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‘Abstract

The present study was conducted to evaluate the immune-stimulating effect of CpG-ODN
(Toll-like-receptor-agonist21) on broiler chickens vaccinated against Newcastle disease. The
motifs were examined with different vaccination programmes using different inoculation routes.
270 (one-day-old) - chicks were divided into 6 groups. Group one as a negative control sham
inoculated with PBS; group two was injected intramuscularly with CpG-ODN; group three was
vaccinated with live ND vaccine by eye-drop route; group four was vaccinated by eye-drop route
and injected with CpG-ODN; group five was vaccinated with Newcastle disease inactivated
vaccine and injected intramuscularly with CpG-ODN; group six was vaccinated by eye-drop route
with live attenuated vaccine dissolved in CpG-ODN. Antibodies responses were monitored based
on hemagglutination inhibition test and ELISA assay for the detection of 1gG. The average body
weight gain and feed conversion ratio were estimated to evaluate CpG-ODN growth-promoting
effect. All vaccinated groups supplied with CpG-ODN recorded higher antibodies titer than the
only vaccinated group. Group 4 which vaccinated and inoculated intra-muscularly with CpG-ODN
recorded higher antibodies titer than other vaccinated groups. Antibodies titer was similar in group
five and six without significant difference and both were lower than group 4. ELISA assay
confirmed the significance between the adjuvanted groups at 21 and 35 days old. There were no
significant differences (p>0.05) observed between the vaccinated and adjuvated groups in either
average body weight gain or in feed conversion rate. In conclusion, CpG-ODN proved its efficiency
as an adjuvant when co-inoculated with Newcastle disease vaccines via different administration
routes.
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Introduction

Newcastle disease (ND) is considered
one of the main constraints that cause huge
losses either to backyard rearing or under
non ideal farming conditions (Xiao et al.,
2009).The virus is a single-stranded RNA
(subfamily Awvulavirinae) has a persistent
nature that leads to a continuous extensive
studies aiming to hinder such highly
contagious disease. Activating innate and
adaptive immune responses play an
essential role against ND invasion. The
immune response is triggered upon the
recognition of pathogen-associated
molecular patterns (PAMP) by specific
pattern-recognition receptors (PRRs)(De
Nardo, 2015). Recently, many discovered
elements were proposed as agonists to
microorganisms and have the ability to
activate or regulate immune response when
recognized by PRRs (Steinhagen et al.,
2011).

Unmethylated CpG-oligodeoxy-
nucleotides (CpG-ODN) are  small
molecular motifs conserved in some
microorganisms including bacterial and
viral DNA. Upon binding to PRRs, they can
initiate the release of cytokines and others
co-stimulation elements, the process which
is essential for triggering rapid innate, and
adaptive immune responses (Paul et al.,
2013). Therefore, CpG-ODNSs were studied
for their function as antiviral agents or as
vaccine adjuvants. While CpG-ODN
proved a strong ability to control viral
infection (Dou et al., 2013) and safety for
use without necrosis or toxicity induction,
interest has increased for using them as
vaccinal adjuvants. Proposing CpG-ODN
as adjuvants facing several problems
including costs, and stability when used
under different environmental conditions.
In addition to variation in immune-
modulation which was recorded due to
multiple factors including the nature of
microorganism, site of infection, route and
dose of inoculation (Gomis et al., 2003; C.
Yu et al., 2017).
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The present work examined the ability
of such adjuvant form to boost humoral
immune response generated by ND
vaccination as a model for ssSRNA virus.
The experimental design examined multiple
vaccination programs, different inoculating
routes and monitoring its effect with either
killed or live attenuated vaccines to
challenge such adjuvant and to monitor its
ability to modulate immune response as
well as growth promotion for broiler
chickens.

Materials and methods

Ethical Approval:

The experimental procedures were
carried out in compliance with the
institutional bioethics, faculty of veterinary
medicine, Assiut University, Egypt.

