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ABSTRACT: A total number of 320 birds of Norfa strain from both males and females were
used in the present experiment. At 20-wk of age, the primary antibody (Ab) titers for sheep red
blood cells (SRBC) were determined for each individual at 7-d post-immunization. Birds were
divided into three, high, low and control, antibody titers groups with 20 males and 20 females of
each group, in order to study the effect of Ab-titers and sex on immunoglobulins (IgG, IgM and
IgA) concentration and lymphoid organs weight in Norfa chickens. The main results obtained
can be summatrized as follows:

1-

The high immune response chickens had significantly the highest level (27.16) and the low
immune response chickens had the lowest level (2.46) of primary Ab-titers, while the control
chickens occupied intermediate level (7.44).

The immune response fo SRBC had positive association with WBC counts, leukocyte (%),
monocytes (%) and immunoglobulins (IgG, IgM and IgA) concentrations.

Males had significantly higher WBC counts and immunoglobulins (IgG, IgM and IgA)
concentrations than females.

The IgM had the lowest concentration, where IgG concentration was predominated in
absolute amount over other serum immunoglobulins in chickens.

High immune response chickens had heavier primary lymphoid organs weight than low
immune response chickens. The weight values were 1.14 vs 0.28 g for bursa of Fabricius
and 4.44 vs 3.36 g for thymus, respectively.

Control chickens had heavier spleen weight (1.64 g), than high (1.54 g) and low (1.06)
immune response chickens, which explained unassociation of spleen weight with the
immune response.

The present results concluded that high immune response chickens produced higher
immunoglobulins (IgG, IgM, IgA) concentration. Also, heavy primary lymphoid organs weight
produced higher level of antibody ftiters.
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INTRODUCTION

The primary antibody response to SRBC
antigen revealed differences between two
lines of chickens that had been selected for
either high (H) or low (L) antibody response
to SRBC (Gebriel, 1990 and Parmentier et
al., 1994). They concluded that the selected
high immune response line had the highest
means of antibody titers, while the low
immune response line had the lowest means
of antibody titers. Also, the divergent
selection for high (H) and low (L) antibody
response to SRBC in Norfa and WL

chickens resulted in highly significant
differences among lines. The high antibody
response line harvested the highest

antibody level, whereas the low line had the
lowest antibody level over three generations
(Abou-Elewa, 2004 and 2010).

On the other hand, Kundu et al. (1999)
observed that males tended to have higher
antibody titers than females for antibody
response to SRBC antigen. But, contrary to
the observation of Yang et al. (2000), who
found that both sexes (male and female)
responded antibody titers similarly to SRBC
antigen. The differences between sexes
were not statistically different. However,
there are powerful initial responses to
divergent selection for antibody response to
SRBC antigen in chickens. Males of
selected high line significantly had higher
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antibody titers than females over three
generations (Abou-Elewa, 2004 and 2010).

However, the number of WBC varied
greatly due to the effect of antibody
response (Brake and Brake, 1982). Also El-
Fiky (2007) showed that the high immune
response rabbits (HR) achieved superior
values of white blood cells and their
differentiations counted than the low
immune response rabbits of both NZW and
Cal parental rabbits. In additions, Gebriel et
al. (2010) studied the WBC counts in control
group in Norfa chickens. They found that the
counts of WBC ranged from 21.34 to 39.13 x
10°/mm°> with total average of 29.89 x
10°/mm>. Recently, Khedr (2011) studied the
interaction effect of primary antibody
response to SRBC or BSA antigens on
some blood constituents in Norfa chickens.
She found that the high immune response
chickens either to SRBC or BSA antigens
had significantly the highest WBC counts as
compared to both control and low immune
response chickens.

Also, Eid (2010) found that the males had
significantly higher counts of WBC than
females in broiler chickens as affected by
antibody titers against SRBC antigen.
Recently, Khedr (2011) studied the
interaction effect of sex and different levels
of primary antibody response on some blood
constituents in Norfa chickens. She found
that males had significantly higher WBC
than females with counts of 60.564 vs.
51.135 x 10¥mm° for males and females,
respectively.

