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Abstract

Background: Nowadays, immuno-stimulants have great importance in improving the immune system and minimising the
effect of infectious diseases in poultry flocks. This study was designed to demonstrate the impact of using different immune-
stimulants on the reduction of the harmful implications of virulent ND virus through evaluation of histopathological lesion
scores on bursa and trachea of vaccinated and infected broiler chickens with Newcastle disease (ND).

Results: Eighty Ross breed broiler chicks at the age of 1 day were randomly divided into four groups, each group formed of
20 birds. Group I was vaccinated against AI, ND and IBD and used as a control. Groups II, III and IV were immunised as group
I and also had immuno-stimulant supplement, Imutrix® (oregano oils plus ß-glucan), Evit liquid® (Vitamin E plus
selenium) and Immunair 17.5 (Propionibacterium acnes and E. coli lipopolysaccharides), respectively. All groups
were experimentally infected with virulent ND virus at the age of 28 days. The morbidity rates for groups I, II, III
and IV were 15%, 5%, 5% and 10% respectively. Histopathological examination of bursa revealed hyperplasia of
lymphoid follicles in group I which became more evident in groups II, III and IV. Group III showed hyperplasia of
tracheal epithelium with lymphocytes and heterophils infiltration in lamina propria. CD79A-positive cells were
significantly higher in bursa of group III in comparison to other groups during an immunohistochemical
examination.

Conclusion: It was concluded that Evit liquid® (vitamin E plus selenium) supplementation might have potent
immunomodulatory effect in chickens.
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Background
Vaccination against common diseases is the backbone in
preventive measures against various disease outbreaks.
Even with the use of the available vaccines, disease out-
breaks are still attacking poultry flocks due to a variety of
stresses of intensive production systems, high density, nu-
tritional and antibiotic administration as well as immuno-
suppression that adversely affect the immune status of the
birds (Dhama et al., 2013; Yamuna & Thangavel, 2011).
When vaccinated birds are challenged with virulent

ND viruses, replication and shedding of the virus occur,
so vaccination prevents disease, but not an infection.
Therefore, there is a need to maximise the immune

response of ND and AI vaccines for obtaining sufficient
antibody titers that can minimise viral replication.
Therefore, immune-stimulants have been used as an ad-
juvant to gain long-lasting humoral and cellular immune
responses and enhancement the response of vaccines.
Strengthening of specific immunity (humoral and
cell-mediated) will maximise the animal’s ability to fight
diseases (Hou et al., 2016; Yu, Shi, & Hu, 2015).
Oregano essential oils (OEO) are obtained from Ori-

ganum vulgare plants (leaves and flowers). They contain
more than 30 components, most of which are carvacrol
and thymol that form about 78–82% of oregano essential
oil (Al-Bandak & Oreopoulou, 2007). Oregano essential
oils have good antioxidant effects, which suppress the
oxidative reactions that exert on phospholipid mem-
branes (Rhee, Anderson, & Sams, 1996; Walter & Bilkei,
2004). ß-glucans are glucose molecules that considered
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the base components of the cell wall of different bac-
teria, fungi, algae and yeast (Volman, Ramakers, & Plat,
2008). ß-glucans stimulated the immune cells, macro-
phages, dendritic cells neutrophils, B cells, T cells and
natural killer cells (Kim et al., 2011).
Vitamin E, a fat-soluble vitamin, has immune-stimulant ef-

fects as well as antioxidant properties and improves cellular
and humoral immune responses (Khan et al., 2012; Konjufca,
Bottje, Bersi, & Erf, 2004; Leshchinsky & Klasing, 2001).
Immunair 17.5® (Propionibacterium acnes and E. coli

lipopolysaccharides) is one of the commercial products
newly available in the Egyptian market as nonspecific
immune-stimulant for the chicken herds. P. acnes is a
Gram-positive, non-spore forming adaptable bacteria
(Martín-Rabadán et al., 2008). P. acnes is an effective po-
tentiate of macrophage, lymphocyte, natural killer cells
and cytokine release in the examined lab animals
(Tizard, 2009). Lipopolysaccharides are the significant
components of the outer membrane of Gram-negative
bacteria, encourage strong immune responses. Lipopoly-
saccharides of E. coli (LPS) had a role in releasing IL-1,
IL-6, or tumour necrosis factor (TNF) by macrophages
(Silhavy, Kahne, & Walker, 2010).
This study was conducted to investigate the effect of

different immune-stimulants on reducing the harmful
impact of virulent NDV of the targeting tissues of the
NDV.