Birds and Immunization Schedule:

A total of 270 (one-day-old)
commercial broiler chicks (Ross) were
purchased from (Assiut Poultry Company),
weighted and divided into 6 groups
(uniformed in the initial body weight) each
contained 45 birds (3 replicates each n=15).
Group one (G1), as negative control sham
inoculated with PBS; group two (G2),
injected with CpG-ODN intramuscularly at
day 7 and repeated at day 21 for observing
the effect of CpG-ODN injection ; group
three (G3), vaccinated with live ND vaccine
by eye-drop route (Clone 30, international
B.V. Boxmeer-Holland) at 7 days old and
then with Lasota (international B.V.
Boxmeer-Holland) at 21 days old as a
control for vaccination; group four (G4),
vaccinated by eye-drop route (clone 30) at
7 days old plus I/M injection of CpG-ODN
and at 21 days old Lasota were given by
eye-drop route plus CpG-ODN injection;
group five (G5), vaccinated with Newcastle
disease inactivated vaccine (Imopest,
merial, France) intramuscular injection at
the time of vaccination and repeated at 21
days-old; group six (G6), vaccinated with
clone 30 dissolved in CpG-ODN solution
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by eye-drop at 7 days old and Lasota were
given dissolved in CpG-ODN solution at 21
days of age. All groups were randomly
allocated into individual compartments at
the veterinary hospital, faculty of veterinary
medicine, Assiut University. They were
raised on litter (wood shaving) and
provided with food and water ad libitum.
Temperature started with 34° C and linearly
decreased 2 ° C per week with 24 hours
lighting. They were raised on starter ration

for the first 14 days with 23% crude protein
and energy of 3000 Kcal/kg ration and
grower ration with 21% crude protein and
3070 Kcal/kg ration up to 35th day of age.
All groups except group one received the
vaccination program shown in Table 1
against Al, IB and IBD. Chicks were
observed daily for any symptoms or
mortality for the whole duration of the
experiment.

Table 1. Vaccination program of vaccinated experimental groups

vVaccines Age (d_ay)/ route of Vaccinated
administration Exp. groups
IB vaccine (Zoetis, USA) 1% (eyedrops) All groups
ND vaccine (Clone 30, International B.V. th
Boxmeer-Holland) 7" (eyedrops) G3, G4 and G6
ND inactivated vaccine (Imopest, merial) th
Avian influenza (H5N1) (MEVAC Co. Egypt) | (ubcutaneous) G5
Gumboro (CEVAC, France) 12" & 28" (eyedrops) |  All groups
Lasota (International B.V. Boxmeer-Holland) 21° (eyedrops) G3, G4 and G6

Preparation of Vaccine and Adjuvants:

The CpG-ODN was stored at —20°C
until used and diluted in PBS before being
administered at a dose of 50ug/chicken as
an adjuvant. CPG-ODN was synthesized
according to referred sequence (5-
tcgtegttgtegtegttttgtegtt-3) (Gomis et al.,
2003).

Samples collection:

Blood samples were weekly collected
from all vaccinated and non-vaccinated
groups starting from day one up to day 35
of age. Blood samples were collected from
chicks (10 birds of each group) either by
decapitation at 1 and 7 days of age or were
bled via wing vein puncture (14, 21, 28 and
35 days of age). Samples were collected and
kept at 37 ° C for 1 hr. then centrifuged at
5,000 g for 30 min; then the serum collected
and stored at -20° C to be used later.

Hemagglutination inhibition test:
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The HAU of the NDV was titrated
before each assay. ND serum antibodies
were quantified by hemagglutination
inhibition (HI) assay in U-bottomed 96-well
microtiter plates as per the procedure
recommended in the OIE manual (Stear,
2005). Briefly, serum samples were two-
fold diluted.50 ul ND viral antigen was then
added to each well. The plate was shaken
and incubated for 45 min. 50uL of 0.5%
chicken red blood cells was added to each
well. Plates were shaken and incubated for
45 min. HI titer was expressed as the
highest dilution of complete inhibition of
agglutination (expressed as log2 scale).

