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Abstract: Newcastle disease (ND) virus and infectious bronchitis virus (IBV) becomes some of the most
important avian infection agents. CpG oligodeoxynuclectides (ODN) are intimated to act as a danger signal to

the vertebrate immmune system. In present study Chicks were divided into 6 treatment groups; imnclude Normal
control, vaccine control, CPG control and 3 different doses of CpG with vaccine. Blood samples were collected
at days 7, 14, 21, 28 and 35. IB and ND vaccine specific antibody and phagocytosis were evaluated by ELISA
and Phagocytosis assay methods, respectively. The comparison of antibody titer and phagocytosis percentage
of CpG control and experimental groups with normal control, show significantly (P<t0.05, 0.01) higher levels of

antibody and phagocytosis in study groups. This Immunostimulating effect of CpG ODN proved to be dose

dependent, with better outcome at 100 and 200 pg.
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INTRODUCTION

(ODN),
short sequences containing one or more CpG motif,

CpG  oligodeoxynucleotides which are
are intimated to act as a danger signal to the vertebrate
immune system, warning of bacterial infection and
activating antigen  presenting (APCs) [1]
mducing a potent Thl type inmune response [2]. These

cells

unmethylated dinucleotides are expressed approximately
20 times more frequently in bacterial than mn vertebrate
DNA and the vertebrate cytosine residues are more
frequently methylated at position 5. These differences
characterize CpG-ODN as pathogen associated molecular
patterns (PAMPs) and thus enable vertebrates to protect
themselves against mvading pathogens [3]. They induce
many effects on the host which contribute to their
adjuvant activity meluding the upregulation of MHC class
two expression on murine dendritic cells (DC), leading to
enhanced antigen presentation [4], augmentation of
human and murine NK cell lytic activity [5], activation
of human B cells, murine B cell proliferation [6, 7] and
mcreased chemokine expression n murine spleen and
lymph node cells [3, 8]. Hemmi and Bauer, respectively,

reported that CpG DNA 1s recognized by a member of the
Toll-like receptor (TLR) family which triggers the host’s
innate immune system. CpG-ODN present in bacterial
DNA represents one of the most recent examples of
PAMPs that mfluence adaptive immune responses by
activating the innate immune system [9]. Delivery of CpG
ODN with a large variety of antigens can augment
antigen-specific cell-mediated and humoral immumty
[10, 11]. CpG-ODN uptake involves the binding to cell
surface protemns with a non specific antigen-receptor, the
immunostimulatory effects of CpG-ODN are activated by
binding to an mtracellular receptor, TLR9 [2]. Recently,
the induction of immune response in chickens immunized
with CpG ODN also has been reported [12]. The birds
were immunized with bovine serum albumin (BSA) and the
serum antibody response was followed A significantly
higher BSA-specific response was observed m the CpG-
treated group. Moreover, immunostimulatory DNA
resulted in more persistent responses to immunization
[12].
Newecastle disease (ND) virus and infectious
bronchitis virus (IBV) becomes some of the most
important avian infection agents around the world,
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because of high mortality rates. Commercial attenuated
live vaccines can be used to control these diseases.
Newcastle disease 15 a worldwide disease of poultry
caused by virus (NDV), a
member of the genus Rubulavirus, family Paramyxoviridae
[13-15].
contagious viral respiratory disease of chickens. The

Newcastle disease

Infectious bronchitis is an acute, highly

IBV, which belongs to the Coronaviridae family, causes
the disease [16]. In the present study, the potential
immunomodulatory effect of CPG-ODN on humoral
mmmune response against ND and IB vaccines as an
specific immune response index and phagocytic activity
as a none specific immune response index in broilers were
evaluated.

