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rejection mechanism in the bursectomized chick was obtained. Also,
the antigenic heterogeneity of the participating chickens was demon-
strated by means of a graft vs host reaction. It was later determined
that a suboptimal number of thymic cells may have been employed in
the early experiments. When the concentration of cells was increased,
significant levels of antibody were demonstrated in the sera of most
recipients.

The successful employment of thymic cells from young donors,
33 days old, indicated that potential antibody producing cells were
.present in the thymus relatively early in life. Although the origins
and nature of the thymic cells capable of synthesizing antibody have
not been demonstrated, th_e existence of such cells in the avian
thymus could indicate that the proposed dissociation of immune

mechanisms in the chicken is more complex than originally thought.
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INTRODUCTION

In 1954, Bruce Glick observed that the ability to produce

. circulating antibody in response to antigenic stimulation-was markedly
depressed in chickens which had been surgically bursectomized eafly
in life, This finding provided the first evidence that the development
of an immune process was dependent upon the presence of a particular
lymphoid organ. Shortly thereafter Szenberg and Warner (1962) demon-
strated that the development of homograft immunity in the chicken was
a thymic dependent function and proceeded to postulate a dissociation
of immune mechanisms in the chicken. Accordingly, the ability to
produce antibody in response to antigenic stimulation was said to be
dependent upon the neonatal development of the bursa of Fabricius,
while the cellular immune processes were thymic dependent.

Although the functional mechanism whereby these "central"
lymphoid organs influence the development of immunological com-
petence has not been determined, Warner and Szenberg (1964) have
suggested several possibilities. These organs may secrete a humoral
substance which stimulates the maturation of peripheral lymphoid
tissue or may "seed" such tissues with competent cells. It is also
possible that the bursa and thymus function as sites wherein cells
derived from other tissues may mature. Evidence obtained from
reconstitution experiments would seem to favor the first of these
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possibilities; however, definite proof is still lacking. Attempts to
demonstrate antibody producing cells in lymphoid tissue other than
splenic tissue have led to conflicting results. These studies have
employed tissues or cells obtained from immunized chickens and
although the animals were injected with antigen, thé tissues
employed may not have been stimulated. For example, the failure
to demonstrate antibod_y production in the intact mammalian thymus
has been ascribed to the existence of a "blood-thymus" barrier
which interferes with the penetration of antigen into thymic tissue.
If such barriers were present in the "central" lymphoid organs of the
chicken, attempts to demonstrate antibody producing cells by the
methods employed in previous studies would have little opportunity
to succeed.

In the present investigation the existence of competent or
potential antibody forming cells in various lymphoid organs was
‘studied by means of a cell transfer system. Lymphoid cells from a
single organ were mixed with antigen jin vitro and transferred to an
immunologically incompetent recipient. The appearance of antibody
in the serum of the recipient chicken indicated the immune capibility

of the transferred cell population.



REVIEW OF LITERATURE

As early as 1907, Rywosch reported that the embryonic and
young chick did not respond to antigenic stimulation with Escherichia
coli. Moll (1908) reported that young rabbits were markedly defi-
cient in their ability to produce antibody to cholera vaccine and horse
serum, and Freund (1930) observed that neonatal rabbits responded
poorly to the flagellate antigens of gram-negative bacteria. Further
studies confirming and extending these observations on the immuno-
logical deficiency of the very young animal to produce antibedy in
response to antigenic stimulation have been reviewed by Wilson and
Miles (1955), Good and Papermaster {1964), and Smith and Eitzman
(1964).

Expressions of immun_ity other than the production of antibody,
e.g., resistance to infection, homograift reaction, and delayed hyper-
sensitivity, are usually absent during embryonic life, but may be
present- to some extent at the time of birth or hatching. The ontogeny
of cellular immunity has been reviewed by Ebert and Delanney (1960),
Chase (1959), and Good and Papermaster (1964).

In an attempt to explain the inability of young rabbits to
synthesize antibody, Dixon anci Weigle (1957) transferred splenic
cells from antigenically stimulated adult rabbits to X-irradiated adult
and normal neonatal recipients. While significant levels of antibody
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appeared in the sera of adult recipients, little or no antibody was
found in the sera of the neonatal recipients. These authors concluded
that the neonatal environment was not adequ‘at;a to support antibody
formation.