In addition, the H/L ratio is a recognized
as a measure of stress in birds that has
become a valuable tool in stress research
specially when combined the convenience
and repeatability of automated blood cell (Al-
Murrani et al., 1997). Moreover, the H/L ratio
has been suggested as selection criteria for
general stress resistance in broiler chickens.
The broiler line was a mixed population with
only 10% males, and the males population
had significantly higher H/L ratios as
compared with females, suggesting that the
addition stress of heavy body weight in
males accounted for the increase in H/L
ratio.

On the other hand, Martin et al. (1989)
measured the kinetics of IgG and IgM in
primary and secondary immune response in
high and low immune response chickens.
They found that the IgM and IgG were
higher in high immune response than in low
immune response chickens. Li et al. (2001)
in turkey found that the F-line had a higher
antibody response to SRBC and higher
serum IgM concentration than the low
immune response RBC2-line, the statistical
differences were significant. Recently, Eid
(2010) found that females of broiler chickens
had higher concentration of IgG than males,
but, the statistical differences between
males and females were not significant.

However, the bursa of Fabricius is a key
of lymphoid organs, that is responsible for
the development and maturation of B-
lymphocytes, and the humoral antibody
response is dependent on this central organ.
A high antibody response to SRBC has
been associated with a larger bursa size in
Whit Leghorn chickens strains (Zhang et al.,
2006 and Cheema et al., 2007).

MATERIALS AND METHODS

The present study was carried out at the
Poultry Research Farm, Department of
Poultry Production, Faculty of Agriculture,
Minufiya University, Shibin EI-Kom, Egypt.
The experiment was extended from Nov.
2008 to Oct. 2009, in order to investigate the
effect of immune response to SRBC antigen
and sex on immunoglobulins 1gG, IgM and
IgA concentration and lymphoid organs
weight in chickens.

Chicken stock:

Norfa strain was used in the present
study as a synthetic local strain of chickens.
It was developed at the Poultry Research
Farm, Department of Poultry Production,
Faculty of Agriculture, Minufiya University,
Shibin EI-Kom, Egypt (Abdou, 1996).

Management procedures:

A total of 500 fertile eggs were collected
from control line (Abou-Elewa, 2010) and
moved to hatching room one night before
incubation. The fertile eggs were then set in
full-automatic force draft incubator. At 18
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days of incubation, the eggs were
transferred to hatching compartment. At
hatching, all chicks were wing banded and
pedigreed. Chicks were brooded and reared
in batteries. They are fed a starter diet
containing 18.05% crude protein from hatch
till 8" week of age, and from 9" to 16™ week
of age, chickens were fed growing diet
containing 14.01% crude protein. Then,
pullets were fed a layer ration containing
17.46% crude protein. Cockerels were
separated from pullets in brooding house at
8" week of age. At 14" week, cockerels
were moved to individual cages in cocks
house, while pullets were moved to
individual cages in laying house at 16™ week
of age.

Experimental design and

treatments:

A total of 320 individuals of Norfa
chickens from both males and females were
used in the present experiment as a base
stock. At 20 weeks of age, the primary
antibody response was determined for each
individual at 7-day post-immunization.
Chickens were divided into three groups
based on the primary antibody titers against
SRBC antigen 7-day post-immunization, as
follows:

1- Control group (CR):

Chickens of control group were taken at
random from the base stock (320
individuals). Control group contained 40
chickens from both sexes (20 males and 20
females).

2- High immune response group
(HR):

The highest 20 males and the highest 20
females in the primary antibody titers were
taken from the base stock to form the high
antibody response group.

3- Low immune response group

(LR):

The lowest 20 males and the lowest 20
females in the primary antibody titers were
taken from the base stock to form the low
antibody response group.

Determination of

response:

The primary antibody titers to SRBCs
were determined for all individuals (320
individuals) at 20 weeks of age according to
the method of Siegle and Gross (1980).

antibody

Counting of white blood cells
(WBCs)

Serum sample from each chicken was
collected and immediately examined for total
leukocyte cells counts (LC) by using white
blood pipette (Schalm, 1965 and Campbell,
1988), which monitored to count by using
photomicroscope provide with a monitor
screen and a counter.

