 95% ethanol, three 

times in absolute ethanol, and finally in three changes of filtered 

xylene. The coverslips were mounted on 1 millimeter thick microscope 

slides using a synthetic mounting medium. 

Procedure for Scanning 
Stained Cells 

Photometric measurement of Cells was done using a Leitz scanning 

microscope photometer (MPVII) operated online to a PDP 11/45 computer, 

using a square measuring spot of size one half micrometer by one half 

micrometer. Lymphocytes were visually selected at random and scanned 

at a wavelength of 570 nanometers to collect digitized cell image data. 

The OD measurements of the cell were displayed on a cathode ray tube 

video screen as individual points. All cell images were edited 

immediately after scanning to remove erroneous points from the scanned 

area. The data representing the individual digitized cell images were 

stored on magnetic disk and magnetic tape. One hundred cells from each 

coverslip preparation were scanned. 
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Method of Computer Assisted 
Cell Image Analysis 

Feature Acquisition 

Computer programs for feature acquisition were used to make 

features from each digitized cell image. The program H1ST10 (29) was 

used to make the features: relative cell area, total OD, average OD 

and the relative frequency of OD values in 18 intervals incremented by 

0.1 OD units. The program POLAR (31) was used to make 16 features of 

the average radial OD profile at 0.5 micrometer intervals from the cell 

center. The programs CONDEN (32) was used to make 3 features based 

upon the amount of condensed material in the cell. The program CELSCN 

(33) was used to make 7 features based upon run length statistics. The 

program REDUCE (30) was used to make 24 features describing probabili

ties of transition from one OD range to another between adjacent measur

ing spots. 

The program ANVAR (16) was used to compute the mean standard 

deviation and sums of squares for each of the 72 features for every 

set of 100 cells. 

The data generated by the feature acquisition programs repre

sented a quantitative description of lymphoid cells in the control 

group, in the vaccinated group and in the MDV group of chickens. The 

features acquired from the digitized cell images were used to 

Ci) determine which, of the features had values useful for discriminating 

cell populations of the MDV group from the vaccinated group and control 
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group of chickens and (11) establish a decision rule for the classifi

cation of cell as either "altered" or "unaltered". 

Feature Evaluation 

Computer programs for feature evaluation were used to choose 

cell features that were useful for discrimination of selected cell 

populations. The program FMERIT (16) was used to select a subset of 

features that had values useful for discrimination between two cell 

populations. The program ROC (35) was used to calculate the detection 

measure (d"*) for selected features of interest. 

The stepwise linear multivariate discrimination program DSC 

(26) was used to determine which of the subset of features selected 

by FMERIT were actually used for the discrimination of two selected 

cell populations. This program determined how well two populations 

could be discriminated and listed which individual cells were correctly 

classified and which were incorrectly classified in both cell popula

tions . 

The unsupervised learning program KMEANS (36) was used to 

separate cell populations based on a subset of features selected using 

FMERIT. In some cases the homogeneity of a single cell population was 

tested using a selected set of features (16). In other cases, cell 

feature files from two cell populations of interest were merged into a 

single cell file. A set of features selected by the feature evaluation 

program FMERIT was used in the program to partition the cell populations 
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into two clusters. The Individual cells making up each cluster were 

examined to determine to which cell population each cell belonged. 

The supervised learning program SLPRT (37) was used to establish 

a classification rule for lymphoma cells and nonlymphoma cells. This 

program required a training set of lymphoma cells, a training set of 

nonlymphoma cells and a set o£ features to differentiate the two 

populations. 

The training sets consisted of the following. The lymphoma 

training set was made by selecting cells that were correctly classified 

as "altered" when tested both with the program DSC against control 

splenocytes, and when tested with the program KMEANS, as described 

above. The nonlymphoma cell training set consisted of control spleno

cytes. The set of features used in the SLPRT program was selected from 

the two training sets by the feature evaluation program FMERIT. 

The program CLSFY (38) was used to apply the decision rule 

computed by the program SLPRT. The program was used to classify as 

either "altered" or "unaltered" splenocytes, PBL and lymphoma cells 

in the control group, vaccinated group and MDV group of chickens. 

Experimental Design 

The experiments used three groups of chickens: uninfected 

chickens (.control group), chickens injected with MDV at one day of age 

(MDV group), and chickens injected with the HVT vaccine at one day of 

age (vaccinated group). The control group and the MDV group contained 

7 chickens each and the vaccinated group contained 5 chickens. Either 
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two or three chickens were used on each day of assay, one chicken from 

each group. Chickens were between 5 and 8 weeks of age when used. 

Clinical data were needed to test for the presence of Marek's 

disease and to characterize the extent of lymphoproliferation. The 

following data were obtained from each chicken on the day it was used 

as a cell donor: the body weight, a differential and total white blood 

cell count, a serum sample to test for the presence of antibody to 

Marek's disease viral antigen, the spleen weight and the presence or 

absence of grossly observable lymphoma. 