While these results were confirmed in rats by Nossal (1959)
and in rabbits by Spirek (1959), conflicting evidence was reported
b}; Trinka (1958) who observed that adult chicken splenic cells pro-
duced antibody when injected into young chickens. According to
Cochrane and Dixon (1962), Sterzl had suggested that the apparent
deficiency in the environment provided by the neonatal rabbit was due
to the rejection of donor cells. Trinka and Riha (1959) found 18-day
embryos to be better recipients than 2-day-old chicks.

‘Other reports, reviewed by Good and Papermaster (1964) tend
to support the concept that the neonatal environment is capable of -
supporting antibody production; however, the degree of efficiency
may be somewhat less than that seen in an adult environment.

The possibility that the immunological deficiency of the
neonatal animal was due to the absence of immunologically compe~
tent cells was studied by Harris et al. (1962). .It was shown that
neonatal rabbit cells stimulated with antigen in vitro and transferred
to irradiated adult recipients produced less antibody than did an equal
number of adult cells. - Makinodan and Peterson (1962) observed that

splenic cells of one-week-old mice were markedly deficient in their
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ability to synthesize antibody in adult recipients. As the mice aged,
their splenic cells demonstrated an increasing antibody producing
capability through the first year of life.

Thus, it would appear from these studies that the immunological
inadequacy of the young animal is more closely related to the immuno-
logical potentials of the constituent cells rather than the environment
provided for these cells.

A second problem intimately related to the immunological defi-
ciencies of the young animal concerns the events which govern the
transition from a state of incompetence to one of competence. Until
recently, all that had been det.ermined was that the attainment of
immunological competency correlated well with the maturation of host
lymphoid tissue (Bridges et al., 1959).

-In 1954, Glick, who was studying a reiationship between gonad
maturation and the involution of the bursa of Fabricius, designed
experiments wherein bursectomy was performed on chickens 2, 12, 19,
or 26 days of age. Animals deprived of their bursa during or prior to
the period of maximal bursal development were subsequently found to
be incapable of producing antibody in response to challenge with the

somatic antigen of Salmonella typhimurium {Glick, 1955). This

experiment not only provided the first evidence for the function of the

bursa of Fabricius, but of much greater importance, it indicated that



the attainment of immunological competence was dependent upon the
normal development of a particular lymphoid organ.

Chang et al. (1957) reported that bursectomy at 2 or 5 weeks of
age was effective in inhibiting antibody production at 12 weeks of age.

-However, bursectomy at 10 weeks of age did not influence the response
of 20-week-o0ld chickens.

Mueller et al. (1960) using bovine serum albumin as an antigen
also demonstrated that bursectomy was effective only when it was per~
formed early in life. On the basis of this finding, these authors sug-
gested that the bursa of Fabricius must provide a cell type or some
subcellular product which migrates to peripheral lymphoid areas prior
to performing its function.

Rao et al. (1958) and Meyer et al. (1959) demonstrated that the
embryonic development of the bursa could be prevented by the injection
of certain steroids into embryonated eggs on the fifth day of incubation.

Mueller et al. (1960) were the first to study antibody formation
in chickens which had been injected with 19-nortestosterone on the
fifth day of embryonic life. They observed that the immunosuppressive
effect of the hormonal treatment was more pronounced and longer
lasting than could be achieved by surgical means.

Szenberg and Warner (1962) confirmed this observation but noted
that most of the birds which were unable to synthesize circulating

antibody did possess a normal ability to reject homografts.



Approximafely 30 per cent of the chicks hatching from eggs treated
with 2 to 4 mg testosterone propionate on embryonic day 12 demon-
strated some degree of thymic atrophy. The small number of chicks
with complete cortical atrophy differed from their bursaless counter-
parts possessing a normal thymus by the fact that they were ﬁnable to
reject skin grafts.

On the basis of these results Szenberg and Warner (1962) and
Warner et al. (1962) postulated a dissociation of immune mechénisms
in the chicken. The ability to synthesize antibody in response to
antigenic stimulation was dependent upon the normal development of
the bursa of Fabricius; whereas, cellular immunity as typified by the
homograft reaction was a thymus dependent function. These authors
stated that delayed type hypersensitivity was also a bursa dependent
function, but this has not been generally accepted.

