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The aim of the present study was to evaluate the presence of lymphocytes
and granulocytes in different stages of embryonic development and on the first
posthatching day. The lymphocytes present in the bursa of Fabricius and thymus
were evaluated by histological analysis of the yolk sac, bursa of Fabricius, thy-
mus, liver and bone marrow of 100 chicken embryos divided into groups and
treated with: (I) Marek’s disease vaccine as viral antigen, (II) Marek’s disease
vaccine plus lymphokines, (III) lymphokines, and (IV) vaccine diluent. Group V
was not treated. Samples were taken on days 14, 17 and 20 of incubation and on
the first posthatching day. An increase in the number of epithelial matrix as pre-
cursors of lymphoid follicles was observed in the bursa of Fabricius of embryos
inoculated with lymphokines compared to embryos in all the other groups (p <
0.05). In addition, a higher amount of granulocytes was found in the yolk sac and
liver of embryos inoculated with lymphokines than in the embryos of all other
groups (p < 0.05). In the bone marrow, no significant difference was observed
among the treated groups concerning the amount of granulocytes. The results
suggest that administration of antigens or protein molecules at an early stage of
embryonic development increases the presence of granulocytes in the liver and
granulopoiesis in the yolk sac, and also increases the number of epithelial matrixs
in the bursa of Fabricius.

Key words: Bone marrow, bursa of Fabricius, histopathology, granulocytes,
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The immune system of the chicken embryo is immature during develop-
ment; however, an unspecific immune system allows embryonic survival.
Among the components of this mechanism are dendritic cells, macrophages and
granulocytes (Seto, 1981) which can phagocytose bacteria and other particles;
embryonic interferon which acts as antiviral agent, and complement which acts
through its alternative pathway to cause cytolysis. The yolk sac, aorta, spleen,
intestine and liver are the sites of phagocytic activity (Seto, 1981).
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The main organs of the chicken embryo are the yolk sac, thymus and bursa
of Fabricius (BF) which produce lymphocyte precursor cells (Seto, 1981). The
bird thymus is a paired lymphoid organ with 6-8 pairs of lobules consisting of
cortex and medulla. The cortex has lymphocytes and is covered by a connective
tissue capsule. The medulla is composed of epithelial and dendritic cells, and few
lymphocytes. The BF is a sack with 11 to 17 folds on the inside surface, which
are oriented towards the light. These folds have lymphoid follicles. Each follicle
has a cortex and a medulla. The BF medulla contains epithelial cells that are re-
placed by dendritic cells and lymphocytes (Tizard, 1992). The cortex develops
after birth and contains lymphocytes, dendritic cells and macrophages (Tizard,
1992). In the spleen and BF, granulopoiesis starts at 7 days of incubation and
erythropoiesis at 11 and 15 days of incubation (Glavits et al., 1981). The thymus
contains lymphocytes at 10 days of incubation. During this time, the thymus is
active in lympho- and granulopoiesis (Seto, 1981).

Evidence has also been found that immunological maturation starts before
birth. According to Moore and Owens (1967), germinal haematopoietic cells pro-
ceed from the yolk sac, migrate to the bone marrow, and mature. The yolk sac sur-
face is larger from days 6 to 12 of incubation, the stage at which precursor haema-
topoietic cell proliferation starts. Polymorphonuclear leukocytes are granulocytes
and form part of nonspecific immunity in birds and reptiles (Maxwell, 1984).
Granulocytes have been found in haematopoietic organs since day 12 of incubation
(Zulkifli and Siegel, 1994). Differentiation of B lymphocytes starts between days 7
and 14 of incubation and precursor cells capable of producing immunoglobulin
(Ig) M, IgY and IgA can be detected on days 10, 14 and 16 of incubation respec-
tively, while in the thymus T lymphocytes differentiate, and CD3 lymphocytes can
be detected at 9 days of incubation (Sharma et al., 1997).

