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ABSTRACT. Specific immune suppression in newly hatched chicks induced by specific maternal antibodies has been reported. Laying hens 
were immunized with dinitrophenyl-keyhole limpet hemocyanin (DNP-KLH). Purified maternal anti-DNP and non-specific immunoglobu-
lin (Ig) Y antibodies were transferred by yolk sac inoculation to newly hatched chicks, and then, they were immunized with an optimum 
immunogenic dose of DNP-KLH at 1 and 4 weeks of age. Concentrations of anti-DNP antibodies in serum samples of these chicks were 
measured by using Enzyme-linked immunosorbent assay (ELISA). Proportions of T-cell subsets in peripheral blood of these chicks were 
also measured by flow cytometric analysis at 5 weeks of age (one week after the second immunization). Suppression of anti-DNP antibody 
response and down-regulation of CD3+CD4+ cells were observed in the chicks received high dose of maternal anti-DNP antibodies and im-
munized with DNP-KLH. On the other hand, normal anti-DNP antibody response and normal proportion of CD3+CD4+ cells were observed 
in the chicks received high dose of non-specific IgY antibodies and immunized with DNP-KLH. Furthermore, when chicks received high 
dose of maternal anti-DNP antibodies and immunized with DNP-KLH at 1 and 4 weeks of age and then with rabbit serum albumin (RSA) at 
5 and 8 weeks of age, their primary anti-RSA response was also significantly suppressed. We indicate here that specific maternal antibodies 
can affect both B and T cell responses and induce non-specific suppression against different antigens. However, this non-specific suppres-
sion does not continue for a long time.
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Broiler chickens raised under commercial conditions are 
susceptible to numerous environmental pathogens. There-
fore, disease prevention by vaccination is an integral part 
of flock health management protocols [43]. Some reports 
in chickens have revealed that in addition to the protec-
tive function of maternal antibodies against environmental 
pathogens, it may hamper or interfere with the chick immune 
response to active immunization [1, 11, 12, 28, 29, 51]. Al-
though it has been reported that maternal antibodies suppress 
the immune response of neonates to active immunization 
[2, 15, 20, 27, 29, 38–40, 45, 46, 52, 53], the immunological 
mechanisms responsible for immune suppression mediated 
by these antibodies remain unclear. Specific immune sup-
pression mediated by maternal antibodies on humoral im-
mune response of the newly hatched chicks has been reported 
[13]. It has been shown that in the presence of high levels of 
maternal antibodies, B-cell responses were suppressed, but 
T-cell priming or induction remains largely unaffected by 
these passively transferred antibodies [16, 21, 45, 47, 48]. 

In contrast, other reports have demonstrated that maternal 
derived antibodies suppress both B and T cell responses in 
newborns to active immunization [5, 6, 37, 41]. There have 
been relatively few studies evaluating the effects of maternal 
antibodies on T-cell responses, and as a consequence of the 
diversity of data obtained from these studies, the effects of 
maternal antibodies on T-cell response remain unclear. This 
study investigated the effects of maternally derived antibod-
ies on the T-cell subsets in peripheral blood of newly hatched 
chicks and examined whether the immune suppressive effect 
of maternal antibodies is antigen specific.

MATERIALS AND METHODS

Animals: Partially inbred chickens (H-B15 white leghorn; 
Bu-1a) were used in this study. These chickens were bred in 
our animal facilities and were provided with food and chlori-
nated water ad libitum in accordance with the Guidelines for 
Animal Experiments of Hiroshima University. Eggs derived 
from these chickens were incubated and hatched at our own 
facilities. Chicks derived from non-immunized hens were 
determined to be free from maternal anti-DNP antibodies.