Biological data characterizing cell populations were needed for 

the purpose of comparison with data collected by CAMA methods. The 

cell types studied were splenocytes, peripheral blood lymphocytes 

(PBL) and cells in Marek's disease lymphomas (lymphoma cells). The 

following biological data were obtained from each cell population: 

the precentage of T lymphocytes, the percentage of B lymphocytes and 

the percentage of MATSA-positive cells. 

The experimental design for the computer assisted microphoto-

metric analysis was as follows. Splenocytes, PBL and lymphoma cells 

(.if any) from the control group, MDV group and vaccinated group were 

prepared and stained on coverslips as described above. One hundred 

cells on each coverslip were scanned to form one hundred digitized 

images. These data constituted the raw microphotometrie data. 

In order to achieve the goal of quantitating the cell popula

tions occurring in chickens with Marek's disease, the cell images from 
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each, of th$ one hundred cells of each cell population In all three 

groups of chickens were used to derive the 72 cell Image features using 

five feature acquisition programs (HIST10, POLAR, REDUCE, CELSCN and 

CONDEN). The results were summarized by the program ANVAR which 

calculated the mean, standard deviation and sums of squares for each 

cell type from every chicken in all three groups of chickens. 

To achieve the goal of identifying the cell Image features 

that differentiate Marek's disease lymphoma cells from other lymphocyte 

populations, the feature evaluation programs FMERIT and ROC were used. 

Features appearing to have good discrimination potential were checked 

in the multiple discrimination program DSC to determine which features 

were actually used in the discrimination, and what level of discrimina

tion could be achieved between the cell populations from the three 

groups of chickens. 

Finally, to achieve the goal of generating a decision rule to 

differentiate "altered" cells from "unaltered" cells, two training 

sets were made and submitted together with a set of features to the 

supervised learning program SLFRT in order to generate a decision rule. 

The decision rule was tested using the program CLSFY on each 

cell of each cell type from every chicken in the control group, in the 

vaccinated group and in the MDV group of chickens. 



RESULTS 

Clinical Signs of Marek's Disease 

Clinical signs of Marek's disease were studied in order to 

establish that chickens in the MDV group had Marek's disease and to 

measure the extent of the lymphoproliferation. Each chicken from the 

control group, the vaccinated group and the MDV group was examined 

for the occurrence of lymphoma on the day it was used in the experiment. 

Four of the seven chickens in the MDV group were found to have a lympho

ma occurring in the kidney. The four kidney lymphomas were used as a 

source of lymphoma cells for subsequent analysis. No signs of lymphomas 

were observed in the seven chickens of the control group or in the five 

chickens of the vaccinated group. 

Spleen weight was used as a clinical sign of lymphoprolifera

tion. The spleen weight was normalized to the size of the chicken by 

dividing the spleen weight by the body weight. This resulted in the 

spleen to body weight ratio (spleen weight/body weight ratio). The 

* 

mean spleen weight/body weight ratios for the three groups of birds 

were found to be: control group—5.8 x 10"^; vaccinated group— 

4.4 x 10~^; MDV group—7.8 x 10"^. The MDV group had a significantly 

greater spleen weight/body weight ratio than the control group (P<0.05). 

The peripheral blood lymphocyte (PBL) count was used as another 

clinical sign of lymphoproliferation. The mean count of PBL per cubic 

31 
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millimeter for the three groups of chickens was found to be: control 

group—10,150; vaccinated group—8,600; MDV group—15,000. Although 

there was a trend for the MDV group to have higher PBL counts, the 

values were not significantly different from the control group at the 

0.05 significance level. 

Figure 1 presents the bivariate plot of spleen weight/body 

weight ratio versus the PBL count for the control group and the MDV 

group of chickens. The MDV group had a larger bivariate mean than the 

control group, reflecting the increased spleen weight/body weight ratios 

and the increased PBL counts in the MDV group. The MDV group had a 

larger 95% confidence ellipse than the control group, reflecting the 

heterogeneity of spleen weight/body weight ratios and of PBL counts in 

the MDV group of chickens. There was no significant correlation between 

spleen weight/body weight ratio and the PBL count in the MDV group of 

chickens C*=0.32, P>0.05). The control chicken group had a higher 

correlation of spleen weight to body weight ratios to the PBL counts 

(r=0.7a, P<0.05). 

Table 1 presents the results of the determination of serum 

antibody titer against the Marek's disease viral antigen preparation. 

Antibody titer was determined using precipitation in agarose gel by 

two-fold geometric dilution of the sera. All chickens in the group 

injected with MDV were fould to have serum antibody against a Marek's 

disease viral antigen preparation. Titers of antibody in the MDV group 

were 2 or 4. None of the chickens in the vaccinated group or the 
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Figure 1. The bivariate plot of spleen weight to body weight ratio 
and peripheral blood lymphocyte count for the control group 
and MDV group of chickens. — The points represent the bi
variate group means. The ellipses represent the 95% confi
dence region of the bivariate mean. 
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Table 1. The antibody titer against Marek*s disease viral antigen 
preparation in serum from the control group, the HVT group 
and the MDV group of chickens as detected by the precipi
tation reaction in agarose gel. 