MATERIAL AND METHODS

Experimental Birds: One day old broilers of a
commercial line (Ross 308) were kept i open floor pens at
a maximum initial density of 10 birds per m*. Wood
shavings were used as litter. The birds had access to
food and water ad Ilikitum. Ambient temperature and
ventilation were regulated in keeping with standard
breeding practices. A series of commercial pelleted feed
mixes for broiler rearing formulated to meet or exceed the
nutritional requirements of broilers as recommended by

the NRC [17].

Oligonucleotides: A synthetic ODN  containing
unmethylated CpG dinucleotides (QTAGEN-GmbH, Hilden,
Germeany), ODN 2007 (TCGTCGTTGTCGTTTTGTCGTT),
was selected for this study [18].

A
experimental design was used and chicks were divided

Experimental Design: completely randomized
mto 6 treatment groups, with 3 replicates per treatment
and 10 chicks per replicate. Treatments were 1) Normal
control (phosphate-buffered saline (PBS)), 2) vaccine
control, 3) CPG control (50 pg CPQ), 4) 50 pg CPG +
vaccine, 5) 100 pg CPG + vaccine, 6) 200 nug CPG +

vaccine.

Vaccination: All chicks were vaccinated by aerosol-spray
on the 1st day of age with bronchitis vaccine (Intervet
International B.V. Boxmeer). On the day 14 chicks were
with bronchitis
admimstered in drinking water and Newcastle vaccine
(CEVAC® VITAPEST) administered according to product
prescription.

vaccinated Infectious vaccine
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Sample Collection: After measurement of maternal
antibody, blood samples were taken mdividually
from all chickens in all groups, at days 7, 14, 21, 28
and 35 via heart and wing vein puncture. Serum
was centrifuged at 1000 rpm for 15 min, stored at -20 °C
until tested. Antibodies to ND and IB virus were
a commercial ELISA kit (IDEXX
FlockChek standard) according to the manufacturer’s

measured with

instructions. In each group, the geometric mean titers
were calculated [19].

Cell Separation: Peripheral blood mononuclear cells
(PBMCs) were isolated using standard Ficoll-Paque
gradient centrifugation according to the mstructions of
the
Briefly, 4 ml of Ficoll-Paque gradient was pipetted into two
15-ml centrifuge tubes. The heparmized blood was diluted
1:1 m PBS and carefully layered over the Ficoll-Paque
gradient. The tubes were centrifuged for 30 min at 1500 g.
The cell interface layer was carefully harvested and the

manufacturer Pharmacia, Freiburg, Germany.

cells were washed twice in PBS and resuspended in RPMI
1640 supplemented with penicillin (50 U/ml)-streptomycin
(50 g/ml) [20].

Yeast Particles: stored baker’s

(Saccharomyces cerevisiae) was autoclaved in PBS at

Frozen yeast
120°C for 15 min. after autoclaving, the yeast particles
were washed mn PBS and stored at 4°C. On the day of
experiment the yeast particles were washed in Hanks
balanced salt solution (HBSS) and counted using a
hemacytometer, mixes with RPMI 1640 containing 10%
rat fresh serum and incubated 30 min in 37°C. Yeast
particles opsonized with rat fresh serum components. The
yeast particles in RPMI 1640 centrifuged 10 min in 1500 g.
Then the sediments were washed twice in HBSS.
Sediments were solved in serum free RPMI 1640 and
diluted to 107/m1 [21].

Phagocytosis Assay: A sterile glass coverslip placed in
each well of a multi well plate.1 ml of PBMC suspension,
at 105/ml, added to each well and incubated at 37°C for 2
h. RPMI 1640 medium removed and PBMCs washed again
with RPMI 1640 medium. 1 ml RPMI medium added to
each well and incubated for 2 h at 37°C. 100 pl yeast
suspension added to per plate and plates Tncubated for 1
h at 37°C in a 5% CO2 humidified incubator. PBMCs
washed twice gently with RPMI 1640 medium and 1 m1 1%
w/v tannic acid solution were added. Then wash with
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RPMI 1640 medium. Coverslip covered with a drop of
heat-mactivated FBS and dried in air. Cells were stained
with May-Grinwald freshly diluted 1: 2 with bufter, for 5
min. then coverslips rinsed in buffer. PBMCs stained in
Giemsa solution, freshly diluted with buffer, for 15 mm and
rinse mn buffer. At last coverslips inverted on microscope
slides and observed at 100X magmification (Nikon
microscope, Japan). On each coverslip PBMCs were
counted until at least 100 PBMC's were scored. At access
phagocytosis, the number of ingested yeast particles per
counted PBMCs was determined [21, 21].