Methods
Experimental design of broilers and management
Eighty (Ross breed of mixed sex) broiler chicks at the
age of 1 day were weighted just after arrival and ran-
domly divided into four groups (20 birds for each
group). Birds were raised in hygienic conditions for 35
days, dry floor and had free access to feed (El Wadi feed
company starter, grower and finisher feed) and clean
water throughout the experiment. The temperature of
the rising was 32 °C at the beginning of the brooding
period then was gradually decreased to 24 °C in the
fourth week which was still constant until the end of the
experiment. The lighting program was 23-h lightness
and 1 h of darkness.

Vaccination program and immune-stimulants

– Birds of all groups were vaccinated against AI
(Nobilis, H5N2), and vaccination was given one S/C
shot at the 5th day of age using killed H5N2) ND
via drinking water was administered at the 7th day
of age (HB1, Pfizer Co.), 15th day of age (LaSota,
Pfizer) and at 22nd day of age (clone 30, Izovac Co.),
and at the 13th day of age with intermediate strain
vaccine of Gumboro via drinking water.

– Group I was the control group (vaccinated and non-
treated with any immune-stimulant).

– Group II was additionally treated with (Imutrix®) in
a dose of 1.5 ml/L of the drinking water for 24 h at
the first 3 days of every week for 5 weeks. Imutrix®
(ELT company, South Korea) is a commercial name
containing purified ß-glucan 11 g and oregano
essential oils 120 g (carvacrol 60 g plus thymol 3.6 g)
in demineralised water up to 1-l emulsifiers.

– Group III was treated with vitamin E and selenium.
The vitamin and selenium (Tecnozo Co., Italia) were
produced under the trade name Evit liquid.

– Group IV was supplemented with Immunair 17.5
with the same way of administration of group II.
Immunair 17.5 (LABORATORIOS CALIER SA)
which contains inactivated cells of
Propionibacterium acnes 0.17 mg, lipopolysaccharide
from E. coli 0.05 mg, thiomersal 0.1 mg and
Excipient q.s 1 ml.

Challenge trial

– All birds in all groups were challenged at day 28 of
age via oculonasal with 50% embryo infecting dose
titer of 8 log 10/0.1 ml velogenic strain of NDV, and
phosphate-buffered saline was used as a diluent for
the infective dose.

– Birds were observed daily after challenge for the
presence of NDV clinical manifestations or
mortality.

Histopathological examination
Fresh specimens from bursae and trachea of chicken of all
experimental groups were collected and fixed in 10%
neutral-buffered formalin. The tissues were dehydrated in
a graded alcohol series, cleared with methyl benzoate, em-
bedded in paraffin wax, sectioned at 4-μm thickness and
stained with haematoxylin and eosin for histopathological
examination by light microscopy (Olympus CX31, Japan)
and photographed using digital camera (Olympus, Came-
dia C-5060, Japan) (Bancroft & Stevens, 1982).
Bursal histopathological lesions were scored according

to Muskett, Hopkins, Edwards, and Thornton (1979) as
follows: no damage = 0; mild necrosis in isolated follicles
= +; moderate generalised lymphocyte depletion of iso-
lated follicles = ++; over 50% of follicles with severe
lymphocyte depletion = +++; skeleton of follicles only
remaining with few lymphocytes and an increase in con-
nective tissue, cysts, and thickened infolded epithelium
= ++++; and loss of all follicular architecture with thick-
ening of interfollicular stroma = +++++.
Lesions in trachea were scored in the scoring system

according to Reali-Forster et al. (1996), assessing the epi-
thelial injury as no damage = 0, mild = 1, moderate = 2
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and severe = 3. In submucosal edema, inflammation and
haemorrhage, absent = 0, mild = 1, moderate = 2 and se-
vere = 3. One mean score was applied to each field of
view. The scores from other fields of view were added to
arrive at a final mean score for the whole slide.