Antibodies: Monoclonal mouse anti-chicken CD4-FITC, 
monoclonal mouse anti-chicken CD8α-FITC, monoclonal 
mouse anti-chicken CD8β-FITC, monoclonal mouse anti-
chicken CD3-RPE (Southern Biotechnology Associates Inc., 
Birmingham, AL, U.S.A.) and HRP-labeled goat anti- chick-
en IgY heavy and light chain (Bethyl Inc., Montgomery, TX, 
U.S.A.) were used.
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Antigen preparation: A classical hapten-carrier protein 
antigen, dinitrophenylated keyhole limpet hemocyanin 
(DNP-KLH), was prepared as described previously [19, 22]. 
Briefly, in a clean, dry and dark container, 200 mg of K2CO3 
was dissolved in 6 ml of distilled water and was then placed 
on a magnetic stirrer, and after that, 200 mg of KLH (Calbio-
chem Behring Co., Darmstadt, Germany) was slowly added 
and left at room temperature. At the same time, 200 mg of 
2,4-dintrobenzene sulfonic acid sodium salt (DNBS) (East-
man Kodak Co., San Diego, CA, U.S.A.) was dissolved in 
4 ml of distilled water. DNBS solution was added into KLH 
solution. The mixture was then stirred in the dark at room 
temperature for 18 to 24 hr and was dialyzed against PBS 
at 4°C until obtaining a zero absorbance value at 360  nm 
against PBS. Finally, the mixture was passed through a 
0.45-µm filter, and the protein content of this antigen was 
determined based on the OD value measured at 280 nm. The 
conjugation ratio of hapten to protein was determined as 
described previously [19, 22]. The final product was DNP32-
KLH, and the antigen was kept in a refrigerator at 4°C until 
use. Dinitrophenylated bovine serum albumin (DNP28-BSA) 
was prepared in the same manner. Rabbit serum albumin 
(RSA) was obtained from Sigma Aldrich (St. Louis, MO, 
U.S.A.).

Immunization of chickens: Six laying hens (age, 1–2 years) 
were immunized with DNP-KLH (1 mg per hen) emulsified 
in Freund’s complete adjuvant (FCA) (Wako Pure Chemical 
Industries, Osaka, Japan) into their peritoneal cavity. Second 
immunization was performed after 2 weeks, and hens were 
repeatedly immunized every 3 weeks using Freund’s incom-
plete adjuvant (FIA) (Wako Pure Chemical Industries). Eggs 
derived from immunized laying hens were collected daily at 
one week after the second immunization and were stored in 
the refrigerator at 4°C until use for extraction of IgY. Chicks 
receiving maternal anti-DNP antibodies or chicks receiv-
ing non-specific maternal IgY or chicks with no maternal 
anti-DNP antibodies were immunized twice with DNP-KLH 
(2 mg/kg of body weight: BW) [13, 14] at 1 and 4 weeks of 
age followed with RSA (2 mg/kg of BW) at 5 and 8 weeks 
of age. The first immunization was given into the peritoneal 
cavity with the antigen emulsified with FCA. Second im-
munization was administered in the same manner, but with 
FIA instead of FCA.

Purification of chicken IgY: Chicken IgY was extracted 
from egg yolk by the water dilution method as described 
previously [3]. Briefly, one volume of egg yolk was mixed 
slowly and gently with nine volumes of DW. The pH value 
of diluted egg yolk was adjusted to 5.2 by adding 1 N HCl, 
and it was then covered and kept in the refrigerator at 4°C 
for at least 6 hr. Diluted egg yolk was mixed gently before 
centrifugation (at 10,000 × g for 15 min in a refrigerator cen-
trifuge). The supernatant was decanted into a clean beaker, 
while stirring gently. Ammonium sulfate (final percentage 
was 40%) was added gently, and mixing was continued for 
at least 30 min. The suspension was centrifuged for 15 min 
at 10,000 × g in a refrigerated centrifuge. Supernatant was 
discarded. An equal volume of PBS as the original volume of 
egg yolk was added to the pellet, followed by gentle mixing 

until the IgY pellet was completely dissolved. The purified 
IgY solution was dialyzed 4–5 times against PBS until am-
monium sulfate was completely removed. The concentration 
of purified IgY solution was measured after filtration with a 
0.45-µm filter. Finally, purified IgY solution was stored in a 
refrigerator at 4°C until use.

Affinity purification of maternal anti-DNP: DNP28-BSA 
was conjugated with swollen CNBr-activated Sepharose 4B 
beads (GE Healthcare, Uppsala, Sweden) in coupling buffer 
(bicarbonate buffer) (0.5 M NaCl, 0.1 M sodium bicarbon-
ate, pH 8.3). Free-reacted sites on the beads were blocked 
with 1 M ethanol amine, pH 8.0, and the beads were washed 
with coupling buffer and low pH buffer (0.5 M NaCl, 0.2 M 
glycine-HCl, pH 2.5) four times before washing with PBS 
and were stored in a refrigerator at 4°C until use. The 
DNP-BSA column was washed gently with 5 ml of low pH 
buffer and was then gently washed with PBS (20 times the 
gel volume). Subsequently, IgY solution was added several 
times to the column. The filtrate was collected. The column 
was washed with PBS (20 times the gel volume), and 5 ml 
of elution buffer (0.05M DNP-EACA [ε-amino-n-caproic 
acid], pH 7.2, Sigma Aldrich) was added to the column. The 
eluate, which contained anti-DNP antibodies, was collected, 
then dialyzed against PBS and concentrated using a centrifu-
gal filter device (Amicon ultra-15, Ultracel 100k) (Millipore, 
Carrigtwohill, County Cork Ireland). Finally, the column 
was washed with 20 ml of low pH buffer, followed by PBS 
(20 times the gel volume), and the column was stored in the 
refrigerator at 4°C with PBS containing sodium azide. The 
optical density of the concentrated sample was measured at 
280 nm in order to calculate anti-DNP antibody concentra-
tions [13].