Differential
counting:
Differential white blood cells counts
provide information on the different white
blood cells present in circulating blood. The
leukocytes divided into agranules cells (as
Lymphocytes and Monocytes), and
granulates cells (Eosinophils, Neutrophils
and Basophils). Differential leukocytes were
counted according to Campbell (1998).

leukocyte cells

Determination of immunoglobulins
IgM, IgG and IgA:

The concentration of the IgM, IgG and
IgA wee determined by a single radial
immunodiffusion technique (Mancini et al.,
1965).

Determination of relative lymphoid

organs:

At 36 weeks of age, 10 females of
chickens were taken at random from each
group of Norfa chickens. Each bird was
weighed and slaughtered. The bursa of
Fabricius, spleen and thymus (all lobes)
were cutting and weighed to the nearest
milligram.

Studied traits:
The following traits were studied during
the experimental period:
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1.Primary antibody titers to SRBC:
The primary antibody response was
determined for each individual at 7 days
post-immunization. The antibody
response was expressed as antibody
titers of log 2 of the reciprocal of the last
serum dilution showing haemagglutinin.

2. White blood cells count: White
blood cells (total leukocytes counts)
were determined and expressed as LC
(10° x cm’).

3.Differential leukocytes percentages:
The percentages of lymphocyte and
monocyte counts, as agranules
leukocytes, in addition to eosinophils,
nutrophils and basophils, as granules
leukocytes were  determined and
expressed as percentages of total
leukocytes counts.

4.Determination of immunoglobulins
(IgM, IgG and IgA): The
immunoglobulins IgM, IgG and IgA were
determined and expressed as (mg/dl).

5. Lymphoid organs weight and

percentages: At 36 weeks of age,
the birds were weighed and slaughtered.
The bursa of Fabricius, thymus, and
spleen were cutting and weighed to the
nearest milligram. The percentage of
lymphoid organs weight to mature body
weight were calculated.

Statistical analysis:

Data were subjected to analysis of
variance with antibody response and sex
effects using the General Linear Model
procedure of SAS user's Guide, (SAS,
2001). Duncan's multiple range tests was
used for the multiple comparisons of means
(Duncan, 1955). Also, all percentage data
were converted to the corresponding arcsine
prior statistical analysis (SAS, 2001). The
statistical model used in the present study
was:

Yik=p+oq + B+ (af) + e
Also the Ilymphoid organs weight were
analyzed using the fowling model :

Yij =u +qi +eij

Where:

Yii = The observation of the ijkth.

pu = The common mean.

o = The fixed effect of the it antibody
response.

B; = The fixed effect of the jth sex.

(ap);j = The interaction between it antibody
response and j sex.

ejx = Random error components assumed to
be normally distributed.

RESULTS AND DISCUSSION
Antibody production:

Least square means (LSM + S.E) of
primary antibody titers at 7 days post-
immunization, as affected by both immune
response to SRBC antigen and sex in Norfa
chickens are given in Table (1). The present
results showed that the high immune
response chickens had the highest value of
antibody titers, while the low immune
response chickens had the lowest value of
antibody titers. The control chickens were in
between. The values were 27.16, 2.46 and
7.44 for high, low and control groups of
Norfa chickens. The statistical differences
among immune response Jroups were
highly (P < 0.01) significant.

Concerning the effect of sex on antibody
production, the present results showed that
females had higher primary antibody titers
to SRBC antigen at 7-day post-
immunization than males within each group
of immune response chickens. But, the
statistical differences between females and
males were not significant. Means of
antibody titers were 12.80 and 11.87 for
females and males, respectively (Table 1).

The present results are in agreement
with the results reported by Siegel and
Gross (1980), Parmentier et al. (1994) and
Abou-Elewa (2004 and 2010). They
concluded that the high immune response
chickens group for SRBC antigen had the
highest antibody titers, and the low immune
response chickens group had the lowest
antibody titers, where the control group had
intermediate value.
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Table (1): Effect of both immune response and sex on antibody titers in Norfa chickens.