Immunohistochemistry investigations
Bursal sections were examined to identify primary anti-
bodies for CD79 (B-lymphocytes). Primary antibodies for
CD79 were obtained from Novus Biologicus company.
The staining was performed using Power-Stain™ 1.0 Poly
HRP DAB, and the manufacturer’s instructions were
applied.
The procedure is as follows: formalin-fixed bursae

were thin-sectioned as 3-μm-thick. Paraffin-embedded
tissue sections were deparaffinised and hydrated then
washed by distal water. Antigen retrieval was applied in
a water bath using citrate buffer (pH 6) for 20 min. The
endogenous peroxidase activities were removed with 3%
hydrogen peroxide (H2O2). Sections were incubated with
diluted polyclonal primary antibody for 1 h at room
temperature in a humidified chamber. After being rinsed
three times for 5 min each with PBS, the sections were
incubated with poly-HRP conjugate for 15 min at room
temperature. The mixture of DAB chromogen and DAB
substrate were added to parts and incubated for 10 min.
Sections were washed by distilled water then counter-
stained with haematoxylin (Anis et al., 2013).

Morphometrical analysis
The CD79A positive cells were counted in ten fields of
the histological sections using digital an Axiostar plus
microscope (Carl Zeiss, Thornwood, NY, USA) inter-
faced with an Axiostar plus digital camera and Axiovi-
sion 4.1 software (Carl Zeiss) at a magnification of 100.
CD79A were diffusely distributed, and their relative fre-
quency per focus was calculated according to the point
count method (Weibel, 1969).

Statistical analysis
Statistical analysis was performed by using the Statistical
Package for the Social Sciences (SPSS), Version 16 for
Windows. Data were expressed as mean ± SD. The dif-
ference in the mean number of CD79A-positive cells in
bursa of Fabricius in different groups was evaluated by
the Kruskal-Wallis test (nonparametric test for several
independent samples) (Inc, 2007).

Results
Morbidity rate
The morbidity rate was 5% in group II (treated with
Imutrix®) and group III (treated with vitamin E and sel-
enium). Morbidity rate increased in group IV (treated

with Immunair) reaching 10%, and the highest morbidity
rate was mentioned in group I (control group) with 15%.

Histopathological examination
Bursa of Fabricius
Histopathological examination of bursae (group I) re-
vealed hyperplasia of the follicular epithelium with mul-
tiple small epithelial cysts associated with subepithelial
oedema in the follicular stroma infiltrated with mono-
nuclear inflammatory cells (Fig. 1a). Moreover, the pro-
liferation of interfollicular connective tissue was severe
and infiltrated with mononuclear cells in most of the ex-
amined cases (Fig. 1b). The reticule-epithelial layer of
the bursal follicles was not evident with the appearance
of remnants from mats of fibrin in depleted bursal
lymphoid follicles (Fig. 1c). There is a marked epitheliza-
tion in the bursal follicles which formed multiple cysts
(Fig. 1d). Formation of large medullary cysts containing
cellular debris and pretentious material in their lumen
was recorded in some cases (Fig. 1e).
The amelioration in immune reaction became very

evident in group II and group III. The prominent react-
ive hyperplasia of the follicular epithelium associated
with mononuclear inflammatory cells infiltration was
seen in subepithelial connective tissue in (group II)
(Fig. 2a). The lymphoid follicles were enlarged and
tightly packed with cortical and medullary lymphocytes
in addition to prominent medullary lymphoblastic and
macrophage cellular proliferation accompanied with an
enfolded follicular reticuloepithelial layer in some folli-
cles in group III (Fig. 2b).
In group IV, the examined bursae showed mild lymph-

oid depletion of medullary lymphocytes associated with
a proliferation of the interfollicular stroma and infil-
trated with macrophages and a small number from het-
erophils with epithelial cysts in the hyperplastic
epithelium (Fig. 2c). In other cases, in addition to the
findings mentioned above, there is interstitial haemor-
rhage (Fig. 2d). Epithelised follicular cysts were observed
in a small number of bursal follicles in some cases
(Fig. 2e). Solitary pyogranulomatous foci of bacterial ori-
gin were found in one case which were characterised by
a central necrotic mass of granulocytes surrounded by a
connective tissue capsule (Fig. 2f ).
The histopathological scoring of bursa of Fabricius of

chicken which was examined in all four groups was
demonstrated in Table 1.