Injection of purified antibodies: Purified maternal anti-
DNP antibody or non-specific IgY (8 mg/200 µl PBS) was 
injected into yolk sac of the newly hatched chicks directly af-
ter hatching, as described previously [13, 14, 50]. Briefly, the 
abdominal wall of the newly hatched chicks was sterilized 
with 70% ethanol. One-milliliter syringes with a 30-gauge 
needle (Becton Dickinson, Rutherford, NJ, U.S.A.) were 
used for injection of antibodies into the yolk sac. The needle 
was inserted through the skin and into the yolk sac immedi-
ately posterior to the umbilicus where the sac closes to the 
abdominal wall.

Collection of blood: Blood samples were collected every 
week from each chick from the wing vein into a 1-ml syringe 
with a 27 G needle. Serum was separated from clotted blood 
by centrifugation at 10,000 × g for 5 min and was stored at 
−80°C until use. Blood samples were also collected from the 
wing vein into heparin in a 1-ml syringe with a 27 G needle 
in order to obtain peripheral blood mononuclear leukocytes 
(PBML).

ELISA: Anti-DNP and anti-RSA antibodies concentra-
tions were measured by ELISA as previously described [54]. 
Briefly, ELISA plates (NUNC, Roskilde, Denmark) were 
coated overnight with 55 µl of DNP-BSA solution (50 µg/
ml) or RSA solution (50 µg/ml), followed by a 2-hr blocking 
period at 37°C with 350 µl of 25% Block Ace (Dainippon 
Sumitomo Pharmaceutical Co., Osaka, Japan) in PBS. Four-
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fold serum dilutions were then added, and the plates were in-
cubated for 1 hr at 37°C. Each plate contained negative and 
positive control samples for measuring the concentrations 
of anti-DNP antibodies. Following incubation, plates were 
washed five times with PBS-Tween and were then treated 
with diluted HRP-labeled goat anti-chicken IgY heavy and 
light chain (1/2,000, diluted in 10% Block Ace in PBS) for 
1 hr. Plates were then, washed 5 times with PBS-Tween, and 
then, the substrate solution was added to the plate; plates 
were left for 10–20 min in the dark until the appearance of 
yellow color, and the reaction was stopped using 2N H2SO4. 
Finally, optical density was measured at 490 nm with a micro 
plate reader (BIO-RAD Model 680; Bio-Rad, Tokyo, Japan). 
Plates containing dilution buffer instead of sample acted as 
negative controls, and standard purified anti-DNP antibod-
ies (1 mg/ml) acted as positive controls. Concentrations of 
serum anti-DNP antibodies were measured after conversion 
of ELISA data into mg/ml using standard anti-DNP antibod-
ies samples of known concentration [13]. Concentrations of 
anti-RSA antibodies were measured using half of plateau 
dilution units [13].

Flow cytometric analysis: Chicken peripheral blood 
(0.5 ml) was taken from the wing vein into a heparinized sy-
ringe. Live PBML were isolated using Ficoll-paqueTM Plus 
(GE Healthcare Bio-Sciences AB) with a density gradient 
of 200 × g at 4°C for 30 min, followed by washing twice 
with Iscove’s medium (IMDM) containing 1% FBS (1% 
FBS-IMDM). For double staining, live cells (PBML) were 
counted (using a hemocytometer slide), and 2 × 106 cells 
were treated with a mixture of labeled antibodies (PE-labeled 
anti-CD3 with FITC-labeled anti-CD4 or with FITC-labeled 
anti-CD8α or FITC-labeled anti-CD8β) for 30 min on ice. 
Treated cells were then washed twice and resuspended in the 
same volume of 1% FBS-IMDM. Flow cytometric analysis 
was carried out with the FACScalibur (Becton Dickinson, 
Immunocytometry System, San Jose, CA, U.S.A.). Finally, 
data for 10,000 cells falling within forward scatter (FSC) and 
side scatter (SSC) gates set for lymphocytes were collected 
from each sample. All data were then analyzed using Cel-
lQuest software.