Several additional reports have supported the Warner-Szenberg
hypothesis. Aspinall et al. (1963) confirmed that thymectomy éf the
neonatal chick inhibited the rejection of skin grafts. Bursectomy had
no effect on graft rejection time. Graetzer et al. (1963) demonstrated
that both natural hemagglutinin and immune precipitin titers were
drastically reduced or absent in bursectomized chickens. In contrast,
neonatal thymectomy had little effect on the immune response to
bovine serum albumin and failed to influence the development of

natural antibody to rabbit erythrocytes.
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Jankovic and Isvaneski (1963) observed that bursectomized and
normal chickens developed tuberculin hypersensitivity and allergic
encephalitis following repeated injection with nerve cord extract in
Freund's adjuvant. Neither example of delayed type hypersensitivity
could be induced in thymectomized chickens.

A morphologiéal basis -for separation of bursal and thymic func-
tions was described by Cooper et al. (1965). This delineation was
based on changes in the histology of the spleen accompanying Bur--
sectomy or thymectomy in conjunction with‘irradiation.

The spleen, a peripheral lymphoid organ, is composed of two
distinct types of lymphoid tissue. One of these, the so-called white
pulp, is characteristically a sheath of large and small lymphocytes
and reticular cells surrounding the small splenic arteries. The second
type of splenic lymphoid tissue is composed of oval lymphoid follicles
which may be enclosed by a thin fibrous membrane. Cells in this
tissue demonstrate cytoplasmic pyroninophilia.

When neonatal bursectomy or thymectomy was combined with high
levels of total body X-irradiation, characteristic changes in splenic
morphology occurted. The point was made that extirpation of either
organ alone did not remove peripheral cells which may have developed
under the influence of one of these organs or migrated from them prior

to surgery. The effect of the irradiation, which did not alter the
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immunological capabilities of otherwise normal chickens, was thought
to destroy thése peripheral cells.

.The spleens of bursectomized and irradiated chickens were found
>to be void of both the follicular type of lymphoid tissue and plasma
cells. Thymectomized and irradiated chickens lacked splenic white
pulp. Furthermore, they produced less antibody than normal irradiated
chickens stimulated with antigens. Chicks which were thymectomized,
bursectomized, and irradiated lacked both types of splenic lymphoid
tissues and were deficient in both gamma G and gamma M immuno-
globulins,

On the basis of these findings, a functional delineation of bursa-
dependent and thymus~dependent tissues was proposed. Cells depen-
dent upon the presence of thé embryonic and neonatal thymus and bursa
of Fabricius develop in the peripheral lymphoid tissues. - Thymus-

- dependent cells are responsible for the recognition of foreignness,
while bursa-dependent cells are the effectors of gamma globulin
synthesis as well as -antibody production.

-More recently, Cooper et al. (1966) have provided an extensive
characterization of the effects of bursectomy and thymectomy coupled
with X-irradiation on the development of immunological competencies.
-In summary, the dependency of cellular responses including delayed
hypersensitivity upon the thymus and humoral responses upon the bursa

were confirmed. None of the treatments employed affected the
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reticuloendothelial system as indicated by the normal rate of clearance
of colloidal gold and keyhole limpet hemocyanin,

Now that the functions of the two central lymphoid organs of the
chicken have been tentatively established, questions arise concerning
the mechanisms by which these functions are accomplished. As sug-
gested by Warner (1964), it is possible that the thy}nus and bursa may
"seed" .peripheral lymp}']bid tissue with competent cells or act as sites
wherein cell maturation may take place. It is also possible that these
organs may secrete a humoral factor necessary for the maturation of
peripheral lymphoid tissue. Available evidence would tend to support
the latter hypothesis.

Glick (1960) observed that bursectomized chickens injected with
extracts of bursa were capable of responding to antigenic stimulation
with the production of low levels of circulating antibody. More
recently Jankovic and Leskowitz (1965) and St. Pierre and Ackerman
(1965) reconstituted bursectomized chickens with bursal grafts enclosed
in cell impermeable chambers. it is of interest to note that these
authors employed antigenic stimulation shortly after the implantation
of graft containing chambers was accomplished. When this injection
of antigen was delayed for some time after the graft was made, recon-
stitution was not affected (Glick, personal communication; Stout, 1966).
This would indicate that reconstitution may occur only in the presence

of antigen.
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Cooper et al. (1965) suggested that the requirement for irradia-
tion to completely block the bursal and thymic activities could be
taken as indirect support for a seeding mechanism. -Furthermore,
according to Cooper et al..{(1966), reconstitution of gamma globulin
production was achieved in bursectomized, irradiated (agamma-
globulinemic) chickens with autologous bursal cell suspensions;
however, when these chickens were later injected with bovine serum
albumin and B. abortus organisms, they failed to synthesize antibody
to either antigen.