Trachea
The trachea of (group I) showed desquamation of tra-
cheal epithelium with a collection of tissue debris and fi-
brinous material infiltrated with inflammatory cells in
the tracheal lumen in some cases (Fig. 3a).
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In the examined trachea of chickens of (group II),
slight desquamation of tracheal epithelium with decilia-
tion was observed (Fig. 3b). In group III, there is hyper-
plasia of epithelium accompanied with infiltration of
lamina propria with lymphocytes and heterophils as an
immune activity with slight oedema (Fig. 3c).
Deciliation with proliferation of undifferentiated epi-

thelium infiltrated with heterophils and mononuclear in-
flammatory cells was observed in group IV (Fig. 3d).
These lesions were accompanied with hemorrhagic tra-
cheitis characterised by slight haemorrhage with infiltra-
tion of inflammatory cells in the lamina propria (Fig. 3e).
The histopathological scoring of the trachea of chicken

which was examined in all four groups was demon-
strated in Table 2.

Immunohistochemistry
CD79A-positive cells distributed mainly in the medulla
of lymphoid follicles in bursa, while in cortex, it was im-
mature cells (Fig. 4a). CD79A-positive cells in bursa of

group I showed a weak reaction and depleted cells
(Fig. 4b).
The immune reaction increased slightly in the cortex

of lymphoid follicles in bursa of Fabricius of broiler
chickens in group II (Fig. 4c). In group III,
immuno-stained sections of lymphoid follicles in bursa
showed a strong positive reaction (Fig. 4d) while it was
moderate in group IV (Fig. 4e).
The comparing data presented in (Table 3) showed the

mean number of CD79A-positive cells. The mean num-
ber of CD79A-positive cells was significantly higher in
group III (34.25 ± (3.77)) in comparison to other groups.
The quantification of CD79A-positive cells was statisti-
cally higher (P < 0.003) (Fig. 5).

Discussion
Histopathological examination of bursa from group I
showed some immunological reactions. This reaction
may be due to the natural protective effect of the im-
mune system. These immunological reactions agree with
Ezeokoli, Ityondo, Nwannenna, and Umoh (1990).

Fig. 1 a The examined bursae from chicken in group I showing hyperplasia of the follicular epithelium (arrow), multiple small epithelial cysts (notched
arrow) with subepithelial edema and infiltrated with inflammatory cells (star), bar = 50. b Proliferation of the inter-follicular stromal connective tissue
and infiltrated with mononuclear cells (star), bar = 50. c Depletion of the bursal follicles (star) with remnants of fibrin (arrow), bar = 50 (H&E). d There is
a marked epithelisation of the follicular structures which formed multiple cysts (arrow), bar = 100. e Presence of large medullary cysts filled with cellular
debris and pretentious material (arrow), bar = 100 (H&E)
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Fig. 2 a The examined bursae from chickens in group II showing hyperplasia of the follicular epithelium (arrow) associated with mononuclear
infiltration in subepithelial connective tissue (star), bar = 50. b The examined bursae in chickens of group III showing enlarged and tightly packed
lymphoid follicles with cortical and medullary lymphocytes (star) with enfolded follicular reticuloepithelial layer (arrow), bar = 50. c In the bursae,
obtained from group IV showing proliferation of the inter-follicular stroma infiltrated with inflammatory cells (star) and epithelial cysts in the
hyperplastic epithelium (notched arrow), bar = 100. d Interstitial haemorrhage (arrow), bar = 50. e The epithelized cysts observed in few follicles
(arrow), bar = 100. f Formation of pyogranuloma (notched arrow) with necrotic center (star), bar = 100. (H&E)

Table 1 The histopathological scoring of bursa of Fabricius of chicken examined in all four groups

Group I Group II Group III Group IV

Hyperplasia of bursal epithelium 12 birdsa

+++b
18 birdsa

+++b
20 birdsa

+++b
20 birdsa

+++b

Thickening of interfollicular stroma with inflammatory cellular infiltration 10 birdsa