Ab. Titers 9

Immune response Sex No of chickens % Change of
(LSM+S.E) control
High response M 20 25.9612.43 372.98
F 20 28.37+2.37 358.20
M+F 20 27 16°+1.68 365.05
Low response M 20 2.21+0.31 27.90
F 20 2.70+0.46 29.74
M+F 40 2.46°+0.27 28.76
Control M 20 6.96+0.55 100.00
F 20 7.9240.52 100.00
M+F 40 7.44°+0 .38 100.00
Total average M 60 11.87+1.63 170.55
F 60 12.80+1.69 161.62
M+F 120 12.35+1.65 165.99

a, b, ¢ "Means with different letters are significantly different (P < 0.05)".

On the other hand, Kundu et al. (1999)
observed that males tended to have higher
antibody titers than females for antibody
response to SRBC antigen. But contrary to
the observation of Yang et al. (2000), who
found that both sexes (males and females)
responded antibody titers similarly to SRBC
antigen. The differences between sexes
were not statistically different.

White blood cells (Leukocytes)

counts:

The results in Table (2) explained that
the high immune response chickens had
higher counts of WBC than low immune
response and control chickens. The counts
were 35.69, 20.99 and 28.49 x 10%cm® for
high, low and control immune response
chickens, respectively. The statistical
differences among immune response groups
of chickens were highly (P < 0.01)
significant.

The preset results are similar to the
results reported by Brake and Brake (1982),
El-Fiky (2007), Eid (2010) and Gebriel ef al.

(2010). They reported that the counts of
WBC varied greatly due to the effect of
antibody response. The high immune
response chickens had higher counts of
WBC as compared to the low immune
response to SRBC and control chickens.
Recently, Khedr (2011) found that the high
immune response chickens either to SRBC
or BSA had significantly the highest WBC
counts as compared to both control and low
immune response chickens.

Concerning the effect of sex on WBC
counts in Norfa chickens (Table 2). The
present results explained that males had
significantly higher counts of WBC than
females of Norfa chickens. The counts of
WBC were 31.17 and 25.62 x 10%cm’ for
adult males and females, respectively. The
statistical differences between males and
females were significant (P<0.05). Similar
results were reported by Eid (2010) and
Khedr (2011). They found that males had
significantly higher counts of WBC than
females in chickens.
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Table (2): Effect of both immune response and sex on white blood cells (WBC) in Norfa

chickens.
| No of WBC (10%cm?) % Change of
mmune response Sex )

chickens (LSM+S.E) control
High response M 20 37.4411.96 115.09
F 20 33.95+1.84 138.85
M+F 20 35.69%+1.36 125.27
Low response M 20 23.53+1.31 72.33
F 20 18.45+1.06 75.46
M+F 40 20.99°+0.93 73.67
Control M 20 32.53+1.40 100.00
F 20 24.54+1.24 100.00
M+F 40 28.49°45 .32 100.00
Total average M 60 31.17+£1.19 95.82
F 60 25.62+1.12 104.79
M+F 120 28.39+1.03 99.65

a, b, ¢ "Means with different letters are significantly different (P < 0.05)".

Differential leukocytes percentages:

Data in Table (3) explained that the differential leukocytes percentages varied greatly due to
the effect of antibody response to SRBC antigen. The high antibody response group of chickens
had higher percentages of most different types of white blood cells as compared to the low
immune response and control groups of chickens. The values in high immune response
chickens were 59.83% lymphocytes, 27.36% heterophils, 3.66% eosinophils, 0.69% basophils,
and 8.46% monocytes. The statistical differences among immune response groups of chickens
were significant (P<0.05). Similar results were reported by EI-Fiky (2007) who showed that the
high immune response rabbits achieved superior values of white blood cells and their
differentiations counted than the low immune response rabbits.

Concerning the effect of sex on differential leukocytes percentages in Norfa chickens (Table
3). The present data explained that males had higher percentages of differential leukocytes than
females. But, the statistical differences were not significant. The differential leukocytes
percentages in males include 57.45% lymphocites, 13.82% heterophils, 4.08% eosinophils,
0.79% basophils, and 7.41% monocytes, where these percentages in females were 56.7%,
30.76%, 3.70%, 0.77% and 5.93% in the same order (Table 3).