According to Pierce et al. (1966), Woods and Linn have obtained
evidence which supports the seeding mechanism. The view that pre-
cursors of antibody producing cells stem from the bursa "... is
supported by results showing the transport of bursa cells, labelled
with tritiated thymidine, from the bursa to the spleen and thymus (Wood

Iand Linn, 1965)."

In 1965, Dent and Good investigated the ability of cells derived
from various lymphoid organs to synthesize antibody against sheep
erythrocytes. Although antibody formation by splenic éells was
readily demonstrated, these authors concluded that bursal and thymic
cells did not form antibody. It is possible that these findings were the
result of the experimental approach which was utilized. Lymphoid
cells were obtained from the tissues of immunized chickens and tested

for their ability to produce antibody by the methods of Jerne (1963)
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and Zaalberg (1964). Both of these procedures detect cells which have
already been committed to active antibody synthesis at the time of
testing. Since Marshall and White (1961) have previously demonstrated
that antigens were excluded from the parenchyma of the mammalian
thymus due to the possible existence of a blood~thymus barrier, it
was also possible that a similar barrier may have existed in the central
lymphoid tissue of the chicken. Thus, injected antigen would not
reach competent cells in these tissues and one would falsely conclude
that such cells were absent from these central lymphoid organs of the
chicken.

In summary, immunological competence in‘the chicken is
dependent upon the normal development of the bursa of Fabricius and
the thymus. Although a dissociation in the immune mechanisms of the
chicken has been established, it has not been possible to determine
the manner by which these organs function. Such an understanding
would be most useful in explaining the transition from early incom-

petence to immunological maturity.



MATERIALS AND METHODS

A, Chickens and Eggs

Source

Since inbred lines of chickens comparable to inbred strains of
mice were not readily obtainable, fertile eggs from three different
lines of White Leghorn chickens were employed in the present investi-
gation. Line designations and egg sources have been listed in Table 1.

The Cornell Randombred line was established as a control pop-
ulation for the purpose of minimizing genetic drift while including
and maintaining as many White Leghorn characteristics as possible
in a single line (King et al., 1959). The "Dam" and Ideal lines were
commercial egg producing stocks, established by breeder selection
which were accomplished on the basis of egg production (W, I.
Johnson, personal communication).

In the following investigation, availability was the major factor
which influenced the choice of donors or recipients of a particular

line for use in a given experiment.

Handling and Maintenance

Eggs purchased from Purdue University were shipped to Baton
Rouge via air freight. Upon arrival the eggs were immediately placed
in a Model 252 Jamesway Automatic incubator (James Manufacturing

13



Table 1. Line Designations and Sources of Fertile Eggs
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Line
Designation

Source

Cornell Randombred

llDam L]

Ideal

North Central Regional
Poultry Breeding Project
Purdue University
Lafayette, Indiana

Poultry Science Department
Louisiana State University
Baton Rouge, Louisiana

North Central Regional
Poultry Breeding Project
Purdue University
Lafayette, Indiana

Poultry Science Department
Louisiana State University
Baton Rouge, Louisiana
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Company, Los Angeles, California) set: at 100 F with a relative
humidity of 86 per cent. Eggs were turned 12 times daily for the
first 18 days of incubation and then transferred to stationary wire
baskets in the same incubator where they remained until hatching.

Eggs obtained from the Department of Poultry Science, L. 8. U.,

were stored at 10 C until adequate numbers had been collected. The
eggs were then treated in the same manner described above. Eggs
obtained from the L. S. U. Department of Poultry Science were never
stored for more than 10 days prior to setting., Hatched chicks were
removed from the incubator 22 days after the eggs had been set. Each
animal was identified by a numbered wing band (National Band and Tag,
Company, New Port, Kentucky) inserted through the web of the right
wing. The tagged chicks were placed in five deck battery brooders
equipped with thermostatically controlled electric heaters and raised
wire floors with metal dropping péns {(Oaks Manufacturing Company,
Tipton, Indiana). Twenty-one per cent starting chick ration
(Department of Poultry Science, L. S. U.) and water were supplied
ad lib, Four to six weeks later, the surviving chickens were trans-
ferred to four deck finishing batteries with raised wire floors and metal

dropping pans.
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B. Solutions and Reagents

Saline

A 0.85 per cent sodium chloride solution was prepared by dis-
solving 8.5 gm of sodium chloride in 500 ml of distilled water and
adding enough distilled water to vield a volume of 1.0 liter. The
saline was then distributed in 4 oz prescription bottles, 100 ml per
bottle, and autoclaved at 121 C for 15 minutes. Sterile saline,

hereafter referred to as saline, was stored at room temperature.