GROUP CHICKEN NUMBER TITER1 

CONTROL2 

1 0 
2 0 
3 0 
4 0 
5 0 
6 * 0 

7 0 

HVT3 

1 0 
2 0 
3 0 
4 0 
5 0 

MDV4 

1 4 
2 2 
3 2 
4 2 
5 4 
6 4 
7 2 

Titer represents the reciprocal of the highest dilution of serum that 
gave one or more precipitin lines. A value of zero means no precipi-
tatin lines were detected using undiluted serum. 

2 Control group consisted of uninfected chickens. 

3 
HVT group consisted of chickens vaccinated at one day of age with. HVT. 

4 
MDV group consisted of chickens injected at one day of age with MDV. 
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control group had detectable serum antibody to the Marek's disease 

viral antigen by this method. 

Quantitation of Lymphoid Populations 
by Immunological Methods 

Quantitation of lymphoid populations by -immunological methods 

was required for comparison with data and analysis collected by CAMA. 

methods. Percentages of T and B lymphocytes were calculated in order 

to (i) determine whether Marek's disease lymphomas were composed of 

a single subpopulation of lymphocytes or were a mixture of T and B 

lymphocytes and (ii) test if there were differences in the relative 

frequency of T and B lymphocytes in splenocytes or PBL from the MDV 

group or vaccinated group when compared with the control group. , 

Table 2 presents the percentages of T lymphocytes and the 

percentages of B lymphocytes in splenocytes, PBL and lymphoma cells 

from the control group, vaccinated group and MDV group of chickens as 

determined by the immunoadsorbent bead technique. Lymphoid cells from 

Marek's disease kidney lymphomas were found to consist of both T lympho

cytes and B lymphocytes, with approximately three times more T lymphocytes 

than B lymphocytes. 

Spleens contained approximately 53% T lymphocytes, 15% B 

lymphocytes and 30% null cells that were not marked as either T or B 

cells by the indirect immunoadsorbent beat procedure. There were 

usually 1-3% cells that were phagocytic. An analysis of variance did 

not show a significant difference in either the percentages of T 



Table 2, Percentages of T lymphocytes, B lymphocytes, null lymphocytes and MATSA-positive 
cells found In the spleen, blood and lymphomas from the control group, HVT group 
and MDV group of chickens as determined by the inmmnoadsorbent bead technique. 

CELL TYPE GROUP T CELL B CELL NULL LYMPHOCYTES MA.TSA+ 

SPLENOCYTES 

PBL 

LYMPHOMA. CELLS 

CONTROL1 53.1 + 7.64.5 12.7 + 4.3 34.0 + 11.4 18.0 + 3.7 

HVT2 57.4 + 11.8 17.0 + 8.0 26.2 ± 17.7 20.4 + 5.9 

MDV3 48.1 + 5.4 15.3 + 4.1 36.6 t 9.1 30.4 + 11.3 

CONTROL 69.2 + 9.2 12.0 + 1.6 18.8 ± 9.8 22.6 + 8.3 

HVT 67.0 + 10.5 10.2 + 22.7 22.8 + 12.8 39.2 + 31.2 

MDV 76.4 ± 9.6 14.8 + 10.8 10.4 + 10.5 33.8 + 13.6 

MDV 58.8 + 16.0 19.0 + 11.9 22.5 + 20.8 57.8 ± 10.7 

1 1 
Control group consisted of seven uninfected chickens. 

2 
HVT group consisted of five chickens vaccinated at one day of age with HVT, 

3 
MDV group consisted of seven chickens injected at one day of age with MDV. 

4 
Cells with 3 or more beads in a rosette were scored as positive. 

5 
Results are given as the 95% confidence limits of the mean. Phagocytic cells 
were less than 3% of the population of any of the cell types. 
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lymphocytes or the percentages of B lymphocytes in splenocytes between 

the three groups of chickens. 

PBL were found to consist of approximately 70% T lymphocytes, 

12% B lymphocytes and 18% null cells not detected as T or B lympho

cytes by the indirect immunoadsorbent bead procedure. No significant 

differences were found in either the percentages of T lymphocytes or 

the percentages of B lymphocytes in PBL between the three groups of 

chickens. 

Percentages of MATSA positive cells were ascertained in order 

to determine the frequency of transformed cells by a biological cri

terion. Table 2 presents the percentages of MATSA-positive cells 

detected in splenocytes, PBL and lymphoma cells of the three experi

mental groups of chickens as determined by the indirect immunoadsorbent 

bead procedure. An analysis of variance gave the following results. 

