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Abstract The first appearance, distribution and frequency of immunoglobulins (Igs)-positive

lymphocytes were investigated in the lymphoid organs of native chicken’s embryos from embryonic

day (ED) 8 to ED 20. The tissues from the lymphoid organs were dehydrated in alcohol, cleared in

xylene, embedded in different grades of paraffin and 6-micron thick sections were immunostained

by the indirect immunoperoxidase method using antichicken immunoglobulins. IgM-positive lym-

phocytes were first identified in the follicles of bursa of Fabricius at ED 10, in the white pulp of the

spleen at ED 14 and in the lamina propria of the cecal tonsil at ED 20. Their frequencies of pop-

ulations were statistically significant from ED 14 to ED 20. IgG-positive lymphocytes were first

appeared in the bursa of Fabricius and spleen at ED 20. In the bursa IgG-positive lymphocytes were

located in the medulla and cortical part of the follicles, whereas, in the spleen these immune cells

were located around the white pulp. IgA-positive lymphocytes were not observed in any of the

developing lymphoid organs of the present study. When the data for bursa of Fabricius, spleen,
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thymus and cecal tonsil were statistically compared, it was observed that both IgM- and IgG-posi-

tive lymphocytes were significantly higher in bursa of Fabricius.

ª 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Veterinary Medicine, Cairo

University.
1. Introduction

Immunological research has made available monoclonal anti-
bodies (mAbs) that recognize B lymphocytes and immuno-
globulins (Igs)-containing plasma cells in chicken [1,2].

Immunocytochemistry using these mAbs has allowed the de-
tailed analysis of B lymphocytes and Igs-containing plasma
cells in lymphoid tissues, and mucosa-associated lymphatic tis-

sues (MALT) [2–6] and in the Harderian gland [7] of chicken.
In the tissues and organs the B lymphocytes differentiate

into plasma cells which secrete antibodies and participating
in humoral immune response [8]. Ontogenically B lymphocytes

first synthesize IgM followed by IgG cells in the bursa of Fab-
ricius [9], and further these cells disseminate into the spleen, ce-
cal tonsil and thymus during prenatal stages of development of

chicken [10]. Postnatally, the frequency and distribution of the
immunoglobulin (Ig)-containing plasma cells have been stud-
ied in the major lymphoid organs [1,4], Harderian gland

[6,7,11,12], lamina propria of digestive tract [2,13] and in ovi-
duct [3,14] at the different postnatal stages of chickens. How-
ever, research on the embryonic lymphoid organs native

chickens is lacking.
In Bangladesh, most of the farmers at village level rear na-

tive chickens (Gallus domesticus), which are scavenging in nat-
ure [15], fed by green grasses, insects, and human refusal

materials. Our previous study revealed that the immune cells
in the lymphoid organs [15], MALT [13], and Harderian
glands [6,7] of these native chickens were more than that of

the hybrid chickens.
Literature review revealed limited work has been carried

out regarding ontogenic development of Igs-positive lympho-

cytes in the hybrid chicken [10,16–20]. Therefore, the present
research has designed to understand the first appearance, dis-
tribution and development of the populations of Igs-positive
lymphocytes in the embryonic stages of native chickens of

Bangladesh.
2. Materials and methods

2.1. Embryos

The eggs were collected from the apparently healthy native
chickens (Gallus domesticus) of Bangladesh and then incubated
in a standard egg incubator at 37 �C and at 55–60% relative

humidity [21].

2.2. Experimental design

The lymphoid tissues (bursa of Fabricius, thymus, spleen and
cecal tonsil) were dissected out from the embryos during their
prenatal growth using a dissecting microscope. The lymphoid

tissues were started to dissect out from the ED 8 which was
followed by ED 10, ED 12, ED 14, ED 16, ED 18 and ED
20. A total of 42 embryos were used for the present study (six

embryos from each group). Experiments were carried out in
accordance with the guidelines laid down by the National Insti-
tute of Health (NIH) in the USA and in accordance with Ban-

gladesh Veterinary Council (BVC) laws and regulations.

