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ABsTRACT. Although the inhibitory effect of maternal antibodies on active immunization of neonates has been extensively documented,
much less attention has been devoted on the exact level of these antibodies which can induce this effect and the extent of such effect.
Firstly, laying hens were immunized with dinitrophenyl-keyhole limpet hemocyanin (DNP-KLH).Then, maternal anti-DNP antibodies in
chicks derived from these hens were measured by using enzyme-linked immunosorbent assay (ELISA). Chicks with high levels of mater-
nal anti-DNP showed immune suppression, while chicks with low levels of maternal anti-DNP showed normal immune response when
they immunized with the same antigen at 1 and 4 weeks of age. Then, different doses of purified maternal anti-DNP were transferred
to fertile eggs at 16 days of embryogenesis by in ovo injection and all chicks were immunized with DNP-KLH at 1 and 4 weeks of age.
Chicks received 1 mg of anti-DNP showed normal immune response, chicks received 3 mg of anti-DNP showed weak immune response,
and chicks received 5 and 8 mg of anti-DNP showed immune suppression. Chicks received 8 mg of anti-DNP were immunized with
DNP-KLH at 4 and 7 weeks of age. Their immune response was significantly lower than that of chicks of no-maternal anti-DNP. These
results suggested that high levels of maternal antibodies interfere or suppress the immune response of active immunization not only at

early period but also at the period in which the maternal antibodies at very low levels.
KeY worbps: chick, hapten, 1gY, immune suppression, maternal antibodies.

The principal function of the immune system is to protect
animals from infectious organisms and from toxic products.
Newly hatched birds emerge from the sterile environment of
the egg and, are susceptible to many pathogens during the
first few weeks of age and like mammals, require temporary
immunological assistance because their immune system is
not fully developed; hence, passive maternal immunity is
thought to be an antigen-specific protection [23]. There are
many reports in literature regarding the transfer of patho-
gen-specific antibodies from hens to their chicks via the egg
and their role in the protection of newly hatched chicks from
the pathogens. The transfer of maternal immunity from lay-
ing hens to newly hatched chicks takes place in a two-step
process. The first step is transport of antibodies from mater-
nal serum into the yolk of maturing oocyte in the ovarian
follicle. The second step is uptake of antibodies from the
yolk into the circulation of newly hatched chicks which
occurred predominantly in the last few days before hatching
[4, 13, 16, 17]. The amount of antibody transferred to chick
can depend on the age of the mother, the time within the lay-
ing cycle, and the titers of antibodies within the mother’s
serum [22]. Maternal antibodies protect the hatchling
against environmental pathogens during the period required
for the immune system to mature and at the same time they
prevent generation of tolerance to the same antigens as they
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prevent their early interaction with immune cells [2]. It has
been reported that the presence of maternal antibodies fur-
ther limits the immune response of neonates to either natural
infection or active immunization [3, 7]. Several studies in
animal models have confirmed the biological observation of
the inhibitory effect of passive antibodies on vaccine
responses. High levels of viral antibodies transferred to
calves could interfere with the antibody response to vaccina-
tion [20, 21]. Passively-introduced antibodies can protect
against infectious diseases and may interfere with antibody
response to active immunization in early infancy [5, 6, 10,
12, 14, 15]. Vaccination in poultry farm is considered the
novel approach which has been shown to elicit specific
immunity against different pathogens. However, maternal
antibodies transmitted to the newly hatched chicks are
known to provide protection against many serious viral and
bacterial diseases during the first period of life, they may
interfere with early vaccination programs [22, 24]. The aim
of this study is to investigate and confirm the effect of
maternal antibodies on chick immune response.

MATERIALS AND METHODS

Animals: Partially inbred chickens (H-B15 white leghorn;
Bu-1%) were used in this study. These chickens were bred in
our animal facilities and were provided with food and chlo-
rinated water ad libitum under the regulation of guideline
for the animal experiment in Hiroshima University. The
chickens were divided into immunized and non-immunized
group to dinitrophenylated keyhole limpet hemocyanin
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(DNP-KLH). Eggs derived from the chickens were incu-
bated and hatched in our own facilities. Chicks derived
from non-immunized hens were ascertained to be free from
maternal anti-DNP antibodies and considered as a control
group.