Activated T lymphocytes release soluble substances called lymphokines
(Goémez, 1995). These substances act on many different cell types and induce
functional changes: e.g. interleukin-2 (IL-2) participates in the growth and anti-
body synthesis of B lymphocytes, while the granulocyte and monocyte colony
stimulating factor (GM-CSF) participates in the differentiation of granulocytes
among other cells (Abbas et al., 1995). Recent findings show that the prophylactic
administration of lymphokines produced from chickens immunized against Salmo-
nella enteritidis phagotype 13 (SE-ILK) confers significant protection against Sa/-
monella spp. infection in chicken embryos at 18 days of incubation and when ad-
ministered to day-old chicks and turkeys (Kogut et al., 1998). In ovo it is possible
that prophylactic protection conferred by lymphokines does not only reduce infec-
tivity of one specific organism, but also of others antigenically different (Kogut et
al., 1998). The morphological and cellular effect exerted on lymphoid organs by
administration of SE-ILK at early stages of embryonic development has not been
determined. The reaction of the immature immune system to an antigenic chal-
lenge alone or in conjunction with SE-ILK is not documented.
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Although lymphokines are known to stimulate the immune system by pro-
liferation, differentiation and cell activation (Abbas et al., 1995) among other
mechanisms, the effect of lymphokines simultaneously applied with a viral anti-
gen to chicken embryos has not been studied. The aim of the present work was to
evaluate cell presence and migration, which contribute to the immune response at
various stages of embryonic development and in day-old chicks. Histological
analysis of embryonic tissues treated with SE-ILK and viral antigens was used to
determinate cell types and the number of cells present in the tissues examined.

Materials and method

Experimental embryos

One hundred specific pathogen free embryos of 10 days were used (Alpes”,
Tehuacan, Puebla, México).

Bivalent vaccine

The bivalent vaccine (BV) consisted of strains of HVT and SB-1, the
commercial vaccine used to evade Marek’s disease (MD), with titres of 10’
plaque forming units (PFU)/dose respectively, of 200 ul each (INTERVET®
Toluca, Edo. de México, Mexico).

Vaccine diluent

The vaccine diluent was the same as used to dilute the bivalent vaccine by
INTERVET®.

Lymphokines

These were raised in birds immunized against Salmonella enteritidis pha-
gotype 13 (SE-ILK), prepared and used without further treatment as described by
Kogut and Slajchert (1992) and T¢llez et al. (1993).

Treatment design

Embryos were randomly divided into 5 groups of 20 embryos each and in-
oculated via the yolk sac on day 10 of incubation, as follows:

Group I:  Embryos inoculated with a complete dose of 200 ul of BV-MD.

Group 1I: Embryos inoculated with a complete dose of 200 pl of BV-MD
plus 100 pl of SE-ILK.

Group I1I: Embryos inoculated with 100 pl of SE-ILK.

Group IV: Embryos inoculated with 200 pl of vaccine diluent.

Group V: Embryos not inoculated.
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Sampling schedule

Four samples were taken on days 14, 17 and 20 of embryonic development
and 1 day after birth from the yolk sac, liver, BF and thymus.

Samples

Embryos were euthanised as described by Andrews et al. (1993). Subse-
quently they were fixed with pins to a paraffin plate, and the necropsy was per-
formed with a magnifying glass to remove the organs needed.

Histology

The right thymus chain was taken, a transversal section of 2 mm width of
the middle part of the left liver lobule, and an area of 1 cm® of the distal pole of
the yolk sac, 5 mm of the femoral bone marrow and the complete BF. The sam-
ples were fixed in 10% formalin, buffered to pH 7.4. Once fixed, the organs were
processed by the routine technique for paraffin sections and stained with haema-
toxylin and eosin (Allen, 1995).

Histological evaluation

Yolk sac. Ten perivascular areas were selected and transversally sectioned.
Cells were counted to obtain the proportion of granulocytes in relation to the rest
of the haematopoietic cells (Petrone et al., 1998).

Liver. A transversal section of 2 mm width of the middle part of the left
liver lobule was used to count perivascular areas to obtain the proportion of
granulocytes (Petrone et al., 1998).