+++b
16 birdsa

+++b
18 birdsa

+++b
20 birdsa

+++b

Lymphoid depletion of lymphoid follicles 20 birdsa

++b
12 birdsa

++b
10 birdsa

++b
13 birdsa

++b

Tightly packed lymphoid follicles 9 birdsa

++b
13 birdsa

++b
16 birdsa

+++b
12 birdsa

+++b

Epithelised follicular cysts 19 birdsa

++++b
8 birdsa

+++b
15 birda

+b
13 birdsa

++b

Medullary cyst 15 birdsa

+++b
11 birdsa

++b
0a

0b
20 birdsa

+++b

Pyogranuloma 0a

0b
0a

0b
0a

0b
1 birda

+b

aNumber of examined birds
bThe severity degree of lesions designated as follows (Muskett et al., 1979): complete loss of follicular architecture and fibroplasias +++++, very severe ++++,
severe +++, moderate ++, mild +, no damage 0
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The depletion of other bursal follicles was moderate,
and according to some studies, the depletion of lymph-
oid follicles resulted from necrosis of these cells by the
effect of a live vaccine (Zubeedy, Shamaun, & Al-Aalim,
2013). While other studies said that, the increase in the
severity of depletion of bursal follicles might be due to
the failure of vaccines to induce protective immunity
which attributed to interference of maternal antibodies
with the vaccine virus in addition to the direct immuno-
suppressive action of the vaccine. This effect by a vac-
cine is suggested that immunosuppression may be a
result of direct histological damage to the bursa (Mus-
kett et al., 1979). The simultaneous multiplication of
vaccine virus with a production of antibodies in the
bursa may produce immune complexes causing cellular
damage due to activation of complement (Ezeokoli et al.,
1990). There is a marked epithelisation of the follicles
with the formation of multiple cysts recorded in some
cases. These results are usually associated with the direct

Fig. 3 a Histopathological examination of the trachea from chicken in group I showing desquamation of tracheal epithelium (notched arrow) and
collection of tissue debris and fibrinous material infiltrated with inflammatory cells in the tracheal lumen (star) × 4. b The examined trachea of chickens
of group II showing deciliation with desquamation of tracheal epithelium (arrow), bar = 50. c The examined trachea of chickens of group III showing
hyperplasia of the epithelial layer cells infiltrated with inflammatory cells in the trachea (star) and oedema into the lamina propria (notched arrow), bar
= 50. d In the trachea, obtained from (group IV) showing deciliation with proliferation of undifferentiated epithelium infiltrated with inflammatory cells
(star), bar = 100. e In the higher magnification, infiltration of epithelium with inflammatory cells (star) accompanied with haemorrhage and infiltration
of inflammatory cells in the lamina propria (arrow), bar = 50.(H&E)

Table 2 The histopathological scoring of trachea of chicken
examined in all four groups

Group I Group II Group III Group IV

Epithelial injuery 8 birdsa

3b
4 birdsa

2b
3 birdsa

1b
2 birdsa

2b

Submucosal inflammation 13 birdsa

2b
10 birdsa

1b
8 birdsa

2b
11 birdsa

3b

Submucosal oedema 8 birdsa

2b
7 birdss

1b
8 birdsz

1b
13 birdss

++b

Submucosal haemorrhage 6 birdsa

1b
2 birdsa

1b
0 birda

0b
5 birdsa

2b

aNumber of examined birds
bThe severity degree of lesions designated as follows (Reali-Forster et al.,
1996): the epithelial injury, no damage = 0, mild = 1, moderate = 2 and severe
= 3. Submucosal edema, inflammation and haemorrhage: absent = 0, mild = 1,
moderate = 2 and severe = 3
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effect of Newcastle disease virus and IBD viral infection
according to Qubih and Mohammadamin (2011).
The examined bursae of chickens of group II and

group III showed reactive lymphoid follicles. The in-
crease of immune cells in group II was because of the
oregano essential oils which have a potent antioxidant
effect supporting the rise of T lymphocyte in pigs fed
with oregano (Rhee et al., 1996; Walter & Bilkei, 2004).

β-glucans in oregano essential oils activate the immune
cells, macrophages, dendritic cells neutrophils, B cells, T
cells and natural killer cells (Kim et al., 2011). This im-
mune reaction was most apparent in group III due to
the potentiating action of selenium on the immune sys-
tem. Selenium, when added to chickens infected with
coccidia, created changes in the numbers of blood leuco-
cytes, revealing that Se possibly improves resistance to
infection (Colnago, Jensen, & Long, 1984). Vitamin E in
D-α-tocopherol vitamin in turkey embryos’ diet may
have an immunomodulatory effect which increases the
resistance against infection, and this is according to
Gore and Qureshi (1997). Haq, Bailey, and Chinnah
(1996) studied the effect of vitamin E supplementation
on hatched chicks from breeders fed diets supplemented
with vitamin E; the tetrahydrofuran-stimulated bursal
lymphocyte proliferation and phorbol 12-myristate
13-acetate-stimulated splenic lymphocyte proliferation