Antigen preparation: DNP-KLH was prepared as
described previously [9, 11]. Briefly, in clean, dry and dark
container, 200 mg of K,CO3 was dissolved in 6 ml of dis-
tilled water (DW), and then putted on a magnetic stirrer and
slowly 200 mg of KLH (Calbiochem Behring Co., Ger-
many) was added and left at room temperature. At the same
time, 200 mg of 2, 4-dinitobenzen sulfonic acid sodium salt
(DNBS) (Eastman Kodak Co., San Diego, U.S.A.) was dis-
solved in 4 ml of DW. DNBS solution was added into KLH
solution. Then, the mixture was stirred in dark place at
room temperature for about 18 to 24 hr, and then it was dia-
lyzed against phosphate buffered saline (PBP) at 4°C until
obtaining zero value of optical density (OD) at 360 nm
against PBS. Finally, the mixture was filtered by using 0.45
um filter. The protein content of this antigen was deter-
mined by OD value measured at 280 nm. Conjugation ratio
of hapten with protein was determined as described previ-
ously [9, 11]. Final product was DNP3;,-KLH. Then, the
antigen was kept in a refrigerator at 4°C until use. Dinitro-
phenylated bovine serum albumin (DNP,g-BSA) was pre-
pared in the same manner.

Immunization of hens: Six laying hens were immunized
with DNP-KLH (1 mg per each hen) emulsified in Freund’s
complete adjuvant (FCA) (Wako Pure Chemical Industries,
Japan) into their peritoneal cavity. Second immunization
was performed after 2 weeks, then they repeatedly immu-
nized every 3 weeks using Freund’s incomplete adjuvant
(FIA) (Wako Pure Chemical Industries, Japan). Immunized
laying hens were divided according to the purpose of use
into 2 groups: first group was used for production of infertile
eggs (collected daily after one week of the second immuni-
zation and stored in the refrigerator at 4°C until use for
extraction of 1gY), second group was used for production of
fertile eggs (collected daily after one week of the second
immunization and kept in an incubator at 15°C with humid-
ity 60% until use). Chicks derived from immunized hens
and non-immunized hens were immunized two times with
DNP-KLH (2 mg/kg of body weight) or DNP-BSA (2 mg/
kg of body weight) at 1 week and 4 weeks after hatching.
The first immunization was given into the peritoneal cavity
with the antigen emulsified with FCA. The second immuni-
zation was given by the same manner but with FIA instead
of FCA.

Purification of chicken IgY from the egg yolk: Chicken
IgY was extracted from the egg yolk by the water dilution
method as described before [1] with some modifications.
Briefly, the tare weight of an empty clean glass beaker was
recorded. The egg yolk was separated from the egg white
using an egg separator then washed with DW, then rolled
onto a clean, dry paper towel for removing the adhering egg
white, after position the egg sac near any edge of the paper
towel, the egg sac was punctured with Pasteur pipette and

finally the egg yolk was collected in the beaker. One vol-
ume of the egg yolk was mixed slowly and gently with nine
volumes of DW. The pH value of the diluted egg yolk was
adjusted to 5.2 by adding 1N HCI drop by drop during stir-
ring it. The beaker was covered and kept in the refrigerator
at 4°C for at least 6 hr. Diluted egg yolk was mixed gently
before added to the centrifuge tubes (centrifugation for 15
min at 10,000 x g in a refrigerator centrifuge). The superna-
tant was decanted into a clean beaker, while stirring gently;
ammonium sulfate (final percentage was 40%) was added
gently and the mixing was continued for at least 30 min.
The suspension was centrifuged for 15 min at 10,000 x g in
arefrigerated centrifuge. Supernatant was discarded. Equal
volume of PBS to the original volume of the egg yolk was
added to the pellet and mixed gently until IgY pellet was
completely dissolved. The purified IgY solution was dia-
lyzed for 4-5 times against PBS until ammonium sulfate
was completely removed. The volume of purified 1gY solu-
tion was measured after filtration with 0.45 um filter. 1gY
purity was measured using sodium dodecyl sulphate-poly-
acrylamide gel electrophoresis. Finally, purified 1gY stored
in refrigerator at 4°C until use.