There were significantly increased numbers of MATSA positive cells in 

Marek's disease lymphomas (57%) than were detected in splenocytes from 

the control group (P<0.001), There were significantly increased 

numbers of MATSA positive cells in the MDV group of splenocytes (.30%) 

compared with splenocytes from the control group (0.01<P<0.05). There 

appeared to be a background of about 20% of the splenocytes and PBL 

from the control group binding three or more immunoadsorbent beads. 

There was no significant difference detected between the level of MATSA 

positive cells in PBL of chickens in the MDV group and control group, 

or between the vaccinated group and the control group, although the 

percentages of MATSA-positive cells were found to span a large range 
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In the PBL of both the MDV and vaccinated groups. Double labelling 

experiments using anti-T lymphocyte or anti-B lymphocyte antisera with 

the anti-MATSA antisera to detect the identity of MATSA positive cells 

in lymphomas were not done. 

Analysis of Lymphoid Populations 
by CAMA Methods 

Feature Extraction 

Digitized cell images for analysis by CAMA were made by scanning 

cells on a microphotometer attached to a computer. One hundred 

Papanicolaou-stained lymphoid cells from the spleen and from the 

peripheral blood were scanned from each chicken in the control group, 

in the MDV group and in the vaccinated group. One hundred cells from 

each of the four Marek's disease kidney lymphomas were also scanned. 

Each digitized cell image was used to compute 72 features for 

analysis using the feature acquisition programs. The mean, standard 

deviation and sums of squares for each feature from each cell type 

from all chickens were calculated using the program ANVAR. 

Inspection of the average values of the relative cell area 

and total optical density was done to begin to organize the analysis. 

Table 3 presents average values for the features relative cell area 

and total optical density for splenocytes, PBL and lymphoma cells 

from the control group, the vaccinated group and the MDV group of 

chickens. The lymphoma cells had a larger average relative cell area 

than the cells of the other lymphoid groups (P<0.001). The lymphoma 
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Table 3. The average relative cell area and average total optical 
density of splenocytes, PBL and lymphoma cells from the 
control group, HVT group and the MDV group of chickens. 

AVERAGE RELATIVE TOTAL 
CELL TYPE GROUP CELL AREA* OPTICAL DENSITY 

CONTROL2 87.3 + 5.85 2828 + 348 

SPLENOCYTE HVT3 85.6 + 5.4 2754 + 219 

MDV4 84.7 + 6.4 2660 409 

• CONTROL 81.9 + 3.5 2373 ± 173 

PBL HVT 78.9 ± 6.4 2217 ± 93 

MDV 77.9 + 4.9 2260 ± 192 

LYMPHOMA MDV 109.1 21.6 3444 ± 799 

HResults are expressed as the number of 0.5 x 0.5 micrometer optical 
density readings per cell for the relative cell area and the sum 
of the values of optical density readings per cell for the total 
optical density. 

2 
Control group consisted of seven uninfected chickens. 

3 
HVT group consisted of five chickens vaccinated at one day of age 
with HVT. 

4 
MDV group consisted of seven chickens Injected at one day of age 
with MDV. 

^95% confidence limits of the mean. 
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cells also had a higher average total optical density than the cells 

of other lymphoid groups (£<0.001). Regression analysis of the relative 

cell area of lymphoma cells and of the total optical density for the 

lymphoma cells gave a correlation coefficient of 0.85 (P<0.05). This 

indicated that variation in the size of the lymphoma cells and the 

total optical density of the lymphoma cells were highly correlated. 

There was little difference between the average relative cell 

areas or the average total optical densities in splenocytes from the 

three groups of chickens. There was also little difference between 

either the average relative cell areas or the average total optical 

densities in PBL from the three groups of chickens. PBL from all 

groups of chickens had a smaller average relative cell area and a 

lower average total optical density when compared with splenocyte 

values. 

Analysis of the distribution of the relative cell areas of 

lymphoma cells from the MDV group and splenocytes and PBL from the 

control group of chickens is shown in Figure 2. Splenocytes and PBL 

from control chickens appeared to have a unlmodal distribution. 

Lymphoma cells, however, appeared to show a bimodal distribution of 

relative cell area. Approximately 30% of the cells in the lymphoma 

population were larger than those found in the control splenocyte 

population. Comparisons of the distributions of relative cell area 

of PBL and splenocytes from the vaccinated and MDV groups of chickens 

all appeared unimodal and did not reveal any obvious differences (.data 

not shown). 
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Figure 2. The distribution histograms of the relative cell areas of 
splenocytes, PBL and lymphoma cells. — Splenocytes and PBL 
each consisted of 700 cells from the control group of 
chickens. The lymphoma cells consisted of 400 cells from 
the MDV group of chickens. 
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Feature Evaluation 

Inspection of the average values and distributions of features 

such as the relative cell area and total optical density is useful as 

a method for an Initial survey of the cell image feature data. This 

method of inspection, however, becomes cumbersome for the analysis of 

large numbers of features. Another method to detect differences in 

feature values between two cell populations is to subject the two sets 

of cell features to feature selection and evaluation programs such as 

the programs FMERXT and ROC. 