2.3. Antibodies

For the study of Igs-positive lymphocytes normal rabbit serum

was obtained from Biosource, Camarillo, California, USA,
and goat anti-chicken IgA, -IgG, -IgM and HRP-conjugated
rabbit anti-goat IgG were obtained from Bethyl Lab, Mont-

gomery, TX, USA. The specificity of these antibodies was val-
idated by other groups [22,23].

2.4. Immunohistochemical staining method

The tissues (bursa of Fabricius, thymus, spleen and cecal ton-
sil) were fixed in ice-cold periodate-lysine-paraformaldehyde,

dehydrated in a series of graded alcohol, cleared in xylene,
and embedded in paraffin. The sections were cut at 6 lm thick-
ness using sliding microtome (MIC 509, Euromex, Tokyo, Ja-
pan) were immunostained by the indirect immunoperoxidase

method as described earlier in our previous studies [6,7,13].
In brief, after endogenous peroxidase was inhibited with meth-
anol and H2O2, the sections were overlayed with 2% normal

rabbit serum diluted with 0.01 M phosphate-buffered saline
(PBS) for 2 h, followed by incubation with goat anti-chicken
IgA (1:1000), goat anti-chicken IgG (1:1000) or goat anti-

chicken IgM (1:1000) for 18 h at 4 �C. After brief washing with
PBS, sections were treated with peroxidase-conjugated rabbit
anti-goat IgG (1:500) diluted in PBS for 1 h at room tempera-
ture. Positive reactions for different classes of Igs were revealed

by treating the sections with 0.2 mg 3,30-diamino-benzidine-
tetrahydrochloride dehydrate (ApliChem, Darmstadt.) per ml
of Tris–hydrochloride (0.05 M, pH 7.6) containing 0.03%

H2O2, and then counterstained slightly with hematoxylin. As
control, normal goat serum was used instead of primary anti-
bodies to IgM, IgG or IgA. No corresponding immunoreac-

tion was detected in control studies (data not shown).

2.5. Histoplanimetry

The Igs-positive lymphocytes in the lymphatic tissues (bursa of
Fabricius, thymus, spleen and cecal tonsil) were counted in 20
microscopic fields, each consisting of an area of 0.158 mm2 at a
magnification of 40 and their relative frequency per 0.1 mm2

was calculated using an ocular micrometer [24].

2.6. Statistical analysis

All values were expressed as mean ± SEM. Statistical signifi-
cance of difference was evaluated by using paired sample t-test.



Figure 1 (A) The frequency of Igs-positive lymphocytes in the bursa of Fabricius from ED 8 to ED 20. The present graph shows that,

IgM-positive lymphocytes are first detected in bursa of Fabricius on ED 10. The number of IgM-positive lymphocytes in bursa of

Fabricius are increased significantly (p< 0.001) from the ED 14 to the ED 20 comparing with ED 10. IgG-positive lymphocytes are

observed only on ED 20. No IgA-positive lymphocytes are present. Values are given in mean ± SEM (n= 6). (B) Immunostained sec-

tions of bursa of Fabricius of chicken’s embryo at ED 20. The IgM-positive lymphocytes (arrows) are present uniformly in cortex and

medulla. C, cortex; M, medulla. Scale bar = 7.5 lm.

Figure 2 (A) The frequency of Igs-positive lymphocytes in the spleen from ED 8 to ED 20. The present graph shows that IgM-positive

lymphocytes are first detected in spleen on ED 14. The number of IgM-positive lymphocytes in spleen are increased significantly

(p< 0.001) on ED 20 comparing with ED 14. IgG-positive lymphocytes are observed only on ED 20. No IgA-positive lymphocyte is

present. Values are given in mean ± SEM (n= 6). (B) Immunostained sections of the chicken’s embryonic spleen at ED 20. The IgM-

positive cells (arrows) are present mainly around the white pulps. Scale bar = 7.5 lm.
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The statistical analyses were performed by using the SPSS win-
dows package (SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Igs-positive lymphocytes in the bursa of Fabricius

In the bursa of Fabricius, the IgM-positive lymphocytes were

first appeared at ED 10 and their number increased signifi-
cantly (p < 0.001) in the bursa from ED 14 to ED 20 of the
embryonic ages ( Figure 1A). These immune cells were
distributed homogenously in the cortex and medulla of the
bursal follicle (Figure 1B). At ED 20, few IgG-positive lym-

phocytes were stained in the bursal follicles (Figure 1A).