In this respect, Brake and Brake (1982) found that the average number of WBC was 35.0 x
10%mm?® for females of RIR chickens, which include 58.1% lymphocytes, 35.1% heterophils,
1.2% eosinophils, 3.1% basophils, and 2.5% monocytes. They concluded that males had higher
WBC counts than females of chickens. Also, the present results explained that the (H/L) ratio
were 0.46 for high immune response, 0.66 for low immune response and 0.54 for control
chickens. The data cleared that the high immune response chickens had the lowest H/L ratio,
where, the low immune response had the highest H/L ratio and the H/L ratio for control chickens
was in between (Table 3).
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Table (3): Effect of both immune response and sex on differential leukocytes percentages

in Norfa chickens.

(LSM+S.E)
Trait Sex Total average
HR LR Control

Lymphocytes (L) M 60.17+1.15 53.42+0.61 58.75+1.09 57.45+0.65
F 59.50+1.20 53.92+1.13 56.67+0.79 56.70+0.81

M+F | 5983°+0.82 | 53.67°+063 | 57.71°+069 | 57.08+0.64

Heterophils (H) M 27.92+0.90 35.11+0.64 32.42+1.02 31.82+0.62
F 26.80+1.16 35.81+1.49 29.67+0.77 30.76+0.59

M+F | 2736%0.89 | 3546°+0.87 | 31.04°+068 | 31.29+0.66

Eosinophiles (E) M 3.8240.28 4.67+0.21 3.75+0.35 4.08+0.23
F 3.50+0.31 3.93+0.71 3.67+0.43 3.70+0.35

M+F 3.66°+0.61 4.30°+0.41 3.71°40.27 3.89+0.29

Basophiles (B) M 0.67+0.18 0.88+0.42 0.81+0.72 0.79+0.29
F 0.71+0.24 0.67+0.23 0.92+0.26 0.77+0.20

M+F 0.69°+0.15 0.78°+0.24 0.87°+0.16 0.78+0.24

IMonocytes (M) M 10.42+0.38 5.92+0.39 5.89+0.28 7.41+0.31
F 6.49+0.54 5.67+0.71 5.63+0.31 5.93+0.38

M+F 8.46°+0.52 5.79°+0.41 5.76°+0.27 6.67+0.43

H/L ratio M 0.41+0.01 0.66+0.02 0.57+0.01 0.54+0.01
F 0.50+0.01 0.66+0.02 0.51+0.01 0.56+0.01

M+F 0.46°+0.01 0.66°+0.02 0.54°+0.01 0.55+0.01

a, b, ¢ "Means with different letters are significantly different (P < 0.05)".

Immunoglobulins (IgG, IgM and
IgA):

Data in Table (4) cleared that the high
immune response group of chickens against
SRBC had the highest values of IgG, IgM
and IgA, where, the low immune response
group of chickens had the lowest values and
the control group was in between. The
statistical differences among groups of
chickens for the values of IgG, IgM and IgA
were highly (P < 0.01) significant.

Least square means of IgG anti-SRBC
antibody titers were 1427.36, 994.06 and
1084.19 mg/dl for high immune response,
low immune response and control groups of
chickens, respectively. Where, the values of

IgM anti- SRBC antibody titers were 211.21,
88.89 and 116.78 mg/dl, in the same order.
The IgA anti-SRBC antibody titers were
227.87, 14356 and 186.51 mg/dl,
respectively. The present results explained
that concentration of IgM was the lowest,
where the IgG  concentration was
predominated in absolute amounts over
other immunoglbulins in Norfa chickens.

Similar results were reported by Martin et
al. (1989). They measured the kinetics of
IgG and IgM in primary and secondary
immune response chickens. They found that
the IgM and IgG were higher in high immune
response the low immune responses
chickens.
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Table (4): Effect of both immune response and sex on immunoglobulins (lgG, IgM and
IgA) in Norfa chickens.

