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The developmental morphology of the bursa of Fabricius (BF) of broiler chicken was
evaluated in this study using gross anatomical, histological, reticulin histo-chemical, and
transmission electron microscopic techniques. The result showed that the short plica of the BF
at embryonic day (ED) 14 was a mesenchymal tissue that contained cells, including
mesenchymal cells and lymphoblasts. The organo-somatic index (OSI) of the BF peaked at ED
17, while the BF of ED 19 showed well delineated follicle-associated and inter-follicular
epithelial (IFE) cells. Whereas, the IFE contained apical vacuoles which increased in size with
age, the BF contained lymphoid follicles which were first observed at ED 17, and increased
steadily in mean diameter from ED 19 to post-hatch day (PD) 28. The framework of the inter-
follicular areas and the follicular capsules were composed of collagen type III fibres. Moreover,
the cortico-medullary basement membranes were well established with peripheral and cortico-
medullary basement capillaries becoming very consistent between PDs 5 and 7. The lymphoid
follicle contained lymphocytes with mitotic figures, and plasma cells which showed extensive
network of rough endoplasmic reticulum at PD 21, while macrophages contained increasing
evidence of phagocytosis from PDs 35 to 56. In conclusion, the morphological features of the BF
of broiler chicken in this study reveals that the key function of B-cell maturation within the BF
may occur between the first 3 to 4 weeks after hatching, and thereafter, may primarily produce
immunoglobulins until involution occurs.

© 2022 Urmia University. All rights reserved.

Introduction

Hematopoietic colonization of the bursal epithelio-
mesenchymal rudiment occurs between embryonic days 8

The BF is a strategic primary lymphoid organ of birds,
essential for B-cell development.l? It develops by an
epithelial-mesenchymal interaction in the developing
bursa and are colonized by hematopoietic cells of extrinsic
origin.* The emergence of a vesicle-like epithelial anlage in
the tail bud mesenchyme is thought to occur at the
proctodeal region of the cloaca. Between embryonic day
(ED) 5 and 7, the dorsal epithelium of the cloacal
membrane becomes extensively vacuolized, forming the
bursal lumen.5¢ Increased mesenchymal proliferation
results in the formation of several mucosal folds at about
ED 9 in chicken according to Olah et al,* while the bursal
follicles form following interaction between the
ectodermal epithelium of the anal invagination and
mesenchyme of the tail bud.6

*Correspondence:
Anietie Francis Udoumoh. DVM, MSc, PhD

to 15 in chicken.#5 Similarly, a significant number of pre-B-
cells enter the bursa of Fabricius mesenchyme between
EDs 10 to 15 acting as a seed for extra-bursal B-cell
proliferation.5 The B-cell precursors which express cell
surface Ig will be subsequently selected for expansion in
the bursal follicles.” The Ig gene conversion process
initiates pools of proliferating B-cells which is believed to
occur from embryonic days 15 to 17.89

At hatch, the BF undergoes structural rearrangement.
The B-cells of the medulla migrate to the periphery of the
lymphoid follicle, establishing the cortical area which plays
a primary role in establishment of the immune repertoire
of the body area.34 It is known that lymphoid organs may
be genetically preprogrammed during ontogeny.!® How-
ever, cellular colonization and the functional development
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of the BF may be influenced by environmental factors.
Varied reports exist on the structural development and
maturation of the organ in the available literatures which
investigated the embryonic development of the BF in
different temperate environments. 1-311

However, the present study aims to investigate the
developmental morphology of the BF of pre-hatch and
post-hatch broiler chicken using gross anatomical,
histological, reticulin histochemical and transmission
electron microscopic techniques. Information gained
through this investigation will aid the understanding of
the functional development of the organ which is
essential for the successful management of broiler
chicken in the tropics.