Statistical analysis: The proportions of T-cell subsets in 
peripheral blood and the mean of anti-DNP and anti-RSA 
antibodies titers of the newly hatched chick’s sera were com-
pared using Student’s t-test. All values were expressed as 
mean ± SD and were considered to be significant at P<0.05 
and highly significant at P<0.005.

RESULTS

Effect of maternal antibodies on T-cell subpopulations: 
Sixteen newly hatched chicks derived from non-immunized 
laying hens were divided into 3 groups. The first group 
consisted of 6 chicks that received 8 mg of maternal anti-
DNP antibodies per chick. The second group consisted of 
6 chicks that received 8 mg of maternal non-specific IgY 
antibodies per chick. The third group consisted of 4 chicks 
that did not receive any additional IgY. All chicks were 
immunized with an optimal dose of DNP-KLH at 1 and 
4 weeks of age. Anti-DNP responses of the chicks in the first 
group were suppressed and significantly lower than those of 
the chicks in the second group or those of the chicks in the 
third group [13, 14] (data not shown). The proportions of 
T-cell subpopulations in the peripheral blood particularly at 
5 weeks of age (one week after the second immunization) 
were measured, and CD3+CD4+:CD3+CD8α+ ratios were 
also calculated in each animal individually. The proportions 
of CD3+CD4+ cells in peripheral blood of the chicks in the 
first group were significantly lower than that of the control 
groups (the second group and the third group) (P<0.05) 
(Table 1). In addition, there were no significant differences 
between these proportions in chicks in the second group and 
in the third group (P>0.05) (Table 1). The proportions of 
CD3+CD8α+ cells in the peripheral blood of chicks in the 
first group were significantly higher than that of the control 
groups (the second group and the third group) (P<0.05) 
(Table 1). Moreover, CD3+CD4+:CD3+CD8α+ ratios in 
chicks in the first group were significantly lower than that 
of the control groups (the second group and the third group) 
(P<0.05) (Table 1). However, there were no significant dif-
ferences between these ratios in chicks in the second group 
and in the third group (P>0.05) (Table 1). The proportions 
of CD3+CD8β+ in the peripheral blood of the chicks in all 
groups were nearly the same (there was no significant differ-
ence between all of them) (data not shown).

Non-specific immune suppression by maternal antibody 
and related antigen: Thirty six newly hatched chicks derived 
from non-immunized hens were divided into 3 groups. The 
first group consisted of 12 chicks that received 8 mg of 
maternal anti-DNP antibodies per chick. The second group 
consisted of 12 chicks that received 8 mg of maternal non-
specific IgY antibodies per chick. The third group consisted 
of 12 chicks that did not receive any additional IgY. All chicks 
were immunized with an optimal dose of DNP-KLH at 1 and 
4 weeks of age, followed by RSA at 5 and 8 weeks of age. 

Table 1.	 Proportions of CD3+CD4+ cells and CD3+CD8α+cells in peripheral blood of chicks immunized with DNP-
KLH

Number of 
chicks

CD3+CD4+ 
cells%

CD3+CD8α+ 
cells%

CD3+CD4+:  
CD3+CD8α+ ratios

Chicks with high maternal anti-DNPa) 6 72.77 ± 1.90* 21.20 ± 0.77* 3.44 ± 0.18*
Chicks with high maternal IgY (control)b) 6 78.92 ± 3.69 16.87 ± 2.73 4.79 ± 1.00
Normal chicks (control)c) 4 77.58 ± 1.44 12.25 ± 2.70 6.54 ± 1.29

Data are expressed as means ± SD. *: Significantly different from control groups (P<0.05). a) Chicks received 8 mg of anti-
DNP antibodies. b) Chicks received 8 mg of normal IgY antibodies. c) Chicks did not receive additional maternal antibodies.
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Anti-DNP antibody responses of the chicks in the first group 
were suppressed and significantly lower than those of chicks 
in the second and third groups (particularly after the second 
and third weeks of the first immunization and after the first 
week of the second immunization) (Fig. 1) (P<0.005). Sig-
nificant suppression was also observed after second and third 
weeks of second immunization (data not shown).