The following strategy was employed to identify cell features 

that best differentiated the cell populations occurring in the control 

group, vaccinated group and MDV group of chickens. Fifteen digitized 

cell images were taken from each cell type of every chicken and merged 

to form single digitized cell image groups. This resulted In the 

following digitized cell image groups: splenocytes from the control 

group, PBL from the control group, splenocytes from the vaccinated 

group, PBL from the vaccinated group, splenocytes from the MDV group, 

PBL from the MDV group and lymphoma cells from the MDV group. 

Feature files were made from the merged cell files using the 

feature acquisition programs. Features that had discrimination poten

tial between groups were detected using the feature evaluation and 

selection program EMERIT. 

Table 4 shows typical data recorded from three comparisons of 

control splenocytes versus lymphoma cells, control splenocytes versus 
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Table 4. Detection measure (d") values for the ten best features 
selected by FMERIT for comparisons between cells from the 
control group and cells from the MDV group of chickens. 

FEATURES SELECTED 

CONTROL2 SPLENOCYTES AND MDV LYMPHOMA CELLS 

Transition Probability between OD Ranges .21-.40 and .61-.80 0.22 
Relative Cell Area 0.20 
Transition Probability between 0D Ranges .61-.80 and 1.01-1.2 0.19 
Relative Frequency of Occurrence for 0D Values .61-.70 0.19 
Transition Probability between 0D Ranges .81-1.0 and .81-1.0 0.18 
Mean Radial 0D from 0.5 to 1.0 Micrometers 0.16 
Third Index of Heterogeneity 0.14 
Average 0D 0.13 
Transition Probability between OD Ranges 0-.20 and .41-.60 0.12 
Mean Radial 0D from 1.0 to 1.5 Micrometers 0.12 

CONTROL SPLENOCYTES AND MDV SPLENOCYTES 

Average OD 0.22 
Mean Radial 0D from 1.0 to 1.5 Micrometers 0.21 
First Index of Heterogeneity 0.17 
Transition Probability between 0D Ranges .61-.80 and 1,01-1.2 0,17 
Transition Probability between 0D Ranges .21-.40 and .61-.80 0.16 
Mean Radial 0D from 0.5 to 1.0 Micrometers 0.16 
Mean Radial 0D from 0 to 0.5 Micrometers 0.15 
Relative Frequency of Occurrence for OD Values .61-.70 0.14 
Transition Probability between OD Ranges .81-1.0 and .81-1.0 0.12 
Total OD 0.10 

CONTROL PBLs AND MDV PBLs 

Relative Frequency of Occurrence for 0D Values .41-.50 0,10 
Transition Probability between 0D Ranges ,61—.80 and 1.01—1,2 Q.10 
Relative Frequency of Occurrence for OD Values .21—,30 0,07 
Mean Radial OD from 1.5 to 2.0 Micrometers 0.06 
The Second Moment of the Mean 0.05 
Relative Frequency of Occurrence for OD Values .51-.60 0.05 
Total OD 0.05 
Average 0D 0,04 
Mean Radial 0D from 2.0 to 2.5 Micrometers 0.Q4 
Transition Probability between 0D Ranges .81-1.0 and .81-1.0 0.03 

''"d'* ranges from 0 (no discrimination) to 0.5 Cp®^f®ct discrimination). 

2 
Control group consisted of seven uninfected chickens. HVT group con
sisted of five chickens vaccinated at one day of age with HVT, MDV 
group consisted of seven chickens injected at one day of age with 
MDV. 



44 

lymphoma cells, control splenocytes versus MDV splenocytes and control 

PBL versus MDV PBL. The discriminating ability of the selected fea

tures was estimated using the program ROC. This method generates a 

measure (d*") which can range from a value of zero (no discriminating 

ability) to a value of 0.5 (indicating that the particular feature 

had perfect discriminatory ability for the two groups). The d*" values 

were highest when control splenocytes and lymphoma cells were compared. 

The poorest differentiation was obtained when PBL from HDV and control 

groups were compared. 

Discrimination Analysis 

Features selected by FMERIT for each comparison were used in 

the stepwise linear multivariate discrimination analysis program, DSC, 

in order to determine (1) how well the set of features was able to 

discriminate two cell populations and (ii) the relative importance of 

each feature in the discrimination. Results of the analysis between 

the control and MDV groups are presented in Table 5. A discrimination 

level of 100% represents perfect discrimination; a discrimination level 

of 50% represents no discrimination. 

The best discrimination of the groups was obtained between 

Marek's disease lymphoma cells and splenocytes from control chickens. 