Materials and Methods

Animals. Forty fertile eggs (group A) and 100 chicks
(group B) of Marshall broiler chicken were used for this
study. They were obtained from a reputable breeder farm
in Ibadan, Oyo State, Nigeria and transported to the
Department of Veterinary Anatomy, Faculty of Veterinary
Medicine, University of Nigeria, Nsukka, Nigeria. The
guideline for the care and use of the animals were strictly
followed. The experimental protocols were carried out
according as approved by the ethical committee of Faculty
of Veterinary Medicine, University of Nigeria, Nsukka
(FVM-UNN-IACUC-2019-077). Fertile eggs of group A
were incubated for 21 days and tissue samples were
obtained on EDs 14, 17, and 19. Group B chicks were
brooded and reared for 56 days under standard
conditions. Chick starter mash and water were provided
ad libitum and samples were obtained on PDs 1, 3, 5, 7, 14,
21, 28, 35, 42, and 56. Following humane sacrifice of the
chicks or embryos by euthanasia using 6.50 - 13.00 mg kg!
ketamine hydrochloride injection, samples of the BF were
obtained from 4 randomly selected birds. The weights of
the organ were measured using a weighing balance and
the orgonosomatic indices were determined.

Histological and histomorphometric procedures.
Cut sections of the BF were fixed by immersion in 10.00%
neutral buffered formalin. The fixed tissues were
dehydrated in increasing concentrations of ethanol,
cleared in xylene, embedded in paraffin wax and sectioned
with a rotary microtome to obtain 5.00 - 6.00 pm thick
sections. The sliced tissues were stained with Hematoxylin
and Eosin (H&E) as described by Sheehan and
Hrapchack!? while reticulin staining was executed
according to the protocols described by Lefkowitch.13 The
width of the plicae, nodular diameter, height of follicle-
associated  epithelium (FAE) and inter-follicular
epithelium (IFE) were measured using an ocular
micrometer calibrated with a stage micrometer. All photo-
micrographs were captured using Moticam 2.0 image
system (Motic, Carlsbad, USA).

Transmission electron microscopy procedures.
One millimeter-thick samples of the BF were cut with a
sharp blade and fixed by immersion in modified
Karnovsky’s mixture, containing 2.00% paraformaldehyde
(Sigma-Aldrich, Taufkirchen, Germany) and 2.50% glutar-
aldehyde (Sigma-Aldrich) in 0.10 M phosphate buffer
(Fluka Chemicals Ltd., Gillingham, UK) at pH 7.40. Then,
the samples were post-fixed in 1.00% Osmium tetraoxide
(Sigma-Aldrich) in Millonig’s buffer (Electron Microscopy
Sciences, Hatfield, USA). The fixed tissues were dehydrated
in increasing concentrations of ethanol (Fluka Chemicals
Ltd.) and later infiltrated with propylene oxide. Following
infiltration, the samples were embalmed in epoxy resin
and cured overnight in an embalming oven at 65.00 °C.
After the evaluation of semi-thin and ultra-thin sections of
50.00 - 90.00 nm thick were obtained with an ultra-
microtome, and stained with Reynold’s lead citrate and
saturated aqueous uranyl acetate. A Philips CM 10 trans-
mission electron microscope (N. V. Philips, Eindhoven, The
Netherlands) was used to examine the stained sections.
Electron micrographs were captured using an Olympus
Megaview III digital camera (Olympus Corporation, Tokyo,
Japan) attached to the transmission electron microscope.

Statistical analysis. The data obtained were analyzed
using one-way analysis of variance (ANOVA) and
significant means were separated by the least significant
difference (LSD) method (version 15.0; SPSS Inc., Chicago,
USA). Statistical significance was accepted at p < 0.05

Results

Morphometric features. The OSI of the BF of broiler
chicken peaked at PD 17. Although the OSI of the BF of 17-
day old pre-hatch broiler chicken was significantly higher
(p < 0.05) than the OSI of the BF at pre-hatch day 14, there
was no significant difference (p > 0.05) between the OSI of
the BF of 14-day old pre-hatch broiler chicken and the OSI
of the BF of pre-hatch day 19, post-hatch days 1, 3, 5, 7, 11,
14, 21, 28, 35, 42, 56 (Table 1). Furthermore, the mean
width of the plicae of the BF increased steadily from the
ED 19 to PD 21 while the mean diameter of the lymphoid
follicles of the BF increased steadily from the ED 19 to PD
28. There were sharp decreases in the mean width of the
plicae and the mean nodular diameters at day 56 post-