Moreover, anti-RSA responses in the chicks in the first 
group were also suppressed and were significantly lower 
than those of the chicks in the second and third groups, 
particularly one week after the first immunization with RSA 
(P<0.05) (Fig. 1). However, this non-specific suppression 
did not continue for long periods, and there were no signifi-
cant differences between all groups in anti-RSA responses 
after second immunization with RSA (P>0.05) (Fig. 2).

DISCUSSION

Nowadays, intensive production of large numbers of 
chickens is of great economic importance. Vaccines are the 
most commonly administered veterinary medicines in the 
poultry industry and are considered to be the most effective 
tool to control infectious diseases. Vaccination failure occurs 
when the chickens do not develop adequate antibody titer 
levels and/or are susceptible to disease outbreaks. Numerous 
reports have shown that maternal antibodies provide pro-
tection against several pathogens to newly hatched chicks; 
however, they may interfere with their immune response to 
active vaccination [4, 18, 33, 35, 42]. In addition to immu-
nological immaturity in neonates, the presence of inhibitory 
concentrations of maternally derived antibodies imposes a 

further barrier to effective early vaccination [46]. Immune 
suppression of maternal antibodies on B-cell response has 
been documented, but the effects of such antibodies on T-cell 
response remain incompletely defined. Therefore, the goal of 
this study was to investigate the effects of specific maternal 
antibodies on the populations of T-cell subsets in peripheral 
blood of newly hatched chicks immunized with an optimal 
dose of related antigen and whether the immune suppressive 
effects of maternal antibodies are antigen specific.

Anti-DNP response of the chicks was suppressed only 
when they immunized with DNP-KLH in presence of high 
level of maternal anti-DNP antibodies. Also, the propor-
tions of CD3+CD4+ cells in peripheral blood of the chicks 
that received high dose of maternal anti-DNP antibodies and 
immunized with DNP-KLH were significantly lower than 
that of the control groups (chicks of no-maternal anti-DNP 
antibodies and immunized with DNP-KLH or chicks of high 
maternal non-specific IgY and immunized with DNP-KLH). 
Moreover, the proportions of CD3+CD8α+ cells in their pe-
ripheral blood were significantly higher than that of the above 
mentioned control groups. Also, CD3+CD4+:CD3+CD8α+ ra-
tios in chicks that received a high dose of maternal anti-DNP 
antibodies and that were immunized with DNP-KLH were 
significantly lower when compared to controls (chicks with 
no maternal anti-DNP antibodies and immunized with DNP-
KLH or chicks of high maternal non-specific IgY and immu-
nized with DNP-KLH). These observations suggest that only 
high level of specific maternal antibodies can negatively af-
fect both B and T cell immune responses in the chicks when 
they immunize with an optimal dose of the specific antigen.

The proposed mechanisms responsible for immune sup-

Fig. 1.	 Specific and non-specific immune suppression induced by maternal antibody and related anti-
gen. Anti-DNP and Anti-RSA responses of the newly hatched chicks immunized with of DNP-KLH at  
1 and 4 weeks of age, followed by RSA at 5 and 8 weeks of age were measured. Anti-DNP responses of 
chicks that received maternal anti-DNP antibody were suppressed and significantly lower than those of 
the chicks received non-specific maternal IgY or those of the chicks that did not receive any additional 
IgY, especially after the second and third weeks of the first immunization and after the first week of 
the second immunization with DNP-KLH. Anti-RSA responses of chicks receiving maternal anti-DNP 
antibodies were suppressed particularly after the first week of the first immunization with RSA when 
compared to those of the chicks received non-specific maternal IgY or those of the chicks did not receive 
any additional IgY. Arrows indicate immunization with DNP-KLH and RSA. *; P<0.05.
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pression mediated by maternal antibodies may include; inhi-
bition of specific B-cell function by cross-linking of the B-
cell receptor with the inhibitory FcγR [7, 8, 10, 17, 26, 34], 
induction of specific suppressor T lymphocytes that act to 
inhibit the generation of memory T helper cells involved 
in IgG production [23], prevention of B-cell receptor from 
recognizing antigenic epitopes [9, 24, 25, 31, 32, 36, 44] and 
idiotypic interactions [49].