Affinity purification of antigen specific 1gY: DNP-BSA
was conjugated with swollen CNBr-activated Sepharose 4B
beads (GE Healthcare, Sweden) in coupling buffer (bicar-
bonate buffer) (0.5 M NaCl, 0.1 M sodium bicarbonate, pH
8.3). Free-reacted sites on the beads were blocked with 1 M
ethanol amine, pH 8.0, finally the beads were washed with
the coupling buffer and then the elution buffer (0.5 M NaCl,
0.2 M glycine-HCI, pH 2.5) four times before washing with
PBS and stored in the refrigerator at 4°C until use. DNP-
BSA column was washed gently with 5 ml of low pH buffer
(0.5 M NaCl, 0.2 M glycine-HCI pH 2.5) then gently
washed with PBS (20 times of the gel volume). After that
1gY solution was added several times to the Sepharose gel in
the column. The filtrate was collected. The column was
washed with PBS (20 times of the gel volume), then 5 ml of
the elution buffer (0.5 M DNP-EACA) (Sigma Chemical
Co., U.S.A.) was added gently to the Sepharose gel in the
column. The filtrate which contains anti-DNP antibodies
was collected then dialysed against PBS, concentrated using
centrifugal filter device (Amicon ultra-15, ultracel 100k)
(Millipore, U.S.A.). Finally the column was washed firstly
with 20 ml of low pH buffer then with PBS (20 times of the
gel volume), then kept in the refrigerator at 4°C with PBS
containing sodium azide. The optical density of the concen-
trated sample was measured at 280 and 360 nm for calcula-
tion of the actual amount of anti-DNP antibodies. Finally,
the immunoreactivity of anti-DNP antibodies was evaluated
by using Enzyme-linked immunosorbent assay (ELISA).

Inoculation of antigen specific IgY: Anti-DNP antibody
was injected into eggs either from vein or from yolk.
Briefly, the blunt end of the egg was sterilized with tincture
of iodine, and then small hole (1 cm x 1 cm) was made by a
dental drill. Some of the chicks were injected with purified
anti-DNP antibodies (2 mg/0.2 ml in PBS) from intravenous
route at 18 days of embryogenesis (18E) using 1 ml syringe
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(30G 1/2 needle; Becton Dickinson, U.S.A.). The other
chicks were injected with PBS either containing 1 or 3 or 5
or 8 mg anti-DNP antibodies from this hole into the egg yolk
at 16 days of embryogenesis (16E) using 1 ml syringe (30G
1/2 needle).

Collection of blood samples: Blood samples were col-
lected every week from each chick from the wing vein
using 1 ml syringe with 27G needle and stored at 4°C for 1
to 2 hr. Serum was separated from clotted blood by centrif-
ugation at 10,000 x g for 5 min and stored at —30°C until
use.

Measurement of anti-DNP antibodies: ELISA was used
for measuring anti-DNP antibodies in serum samples. The
ELISA method was performed as previously described [26].
Briefly, each well of a 96-well-microplate plate (Nunc,
Roskile, Denmark) was coated with 55 ul of DNP-BSA (50
ug/ml), incubated overnight at 4°C in a moist chamber. The
plate was washed 5 times with washing buffer (0.05% tween
20 in PBS) (350 gd/well). The blocking buffer (PBS con-
taining 25% Block Ace: Dainippon Sumitomo pharmaceuti-
cal Co., Japan) was then added to the plate (350 gd/well),
then the plate was incubated at 37°C for 2 hr. The blocking
buffer was decanted, then the plate was washed 5 time with
washing buffer, then 4-fold diluted serum samples (diluted
in 10% Block Ace in PBS) were added to the plates (55 g/
well). After incubation at 37°C for 1 hr, the diluted serum
samples were decanted and the plate was washed 5 times
with washing buffer, then diluted HRP-labeled goat anti-
chicken IgY heavy and light chain (Bethyl Inc., Montgom-
ery, TX, U.S.A.) (1/2,000, diluted in 10% Block Ace in
PBS) was added to the plate (55 zd/well), then the plate was
incubated at 37°C for 1 hr. After decanting diluted anti-
chicken IgY solution, the plate was washed 5 times with
washing buffer, then the substrate solution (25 ml phosphate
citric buffer (pH 5.7), 0.01 g of o-phenylenediamine (Sigma
St Louis, MO, U.S.A.) and 5 zl H,0,) was added to the plate
(55 pdiwell), the plate was left for 10-20 min in the dark
place till the appearance of yellow color, the reaction was
stopped using 2N H,SO, (55 zl/well). Finally optical den-
sity was measured at 490 nm with a micro plate reader
(BIO-RAD Model 680, Japan). Each plate contained the
dilution buffer only instead of sample was considered as
negative control, and the standard purified anti-DNP anti-
bodies (1 mg/ml) was considered as positive control. The
concentration of serum anti-DNP antibody was measured
after conversion of ELISA data into mg/ml by using stan-
dard anti-DNP antibody sample of known concentration.

Statistical analysis: The mean anti-DNP antibodies titers
of the newly hatched chick’s sera were compared using Stu-
dent’s t-test. All values were expressed as mean + standard
deviation and were considered to be significant at p<0.05
and highly significant at p<0.005.