Phosphate Buffered Salt Solution

Phosphate buffered salt solution (PBS) was prepared according
to Duelbecco and Vogt (1954). The basic salt solutions listed in
Table 2 were prepared separately and sterilized at 121 C for 20
minutes. Solutions B and C were mixed with solution A and the final
volume was then adjusted to 1.0 liter with sterile distilled water.

Phosphate buffered salt solution with albumin was prepared as
follows: A volume of 11.4 ml of Albumin Bovine Fraction V, 35 per
cent sterile solution (Nutritional Biochemicals Corporation, Cleveland,
Ohio), was added to the mixture of solutions A, B, and C (Table 2),
and the volume was adjusted to 1.0 liter with sterile distilled water.
The final solution (pH 7.3 t 0.1), hereafter referred to as PBSA, con-
tained 0.4 per cent Bovine Serum Albumin to "stabilize"” cells as

recommended by Phillips and Andrews {1959). The PBSA was
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Table 2. Phosphate Buffered Salt Solution

Solution A _ Solution B
NacCl 8.00¢g CaCl 0.10 g
KCl 0.20 g Hy0O %distilled) 100 ml
NayHPO,4 1,15 ¢
'KHyPOy 0.20 g
HZO (distilled) 750 ml
Solution C
MgCl, -6H20 0.10 g

H,O (distilled) 100 ml




18
distributed in 100 ml volumes in sterile 4 oz prescription bottles and

stored at 4 C,

Erythrosin B Solution

The erythrosin B stock stolution was prepared as described by
Phillips and Terryberry (1957). The ingredients in the order listed in
Table 3 were dissolved in 85 ml distilled water contained in a 100 ml
volumetric flask. The final volume was adjusted to 100 ml with dis-

tilled water and the solution was stored at 4 C until needed.

Testosterone propionate

A weighed amount of testosterone propionate, U. S. P. (Calbio- —
chem, Los Angeles, California) was placed in a screw capped vial.
Mazola corn oil, 1 ml per 40 mg of testosterone propionate was then
added to the vial,and the resulting solution was heated to 170 C in a
hot air oven. The oven was turned off and the vial was allowed to cool

in the closed oven.
C. Cell Transfer System

The cell transfer system employed was similar to that described

by Papermaster et al. (1962).

. Antigens

Brucella abortus strain 19 vaccine (Colorado Serum Company,

Denver, Colorado) was kindly supplied by Dr. R. R. Wallace of the
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Table 3. Erythrosin B Stock Solution

NaCl 842 mg Na,HPO4 31 mg
KCl 30 mg Glucose 200 mg
MgS80,4°7H,0 25 mg Erythrosin B | 400 mg -
NaHoPO4*H20 4 mg (Certified for histological
CaClp 12 mg use)

HZO to 100 ml
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Department of Veterinary Science. A second preparation of the same
vaccine was furnished by the Louisiana Diagnostic Laboratories,
“Diagnostic Services, N. A, D. L., U, S. D. A., Baton Rouge,
Louisiana,
The vaccines containing viable bacteria were obtained in sealed

serum bottles. A small sample from each lot was added to an equal
volume of 0.85 per cent saline containing 0.6 per cent formalin.

Total bacterial counts were then made on the formalinized suspen-
sions with the aid of a Petroff-Hausser counting chamber (C. A, Hausser
and Son, Philadelphia, Pennsylvania) according to the directions
described in the accompanying brochure. The remaining quantities of
vaccine were heated in a boiling water bath for one hour. Cell suspen-
sions having the same lot number were pooled and centrifuged at |
10,000 rpm for 10 minutes at 4 C in a Sorvall RC-2 centrifuge (Ivan
Sorvall, Incorporated, Norwalk, Connecticut). The supernatant fluid
was discarded ahd the cells were resuspended in sterile saline and
centrifuged a second time as above. The cells were washed three
times in this manner. After the fth'ird washing, the pellet was resus-
pended in a sufficient volume of sterile PBSA to give a final concentra-
tion of 1.0 x 1{)11 bacteria per ml. This suspension was then kept at