Some studies [5, 6, 37, 41] have investigated the effects 
of maternal antibodies on cellular immunity by measuring 
in vitro proliferation and cytokine production of antigen-
specific T cells (either from spleen or from peripheral 
blood). Significantly lower production of IFNγ and IL-5 
was observed in newborns derived from immunized dams 
when compared with those derived from non-immunized 
dams. Premenko-Lanier et al. [41] stated that there are 2 
possible mechanisms for the inhibition of cellular immunity 
by maternal antibodies; complete neutralization of antigen 
(in viral infection), and/or an inhibitory effect of immune 
complexes on antigen processing and presentation to T cell. 
Binding of antigen-specific maternal antibody complexes 
to FcγRIIB on dendritic cells may suppress T cell priming 
to the antigen [30]. The theory of epitope masking predicts 
that B cell epitopes on the vaccine will be covered by ma-
ternal antibody and therefore will not be recognized by B 
cells. In consequence, the function of B cells (as an antigen 
presenting cell), such as phagocytosis and antigen presen-
tation, might be inhibited, resulting in lower frequency of 

antigen presentation which leads to lower efficiency of T cell 
activation and different T cell ratios in immunized groups. 
For further understanding, the phenomenon indicated that 
specific maternal antibody down regulated the proportion of 
CD3+CD4+ cells in peripheral blood of the newly hatched 
chicks when they immunized to its related antigen, anti-DNP 
and anti-RSA antibodies concentrations were measured in 
the chicks that received high dose of maternal anti-DNP 
antibodies at the day of hatching, then immunized with 
DNP-KLH at 1 and 4 weeks of age and then immunized 
with RSA at 5 and 8 weeks of age. We surprised that in ad-
dition to the suppression of anti-DNP antibody responses, 
anti-RSA responses in these chicks were also suppressed and 
significantly lower than those of the chicks of no-maternal 
anti-DNP (especially one week after the first immunization 
with RSA). A double antigen immunization may induce a 
low response to each antigen, respectively. Chicks that re-
ceived high dose of maternal anti-DNP antibodies and that 
received high dose of maternal non-specific IgY were im-
munized with DNP-KLH at 1 and 4 weeks of age and with 
RSA at 5 weeks of age. Then, there was a low response to 
the RSA in chicks received high dose of maternal anti-DNP 
antibodies. Therefore, this low response was not caused by 
the double antigen immunization. These results reveal that 
specific maternal antibodies can non-specifically suppress 
the immune response of the newly hatched chicks to other 
antigens, if they are either injected together or after its spe-
cific antigen. This non-specific suppression may be due to 

Fig. 2.	 Duration of non-specific immune suppression induced by maternal antibody and related an-
tigen. Anti-RSA responses of the newly hatched chicks immunized with of DNP-KLH at 1 and 4 
weeks of age, followed by RSA at 5 and 8 weeks of age were measured. Anti-RSA responses of 
chicks receiving maternal anti-DNP antibodies were suppressed particularly after first week of the 
first immunization with RSA when compared to those of the chicks received non-specific maternal 
IgY or those of the chicks that did not receive any additional IgY. However, Anti-RSA responses of 
chicks receiving maternal anti-DNP antibodies were normal after second immunization with RSA 
when compared with those of the chicks received non-specific maternal IgY or those of the chicks 
that did not receive any additional IgY. Arrows indicate immunization with RSA. *; P<0.05.



M. ABOU ELAZAB, H. HORIUCHI AND S. FURUSAWA1368

the down regulation of the proportion of CD3+CD4+ cells 
induced by such antibodies. We previously reported that spe-
cific suppression (anti-DNP antibody response) continues 
for at least 10 weeks of age (14). However, this non-specific 
suppression does not continue for a long time (Fig. 2). We 
have to investigate this reason in the next experiments.

In conclusion, maternal antibodies interfere with both B 
and T cell responses in newly hatched chicks. Moreover, 
specific maternal antibodies can non-specifically suppress 
the immune response to other antigens in newly hatched 
chicks, if they are injected with specific antigen. Therefore, 
the influence of maternal antibodies should be considered 
when determining antigen type or minimal dose required for 
immunization in newly hatched chicks. Moreover, the im-
munization of the newly hatched chicks with a combination 
of two antigens should be avoided, if the chicks passively 
acquired high levels of specific maternal antibodies against 
one of them. Maternal antibodies may offer an advantage to 
newly hatched chicks as a neutralizing antibody for antigens. 
However, this immune reaction may interfere with the im-
mune response to environmental antigens, but only in the 
short term. Further experiments should be performed in order 
to understand the mechanisms of this suppression in mice.
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