Statistical Analysis: Results are expressed as mean +
SEM Multiple comparisons were performed by ANOVA
and followed by the Tukey honestly significant difference
(HSD) test. In all analyses, the level of sigmficance was
set to (P<0.05 or 0.01).

RESULTS

Humoral Immune Response to IB and ND Vaccine:
The effect of different doses of CpG as an adjuvant on
humeoral immune response to IB and ND vaccines are
presented i Tables 1 and 2, respectively. On day 7 of the
study, there was no statistically significant change in the
antibody titers of experimental groups. The comparison of
antibody titer of CpG control and experimental groups
(4, 5 and 6) with normal control group from day 14 to 35
show significantly (P<0.03, 0.01) higher levels of antibody
in both IB and ND study groups. The Comparison of
antibody titers of groups with different levels of CpG,
from day 7 to 35, n both IB and ND study groups, show
significant (P<0.05, 0.01) differences. The highest
antibody level at the IB and ND study groups were
groups 6 at the day 35 and group 6 at day 28, respectively.

Table 1: The effect of different levels of CpG on IBV antibody titer from day 7 to day 35. The values are presented as mean + SEM.

Day

Group Day 7 Day 14 Day 21 Day 28 Day 35

1 577+ 064 583+ 84* 502 + 69* 578+ T6* 575+ 6%
2 574+ 56 640 £ 92° 820+ o8° 1010+ 104 1208 £112°
3 579+ 68 579+ 67¢ 576 + 7% 587+ 83* 383+ 70
4 581+£71 670+ 86° 940 £+ 94° 1310+ 112° 1503 £124°
5 587+ 63 683 + 961 087 + 1024 1460 £ 1094 1664 + 1867
6 582+76 680 + 87 085 + 96t 1510+ 121° 1753 +181°

a-e values with different superscripts in each column differ significantly (P<0.05, 0.01).

Table 2: The effect of different levels of CpG on NDV antibody titer from day 7 to day 35. The values are presented as mean + SEM.

Day

Group Day 7 Day 14 Day 21 Day 28 Day 35

1 374 +34 384+ 67 382 + 58 385+ 64 383 + 43
2 392 £31 1250+ 117 1939 £ 231° 2136+ 263° 2018 + 189*
3 388428 392+ 26° 391 + 97 382+ 57 386+ 37
4 392 +44 1313 = 241° 2043 = 248" 3775 +311° 3705 + 223°
5 396 +39 1655 + 245° 2338 £ 352 4968 + 387 4405 + 2044
6 398 + 53 1760 + 267° 3008 £ 3967 5607 £ 386° 5405 £ 230°

a-e values with different superscripts in each column difter significantty (P<0.05, 0.01).

Table 3: The effect of different levels of CpG on phagocytosis percentage from day 7 to day 35. The values are presented as mean = SEM.