3.2. Igs-positive lymphocytes in the spleen

In the spleen, the IgM-positive lymphocytes first appeared at
ED 14. A steady progress of appearance of IgM-positive lym-
phocytes was observed in this organ from ED 16 to ED 18

(Figure 2A). The number of these immune cells was found
increased significantly (p < 0.001) at ED 20 comparing to



Figure 3 (A) The frequency of Igs-positive lymphocytes in the thymus from ED 8 to ED 20. The present graph shows that only IgM-

positive lymphocytes are detected in spleen on ED 20. No IgG- and IgA-positive lymphocytes are observed. Values are given in

mean ± SEM (n= 6). (B) Immunostained sections of thymus of chicken’s embryo at ED 20. The cortex of thymus shows more IgM-

positive lymphocytes (arrows) than the medulla. C, cortex; M, medulla. Scale bar = 7.5 lm.

Figure 4 (A) The frequency of Igs-positive lymphocytes in the cecal tonsil from ED 8 to ED 20. The present graph shows that only IgM-

positive lymphocytes are detected in cecal tonsil on ED 20. No IgG- and IgA-positive lymphocytes are observed. Values are given in

mean ± SEM (n= 6). (B) Immunostained sections of the cecal tonsil of chicken’s embryo at ED 20. The lamina propria of cecal tonsils

shows very few IgM-positive lymphocytes (arrows). Scale bar = 7.5 lm.
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ED 14 ( Figure 2A). The Igs-positive lymphocytes in the
embryonic spleen were located principally around the white

pulps ( Figure 2B), subcapsular tissue and around the
trabeculae. Very few IgG-positive lymphocytes appeared at
ED 20 (Figure 2A).

3.3. Igs-positive lymphocytes in the thymus and cecal tonsil

In the embryonic thymus and cecal tonsil, IgM-positive lym-

phocytes were immunohistochemically located first at the late
embryonic stage at ED 20 (Figures 3A and 4A). These immune
cells were distributed in the cortex and medulla of thymus (Fig-
ure 3B) and in the lamina propria of cecal tonsil (Figure 4B). In

the thymus, IgM-positive cells were more in the cortex than the
medulla (Figure 3B). IgG- and IgA-positive lymphocytes were
not appeared in the thymus and cecal tonsil of the native chick-
en’s embryo in the present study (Figures 3A and 4A).

3.4. Comparative frequency of Igs-positive lymphocytes in cecal

tonsil, thymus, spleen and bursa of Fabricius

In the present study, statistical comparison of the frequency of
Igs-positive lymphocytes was carried out comparing cecal
tonsil, thymus, spleen and bursa of Fabricius. From ED 10 to

ED 12 IgM-positive lymphocytes were present only in bursa
of Fabricius. From ED 14 to ED 18 IgM-positive lymphocytes
were present in bursa of Fabricius and spleen, whereas, on ED
20 these immune cells were present in all the lymphoid organs of

the present study. The IgM-positive lymphocytes were signifi-
cantly (p < 0.001) higher in bursa of Fabricius than that of



Figure 5 (A) The comparative frequency of IgM-positive lymphocytes in cecal tonsil, thymus, spleen and bursa of Fabricius from ED 14

to ED 20. The present graph shows the IgM-positive lymphocytes are significantly (p< 0.001) higher in bursa of Fabricius than that of

other lymphoid organs at all stages from ED14 to ED20. Values are given in mean ± SEM (n= 6). (B) The comparative frequency of

IgG-positive lymphocytes in cecal tonsil, thymus, spleen and bursa of Fabricius on ED 20. The present graph shows the IgG-positive

lymphocytes are significantly (p< 0.005) higher in bursa of Fabricius than that of other lymphoid organs. Values are given in

mean ± SEM (n= 6).
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other lymphoid organs at all stages from ED14 to ED20 (Figure