Fig. 4 a Immuno-stained sections of lymphoid follicles in bursa of Fabricius of broiler chickens in group I showed CD 79A immune-positive in the
cortex [C] and medulla [M] of the bursal follicle, bar = 50. b CD 79A immune-positive cells were depleted in the medulla (arrows). c The immune
reaction increased slightly in cortex of lymphoid follicles in bursa of Fabricius of broiler chickens in group II (arrow). d In group III, immuno-stained
sections of lymphoid follicles in bursa showed strong positive reaction (arrow). e The immune reaction (arrow) was moderate in group IV, bar = 20

Table 3 Mean number of CD79A-positive cells in bursa of
Fabricious in broiler chicken in the experimental groups

Groups Mean ± SD

Group I 14.25 ± 2.75

Group II 25.75 ± 2.63

Group III 34.25 ± 3.77

Group IV 17.75 ± 0.96
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were higher than in control chicks, and this means that
the immunostimulatory effects of vitamin E supplemen-
tation seem to be transferred to the offspring. On the
other hand, Leshchinsky & Klasing (2001) discovered
that the increase in the antibody titers of broilers de-
pends on the amount of vitamin E which is injected and
needed for the inhibition of lipid peroxidation and for
the protection of liver mitochondria against oxidative
stress, and they found that moderate vitamin E levels
promoted better immunomodulation than high vitamin
E levels.
In the examined bursae, obtained from chicken in

group IV, the lesions consisted of mild depletion of me-
dullary lymphocytes associated with a proliferation of
the interfollicular stroma infiltrated with prominent
macrophages and few heterophils. The cellular immune
reaction which observed agreed with Ichinohe et al.
(2011). Abt et al. (2012) previously confirmed that com-
mensal bacterial lipopolysaccharide could interact with
the host’s immune system to protect against avian influ-
enza virus pathogenesis. These results were suggesting
that interaction with LPS is highly dependent on the vir-
ion structure according to Robinson, Jesudhasan, and
Pfeiffer (2014).
In this study, we identified primary antibodies (anti-c-

hicken CD79A) in the bursa of all birds. According to
con Gumboro (2012), the maximum number of lympho-
cytes was depleted in the bursa of Fabricius than the
spleen and thymus of Gumboro-infected broilers, among
the major lymphoid organs. In our study, the morpho-
metrical analysis of detected positive B lymphocytes in
immune stained sections of lymphoid follicles in the
bursa of Fabricius showed that the quantification of
positive B lymphocytes was significantly higher in group
III in comparison to other groups. This, due to the com-
bination of selenium and vitamin E, plays a significant
role in the development and maintenance of defence

systems. Vitamin E raises the bird resistance as it has an
active role in regulatory actions on the immune system
as well as minimises the level of pathology resulting
from cytotoxic immune responses (Klasing, 1998).
Vitamin E reduces enzymatic oxidation and nucleic

acid metabolism (Franchini et al., 1991). Vitamin E has
been shown to increase antibody production by improv-
ing the humoral immune response or by acting as an ad-
juvant. Dietary vitamin E supplementation enhanced the
number of plaque-forming cells and hemagglutination ti-
ters following immunisation with sheep red blood cells
and tetanus toxoid in mice (Nockels, 1979).
Tracheal lesions in group I were expressed by fibrin-

ous tracheitis. These results were typical pathological
characters of the avian influenza virus infection accord-
ing to Gao et al. (2016). These lesions decreased in
group II. In addition to the decrease of tracheal damage,
there is immune response in group III which indicates
the ameliorating effect of vitamin E. Vitamin E decreases
the synthesis of prostaglandins, leukotrienes and cyto-
kines, which are responsible for the regulation of the in-
flammatory response reducing damage caused to the
tissues by the inflammatory process (Klasing, 1998).

Conclusion
The present study was conducted to evaluate the effect
of different immunomodulators on the immune re-
sponse in chicken. Imutrix® and vitamin E plus selenium
decreased the bursal and tracheal damage more than
Immunair 17.5. Furthermore, the number of CD 79A
was significantly higher due to the effect of vitamin E
plus selenium.

Abbreviations
AI: Avian influenza; Anti-SRBC titer: Antibody sheep red blood cells titer; CD
79A: B cell antigen receptor complex-associated protein alpha chain; DAB
chromogen: 3,3′-Diaminobenzidine chromogen; E. coli: Escherichia coli;
IBD: Infectious bursal disease; IL-1: Interleukin-1; IL-6: Interleukin-6;

Fig. 5 Quantification of CD79A-positive cells in bursa of Fabricius of chickens; the values are given as the mean ± standard error
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