hatch (Table 2).
Histology. At ED 14, the BF contained short mucosal
folds. The lamina epithelialis mucosae exhibited

differentiating epithelial cells that had large round nuclei
while the lamina propria mucosae as well as the tunica
submucosa were mesenchymal tissues, which lacked
definite follicular and inter-follicular areas. The
mesenchymal tissues were made up of isolated lympho-
blasts, mesenchymal cells and heterophils. At ED 17, the
tall mucosal folds of the BF of broiler chicken exhibited
FAE and IFE which were poorly differentiated. The lamina
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propria mucosae as well as the tunica submucosa were
densely infiltrated by lymphoblasts, and contained about 0
to 10 round lymphoid follicles per plica section. At ED 19,
each plica showed well delineated lamina epithelialis
mucosae that exhibited simple columnar epithelium in the
IFE and FAE as well as pseudo-stratified columnar cells in
the IFE. At ED 19 and PD 1, the lamina propria mucosae
and tunica submucosa were made up of numerous
lymphoid follicles that were devoid of distinct cortico-
medullary basement membrane. At PD 3, the bursal
follicles were round or polyhedral in shape. Some of the
lymphoid follicle exhibited poorly formed cortico-
medullary basement membranes with thin follicular
cortical area. Where the thin follicular cortex existed, intra-
cortical capillaries were occasionally observed. At PD 5,
the lymphoid follicles showed well demarcated follicular
cortical and medullary areas. The periphery of the lymphoid
follicles and the cortico-medullary basement membranes
showed blood capillaries. At PDs 7, 11 and 14, the follicles
were more pyramidal in shape than round. The well-
defined cortical and medullary areas exhibited peripheral
and cortico-medullary basement membrane capillaries. At

PDs 21, 28, 35 and 42, the tall plicae contained numerous
poly-hedrally-shaped lymphoid follicles. Although the
follicular cortex stained lightly in Hematoxylin and Eosin
stained preparations, the follicular medulla was more
lightly-stained. Macrophage-like cells were commonly
observed in the sub-epithelial region, inter-follicular areas
and lymphoid follicles. At PD 56, the follicular medulla of
the bursal follicles exhibited macrophage-like cells, plasma
cells and areas of lymphocytic necrosis (Fig. 1).

Reticulin histochemistry. At ED 14, scanty collagen
type Il fibres were seen at the basement membrane while
tiny strands of the fibres were also observed within the
mesenchymal tissue of the lamina propria mucosae and
tunica submucosa. At ED 19 and PD 1, irregular network of
collagen type III fibres were recognizable within the tunica
muscularis, inter-follicular areas and peri-follicular areas.
At PDs 21 and 42, dense network of collagen type III fibres
surrounded each lymphoid follicle. Thin strands of these
fibres were detached into the follicular cortex, continuing
to the cortico-medullary basement membrane, where
lightly stained zones of collagen type III fibres were
observed (Fig. 2).

Table 1. The Organo-somatic index of pre-hatch and post-hatch broiler chicken. Data are presented as mean + SEM.

Days Mean body weight (g) Mean bursa weight (g) Burso-somatic indices
ED 14 9.41+031 0.02 £0.00 0.19 + 0.052
ED 17 2412 +1.37 0.17+0.14 0.77 £ 0.65P
ED 19 26.72+0.42 0.03£0.00 0.11 £ 0.0
PD1 39.78 £ 0.60 0.05+0.01 0.12 £ 0.0
PD3 65.68 £ 2.70 0.10+0.00 0.16 + 0.01ac
PD5 101.23£343 0.24 +0.02 0.24 £ 0.032
PD 7 148.63 +5.71 0.40+0.05 0.27 + 0.04abc
PD 11 21046 +12.41 0.42 £ 0.05 0.20 £ 0.032
PD 14 299.31+15.89 0.53+0.03 0.18 +0.01ac
PD 21 537.18+40.48 0.98+0.15 0.18 £ 0.0
PD 28 933.33 £66.67 1.18+0.11 0.13 £ 0.002
PD 35 1,533.33 £176.38 1.50+0.70 0.09 + 0.03a¢
PD 42 1,800.00 £ 230.94 2.21+0.95 0.12 + 0.04ac
PD 56 2,000.00 +57.74 1.15+0.20 0.06 + 0.01ac

ED: embryonic day, and PD: post-hatch day.

abe Different superscripts in a column indicate significant differences across the groups (p < 0.05).

