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ABSTRACT

Newcastle disease (ND) is a highly contagious viral disease. This study was conducted to determine the antibody titer
in Japanese quails following vaccination against ND and feed-supplementation with vitamin-C, probiotics and antibiotic-
growth-promoters. Forty Japanese quails were equally grouped in four groups (A, to A,) and were vaccinated by LaSota,
B,, F and VG/GA strains, respectively, at the age of 10 days. Another forty Japenese quails were equally grouped in four
groups (B, to B,), were vaccinated with the vaccines of the previous groups that showed a higher effect, and were fed with
mesh-feed (control-B,), supplemented with vitamin-C (B,), probiotics (B,), and antibiotic growth promoter (B,). Serum
samples were obtained on 2, 4, 6, 8, 10 and 12 weeks of age and were subjected to a hemagglutination inhibition test. The
mean antibody titer (Log,) had no significant difference between groups A -A,. The highest titers were recorded in A,
(6.20+0.37) and A, (6.00+0.71). The mean titer was significantly different among the groups at 4 weeks, but insignificant
in the other weeks of the supplemented groups. A higher mean titer was found between 8 and 10 weeks in group B,
(7.40+0.60) and B, (7.20+0.58). The relative weights (gm/kg) of the spleen, thymus and bursa were significantly higher in
group B, (1.947+0.109, 5.951+0.312 and 2.624+0.083, respectively). They had no significant correlation with antibody titer at
12 weeks. In conclusion, vitamin-C and probiotic supplemented feeds can boost up the antibody titer against ND in Japanese
quail when given during VG/GA strain vaccination.
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INTRODUCTION

Japanese quails (Coturnix coturnix japonica),
belonging to the family Phasianidae, were popular
as small game birds and now are commonly used
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for commercial production of eggs and meat (1).
Though quails are more resistant to infectious
diseases compared to chickens, few infectious
diseases are encountered in quails. Particularly,
Japanese quails have a certain degree of natural
resistance to Newcastle disease virus (NDV)
infection (2) but it may act as a carrier. Several
records of Newecastle disease (ND) outbreak in
Japanese quails have been reported (3, 4). The
ND commonly known as Ranikhet disease is a
highly contagious viral disease caused by NDV
belonging to Paramyxovirus type | of the genus
Avula virus of the family Paramyxoviridae (5).
This ND virus is readily transmitted from one bird
to another, whereas good biosecurity practices and/or
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vaccination program could keep it under control
(6). In this regard, vaccines with different NDV
strains are commonly practiced. The live lentogenic
vaccine strains LaSota, Bl, F and VG/GA are most
commonly used in poultry. These vaccines are
assessed by determining the level of antibody titer
after vaccination. The antibody titer of ND vaccines
is commonly measured by Hemagglutination
Inhibition (HI) test which is still the most widely
used serological method and is considered as
the gold standard test for this disease (7). Also,
different feed supplements can improve the immune
response. Vitamin C given after vaccine improves
the cell-mediated and humoral immune response
in poultry (8, 9). It is an important antioxidant,
stimulating and regulating the immune system (10).
Probiotics stimulate the production of antibodies
(11, 12). Lactobacillus and Bifidobacterium are
the most common genera used for probiotics (13).
Antibiotic growth promoters (AGP) (14) have been
widely used following vaccination despite the
described probiotic’s advantages. Although several
comparative studies were performed on antibody
production in chicken after ND vaccination, there
are limited studies on the effect of probiotics and
AGP on HI in Japanese quail. Hence, this study
was designed to determine the level of antibody
titer in Japanese quail after vaccination by different
ND vaccine strains. Moreover, this study was also
focused on the comparative effects of vitamin C,
probiotics, and AGP on HI titer as well as lymphoid
organs in Japanese quail.

MATERIAL AND METHODS

Experimental birds and management

A total of eighty (80) healthy day-old Japanese
quails (Coturnix coturnix japonica) were collected
from a local commercial quail farm located in
Mymensingh Sadar of Bangladesh. The birds
were accommodated in experimental cages, being
exposed to 16 hours of continuous natural and
artificial light. Fresh drinking water and mash feed
formulated according to Razee et al. (15), were
offered ad-libitum to the birds. Adequate hygiene
and sanitation were maintained throughout the
experiment.