5A). IgG-positive lymphocytes were detected only in bursa of
Fabricius and spleen on ED 20. When comparing statistically,
IgG-positive lymphocytes were also significantly (p < 0.005)

higher in bursa of Fabricius than that of spleen (Figure 5B).
4. Discussion

In the present study, we used embryo of the native chickens of
Bangladesh. In the villages of Bangladesh most of the farmer
rear native chickens (Gallus domesticus) and these are scaveng-

ing in nature [13,15]. We examined three classes of Immuno-
globulins (Igs)-positive lymphocytes (IgM, IgG, and IgA) in
the embryonic lymphoid organs of native chickens of Bangla-

desh. IgA-positive lymphocytes were not detected in any of the
lymphoid organs of the present study. Possibly IgA cells
appear during early postnatal period of life in this strain of
chicken. In the present study we were able to stain IgM- and

IgG-positive lymphocytes only in the embryonic lymphoid or-
gans on native chickens. These findings were consistent with
the report about the presence of Igs-positive lymphocytes in

the major lymphoid organs of hybrid chicken embryos
[10,17,20]. They noticed only IgM- and IgG-positive cells in
the embryonic lymphoid organs of chickens. This indicates

that the ontogeny of Igs-positive lymphocytes in hybrid and
native chicken of Bangladesh are alike.

The time of synthesis of Igs-positive lymphocytes were var-

ied among the lymphoid organs. IgM-positive lymphocytes
first appeared at ED 10 in the bursa of Fabricius and then pos-
sibly via circulation reached to other lymphoid organs and ap-
peared in the spleen at ED 14 and in the cecal tonsil and

thymus at ED 20 in the present study. In contrast, IgG-positive
lymphocytes were detected at ED 20 in the bursa of Fabricius
and spleen. We did not notice any IgG-positive lymphocytes in

cecal tonsil and thymus. Concerning the time of visualization
of Igs-positive lymphocytes in the embryonic lymphoid organs,
various conflicting findings have been reported in chickens.
Yamamoto et al. reported that Igs-containing cells were not

found in bursa of Fabricius, spleen or thymus of the chicken
embryo. He added that bursa of Fabricius synthesized
IgM-, IgG- and IgA-containing cells after hatching of the

embryo. Kincade and Cooper reported that, IgM-containing
cells were first appeared at ED 14 in the bursa of Fabricius
and at ED 20 in the spleen and thymus; IgG-containing cells

at ED 21 in the bursa of Fabricius of chicken embryo. Moral
et al. stated that a few IgM-bearing cells were present in the
lamina propria of cecal tonsil at the end of embryonic life of

white leghorn chickens. However, for the first time, we have re-
ported immunohistochemically that Igs-positive lymphocytes
were appearing at ED 10 in the embryonic lymphoid organs
of native chickens. The data of our present study were in agree-

ment with the reports on the ontogeny of Igs-positive lympho-
cytes in embryonic lymphoid organs of chicken [16,25]. They
mentioned that plasma cell differentiation started with the

migration of stem cells from the yolk sac to the bursa of Fab-
ricius by 10–12 days of embryonic life and within one or 2 days
the stem cell differentiated into bursa lymphocytes which syn-

thesized and incorporated IgM in their cell surface. They also
added that IgG-producing cells originated from IgM-produc-
ing cells in the bursa.

In the present study, we analyzed the number of Igs-

positive lymphocytes in all the stages of chicken’s embryo.
We compared the frequency of the IgM- and IgG-positive
lymphocytes in cecal tonsil, thymus, spleen and bursa of

Fabricius. Both the IgM- and IgG-positive lymphocytes were
significantly higher in bursa of Fabricius than that of other
embryonic lymphoid organs. In the available literature we

could not find any reports regarding the comparison of
Igs-positive lymphocytes in embryonic lymphoid organs. It
is interesting that we have detected more Igs-positive lympho-

cytes in the prenatal lymphoid organs of native chickens than
that of high yielding strains of chickens [10,17–20]. Our pre-
vious data also showed statistically abundant Igs-containing
plasma cells in the postnatal lymphoid organs, Harderian

gland, and MALT of native chickens of Bangladesh than that
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of hybrid chickens [7,13,15] indicating that the native chick-
ens of Bangladesh containing more Igs-positive lymphocytes
during both embryonic and posthatching life. This may be

due to genetic differences between native breed of Bangladesh
and other breed of chickens.

In conclusion, variation in the first appearances, distribu-

tion and frequency of different classes of Igs-positive lympho-
cytes in the lymphoid organs of native chicken embryo was due
to the sequential development of the embryo.
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