Table 2. Histomorphometric features of bursa of Fabricius of pre-hatch and post-hatch broiler chicken. Data are presented as mean + SEM.

Days Width of plicae (um) Nodular diameters (um) Height of FAE (um) Height of IFE (nm)
ED 14 135.00 + 8.662 56.88 + 0.30a 17.77 % 0.34acdg 22.27 +£0.352
ED 17 160.00 £9.24a 61.68 £ 2.252 20.54 + 2.1 63bcdeghj 29.97 + 2.75abc
ED 19 179.67 + 2.03 83.05 + 13.6020 18.33 + 2.22acg 32.92 + 3.31bcd
PD1 308.00 + 20.21bc 114.76 £ 9.51bc 26.53 + 1.1 7bedefghij 35.91 £ 2.04«df
PD3 344.33 + 37.24¢ 117.66 + 5.82bc 24.66 + 4.1 3bcdefghij 40.65 + 6.60deth
PD5 521.67 + 34.93dhi 138.12 + 4.85¢f 25.67 + 1.88defghij 4541 + 0.14efghk
PD 7 522.67 + 56.294hi 141.82 £ 8.19< 27.49 £ 1.64efehi 40.94 + 3.15t
PD 11 699.33 + 107.10¢sh 181.02 + 3.344df 28.42 + 2.391shi 50.78 + 0.7 58hik
PD 14 452.67 + 12.99dfi 204.58 + 18.72de 21.48 + 2.42¢hi 48.04 + 1.58hk
PD 21 719.00 + 61.208 201.52 + 27.00de 27.29 + 2.35hij 56.90 + 0.92ik
PD 28 577.67 + 38.97hi 223.74 +1891e 28.77 £ 4.76V 56.64 + 2.46)k
PD 35 503.67 + 60.91i 158.08 £ 12.07f 2741 +0.87 51.10 £ 0.13k
PD 42 135.00 £ 8.662 56.88 + 0.30a 17.77 £ 0.34acdg 22.27 +0.352
PD 56 160.00 £ 9.242 61.68 + 2,252 20.54 + 2.16abcdeghj 29.97 + 2.75abc

ED: embryonic day, PD: post-hatch day, FAE: follicle-associated epithelium, and IFE: inter-follicular epithelium.

ak Different superscripts in a column indicate significant differences across the groups (p < 0.05).
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Fig. 1. The bursa of Fabricius of broiler chicken stained with H&E. A) at ED 14, showing mesenchymal tissues (Mc) that contained
mesenchymal cells (white arrows), lymphoblasts (black arrows), heterophil (segmented arrow) and round nuclei of epithelial cells (arrow
head), (400x); B) at ED 17, showing poorly formed lamina epithelialis mucosae (E) and lymphoblasts (arrows), (400x); C) at ED 19,
showing well-formed pseudo-stratified columnar cells of IFE (E), blood capillaries (white arrows), lymphoblasts (black arrows) and
reticular cells (segmented arrows), (400x); D) at PD 3, showing lymphoid follicles (N), interfollicular area (asterisk) and well defined FAE
(white arrow) and IFE (black) areas, (100x); E) at PD 3, showing cortex (C), medulla (M) in some follicles, cortico-medullary basement
membrane (asterisk), and blood capillaries (white arrow), (400x); F) at PD 5, showing follicular cortex (C) and medulla (M). Note the
cortico-medullary basement membrane (asterisks) with capillary (arrow), (400x); G) at PD 7, showing follicular cortex (C) and medulla
(M), cortico-medullary basement membrane (white asterisk), lymphocytes of various sizes (white arrows) and capillaries (black arrows),
(400x); H) at PD 21, showing pseudo-stratified columnar (black asterisk) cells of IFE (E), plasma cell (white arrow), lymphocytes (black
arrows) and macrophage-like cell (arrow head), (400x); I) at PD 56, showing necrotic lymphocytes (black arrows), macrophage-like cell
(arrow head) and plasma cell (white arrow), (400x).