Bursa of Fabricius. A transversal section of the middle part of each BF was
taken to count the number of cumuli of epithelial cells as the matrix for forma-
tion of lymphoid tissue in early embryonic life (14 days) and the number of lym-
phoid follicles later (17, 20 and first posthatching day), per section of each BF.

Thymus. A longitudinal section of the right thymus chain was made to
obtain the proportion of the cortex and medullar width. The proportion was ex-
pressed as the percentage of the thymic medulla considering the sum in mm of
the cortex and medullar width as 100%.

Bone marrow. Ten microscopic fields were selected to count and obtain
the proportion of granulocytes with respect to the rest of haematopoietic cells.
This sample was only taken in day-old chicks instead of the yolk sac, which was
in the process of involution at that point of development.
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Titration of the bivalent vaccine

A sample of the BV-MD equivalent to a complete dose of 200 pl was
taken aseptically and processed for titration of avian herpesvirus HVT and SB-1,
according to the method by Palya (1991).

Bacteriological control

Liver, thymus, yolk sac, bone marrow and BF samples were taken and
processed for bacterial isolation with routine bacteriological methods (Mallison
and Snoeyenbos, 1993) to prove the absence of aerobic bacteria in embryos dur-
ing the experiment.

Statistical analysis

Data were transformed by the arc sine of the square root (Wayne, 1987) for
statistical analysis of the percentage of granulocytes in bone marrow, in the pro-
portion of thymic cortex and medulla, and in the perivascular areas of the yolk sac.
Analysis of variance was applied to transformed data and the difference between
means was evaluated by Tukey’s test (Marriott, 1974; Méndez, 1981).

The Kruskall-Wallis test was applied for comparison of medians of the
spaces of the portal region or areas peripheral to the central lobular veins of the
liver with granulocytes, and the amount of lymphoid follicles in the BF. Com-
parison of all groups was made and differences between groups were analyzed
by the Mann-Whitney U test (Marriott, 1974; Méndez, 1981). The level of sig-
nificance was p < 0.05.

Results

Bivalent vaccine titration

The presence of Marek’s disease viruses (HVT + SB-1) was confirmed by
titration in chicken embryo fibroblast culture, at a concentration of 10° PFU/
200 pl in a sample taken to inoculate embryos. The samples of lymphokines and
vaccine diluent were free of Marek’s disease virus as confirmed by isolation.

Granulocyte quantification

The four samples taken for morphological evaluation (on days 14, 17 and
20 of embryonic development and from day-old chicks) showed a significant in-
crease (p < 0.05) in the mean percentage of granulocytes in the liver and yolk sac
of embryos inoculated with SE-ILK (Group III), followed by the group inocu-
lated with the bivalent vaccine plus SE-ILK (Group II) (Table 1 and Fig. 1). In
the group of embryos which received viral antigen (Group I), a significant in-
crease was observed in the number of granulocytes present in the yolk sac on
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days 14 and 17 of embryonic development (p <0.05). No cellular differences
were found in the liver in any evaluation (p > 0.05). Embryos of groups inocu-
lated with vaccine diluent (Group V) and the negative control (Group V) always
exhibited a lower number of granulocytes in the yolk sac and liver (p > 0.05)
(Table 1 and Fig. 1).

Quantification of lymphoid follicles

Of the four samples taken for morphologic evaluation (on days 14, 17 and
20 and from one-day chicks), the median of lymphoid follicles was greater in
embryos inoculated with SE-ILK (Group III) (p < 0.05) (Table 2, Fig. 2). Treat-
ment with viral agent (Group I) and with viral agent plus SE-ILK (Group II) in-
creased (p < 0.5) the amount of follicles. This increase was observed from day 10
of inoculation until day 14 of embryonic development. After day 17 of embry-
onic development no significant difference was found between the groups men-
tioned above and embryos inoculated with vaccine diluent (Group IV) and nega-
tive controls (Group V). The amount of follicles increased from day 11 of em-
bryonic development in all groups.