Enzyme-linked immunosorbent assay:

To measure the adjuvant ability of CpG
ODN, and to confirm results from HI test,
samples were collected at 21days old and
35days old and tested using ELISA. Briefly,
ELISA plates were coated with 100 ul/well
of ND antigen (20 ug/mL) in 50 mM
carbonate bicarbonate buffer (pH 9.6) at
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4°C, then washed and blocked per well by
1% bovine serum albumin (Sigma-Aldrich)
and 0.05% Tween20 in PBS (blocking
buffer) was added for a 1 hr incubation
period at room temperature. After
washing,100 ul of serum diluted 1/50 was
added to each well and incubated for 1 hr.
Samples were measured induplicate. The
plates were washed 3 times then anti-
chicken rabbit anti-chicken IgG antibodies
conjugated to horse-radish peroxidase
(HRP) was added (Jackson Immuno
Research Laboratories, Inc.). The plates
were incubated for 1 hr. at room
temperature. Positive control (positive
serum from a previous experiment) and
negative controls (phosphate buffered
saline) were included for each plate. The
plates were washed again and 100 ul of
HRP substrate solution TMB (Diagnostic
Biochem. Canada Co., Ltd) was added to
each well, followed by an incubation period
of 15-20 min in the dark at room
temperature before the addition of 100 ul of
a 1%stopping  solution  (Diagnostic
Biochem Canada Co., Ltd). The optical
density (OD) was determined at 405 nm
using an ELISA plate reader (BioTek
Instruments, Winooski, Vermont USA).

Growth performance:

Chicks were individually weighed at
arrival and a weekly (20 birds from each
group). Feed intake was also measured at
weekly interval during the experiment and
feed conversion ratio (FCR=feed intake
/weight gain) were calculated. Weight gain
and FCR were calculated for 3 times
intervals. Day (1-21), day (21-35) and day
(1-35).

Statistical analysis:

The data for all variables were
evaluated by one-way analysis of variance
(ANOVA) as a completely randomized
design using the Prism software (GraphPad
Prism version 8.0.0 for Windows,
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GraphPad Software, San Diego, California
USA). The means for treatments showing
significant differences in the ANOVA were
compared using Post-Hoc Tukey and
paired-samples t-tests. Differences were
considered significant at p < 0.05.

Results
Hemagglutination inhibition test

The log2 HI titers of all groups at day
14, 21, 28, and 35 after vaccination with
primary and secondary doses were
demonstrated in Fig. 1. At day 14G2 which
was injected with CpG-ON was higher
significantly (p< 0.05) than G1 with a log2
HI titer of 4.75, the antibodies in G2
declined similar to G1 in day21, 28 with a
log2 HI titer of 1.12 and 1.63 in day 35 of
age without any significant difference. G3
which was vaccinated without CpG-ODN
had the lowest antibodies titer with a
significant difference among the vaccinated
groups; G4 (log2 4.37), G5 (log24) and G6
(log2 4.50). At 21 days of age there was a
significant difference between G3 with a
log2 HI titer of 4.5 and G4 which injected
IM with CpG-ODN (log2 5.50). There was
no significant difference between G3(log2
4.5), G5 and G6 (log2 4.7). G5 was lower
significantly than G4 with a log2 HlI titer of
55. At day 28, G3 (log2 3.82) was
significantly lower than all vaccinated G4
(log2 5.50), G5 (log2 5.25) and G6 (log2
5.25). This significance continued similarly
at day 35. G4 recorded the highest level of
antibodies titer with a log2 HI titer of 5.50
among the vaccinated G5 (log2 5.0) and G6
(log2 4.7. Antibodies titer increased with a
log2 HI titer of 5.50 to become close to G5
(Log2 5.25) and G6 (log2 5.25) without
significant. These results continued up to
day 35. G5. These results continued up to
day 35. G6 which was vaccinated with
vaccine dissolved in CpG-ODN solution
showed similar course as G5 without
significant difference.
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Fig. 1. Newcastle disease HI titers (Log 2) of experimental groups.