Lymphoma cells were classified as lymphoma cells at a level of 66%. 

This compared with 59% of the cells classified as MATSA positive cells 

by the lmmunoadsorbent bead method. Control splenocytes were correctly 

classified at a level of 84% with, a misclassification of 16%. This 

compared with a background of MATSA positive cells of 18%. 
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Table 5. Discrimination of lymphoma cells, splenocytes and PBL from 
the control group and the MDV group of chickens. 

PREDICTED GROUP MEMBERSHIP 

CORRECT 
GROUPS CLASSIFICATION CONTROL MDV 

CONTROL1 SPLENOCYTES 84% 16% 
VS. 75% 

MDV2 LYMPHOMA CELLS 34% 66% 

CONTROL SPLENOCYTES 61% 39% 
VS. 64% 

MDV SPLENOCYTES 34% 66% 

CONTROL PBL 59% 41% 
VS. 62% 

MDV PBL 36% 64% 

^Control group consisted of seven uninfected chickens. 

^MDV group consisted of seven chickens injected at one day of age 
with MDV. 
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Discrimination was only successful at the 64% level in attempt

ing to classify splenocytes from the control group and splenocytes from 

the MDV group, and the 62% level in attempting to classify PBL from the 

control group and" PBL from the MDV group. 

The unsupervised learning program KMEANS was used to investigate 

the heterogeneity of the lymphoid populations in Marek's disease lympho

mas. Three hundred lymphoma cells from the MDV group were merged with 

300 splenocytes from the control group. The features selected by FMERIT 

as having the best discrimination potential were used in the program 

KMEANS to attempt to partition the merged data file into two files with 

significantly different properties for that set of features. The cells 

that made up these two files were examined to determine how many control 

cells and how many lymphoma cells occurred in each cluster. Using this 

approach, the Marek's disease lymphoma cells were grouped as 59% 

"altered" cells and 41% "unaltered" cells. This compared with 59% of 

the lymphoma cells being MATSA positive. 

Construction of the Decision Rule 

A decision rule was needed to classify cells on an individual 

basis to determine whether they were "altered" or "unaltered". Applica

tion of the decision rule on an individual cell basis could then be 

used to correlate with, the percentages of MATSA positive cells and to 

check, for the occurrence of low numbers of "altered" cells in spleno

cytes and PBL from the MDV and vaccinated group of chickens. 
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The supervised learning program required two training sets of 

"known" cell types. These sets were to consist of known "unaltered" 

cells and "altered" cells. Splenocytes from control chickens were 

used as the "unaltered" training set. The results of the discrimina

tion analysis and the unsupervised learning analysis suggested that 

Marek's disease lymphoma cells were heterogeneous and consisted of 

both, a population of "altered" cells that had features that were 

different from control splenocytes and a population of "unaltered" 

cells that had features that were similar to splenocytes from control 

chickens. Two different approaches were used to create the training 

sets for the "altered" cell set. Individual cells that were correctly 

classified as a lymphoma cell by both the program DSC and the program 

KMEANS were" identified. These cells were merged to form a single cell 

Image file for further examination and analysis. 

Feature files were then made from this cell image file. Simple 

cell features such, as area and total OD revealed differences in these 

two groups. The "altered" group of cells was found to consist of 

relatively large cells, with a mean relative cell area of 146 measured 

spots and a standard deviation of 29 measured spots and with a total 

optical density of 4577 units and a standard deviation of 115 units. 

Figure 3 shows the relative frequency of the optical density values 

for the control splenocytes and for the "altered" lymphoma cells. 

Lymphoma cells appeared to have more material staining between 0.3 

and 0.5 optical density units and less material staining between 0.5 
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Figure 3. Distribution of optical density values from the training 
set of "altered" Marek's disease lymphoma cells and 
splenocytes from control chickens. 
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and 0.7 optical density units when compared with, the histogram for the 

control splenocytes. 

An analysis of the merged "altered" group and splenocytes from 

control chickens by FMERIT and ROC showed a number of features that 

appeared to have a high discrimination potential. Results of this 

analysis are shown in Table 6. Comparison of the d' values found for 

the "altered" cell group with the values found for the total lymphoma 

group (given in Table 4) shows that the values are larger for the 

comparison made with the "altered" group. 

Two training sets consisting of cells identified as "altered" 

(classified as lymphoma cells by both the programs DSC and KMEANS) and 

"unaltered" (splenocytes from control chickens) were submitted to the 

supervised learning program SLFRT together with features which were 

selected by FMERIT as having high, discrimination between the two train

ing sets. The program SLFRT created a decision rule which in turn was 

used to classify cells from PBL, splenocytes and lymphoma cells from 

the three groups of chickens as either "altered" or "unaltered". 