Experimental design

In this study, the whole experiment was divided
into two phases. The first phase of the experiment
was designed to determine the efficacy of different
ND vaccine strains. According to this, 40 birds
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were assigned and equally allocated (n=10/group)
into four groups named A, A, A, and A,. At the
age of 10 days, they were vaccinated with ND
vaccine of “LaSota”, “B1”, “F” and “VG/GA” strain,
respectively. The vaccines were administered
through the intraocular (I0) route. The second dose
was administered at the age of 30 days according
to the manufacturer’s recommendation. The birds
were fed with the mash feed formulation. For the
second phase of the experiment, 40 Japanese quails
(one-day-old) were equally divided (n=10/group)
into four groups B,, B,, B, and B,. The birds
from the first phase of the experiment showing
a high immune response and high level of serum
antibodies were vaccinated with the NDV strain.
The vaccination schedule was the same as in the
first phase of the experiment. The birds in B, were
fed only with the mash feed formulation serving as
a control group. The birds in B,, B, and B, were
supplemented with vitamin C, probiotics and AGP,
respectively. Standard management and housing
conditions were employed for all animals during
the experimental procedures. The experiment
on animals was approved by the Animal Welfare
and Experimentation Ethics Committee, Faculty
of Veterinary Science, Bangladesh Agricultural
University (Approval No. AWEEC/BAU/2020(30)).

Blood collection for serum sample

Blood samples were aseptically collected by
venipuncture of the brachial vein from five quails in
each treatment group. The sampling was performed
on two weeks intervals from 2 to 12 weeks of age.
Blood serum was obtained according to the methods
by Khanam etal. (16) which was used for assessment
of antibody titer by using the HI test. The samples
were collected from the Japanese quails following
standard sample collection procedures from the live
birds without any breach of animal welfare policy.

Collection and preparation of 1% chicken red
blood cell (cRBC)

About 5 ml of blood were aseptically collected
from a healthy bird using a sterile needle and
syringe. A blood collecting vial containing the
anticoagulant Alsever’s solution (1 part Alsever’s to
1 part blood) was used. The 1% chicken red blood
cell (cCRBC) was prepared according to the methods
of Ambali et al. (17).

Newcastle disease virus antigen preparation

The antigen was prepared from the NDV strain of
the respective vaccines used in this study according
to the method described by Khanam et al. (16) and
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Barua et al. (18). The NDV was propagated into
chicken embryonated egg according to the method
explained by Meher et al. (19). The presence of NDV
strain was determined by Slide Hemagglutination
(SHA) test. The clumping of ¢cRBC in allantoic
fluid of infected chicken embryos within a minute
was considered as a positive finding of the virus.

Micro-plate hemagglutination (HA) test

Micro-plate hemagglutination (HA) test was
performed to determine the 4HA units by two-
fold serial dilution in a U-shaped microtiter plate
according to the methods by OIE (7) and Allan and
Gough (20).

Hemagglutination inhibition (HI) test

The serum samples of each bird in its respective
group were HI tested (20) by using a 4HA unit in
two-fold serial dilutions in a V-shaped microtiter
plate to determine the antibody titer against ND. The
HI titer was calculated and expressed as a geometric
mean titer of Log, values (21) for each group.

Lymphoid organs weight

Atthe end of the second phase of the experiment,
five birds from each group, at age of 84 days, were
sacrificed to collect the lymphoid organs (Bursa
of Fabricius, thymus and spleen). After collection,
the organs were grossly examined for pathological
changes. Fat and tissue debris were removed and
organs were weighed to determine the effect of
treatment. The lymphoid organ weights were
expressed relative to the live body weight (BW)

(g/kg).

Lymphoid organs weight
ymp. 8 ght (g) 1000

Live body weight (g)

Probiotics, vitamin C, AGP and vaccines

The birds were supplemented with commercially
available probiotics which contained the probiotic
bacteria Enterococcus spp., Pediococcus spp.,
Bifidobacterium spp. and Lactobacillus spp., at
least 5x10"? CFU/kg. The probiotic stock solution
(20 g) was prepared for 1000 birds. It was mixed
with drinking water and administered in the
morning before feeding for the entire experimental
period. Vitamin C was obtained as a powder which
contained 980 mg of L-Ascorbic Acid per gram. It
was administered in a dose of 1 g per 5 to 10 liters

of drinking water during the entire experimental
period. Commercially available broad-spectrum
antibiotic (Ciprofloxacin) was used as AGP. It was
administered in a dose of 0.5 g per 50 kg of mash
feed during the entire experimental period. The
vaccine strains used during the experiment were
obtained from a local market and were stored and
diluted according to Barua et al. (18).