Day

Group Day 7 Day 14 Day 21 Day 28 Day 35
1 43 £ 832 43 £+ 6.83 44 + 578 45 £ 6.31* 43+ 6.81*
2 45 + 4.67 44 + 7.08 46 +6.12° 47+ 715 45+ 7.54*
3 - - - - R

4 48+ 509 54+ 836 60 +8.74° 64 +£9.22° 66+ 8.84°
5 47 £ 632 53 £ 6.83 60 +9.70° 65 £8.91% 70+ 9.80r
6 48+ 742 54+7.14 62 £8.92° 68 + 9.38° 72+ 9.67

a-c values with different superscripts in each column differ significantly (P<0.05).
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Phagocytosis Assay: The effect of different doses of CpG
on phagocytosis 1s presented in Table 3. On day 7 of the
study, there was no statistically significant difference in
phagocytosis of experimental groups. The comparison of
phagocytosis percentage of groups with different levels
CpG (4, 5 and 6) with normal control group, from day 21 to
35, show sigmficantly (P<0.05) higher percentage of
phagocytosis.  The Comparison of phagocytosis
percentage of groups with different levels of CpG, from
day 21 to 35, shows significant (P<0.05) differences.
The highest phagocytosis percentage was groups 6 at the
day 35.

DISCUSSION

The adjuvant effect of CpG ODN has been well
by  many general,
immunostimulatory DNA containing CpG motifs promote
Thl humoral responses for protem-based vaccines
[10, 22- 29]. The ability of CpG ODN to induce both innate
and adaptive cellular immune response has made it a
potential treatment or prophylactic vaccine adjuvant,

documented studies. In

because of disease requiring cellular mmmumty. This
study, demonstrated co-administration of CpG ODN as an
adjuvant with TB and ND vaccines in chicken and effect of
CpG ODN on phagocytosis. The Previous studies have
indicated that antibody titer, isotype, or a combination of
these factors, are important m resistance to bacteria
infections [30]. In the present study, the IB and ND
vaccine-specific antibody titers were higher n chicken
receiving IB and ND vaccine with CpG ODN when
compared with those observed in PBS and CpG ODN and
IB and ND vaccmne alone groups. This immunostimulating
effect of CpG ODN proved to be dose dependent, with
better outcome at 100 and 200 pg. We observed that
administration of CpG ODN in chickens did create
stronger PBMCs phagocytic activity, whereas the other
groups did not. Today, there 13 linited mformation
concerning the biological effects of CpG ODN in chickens.
In the present study, we also found that CpG ODN could
also create strong humoral immune responses to 1B and
ND vaccme 1n chicken. Co-administration of the antigen
and the adjuvant was essential, as mjection of CpG ODN
alone (without antigen) had reduced humoral immune
responses ability. As the previous studies, we also found
that the adjuvanticity was clearly attributed to the activity
of CpG motifs, since control ODN m which the CpG
mverted to GpC provided no
immunomodulation. This result was accordant with the

dinucleotides  was

Krieg’s [2, 18, 31]. Evidence from mice and humans
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indicates that Toll like receptor @ (TLRQ) specifically
recognizes CpG DNA. TLR9-deficient mice fail to respond
to CpG ODN (15) and transfection of cells with the human
TLRY gene confers the ability to respond to CpG ODN
[32]. While TLR-9 is the only known CpG ODN receptor to
date, a recent report indicating that different classes of
ODN utilize different signaling pathways suggests that
other receptors or co-receptors may be involved [33].
In addition, while CpG ODN strongly activates cells that
express TLR-9 and has essentially no direct effect on cells
that do not express TLR-9, ODN can increase activity of
these latter cells indirectly via PDC-derived cytokines
such as TFN a and b [34, 35]. In chicken, TLLR9 is absent in
the chicken genome. Therefore, it is speculated that CpG
ODN maybe works through other similar receptors, or
indirectly stimulate avian immune system by a similar
signaling mechanism. Taken together, in this study, it is
found that the immunostimulatory effect of CpG ODN can
be utilized to create a protective vaccine when given in
combination with IB and ND vaccine and CpG ODN had
the ability to augment protective immune response in
chickens. Further studies would be required to evaluate
the secretion of various cytokines and mterferon-a4 and
improve our understanding of the mechanisms of the
immunity induced by the constructs and action of CpG
ODN m chickens.
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