RESULTS

Immune response of newly hatched chicks of no-maternal
antibodies: Fourteen newly hatched chicks derived from

non-immunized hens were divided into 2 groups: non-
immunized (5 chicks) and immunized group (9 chicks) with
DNP-KLH at 1 and 4 weeks of age. Antigen-specific anti-
bodies (anti-DNP) concentrations (mg/ml serum) were mea-
sured in serum samples of both groups by using ELISA as
mentioned before. The concentration of anti-DNP antibody
was zero (mg/ml) in the serum of non-immunized chicks till
6 weeks of age. This group of chicks was considered as a
negative control group (Fig. 1). On the other hand, the con-
centrations of anti-DNP antibodies were high in the serum
of immunized chicks especially after the second immuniza-
tion, (0.1661 + 0.0654 mg/ml) at first week after the immu-
nization and gradually decreased (0.09 £+ 0.031 mg/ml) at
the second week. This group of chicks was considered as a
positive control group (Fig. 1).

Effect of maternal antigen specific antibodies on the
chick immune response: Thirteen newly hatched chicks
derived from immunized hens with DNP-KLH were immu-
nized with the same antigen at 1 and 4 weeks of age. The
immune response of these chicks was varied according to
the amount of maternal antibodies transferred to them. The
immune response of newly hatched chicks with high mater-
nal antibodies was significantly lower than that of the group
with no-maternal antibodies, especially after the second
immunization (p<0.005; 1 and 2 weeks after second immu-
nization) (Fig. 2A). In contrast, newly hatched chicks with
low maternal antibodies showed normal immune responses
which has no significant difference with that of no-maternal
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Fig. 1. Immune response of newly hatched chicks derived from

non-immunized hens with DNP-KLH and immunized with
DNP-KLH at 1 and 4 weeks of age. Anti-DNP antibodies con-
centrations (mg/ml serum) after first and second immunization
were measured by using ELISA. Anti-DNP antibodies concen-
tration was zero in the serum samples of non-immunized
chicks, but gradually increased in the serum samples of immu-
nized chicks after 2 weeks of the first immunization and
reached to the maximum concentration (0.1661 + 0,0654 mg/
ml serum) after the second immunization by 1 week, then
decreased (0.09 + 0.031 mg/ml serum) after two weeks. The
two arrows refer to the time of immunization with DNP-KLH.
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Immune response of newly hatched chicks derived from immunized laying hens with DNP-KLH and then immunized with the

same antigen at 1 and 4 weeks of age. (a) The immune response of the chick with high maternal antibodies was lower than that of the
chick with no-maternal antibodies (p<0.005 after the first and second week of the second immunization). On the other hand, the chicks
with low maternal antibodies showed normal immune response which has no significant difference with that of the chicks with no-
maternal antibodies as shown in Fig. 2B (P>0.05 after the first and second week of the second immunization). The two arrows refer to

the time of immunization with DNP-KLH.

antibodies especially after the second immunization (p>0.05
after the first and second week) (Fig. 2B).

Immune response of newly hatched chicks received differ-
ent doses of anti-DNP antibodies via in ovo injection at 16E:
The immune response of the newly hatched chicks was dif-
ferent according to the amount of maternal antibodies trans-
ferred to them (as obtained in the previous experiment).
Therefore, we injected the fertile eggs of non-immunized
hens with different doses of anti-DNP antibodies at 16E
(Due to the transfer of maternal antibodies mainly begin
before hatching by three days). We transferred the purified
anti-DNP antibodies by two routes. The first route was
through the superficial veins of embryos at 18 days of
embryogenesis. Injection of 2 mg anti-DNP antibodies/0.2
ml in PBS was enough to suppress the immune responses of
newly hatched chicks especially after the second immuniza-
tion when they immunized with DNP-KLH at 1 and 4 weeks
of age (data not shown). This method was difficult, time
consumed and led to high mortalities among embryos.
Therefore, we used the transferring route via egg yolk (easy
method, quick and give high percentage of hatchability).
Results obtained from two routes were completely same.
Therefore, we used in ovo injection in this study. The newly
hatched chicks were divided into four groups according to
the amount of anti-DNP antibodies injected per each egg.
First group consists of 14 chicks derived from injected eggs
with 1 mg of anti-DNP antibodies, 9 chicks were immunized
with DNP-KLH at 1 and 4 weeks of age and the remaining
5 chicks were not immunized and considered as a control for
this group. All chicks, immunized with DNP-KLH, showed
a normal immune response especially after the second
immunization. Anti-DNP response in immunized chicks
was not significantly different from that of chicks derived