Fig. 2. The bursa of Fabricius of broiler chicken stained with reticulin. A) at ED 14, showing reticular fibre distribution in the basement
membrane (100x); (B) at ED 19, showing lymphoid nodules (N) and areas of distribution of reticular fibres (black arrows), (400x); (C) at
PD 1, showing areas of reticular fibre distribution (arrows) and lymphoid follicle (N), (100x); (D) at PD 42 showing areas of reticulin fibre
distribution (arrows). Note the lymphoid nodules (N), (400x).
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Electron microscopic features. The lamina
epithelialis mucosae of the BF of broiler chicken at ED
14 exhibited irregular surface microvilli, apico-lateral
tight junctions, microfold-like cells, and thin basal
lamina. The lymphoblasts within the mesenchymal
tissues of the lamina propria mucosae and tunica
submucosa exhibited large euchromatic nuclei, few
mitochondria, free ribosomes and short strands of
rough endoplasmic reticulum (RER). At ED 19, surface
microvilli and microfold-like cells were present in the
lamina epithelialis mucosae. The IFE was composed of
cells that exhibited small vacuoles that were either
electron translucent or slightly electron dense.
Macrophages which exhibited the presence of Golgi
complexes, polysomes, mitochondria and plasma
membrane indentations were observed in the sub-
epithelial, inter-follicular and follicular areas. At PD 1,
the lamina epithelialis mucosae showed short
microvilli, apico-lateral tight junctions, several apical
cytoplasmic vacuoles, and a distinct basal lamina
(characterized by the presence of hemi-desmosomes.
Secretory dendritic cells were observed in the sub-
epithelial region. At PD 7, the microvilli were tall and
very distinct, and the apical and basal cytoplasm of the
epithelial cells contained numerous mitochondria. The
FAE exhibited intra-cytoplasmic lymphocytes. The
subepithelial connective tissue showed secretory
dendritic cells and lymphocytes while the follicular
areas contained both mature and immature
lymphocytes (Fig. 3).
VT R P o
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At PD 14, the lamina epithelialis mucosae contained
pyknotic cells that were characterized by the presence
of condensed dark nuclei and highly electron dense
cytoplasm. At post-hatch day 21, macrophages with
cytoplasmic vacuoles, lysosomes and phagosomes were
observed in the inter-follicular and follicular areas. The
lymphocytes which varied in size exhibited euchromatic
nuclei with peripheral clumps of heterochromatin as
well as lymphocytes that showed mitotic figures. In
addition, the lymphoid follicles also comprised of
plasma cells. At PDs 35 and 56, the epithelial cells
contained large vacuoles. Lymphocytes of the lamina
propria mucosae and tunica submucosa showed mitotic
figures while macrophages observed in both follicular
and inter-follicular areas showed evidence of
phagocytosis. Plasma cells occurred frequently in the
follicular region and exhibited extensive network of
RER in their cytoplasm (Fig. 4).