4 C until needed. Prior to use a small portion of each suspension was
streaked on the surface of brainheart infusion agar to be certain that

viable brucella were not present.
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Recipients

Bursectomized recipients. Hormonal bursectomy was accomplished

by a method similar to that described by Szenberg and Warner (1962).
Twelve-day-old embryos were prepared for injection into the allantoic
cavity as described by Weindanz (1961). ' After the éxposed shell
membrane had been swabbed with iodine tinted acetone, 0.1 ml of the
testosterone propionate solution described above was injected into the
allantoic cavity with the aid of a 27 gauge, 1/2 inch needle affixed to
a 1.0 ml tuberculin syringe. The punctures in the egg shell were then
sealed with hot paraffin wax. The eggs were returned to the incubator -
and allowed to hatch. Bursectomized chicks 12-24 hours old were
employed as recipients for the test preparations consisting of lymphoid
cells with and without antigen, heated lymphoid cells with antigen,
antigen, or PBSA., All injections (0.1 to 0.5 ml) were made into the
peritoneal cavity with the aid of a 27 gauge, 1/2 inch needle affixed
to a tuberculin syringe. After treatment, all chickens received an
intramuscular injection of 0.1 ml of a suspension of antibiotics con-
taining 1,000 units of procaine penicillin G and 1.25 mg of dihydro-
streptomycin sulfate (Gulfbiotic). The chicks were then maintained

as previously described for 6 days at which time they were
exsanguinated by cardiac puncture or decapitation. The collection

and storage of serum will be treated in a later section.
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- Embryonic recipients. Eighteen-day-o6ld embryos were prepared

for intravenous injection as described by Barnes and Julian (1958).
The injection of various test materials was made into an exposed
allantoic vein with the aid of a bent 27 gauge, 1/2 inch needle
affixed to a 1.‘0 ml tuberculin syringe. A volume of. 0.1 ml of test.
material was then injected into each egg. Bleeding was stopped by
the application of a sterile gauze compress for approximately one
minute., The injected eggs were placed in pedigree baskets aqd
returned to the incubator. _Six days later fhe surviving chicks which
had hatched were bled as described above.

Recipients of Millipore Chambers. The ventral down was

removed from the abdomen of a one-day-old bursectomized recipient
with the aid of electric clippers. The chick was then arié'sthetized
with ether, and an incision, approximately two centimeters in length,
was made between the posterior tip of the keel and the vent. - A
Millipore chamber was then inserted into the peritoneal cavity.

The wound was repaired with cotton or gut suture material, The

chicks were then injected with antibiotics and handled as above.

Donor Cell Preparation

Pullets, which were employed as tissue donors, were starved
overnight and then killed by air embolism. This was accomplished

by injecting 5 ml of air directly into the heart. Lymphoid organs,



23
spleen, thymus, and/or bursa of Fabricius, were rapidly removed from
the carcass by simple dissection. The anatomical location of the
latter two organs is shown in Figures 1 and 2, Figure 3 has been
included to demonstrate the relative size and shape of the three
organs as seen in a 7-week-old pullet. Extirpated organs were
placed in sterile petri dishes each containing a 40 mesh stainless
steel screen and eight ml of cold PBSA., Each organ was trimmed of
excess fat and gently scraped against the wire screen until the
integrity of the tissue had been destroyed. The resulting cell sus-
pension was transferred to a 16 mm x 150 mm sterile test tube standing
in an upright position in an ice bath. Ten minutes were allowed for
the sedimentation of large tissue fragments. The supernatant fluid
was then transferred to a sterile 12 ml conical centrifuge tube. The
cells were packed by centrifugation using a Model PR-2 International
Centrifuge with #269 swinging bucket rotor (International Equipment
Company, Boston, Massachusetts) at 4 C for 15 minutes at 1,000
rpm. The supernatant fluid was removed and the cells were sus-
pended in fresh PBSA. The suspension was centrifuged again at
1,000 rpm for 10 minutes. This process was repeated two times,
After the third centrifugation, the supernatant fluid was removed and
a volume of PBSA equal to the volume of the packed cells was added
to the centrifuge tube. The cells wére then suspended in PBSA by

gentle agitation and the resulting suspension was stored at 4 C until

needed.



Figure 1. Cutaway section showing the anatomical position
and extent of the bursa of Fabricius (arrow) in a
seven-week-old pullet.






Figure 2. Outaway section showing the anatomical location and
extent of the thymus (arrows) in a seven-week-old
pullet.