from non immunized hens or that in chicks with low mater-
nal antibodies (p>0.05 after the first and second week of the
second immunization) (Fig. 3A). Second group consists of
7 chicks derived from injected eggs with 3 mg of anti-DNP
antibodies. Four chicks were immunized with DNP-KLH at
1 and 4 weeks of age and the remaining 3 chicks were not
immunized and considered as a negative control. The
immune response of the immunized chicks were signifi-
cantly lower than that in the positive control group (p<0.05
after the first and second week of the second immunization)
(Fig. 3B). Third group consists of 10 chicks derived from
injected eggs with 5 mg of anti-DNP antibodies, 7 chicks
were immunized with DNP-KLH at 1 and 4 weeks of age
and the remaining 3 chicks were not immunized as a nega-
tive control. Unfortunately one chick of the control group
was died after 2 weeks of hatching and 3 chicks from the 7
immunized chicks were died before the second immuniza-
tion. The immune response of the remaining immunized
chicks was significantly different from that in the positive
control group (p<0.005 after the first and second week of the
second immunization) and also not significantly different
from the immune response of chicks with high maternal
antibodies (p>0.05 after the first and second week of the
second immunization) (Fig. 3C). Fourth group consists of 8
chicks derived from injected eggs with 8 mg of anti-DNP
antibodies, 5 chicks were immunized with DNP-KLH at 1
and 4 weeks of age and the remaining 3 chicks were not
immunized as a negative control. The immune responses of
all immunized chicks were significantly lower than that in
positive control group as same as that in high maternal anti-
bodies group (p<0.005 after first week and second week of
the second immunization) (Fig. 3D).
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Immune response of newly hatched chicks derived from injected eggs with different doses of anti-DNP antibodies at 16E and

immunized with DNP-KLH at 1 and 4 weeks of age. (A) Chicks received 1 mg of anti-DNP, showed a normal immune response espe-
cially after the second immunization, and the immune responses were not significantly different from that of the positive control group
(P>0.05). (B) The immune response of chicks received 3 mg of anti-DNP antibody was significantly different from that of the positive
control group (P<0.05 after first and second week of the second immunization). (C) The immune response of chicks received 5 mg of
anti-DNP antibody was significantly lower than that in the positive control group (P<0.005 after first and second week of the second
immunization). (D) The immune response in chicks received 8 mg of anti-DNP antibody was significantly lower than that of positive
control group (p<0.005 after first week and second week of the second immunization). The two arrows refer to the time of immuniza-

tion with DNP-KLH.

Immune response of newly hatched chicks received anti-
DNP antibody via in ovo injection at the day of hatching:
After induction of immune suppression in newly hatched
chicks by injection of 8 mg anti-DNP antibodies via in ovo
injection at 16E, we performed an additional experiment
through which we made sure that the transfer of maternal
antibodies not only occur before hatching by three days but
also may be occur after hatching. In this experiment, 8
newly hatched chicks derived from non immunized hens
were injected with 8 mg anti-DNP antibodies by in ovo

injection at the day of hatching then divided into two
groups: first group consisted of 3 chicks, were not immu-
nized with DNP-KLH and considered as a negative control,
second group consisted of 5 chicks, and were immunized
with DNP-KLH at 1 and 4 weeks of age. Unfortunately 1
chick from the first group was died after 1 week of hatching
and 2 chicks from the second group were died after 2 weeks
from the first immunization. The remaining chicks in the
second group showed immune suppression especially after
the second immunization and significantly lower than that
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Immune response of newly hatched chicks injected with anti-DNP antibodies via in ovo injection at the day of hatching and immu-

nized with DNP-KLH at 1 and 4 weeks of ages. (A) The immune response of all immunized chicks was significantly lower than that of
the positive control group (p<0.005 after the first and second week of the second immunization) and as same as the immune response of
chicks derived from injected eggs with 8 mg anti-DNP antibodies via in ovo injection at 16E (B) (P>0.05 after the first and second week
of the second immunization). The two arrows refer to the time of immunization with DNP-KLH.

of the positive control group (p<0.005 after the first and sec-
ond week) and as same as that of chicks derived from
injected eggs with 8 mg anti-DNP antibodies via in ovo
injection at 16E (p>0.05 after the first and second week)
(Fig. 4 and 3D).

Chicks received 8 mg of anti- DNP (purified from the egg
yolk of hyper immunized laying hens to DNP-KLH) were
also immunized with DNP-BSA. As shown in Table 1, sup-
pression of Anti-DNP antibodies response was observed in
the immune response to DNP-BSA especially after second
immunization.