Discussion

The peak value of the OSI at ED 17 suggests the
occurrence of intense cellular colonization of the organ.
The steady increase in the OSI of the BF observed in this
study between PDs 1 and 7 may represent a period of
intense growth of the organ which probably
corresponds to the evolution phase of development of
the BF of broiler chicken. Three phases of bursal
development have been reported; evolution phase,
maturation phase and involution phase.1415
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Fig. 3. Transmission electron micrograph of the bursa of Fabricius of broiler chicken. A) at ED 14, showing elongated nuclei (N) of the
epithelial cells, microfold-like cells (M), lymphoblast (arrow) and mesenchymal cell (arrow head), (1,650x); B) at ED 14, showing a basal
lamina with lamina densa (white arrows) and hemidesmosomes (black arrows), (16,000x); C) at ED 14, showing lymphoblast with
euchromatic nucleus (N), mitochondria (m), short strands rough endoplasmic reticulum (black arrows) and polysomes (white arrow),
(16,000x); D), at ED 14, showing heterophil with nuclear lobes (N) and electron dense cytoplasmic granules of different sizes (asterisks),
(16,000x); E) at ED 19, showing IFE with scanty microvilli (black arrow), apico-lateral tight junction (white arrow) and apical cytoplasmic
vacuoles (asterisks). (6,200x); F) at ED 19, showing macrophage exhibiting Golgi body (G), mitochondria (M) and polysomes (arrows).
Note that most organelles of the macrophage are displaced towards the direction of motion, (24,500x%); G) at PD 1, showing epithelial cells
with apical cytoplasmic vacuoles (asterisks), and secretory dendritic cell (Dc) in the sub-epithelial region, (2,400x); H) at PD 7, showing

apical microvilli (arrows) and intraepithelial lymphocytes (L), (2,400x).
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Fig. 4. Transmission electron micrograph of the bursa of
Fabricius of broiler chicken. A) at PD 14, showing apoptotic
epithelial cell (A) and apico-lateral tight junction (arrows),
(3,400x); B) at PD 14, showing lymphocyte with euchromatic
nucleus (N), mitochondrion (M), short strands of rough
endoplasmic reticulum (RER: arrows) and areas of polysomes
(circles), (16,000x); C) at PD 21, showing follicular area with
lymphocyte (L) and plasma cells (P), (2,400x); D) at PD 21,
showing plasma cell with extensive network of RER (R), and
euchromatic nucleus (N), (12,500x); E) at PD 21, showing
macrophage in the inter-follicular area with phagosome
(arrow), and lysosomes (asterisks), (87,000x); F) at PD 35,
showing macrophage nucleus (M) and phagocytosed apoptotic
lymphocytes (L), (12,500x).

Despite the earlier belief that the BF continues to grow
rapidly several weeks after hatching, cell proliferation in
the bursa of Fabricius decreases with agel41¢ In the
current study, the steady decrease in the OSI of the BF of
broiler chicken from PDs 11 to 56 may show decreased
cellular proliferation that may not necessarily represent
bursal regression.

The mesenchymal nature and the infiltration of the
broiler bursal epithelio-mesenchymal rudiment by
lymphoblasts at ED 14 in this study, suggests a phase of
pre-B cell colonization corresponding to the restricted
window of EDs 10 - 15 that pre-B cell colonization is
reported to occur.517 The pre-B cells express CD45, the
chicken B cell marker chB6, CD1 and Sialyl Lewis x (sLeX)
carbohydrate which are required to constitute the
humoral immunity of the birds.>18-20

In this study, lymphoid follicles were first observed
in the broiler chicken at ED 17. Varied reports exist on
the time of formation of bursal follicles. Whereas
Shioriji and Takahashi observed bursal follicle
formation at about ED 12 in the BF of chicken,!! Nagy et
al. reported the development of bursal follicles between
EDs 12 and 13,! and Fellah et al. demonstrated that
bursal follicle could emerge any time between EDs 11
and 15.3 The bursal follicles observed in this study first
lacked cortico-medullary boundaries but increased in
number and size with age. In this study, the diameter of
bursal follicles increased linearly from ED 14 to PD 28
in broiler chicken and suggested that the role of B-cell
maturation in broiler chicken might peak within the
first 3 to 4 weeks after hatching.

Medullary regions of the bursal follicles have earlier
been shown to develop at about EDs 9 and 10, while the
cortical regions were reported to be fully developed by
two to three weeks post-hatch.>2! In this study, the period
of development of the follicular medulla coincided with the
time of formation of the bursal follicles occurring in the
late embryonic life of the birds. Our report of embryonic
formation of follicular medulla is also supported by the
fact that early development of the follicular medulla of the
BF occurs before the development of the cortex.72122 [n
this study, the follicular cortical zone which was first
observed at PD 3, matured at about PD 7, with the
presence of peripheral and cortico-medullary basement
membrane capillaries suggesting that peripheral
emigration of primed B-cells from the bursal cortex
might start between PD 3 to 7 in broiler chicken.
Moreover, reticulin histochemistry revealed the presence
of follicular capsule, with collagen type III fibres as the
major constituent of the bursal follicular capsules. This is
consistent with the pattern of distribution of connective
tissue fibres reported in the bursa of Fabricius of mature
Pekin ducks?3 and long-legged Buzzard.?* In addition, the
pattern of distribution of collagen type III fibres in the
present study is similar to that reported in most
lymphoid organs.2526