(LSM+S.E)
Immunoglobulins | Sex Total average
HR LR Control
IgG (mg/dl) M | 1221.32+145.72 | 988.34+37.76 | 1058.82+128.11 | 1089.49+119.32
F 1633.40+113.03 | 999.78+37.58 | 1109.57+116.06 [ 1247.58+123.21
M+ F|1427.36°+109.98 [ 994.06°+36.67 | 1084.19°+101.31 | 1168.53+121.19
IgM (mg/dl) M 238.52+26.13 95.32+11.13 112.10+17.25 148.65+15.46
F 183.90+12.86 82.46+10.19 121.46+19.51 129.27+14.61
M+F| 211.21°+11.26 | 88.89°t10.01 | 116.78°+15.13 138+12.69
IgA (g/dl) M 252.66+31.94 | 161.20+18.03 | 203.28+21.51 205.71+18.21
F 203.08428.15 | 125.92+11.68 | 169.74+18.11 166.25+19.33
M+F| 227.87°4+23.19 [143.56°+10.19| 186.51°+17.13 | 185.98+16.69

a, b, ¢ "Means with different letters in each trait are significantly different (P < 0.01)".

Concerning the effect of sex on the
concentrations of immunoglobulins (Table
4). The results explained that the males had
higher concentration of IgM than females
(148.65 vs. 129.27 mg/dl). Also, males had
higher IgA than females (205.71 vs. 166.25
mg/dl), respectively. But, females had higher
concentration of IgG than males (1247.58
vs. 1089.49). The statistical differences
between sexes in the concentrations of
immunoglobulins (IgG, IgM and IgA) were
significant (Table 3). The present results
agree with the results reported by Eid,
(2010) who found that females had higher
concentration of IgG than males, but the
statistical differences between males and
females were not significant.

Lymphoid organs weight:

Data given in Table (5) showed the LSM
+ S.E of both immune response and sex
effects on the lymphoid organs weight in
Norfa chickens. The results explained that
high immune response chickens had heavier
lymphoid organs weight than the Ilow
immune response chickens. The values
were 1.14 vs 0.28 (g) for bursa of Fabricius
weight, 4.44 vs. 3.36 (g) for thymus weight
and 154 vs. 1.06 g for spleen weight,
respectively. The lymphoid organs weights

in control chickens were in between. The
statistical differences among chickens group
were highly (P < 0.01) significant.

In addition, the high immune response
chickens had higher percentages of live
body weight at maturity (36-wk) than low
immune response chickens for bursa of
Fabricius (0.10 vs. 0.03%) and thymus (0.38
vs. 0.27%), respectively. While, control
chickens had higher percentage than low
immune response chickens for spleen (0.14
vs. 0.09%, respectively. The results cleared
that lymphoid organs weights are easily
measured and reflect the ability of body to
provide lymphoid cells during an immune
response. The spleen and bursa are the
important lymphoid organs involved in the
development and differentiation of T or B-
lymphocytes.

However, the bursa of Fabricius is a key
of lymphoid organs, that is responsible for
the development and maturation of B-
lymphocytes, and the humoral antibody
response is dependent on this central organ.
A high antibody response to SRBC has
been associated with a larger bursa size in
Norfa chickens. Similar findings were
reported by Zhang et al. (2006) and Cheema
et al. (2007) in White Leghorn chickens.
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Table (5): Effect of both immune response and sex on lymphoid organs weight in Norfa

chickens females.

Immune D . (LSM+S.E)
etermination
response Thymus Spleen
High response Weight (g) 1.14%40.11 4.44°+0.38 1.54°+0.12
% of B.wt 0.10+0.00 0.38+0.03 0.1340.01
Low response Weight (g) 0.28°+0.02 3.36°+0.19 1.06°+0.11
% of B.wt 0.03+0.00 0.27+0.02 0.09+0.00
Control Weight (g) 0.60°+0.01 3.56"+0.27 1.64°+0.17
% of B.wt 0.05+0.00 0.30+0.03 0.14+0.01

a, b, ¢ "Means with different letters in each trait are significantly different (P < 0.05)".