Immune response of chicks received anti-DNP antibody
at the periods in which the almost completely decreased lev-
els of maternal antibodies: Anti-DNP antibodies concentra-
tion reached to the minimum in the serum samples of chicks
with high levels of maternal antibodies by the end of the
forth or the fifth week age (data not shown). Eight newly
hatched chicks were divided into two groups; first group
consisted of 5 chicks and received 8 mg of anti-DNP anti-
bodies by in ovo injection at the day of hatching, the second
group consisted of 3 chicks and did not receive maternal
anti-DNP. The two groups were immunized with DNP-
KLH at 4 and 7 weeks of age. Then, anti-DNP concentra-
tions (mg/ml serum) were measured in serum samples of
both groups by using ELISA. We found that the immune
response of the first group which received maternal anti-
DNP was significantly lower than that of the second group
(of no-maternal anti-DNP) (p<0.05 after 2 and 3 weeks of
the first immunization and after 1 week of the second immu-
nization (Fig. 5). This result indicates that the chick would
not respond against DNP as in case of chicks with no-mater-
nal antibodies, at the periods in which the almost completely
decreased levels of maternal anti-DNP antibodies even if the
chick received high dose of anti-DNP antibodies at hatch-

Table 1.  Percent suppression of maternal anti-DNP antibodies on
the production of anti-DNP antibodies in chicks

Chicks were immunized with  Percent suppression of anti-DNP

DNP-KLH 98.9%
DNP-BSA 98.2%
0.25 ,
—&— chicks of no-
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0.2 antibodies
<] —O— chicks received _
8 mg anti-DNP
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Fig. 5.  Immune response of chicks which received 8 mg of mater-
nal anti-DNP antibodies and immunized with DNP-KLH at 4
and 7 weeks of age. Anti-DNP concentrations were measured by
using ELISA. The immune response of the chick which received
maternal anti-DNP was significantly lower than that of the con-
trol group (no-maternal anti-DNP) (p<0.05 after two and three
weeks of the first immunization and after one week of the second
immunization).
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ing.

Anti-DNP antibody concentration in the serum samples
of 18 non-immunized chicks (derived from immunized lay-
ing hens with DNP-KLH) was performed by ELISA every
week until 6 weeks after hatching. Different concentrations
of anti-DNP antibodies were observed in all chicks, 7 chicks
of high maternal anti-DNP antibodies, 5 chicks of moderate
maternal anti-DNP antibodies and 6 chicks of low maternal
anti-DNP antibodies. The difference was clearly appeared
at 1 and 2 weeks of age, but all concentrations almost
reached to the minimum by the end of the third week’s age.
Therefore, we measured the immune response of chicks to
DNP-KLH at 4 and 7 weeks of age (in the presence of very
low level of their maternal anti-DNP or after withdrawal of
these antibodies).

DISCUSSION

The immune system of newly hatched chicks is not yet
fully developed, which makes the chicks relatively suscepti-
ble to infections. Maternal antibodies provided by the dam
compensate this immaturity and provide early age protec-
tion against pathogens. Although maternal antibodies pro-
tect the newly hatchlings against infectious diseases, they
may interfere with earlier vaccine-mediated protection [8,
18, 19, 25]. Vaccination of chicks hatched with high levels
of maternal antibodies was ineffective in inducing adequate
primary response, and for yet unknown reasons, weakened
the secondary immune response of the chicks [18]. To
avoid the controversial effect of the maternal antibodies, it
was better for chicks left unvaccinated for the first two or
three weeks after hatching [8]. The impact of maternal anti-
bodies on the developing immune system of newly hatched
chicks remains an important area of investigation. There-
fore, the purpose of this study was to investigate and con-
firm the effect of maternal antibodies on chick immune
response. The first experiment revealed that newly hatched
chicks that received high amount of maternal anti-DNP anti-
bodies and anti-KLH showed immune suppression when
immunized with DNP-KLH at 1 and 4 weeks of age. In con-
trast newly hatched chicks of low levels of maternal anti-
DNP antibodies could show normal immune response espe-
cially after the second immunization. Moreover, anti-DNP
antibodies production in the case of immune response
against DNP-BSA was also suppressed in the presence of
maternal anti-DNP and anti-KLH antibodies. This indicates
that the antibodies against carrier protein is not involved in
suppression on the production of anti-hapten antibodies.