Enzyme-Linked immunosorbent assay -

On day 21, G4 recorded the highest
level of antibodies titer (1467+ 13.72)
among the vaccinated G3 (554+ 11.02), G5
(943+ 10.09) and G6 (861t 15.7).
Antibodies titer was similar in G5 and G6
without  significance. A significant
difference was observed between G3 (554+
11.02) and G2 (312+ 11.54). No significant
difference was observed between G3, G5
and G6. At 35 day of age, G4 (3124+ 80.33)
recorded the highest level of antibodies titer
(3124+ 80.33) among the vaccinated G3
(1329+ 38.65), G5 (1745+ 38.23) and G6
(1738+81.30) (Fig. 2.). Antibodies titer was
similar in G5 and G6 without significant.

Growth performance
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The comparison between all the
experimental groups at day 0, 7, 14, 21, 28,
and 35 was shown in Fig. 3. and Table 2.
There were no significant differences
(p=>0.05) were observed between different
vaccinated and adjuvanted groups in either
average body weight gain (g) or in feed
conversion rate starting from day 7 of age
up to the end of the experiment. The gain of
vaccinated groups had no significant
difference (p>0.05) in comparison with
negative control chicken. The injection of
CpG-ODN did not affect body weight gain
or FCR whether inoculated alone (G2) or
with vaccines using different inoculation
routes (G4, G5 and G6). Although (G4)
which was vaccinated by eye-drop route
and injected IM with CpG-ODN recorded
the highest weight gain among the
vaccinated groups, no significant difference
was found up to the end of the experiment.



Gamal et al., 2021

SVU-IVS, 4 (3): 94-102

5000+
4500+
4000+
3500+
3000+
2500+
2000+
1500+
1000+
5004
04

Elisa titre

3 G2-CPG(M)

Bl G1-Control

B G3-live vaccine

M G4-CPG(IM)+live vaccine
G5-CPG+vaccine (IM)
GB-CPG+vaccine(eye drop)

Fig. 2. Newcastle Disease Virus
specific antibody titers in serum
samples  of  experimental
Chickens by ELISA

Table 2. Growth performance of different experimental groups

Day (1- 21) Day (21-35) Day (1-35)
Initial . BWG, BWG, . BWG, FCR
Bwg TMAIBW.O nid gbird  PMAIBWO hird
G1 40.543.4  1326+119.2 1322 1558 2920+136.2 2880  1.42
G2 40.3+3.3 1296132 1256 1544 2840+96.2 2800 117
G3 41.3+3.4 131341419 1273 1537 2850+107.3 2810  0.99
G4 40.7£3.1 1393+106.5 1353 1530 2923+102.3 2883 0.98
G5 41.2+3.3 1365+141.2 1325 1553 2918+83.4 2878 1.06
G6 40.5+£3.2 1358+109.9 1318 1537 2895+89.7 2855 1.11
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B G3-live vaccine
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Discussion antibodies level induced by vaccination. The

Poultry flocks which vaccinated with
ND vaccine are not fully shielded from the
NDV infection, even with a considerable