Regarding to the immune organs weight
and percentage. The control chickens had
significantly heavier spleen weight and
percentage as compared to high or low
immune response chickens. These results
agree with the finding reported recently by
Eid, (2010) in broiler chickens.

REFERENCES

Abdou, F.H. (1996). Improving endogenous
chicken breed: Experience from Egypt,
Nerway and Tanzania. Egyptian J. Anim.
Prod., 33 supple Issue, PP: 567-567.

Abou-Elewa, Eman, A. (2004). Selection for
general immune response and its relation
to some economic traits in chicken. M.Sc.
Thesis, Faculty of Agricultural, Minufiya
University, Egypt.

Abou-Elewa, Eman, A. (2010). Some
genetic parameters of the immune
response traits and its utilization in
different selection methods in chickens
Ph.D. Thesis, Fac. Agric.,, Minufiya
University, Egypt.

Al-Murrani, W.K., A., Kassab, H.Z. Al-Sam
and AM. Al-Athari (1997).
Heterophil/Lymphocyts ratio as a
selection criterion for heat resistance in
domestic fowls Br: Pault. Sci. 38: 159-
163.

Brake, J. and N. Brake (1982). Physiological
changes in caged layers during a forced
molt. 4-Leucocytes and packed cell
Volume. Poult. Sci. 910: 790.

Campbell, T.W. (1988). Avian Hematology
and Cytology, lowa statue uni. Press
Ames, lowa.

Cheema, B., M. Lassere, M. Shnier, R.
Fiatarone Singh and M. Rototor (2007).
Cuff tear in an elderly women performing

progressive resistance training case
report from a randomized controlled Trial.
J. Phys Act Health 4: 1-8.

Duncan, D.B. (1955). Multiple Range and
Multiple F-Tests. Biometrices, 11: 1-42.
Eid, KM.A. (2010). Study of correlated
response to selection of some economic
traits for antibody production in broiler
chickens. Ph.D. Thesis, Fac. Agric.,

Moshtohor, Zagazig Univ., Egypt.

El-Fiky, A.A. (2007). Immunological studies
in association with some physiological
and reproductive traits in New Zealand
white and Californian rabbits. Egypt
Poult. Sci (27): 817-832.

Gebriel, G.M. (1990). The chickent MHC
haplotypes. 2-Genetic Parameters of
immune response to sheep red blood
cells antigens within the blood group
genotypes. Egyptian. J. App. Sci. 5-290:
298.

Gebriel, G.M., M.E. Soltan and Eman E.N.
Heaba (2010). Genetic and phenotypic
studies of some blood constituents in
Norfa chicken. Minufiya. Agric. Res. Vol.
35. No. 4 (5) P: 1781-1796.

Khedr, Hend A.A. (2011). Effect of some
factors on immune response and their
relation to some physiological traits in
chickens. Ph. D. thesis, Faculty of Agric.,
Minufiya University. Egypt.

Kundu, A, D.P. Sigh, S.C. Mohaptra, B.B.
Dash, R.P. Moudgol and G.S. Bisht
(1999). Antibody response to sheep
erythrocytes in Indian native breeds of
chickens. British poultry Sci. 40: 1.40-43.

Li, Z., K.E. Nestor, Y.M. Saif, J.W. andrson
and R.A. Patlerson (2001). Effect of
selection for increased body weight in
turkey on Ilymphoid organ weights



Gebriel, et al.

phagocytosis, and antibody responses to
fowl cholera and new castle disease-
inactivated vaccines. Poult. Sci. 80: 689-
694.

Mancini, G., A.O. Carbonara and J.F.
Hermans (1965). Immuno chemical
quantitation of antigens by single redial
immuno diffusion. Immuno chemistry, 2,
235.

Martin. A., W.B. Gross and P.B. Siegel
(1989). IgG and IgM responses in high
and low antibody selected lines of
chickens. J. Hared 80: 249-252.

Parmentier, H.K., R. Siemonsa and M.G.B.
Niebuland (1994). Immune response to
biovine serum albumin in chicken lines
divergently selected for antibodies
response to sheep red blood cells. Poult.
Sci., 73 (2): 256-265.