In the second experiment, we confirmed these observa-
tions through in ovo injection of fertile eggs derived from
non immunized hens with different doses of purified mater-
nal purified anti-DNP antibodies at 16E due to the transfer
of maternal antibodies mainly occur during the last three
days of incubation as stated before [17]. We found that in
ovo injection of 5 or 8 mg anti-DNP antibodies could inter-
fere or suppress the immune response of the newly hatched
chicks when immunized with DNP-KLH at 1 and 4 weeks of

age, and chicks derived from injected eggs with 1 mg anti-
DNP antibodies could show normal immune response but
chicks derived from injected eggs with 3 mg anti-DNP anti-
bodies showed weak immune response especially after the
second immunization.

After induction of complete immune suppression in
newly hatched chicks by injection of 8 mg anti-DNP anti-
bodies via in ovo injection at 16E, we injected small group
of chicks with 8 mg anti-DNP antibodies through in ovo
injection at the day of hatching, and then immunized them
with DNP-KLH at 1 and 4 weeks of age. We found that all
chicks showed immune suppression. This finding indicates
that transfer of maternal antibodies may occur after hatch-
ing. Our result coincided with the report by Good et al. [11]
who stated that the newly hatched chick does not absorb all
its yolk sac antibodies until about 24 hr after hatching.

Although the maternal antibodies present at very low
level at 4 weeks age, we surprised that the immune response
of chicks received maternal antibodies was significantly
lower than that of no-maternal antibodies when they immu-
nized with DNP-KLH at 4 and 7 weeks of age.

In conclusion, high levels of maternal antibodies (5 mg or
more/egg yolk) suppress the immune response of newly
hatched chicks not only at early period after hatching but
also may extend to the period of presence of low level of
such antibodies. Maternal antibodies transfer to the newly
hatched chicks not only at the last three days before hatching
but also after hatching.

It is reported that chicks would not produced anti-TNP
antibodies well when chicks were given the maternal anti-
bodies derived from the hen which was highly immunized
with TNP hapten, [16]. It might be caused by anti-idiotypic
antibodies. However, we indicated here that the suppression
was observed by purified anti-hapten antibodies only. This
means that this suppression is not caused by anti-idiotypic
antibodies. The immunological mechanisms responsible for
the suppression of active immune response by passively
acquired antibodies remain unclear. It might be occurred by
the neutralization of antigen by maternal antibodies, by the
stimulation of antigen specific tolerance, or by suppressor
cells or regulatory cells. It should mention that this suppres-
sion by maternal antibodies was observed in the chick at 7
weeks-old. This age of chick do not have detectable mater-
nal antibodies. The suppression in this period may not take
place by the maternal antibodies themselves. This study
tested and confirmed the effect of maternal antibodies on
chick immune response. The mechanisms of immune sup-
pression will be explored in our next study.

REFERENCES

1. Akita, EIM. and Nakai, S. 1993. Comparison of four
purification methods for the production of immunoglobulin
from eggs laid by hens immunized with an enterotoxigenic E.
coli strain. J. Immunol. Method. 160: 207-262.

2. Ayal, K, David, S. and Aharon, F. 2004. Maternal antibodies
block induction of oral tolerance in newly hatched chicks.
Vaccine 22: 493-502.



424

10.

11.

12.

13.

14.

15.

16.

M. F. A. ELAZAB ET AL.

Becky, A., Claude, L. and Stuart, M. 2004. Neonatal adaptive
immunity comes of age. Nature Rev. Immunol. 4: 553-564.
Brambell, F.W.R. 1970. Transmission of immunity in birds.
pp.20-40. In: The Transmission of Passive Immunity From
Mother to Young. North-Holland Publishing Co., Amsterdam-
London.

Claire, A.S., Christy, B., Xanvier, M., Christian, B., Monika,
B., Marco, C., Jiri, K. and Paul, H.L. 1998. Influence of
maternal antibodies on vaccine response: inhibition of antibody
but not T cell responses allows successful early prime-boost
strategies in mice. Eur. J. Immunol. 28: 4138-4148.

Claire, A.S., Marco, C., Christian, B., Christy, B., Monika, B.,
Chantal, T., Jiri, K. and Paul, H.L. 1998. Determinants of
infant responses to vaccines in presence of maternal antibodies.
Vaccine 16: 1409-1414.

Claire, A.S. 2001. Neonatal and early life vaccinology. Vaccine
19: 3331-3346.

Darbyshire, J.H. and Peters, R.W. 1985. Humeral antibody
response and assessment of protection following primary
vaccination of chicks with maternally derived antibody against
avian infectious bronchitis virus. Res. Vet. Sci. 38: 14-20.
Furusawa, S., Okitsu-Negishi, S., Yoshino, K., Mizoguchi, M.
and Noguchi, Y. 1987. Anti-ldiotypic antibody as a mirror
image of the paratope of the original antibody. Int. Arch.
Allergy Appl. Immunol. 84: 263-270.