In this study, IFE was observed at ED 14 in the broiler
chicken. The naive nature of the cells of FAE and IFE
suggests a stage of cellular differentiation. At ED 19 and PD
1, both epithelia were fully developed. The occurrence of
FAE at ED 17 in the BF of broiler chicken varied from the
reports of Nagy et al. and Lupetti et al, who reported the
formation of FAE between EDs 14 and 16.127 The IFE play
key roles in the secretion of lubricants, while FAE are
responsible for the transport of antigens between the
bursal lumen and the follicular medulla as well as
transport of the products of bursal secretory dendritic
cells to the bursal lumen.12829 In this study, the thickness of
the IFE and FAE varied greatly. The microvilli were short
and irregular at EDs 14, 19 and PD 1. Few days after
hatching, we observed long microvilli similar to that
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reported in turkey.3? The apical cytoplasmic vacuoles
observed within the IFE cells in this study might be
evidence of mucous secretion. Such function which may
begin at about ED 19 in broiler chicken may complement
the mucous secretory function of goblet cells which were
not present in the IFE.

In the present study, the occurrence of mixed
population of lymphocytes in the bursal follicles after
hatching suggests the occurrence of intense cellular
differentiation. Neuropeptides, cytokines, hormones like
bursin and antigens have been shown to influence the B
cell differentiation and bursal involution.31-33 Plasma cells
were not observed in the BF of broiler chicken until post-
hatch day 21. The preponderance of plasma cells in the BF
of broiler chicken at PD 35 most probably signals an
intense production of immunoglobulins, a function similar
to the roles of secondary lymphoid organs, and probably
the onset of involution phase in bursal development. Olah
et al. reported that few plasma cells usually develop in the
follicular cortex and medulla due to inhibition of terminal
differentiation of B-lymphocytes.?? Involutive changes are
largely variable in the BF among different avian species.
In this study, gross involutive changes were not observed
in the BF of broiler chicken at PD 35, however, the sharp
decrease in the absolute and relative weights of the BF of
broiler chicken by PD 56 further shows that bursal
involution could occur earlier in the broiler chicken than
the previously reported 5 months.234

Heterophils observed in the BF of broiler chicken in the
embryonic and post-embryonic BF in this study were
similar in structural features as mammalian neutrophils.
The exact function of the macrophages which were
observed in the bursa at EDs 14 and 19 of broiler chicken
in the current study is unknown. In a previous study,
macrophages were rarely observed in the BF of chicken,
except in mature BF where macrophage-like cells were
reported by Olah and Glick.3> The embryonic macrophages
which were observed in this study may be essential for
phagocytosis of apoptotic cells during embryogenesis.
Lassila36 and Motyka and Reynolds37 estimated that about
95% of newly generated bursal lymphocytes die in situ by
apoptosis as they lose their cell surface immunoglobulins.
The presence of membrane-bound lysosomes and
phagosomes in the macrophages observed in this study
further highlights the possibility of the macrophages
meeting the local needs of the mononuclear phagocyte
system of the BF.

In conclusion, this preliminary study on the
morphological features of the bursa of Fabricius has
demonstrated that the BF of broiler chicken may have a
key function of B-cell maturation within the first 3 to 4
weeks after hatching, and thereafter, it may primarily
produce immunoglobulins until involution occurs. The
first 3 to 4 weeks post-hatch is a crucial window in the
pathogenesis and effective management of infectious

bursal disease. Future investigations employing larger
sample size can focus on the embryonic origins of the
component cells of the BF and the molecular signals that
control their activities as well as the immunological
markers of the bursal follicular cells.
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