SAS (2001). SAS Institute  (2001).
SAS/STAT user Guide statistics. Ver 82
SAS Institute Inc. Gary. NC.

Schalm, W.O. (1965). Veterinary
Hematology, 2" Ed, Springer Verlg, New
York, Heidel berg, Berlin.

Siegel, P.B. and W.B. Gross (1980).
Production and persistence of antibodies
in chicken to sheep erythrocytes. 1-
Directional selection. Poult. Sci., 59: 1-6.

Yang, N.C., T. Larsan, E.A. Dunning Tone,
P.A. Gereart, M. Picard and P.B. Siegel
(2000). Immune competence of chicks
from two lines divergently selected for
antibody response to sheep red blood
cells as affected by supplemental vitamin
E. Poult. Sci., 79: 799-803.

Zhang, H.M., H.D. Hunt, G.B. Kulkarni, D.E.
Palmquist and L.D. Bacon (2006).
Lymphoid organ size varies among
inbreed lines 63 and 72 and their thirteen
recombinant congenic strains of chickens
with the same major histocopatibility
complex. Poult. Sci., 85: 844-853.

Lelal) alidgyolall 5855 Jo (uislly SRBC adiwall dcliall laiay) il
gl gé dggliantll a0zl & 599

‘éﬁ\ﬁu\.\,‘seﬁd\.\,@‘h,ﬁsgu\gl\.\,cmf‘dw@mu*
Gl as allu 58 gl ol
il oS s Rl S bl 6

:‘fﬂ\ gadlall
a3 Al sda 8 Yy HsSA e JS e sl lad e e TY 4 e (g5Se il gkl aadiiud
yie oLV s (sl aey i JSU(SRBC) 2leS slyanl) aall )< amiundll 0 Y1 Alaiuy) s
JS (A)laal) e genny e lial) Aidlie e lidl) Alle) aaalae A5 1 jsudall ari 23 pord Yo jee
iy Garg «(Antibody titers) ¥ de liall etV e o ol o A Yo ol Yo de sens
I9G, IgM, ) feidl el gnslall 585 e uialls (Antibody titers) sabiad) alua¥) st il

NS Lgle Juania) milinll sl cul€y claysill o las 8 dyslaadll aazll )55 (IGA

Ae senn ilian s (YY) 1) ine i def o deliadl laiuy) Gl 2 laall G gean cillian =)
Antibody ) salcadl slual¥l 55 (Y. £7) gsiwe J8 o deliall dylaiuy) Siaidiall zlaal)
(Y. £8) Uasgie j5ded o 4)ad de sane cilias Laiy o(titers



Gebriel, et al.

((WBC) slimall aall @)< sne e SRBC aamionall de liall Blati) (s Lam 50 ABle Cirag
Ao liddl clidgnsdal 58535 Monocyte (%) cuusisdls (Leukocyte (%)Wl 45l 4l
(1gG, IgM, IgA)

L il clidsndlall 3555 (WBC) sliand) anll <)< (e Lisiza Sl 2ae o )0l cilian
&y e (1gG, IgM, 1gA)

o Bl (IgG) o liddh culpmstall 3085 S et ¢ 5855 B IGM e iad) Gilsnlall 5855 S
el bl 8 G il clidsnglall sl

zlaall degens e A0V Ay sliadll aal e Sl (s Ao liall LAt Ale 7 laall Ge sane Cliiia
08¢ Gl ggcalim YA Jiie V) € Lujall o)) Al il Chn cde liall ulaiy) dumid i)
Ll e cala YT il

(px V.08) Bllall zlaall Gegene oo o(aya V. T8) Jladall e JE8 055 0)8a0 do gane i
O35 i ABe dsag ade and e el BTN (aa V.0 Aadtidl zlaall de genas
e liall Ayl Jadall

e Ll bl gl sudY) (e Slel 5858 ot plaal) 3 debiall 3dlall Silaia) o il o8 adls
saluadl) aluaW) (e Stel (g5t @is 405N Agaadll aaall 553005 of WS ((IgG,  IgM,  IgA)
.(Antibody titers)

-V