ability of TLR agonists to affect immune

response in chicken is now reported in many

studies (Chen and Wang, 2013). It is well

known that many adjuvants such as
99
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aluminium gel initiate mainly humoral
immune response rather than cell-mediated
(HogenEsch, 2002). CpG motifs can trigger
innate, cellular and humoral responses.
Moreover, the CpG-ODN initiate stronger
antibodies  production than common
adjuvants such as Freund’s. In addition,
Freund’s frequently lead to undesirable side
effects such as abscesses and inflammation
at the inoculation site. Therefore, CpG ODN
is proposed as a strong potential treatment or
more efficient vaccine adjuvant. However,
scarce data are available regarding using
these motifs in a form that can be used with
commercial chicken and produce consistent
results. When inoculating with vaccines,
CpG-ODN can initiate B-lymphocytes
activation, and differentiation of the plasma
cell which leads to increase ND-specific
antibodies release. In the present work, all
vaccinated groups supplied with CpG-ODN
recorded higher antibodies titre than only the
vaccinated group started from 14 days post-
immunization. G4 which vaccinate and
inoculated IM with CpG-ODN recorded
higher antibodies titre than other vaccinated
groups. CpG-ODN is used via different
routes including oral, intranasal,
subcutaneous and intramuscular. Different
methods of inoculation of CpG-ODN can
affect its capability of immune response
modulation (Chrzastek et al., 2014). It is
recorded in several studies that CpG ODN
given parenterally induces strong Thl
components like IL-2, IL-12, IFN-c, 1gG2a
(Yietal., 1996). IFN-c is an important B cell
key for the promoting of ND IgG2a secreting
B cells (Wang et al., 2009).As the
administration of the CpG-ODN motifs in
the antigen entrance sites was advised as an
important factor for its adjuvating efficiency
(B. Yuetal., 2017), no significant difference
between adjuvanted groups were observed at
the end of the experiment. indicating that
routes of vaccination and administration of
CpG did not effect on immune responses as
expected. The three adjuvanted groups were
not significantly different from only the
vaccinated group up to 21 days of age except
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group 4 which was higher than all vaccinated
groups. This observation can be explained
by previous observation which proposed that
intraocular application of the CpG ODN did
not trigger the same response, as when
administered parenterally. The reason might
be that the CpG ODN reacted with different
cells on the inoculation site. After
subcutaneous or intramuscular
administration, the ODNs are reacted with
antigen-presenting cells, dendritic cells and
macrophages(Akiba et al., 2004). While
eyedrop application encounter mainly with
the Harderian gland (B cells, plasmatic cells,
T cells and scares macrophages) (Smiatek et
al., 2011).At day 28,35 and 42 days of age,
antibodies titer of all groups were close
although of different inoculation routes that
were used in the second immunization.
While intramuscular co-injection of CpG-
ODN induces more potent immune
responses (serum IgG titer and cellular
proliferation) (Linghua et al., 2007)that
results in further enhancement of immune
responses above levels achieved by the
effect of common adjuvants. It is reported
that local mucosal application of CpG-ODN
stimulated both T-helper 1gG and IgA
(Zhang et al., 2008). CpG-ODN has proven
a great ability to enhance the systemic
antibody of IgG subtype predominantly
transudate into the respiratory tract and
afford long-lived protection (Kreijtz et al.,
2011). Based on the specific 1gG ELISA,
there was obvious increase in the titre of
specific antibodies at 21 days of age with the
highest titre induced by IM adjuvated group
4. G4 were higher significantly than G5
(inactivated vaccine+ intraocular CPG-
ODN) and G6 (vaccine dissolved in CpG-
ODN ND given intraocular) at day 21 (14
days after first immunization) and peaked up
at day 35 of age (14 days after second
immunization). The effect of a single
treatment with CpG-ODN was recorded to
last for about up to 9 days, but high level of
antibodies can be maintained for longer time
by re-administration of CpG-ODN (Barri,
2005). G2 which injected with CpG-ODN
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slow down the MDA decline up 14 days of
age in comparison to G1. The effect of the
CpG-ODN on the persistent time of
antibodies was reported before (Vleugels et
al., 2002). They reported that antibodies in
CpG-ODN inoculated group declined slower
than control group. In conclusion, the
present study showed that inoculation of
CpG was able to elicit higher serum antibody
responses compared to vaccinated only
groups with different inoculation route.
More studies may be conducted to establish
a more stable form of these motifs or
included them in the vaccine genetic
structure to get the most beneficial effect of
its immunostimulant properties.
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