Classification of Lymphoid Cells 

Results of the classification are given in Table 7. Cell samples 

from Marek's disease lymphomas had a variable number of cells classified 

as "altered" (.range = 9-74%) , The percentage of cells classified as 

"altered" was compared to the percentage of cells classified as MATSA-

positive by the immunoadsorbent bead technique and a correlation co

efficient of 0.79 was found (F<0.05). 
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Table 6. Detection measure (d**) values of the ten best features 
selected by FMERIT for comparisons between control spleno-
cytes and cells from the MDV lymphoma training of "altered" 
cells. 

FEATURES SELECTED d1*1 

Relative Cell Area 0.490 

Mean Radial OD from 3.0 to 3.5 Micrometers 0.483 

Mean Radial OD from 2.5 to 3.0 Micrometers 0.477 

The Second Moment of the Mean 0.465 

Second Index of Heterogeneity 0.462 

Mean Radial OD from 2.0 to 2.5 Micrometers 0.446 

Total OD 0.439 

Transition Probability between OD Ranges .41-.60 and .41-.60 0.344 

First Condensation Index Value 0.336 

Relative Frequency of Occurrence for OD Values .41-.50 0.289 

^d** ranges from 0 (no discrimination) to 0.5 (.perfect discrimination). 

Control group consisted of seven uninfected chickens. HVT group 
consisted of five chickens vaccinated at one day of age with HVT. 
MDV group consisted of seven chickens injected at one day of age 
with MDV. 
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Table 7. Classification of lymphoid cells from the control group, the 
HVT group and the MDV group of chickens as "altered" or 
"unaltered" by the program CLSFY, 

CLASSIFICATION 
CELL 

GROUPS 
CHICK 
NUMBER "UNALTERED" "ALTERED" 

CONTROL1 SPLENOCYTES 
1 95% 5% 
2 99% 1% 
3 96% 4% 
4 86% 14% 
5 100% 0% 
6 93% 7% 
7 92% 8% 

HVT2 SPLENOCYTES 
1 99% 1% 
2 92% 8% 
3 95% 5% 
4 97% 3% 
5 98% 2% 

MDV3 SPLENOCYTES 
1 91% 9% 
2 91% 9% 
3 91% 9% 
4 91% 9% 
5 97% 3% 
6 98% 2% 
7 79% 21% 

MDV LYMPHOMA CELLS 
2 74% 26% 
3 26% ' 74% 
6 91% 9% 
7 63% 37% 

^Control group consisted of seven uninfected chickens. 

TIVT group consisted of five chickens vaccinated at one day of age with 
HVT. 

3 
MDV group consisted of seven chickens injected at one day of age with 
MDV. 
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Splenocytea from the control group and aplenocytea from the 

vaccinated group were predominantly classified as belonging to the. 

"unaltered" group. Splenocytes from chickens in the MDV group also 

had a majority of cells classified as "unaltered", but also appeared 

to have a population of about 10% cells that were classified as 

"altered". 

The decision rule was also to classify PBL from the control 

group, vaccinated group and MDV group. More than 95% of the PBL from 

all three groups were classified as "unaltered". 



DISCUSSION 

Previous studies on the nature of the lymphoid cells in 

chickens with Marek's disease have focused on either a qualitative 

description of the cells or detection of lymphoid subpopulatlons using 

cell surface markers. This study used computer assisted microphoto-

metric analysis to gather quantitative measurements of the lymphoid 

populations occurring in the Marek's disease system. The measurements 

were further analyzed to determine the cell image features that dis

criminated control and MDV populations and to derive a decision rule 

based on a subset of features to classify cells as "altered" or 

"unaltered". 

Chickens in the MDV group exhibited signs of lymphoprolifera-

tion including the presence of lymphomas, increased spleen weight/body 

weight ratios and elevated PBL counts compared with the vaccinated and 

control groups. Interestingly, there was little correlation between 

spleen weight/body weight ratios and the PBL count in the MDV group of 

chickens. Apparently the lymphoproliferation in Marek's disease can 

occur in one organ and not in others. 

The PBL and the splenocytes in the MDV group had frequencies 

of T and B lymphocytes that were similar to those found in the control 

group. This is especially interesting in the case of the spleen where 

there were large increases in spleen cell numbers, as evidenced by the 
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Increased spleen weight/body weight ratios. This may mean that both 

the T and B lymphoid populations occur In Increased numbers in the 

spleens of chickens with Marek's disease. 

The lymphoma cells from chickens with Harek's disease contained 

both T and B lymphocytes with an average of about three times more T 

lymphocytes than B lymphocytes. These findings are in agreement with 

several other studies (60f 81, 82) demonstrating the presence of both 

T and B lymphocytes in Marek's disease lymphomas. 

Lymphomas contained both MATSA positive cells and MATS A nega

tive cells. These findings are in agreement with those of Witter et 

al. (63). Surprisingly, there were relatively few MATSA positive cells 

in the spleens of chickens with Marek's disease. This may mean that 

the overwhelming majority of splenocytes in the enlarged spleen are 

not "altered" cells, as detected by the presence of MATSA. 