Glezen, W.P. 2003. Effect of maternal antibodies on the infant
immune response. Vaccine 21: 3389-3392.

Good, A.H., Wofsy, L., Henry, C. and Kimura, J. 1980.
Preparation of hapten-modified protein antigens. pp. 343-350.
In: Selected Methods in Cellular Immunology (Mishel, B.B.
and Shiigi, S.M. eds.) , Freeman, San Francisco.

Gunilla, A.M.B., Karin, L. and Bror, M. 2003. Influence of
maternal immunity on antibody and T-cell response in mice.
Vaccine 21: 2022-2031.

Hamal, K.R., Burgess, S.C., Pevzner, 1.Y. and Erf, G.F. 2006.
Maternal antibody transfer from dams to their egg yolks, egg
whites, and chicks in meat lines of chickens. Poultry Science
85: 1364-1372.

Hodgins, D.C., Kang, S.Y., Arriba, L., Parreno, V., Ward,
L.A., Yuan, L., To, T. and Saif, L.J. 1999. Effects of maternal
antibodies on protection and development of antibody
responses to human rotavirus in gnotobiotic pigs. J. Virol. 73:
186-197.

Janet, E., Paul, W.P. and Pedro, A.P. 1998. Maternal
immunization against viral disease. Vaccine 16: 1456-1463.
Jeurissen, S.H.M., Boonstra-Blom, A.G., Cornelissen, J.BW.J.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

and Dijkstra, G. 2000. Effect of antigen-specific maternal
immunity on the induction of responses to the same antigen in
the offspring. pp. 83-89. In: Proceedings of the 6th Avian
Immunology Research Group Meeting (Schat, K.A. ed.)
Cornell University, Ithaca.

Kowalczyk, K., Daiss, J., Halpern, J. and Roth, T.F. 1985.
Quantitation of maternal—fetal 1gG transport in the chicken.
Immunology 54: 755-762.

Mondal, S.P. and Nagi, S.A. 2001. Maternal antibody to
infectious bronchitis virus: its role in protection against
infection and development of active immunity to vaccine. Vet.
Immunol. and immunopathol. 79: 31-40.

Nagi, S.A., Marquez, B. and Sahin, N. 1982. Maternal
antibody and its effect on infectious bursal disease
immunization. Avi. Dis. 27: 623-631.

Robert, W.F., Robert, E.B., Mark, E.P., Anthony, W.C,,
Jeremiah, T.S., Julia, F.R., Lurinda, J.B. and Glenn, C.D. 2004.
Maternally derived humeral immunity to bovine viral diarrhea
virus(BVDV) 1a, BVDV1b, BVDV2, bovine herpesvirus-
1,parainfluenza-3 virus bovine respiratory syncytial virus,
Mannheimia Haemolytica and Pasteurella Multocida in beef
calves, antibody decline by half-life studies and effect on
response to vaccination. Vaccine 22: 643-649.

Spath, E.J.A., Smitsaart, E., Casaro, A.P.E., Fondevila, N.,
Fernandez, F., Leunda, M.R., Compaired, D., Buffarini, M. and
Pessi, H. 1995. Immune response of calves to foot-and -mouth
disease virus vaccine emulsified with oil adjuvant. Strategies
of vaccination. Vaccine 13: 909-914.

Tizard, I.R. 2002. The avian antibody response. Semim. Avian
Exotic Pet Med. 11:2-14.

Tizard, I.R. 2004. Immunity in the Fetus and Newborn.
pp.221-233. In: Veterinary Immunology—An Introduction
(Tizard, I.R. ed.) Saunders, Philadelphia.

Tsukamoto, K., Tanimura, N., Kakita, S., Ota, K., Mase, M.,
Imai, K. and Hihara, H. 1995. Efficacy of Three Live Vaccines
against Highly Virulent Infectious Bursal disease Virus in
Chickens with or without Maternal Antibodies. Avian Dis. 39:
218-229.

Zaheer, A. and Saeed, A. 2003. Role of maternal antibodies in
protection against infectious bursal disease in commercial
broilers. Int. J. Poult. Sci. 2: 251-255.

Yasuda, M., Furusawa, S., Satoh, A., Taura, Y., Nakama, S.,
Yoshihara, K. and Hirota, Y. 1995. Effects of 6
hydroxydopamine on the antibody response to the hapten
Dinitrophenyl in the chicken. J. Vet. M. Sci. 57: 1073-1075.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