Quantification of thymic medulla percentage

The thymus showed the least expressed reaction to the different treatments
(Table 2). In thymus samples taken on days 14, 17 and 20 of embryonic devel-
opment and from one-day chicks no significant difference was seen among the
inoculated groups (Group I to Group V) in the proportion of medulla and cortex
(p > 0.05). However, in the group inoculated with SE-ILK (Group III), the pro-
portion of medulla was numerically the highest of all groups.

Bacteriological control

Organs subjected to bacteriological analysis gave negative result, showing
that no bacterial contamination occurred during the study.

Discussion

The results show that all treatments had an effect on one or more of the pa-
rameters measured in the experiment. The effects were dramatic in the SE-ILK
group (Group III) and less evident in the vaccine diluent group (Group 1V) (Ta-
bles 1 and 2, Figs 1 and 2).

The present investigation showed that the treatment significantly increased
the number of granulocytes compared with untreated embryos. This effect cor-
related with age, i.e., granulocyte number increased with embryonic development
although treatments were applied at early stages. The number of granulocytes
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Fig. 1. (A) Increased number of granulocytes (—) in the yolk sac of 13-day-old embryos inoculated
with SE-ILK. (B) Development of granulocytes (—) in the yolk sac of 13-day-old non-inoculated
embryos. Haematoxylin and eosin, x 400
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Fig. 2. (A) Increase in the amount of lymphoid follicles (—) in the bursa of Fabricius of 13-day-old
chicken embryos inoculated with SE-ILK. (B) Development of lymphoid follicles (—) in the bursa
of Fabricius of 13-day-old non-inoculated chicken embryos. Haematoxylin and eosin, x 400
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increased in the yolk sac (Fig. 1) and granulocytes appeared in the liver (Ta-
ble 1). This result confirms that granulopoiesis may be stimulated at early stages
by the presence of lymphokines and by viral antigen (BV-MD) or both. How-
ever, the greatest stimulating effect of SE-ILK occurred in the liver and yolk sac.
In the bone marrow, granulocytes occurred in higher numbers in the group that
received viral antigen plus SE-ILK (Group II) than in the group that received SE-
ILK only (Group III, Table 1). This agrees with the report by Kogut et al. (1998),
who found that administration of SE-ILK confers significant protection against
infection with Salmonella spp. if applied to 18-day-old embryos or to one-day-
old chicks or turkeys.

Studies by McGruder et al. (1993) and Kogut et al. (1996) show that lym-
phokines administered during the last days of incubation increase granulocyte pro-
liferation, mainly of the heterophils. The present work reveals that granulopoiesis
can be stimulated if SE-ILK is administrated as early as day 10 of embryonic de-
velopment. The positive effect of SE-ILK administration was detected by day 14
of embryonic development in the yolk sac and liver; in the liver an increase in the
number of granulocytes was observed throughout the study (Table 1). The same
positive effect was maintained in the presence of viral antigen, since the number of
granulocytes observed in embryos inoculated with viral antigen plus SE-ILK
(Group II) was significantly higher (p<0.05) than in the negative control
(Group V) and in the group inoculated with viral antigen (Group I, Table 1).

In addition to its stimulating effect on granulopoiesis, administration of
SE-ILK also increased the amount of lymphoid follicles significantly in the BF,
which represents a greater amount of lymphocytes (Table 2, Fig. 2). Such an in-
crease was not detected in the other groups, not even in the group that received
antiviral antigen plus SE-ILK (Group II, Table 2).

No significant changes were observed in the thymus (Table 2), since SE-
ILK only produced detectable activation by the histological technique applied to
the bursal B-lymphocytes (Table 2, Fig. 2).

Results of the present study suggest that the administration of antigens or
protein molecules at an early stage, i.e. at 10 days of embryonic development, is
capable of producing increased granulopoiesis in the yolk sac, as well as a rise in
the number of lymphoid follicles in the bursa of Fabricius and the appearance of
granulocytes in liver (Tables 1 and 2, Figs 1 and 2).
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