Computer assisted microphotometric analysis methods were used 

to study the lymphoid populations in the Marek's disease system. 

Lymphoma cells appeared to be heterogeneous as evidenced by their 

distribution of relative cell area and total optical density and by 

the partitioning of the populations into two sets by the self learning 

program KMEANS. 

A training set was formed of lymphoma cells that were "altered" 

based on correct discrimination by both, the programs DSC and KMEANS. 

Characterization of this set revealed a cell which differed from control 

splenocytes in several ways. The "altered" cells were larger and had 
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a higher total optical density, they had different relative amounts of 

material staining between OD values 0.4 and 0.5, they had different 

characteristics in mean radial OD values, and they differed In several 

textural features such as transitional probabilities and condensation 

index values. 

Use of this training set of "altered" cells in the self learn

ing program SLPRT and classification with, the program CLSFY showed 

that 9%-74% of lymphoma cells were classified as "altered". Compari

son of the number of "altered" cells in' lymphoma with the numbers of 

MATSA positive cells In lymphoma showed they were highly correlated. 

In order to prove the "altered" cells detected by CAMA were the MATSA 

positive cells detected with antiserum, a fluorescence activated cell 

sorter could be used to separate the MATSA positive and MATSA negative 

populations. The decision rule could then be applied to stained cells 

from both populations. A similar approach has been successful in the 

differentiation of subpopulatlons of mouse splenocytes (.20). 

Use of the decision rule to classify the splenocyte and PBL 

populations in the MDV group showed that most cells were classified as 

"unaltered". This finding was somewhat unexpected, especially in the 

case of splenocytes since the large values in spleen/body weight ratios 

suggested increases In the MDV group. This finding agrees, however, 

with, the biological results which, showed essentially normal relative 

percentages of T and B lymphocytes and low frequencies of MATSA positive 

cells. The disparity between the occurrence of "altered" cells in 

lymphomas and "unaltered" cells in spleen suggests that the pathological 



process Chat leads to lymphoma In chickens infected with. HDV Is 

different than the process that results In increased spleen size. 



APPENDIX A 

PREPARATION OF REAGENTS 

HEPES Buffer 

HEPES (N-2Hydroxyethylpiperazine-N'-2 Ethanesulfonlc Acid) 

was supplied in powder form from Grand Island Biological Company and 

prepared in lOOOx concentration in the following buffer: 

NaCl 0.800 g 
KCl 0.040 g 
Na2HP04 0.010 g 
HEPES 23.800 g 
Water 100 ml 

HEPES buffer was filter sterilized with a 0.45 micrometer 

Millipore filter and stored at -20°C until used. 

Cell Balanced Salt Solution 

Cell balanced salt solution was prepared by dissolving the 

following: 

Dextrose 1.000 g 
KH2PO4 0.060 g 
NA2HP04'7H20 0.358 g 
CaCl2'2H20 0.186 g 
KCl 0.400 g 
MgCl2•6H20 0.200 g 
MgSO^•7H20 0.200 g 
NaCl 8.000 g 
Phenol Red CO.5%) 2 ml 
Water 1000 ml 

Cell balanced salt solution was filter sterilized with a 

0.45 micrometer Millipore filter and stored at 4°C until used. 
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Phosphate Buffered Saline 

Phosphate buffered saline Q-Ox) was prepared by dissolving 

the following: 

NaCl 80.00 g 
KC1 3.00 g 
Na2HP04 0.73 g 
KH2P04 0.20 g 
Dextrose 20.00 g 
Water 1000 ml 

The lOx phosphate buffered saline was filter sterilized with 

a 0.45 micrometer Mllllpore filter and stored at 4°C. The working 

solution was 1 part lOx phosphate buffered saline diluted with 9 parts 

water. 

Gentamicin Sulfate 

Gentamicin sulfate was obtained from Scherlng Corporation. 

The antibiotic was prepared as a lOOx stock solution of 5 mg per ml 

In saline using the correction factor supplied by the manufacturer. 

Gentamicin was filter sterilized with a 0.45 micrometer Mllllpore 

filter and stored frozen until used. 

Scott's Tap Water Substitute 

Scott's Tap Water Substitute (.79) was prepared fresh immedi

ately before use by dissolving the following: 

NaHC03 0.2 g 
MgS04 1.0 g 
Water 100 ml 



59 

Natt-Herrlck. Solution 

Natt-Herrlck Solution (.77) vas prepared by dissolving the 

following in distilled water (In order): 

NaCl 3.88 g 
Na2S04 2.50 g 
Na2HP04 1.15 g 
KH2P04 0.25 g 
Formalin (.37%) 7.50 ml 
Methyl Violet 0.10 g 

The volume o£ the solution vas brought up to 1,000 ml and 

allowed to stand overnight. The solution was then filtered through 

Whatman No. 2 filter paper. 
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