Statistical analysis

The experimental data were analyzed using
Statistical Package for Social Sciences (SPSS),
version 25.0. The between-group assessment was
performed by One Way Analysis of Variance
(ANOVA), whereas the within-group assessment
was performed by Repeated Measure Analysis of
Variance (ANOVA). The Student-Newman-Keuls
test was applied as a post-hock test for the one-
way ANOVA, whereas the Bonferroni test was
applied for the repeated ANOVA. Furthermore,
the correlation of relative organ weight and HI titer
at 12 weeks of age was analyzed using Pearson’s
correlation (r) test. P-values <0.05 were considered
significant for all tests.

RESULTS

The level of antibody titer in Japanese quails
(Coturnix coturnix japonica) vaccinated by ND
vaccine is presented in Table 1. Four ND vaccines
of LaSota, Bl, F and VG/GA strains were applied
in four experimental groups of Japanese quails.
There was no significant difference in the antibody
mean titer (Log,). The highest mean titer value
(6.20+0.37) was obtained in the A, group at 6
and 8 weeks following VG/GA vaccination. The
next highest titer was 6.00+0.71 in group A, at
8 weeks which gradually declined. The lowest
value was obtained in group A, (5.00+0.71) at the
first and in group A, (5.00+0.55) at the last week
of the experiment. At the same time, repeated
measure analysis showed significant differences
within the groups in different weeks, especially
for groups A, and A,, indicating that the level of
antibody production fluctuated significantly.

The comparative effect of vitamin C, probiotics
and AGP on ND antibody titer of Japanese quails
vaccinated with a ND vaccine is shown in Table 2.
The Log, antibody means titer was significantly
different between the groups (B,, B, and B,) at the
age of 4 weeks, but insignificant at the age of 2, 6, 8,
10 and 12 weeks. The B, group was not statistically
different than the B, group. At the initial stage
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Table 1. Geometric mean antibody titers (Log,) against ND virus of Japanese quails (Coturnix coturnix

Jjaponica) vaccinated with different ND vaccine measured by HI test

Geometric (Log,) mean titer + SE

Group Age of Japanese quails (Weeks) Frvalue LS
2 4 6 8 10 12
A, 5.20"+0.58  3.809+0.49  5.40™+0.51  5.80°+0.37  5.60+0.51  5.00™+0.55  10.857 o
A, 5.00+0.71  4.20*+0.58  5.60+0.51  5.60*+0.51  5.60™+0.68  5.20™+0.58 6.423 *
A, 5.40™+0.60  4.009+0.55  5.80*+0.37  6.00°+0.71  5.60"+0.68  5.40*¥+0.51 9.544 o
A, 5.40™+0.51  4.40°+0.51  6.20™=%0.37  6.20°+0.58  5.80™+0.66  5.40™v+0.51 7.031 *
F-value 0.100 0.234 0.583 0.215 0.025 0.126
LS NS NS NS NS NS NS

abe; Column values with same letters do not differ significantly; »* Row values with similar letters do not differ significantly;
LS=Level of significance; NS=Non-significant; *Significant at 5% (p<0.05); **Significant at 1% (p<0.01). A =Vaccinated by
LaSota strain; A,=Vaccinated by B1 strain; A,=Vaccinated by F strain; A ,=Vaccinated by VG/GA strain

Table 2. Geometric mean antibody titers (Log,) of ND vaccinated Japanese quails (Coturnix coturnix japonica)

supplemented with vitamin C, probiotics and AGP

Geometric (Log,) mean titer = SE

Group Weeks
2 4 8 10 12
B, 5.40+0.60 3.80°+0.37 5.80°+0.37 5.60%£0.51 5.60°+0.51 5.60%£0.51
B, 6.40°+0.51 6.00*+0.55 6.80°+0.37 7.40°+£0.60 7.40°+£0.60 7.00°+0.55
B, 6.40°+0.51 6.20°+0.58 7.00°+0.45 7.20°+0.58 7.20°+0.58 6.80°+0.37
B, 5.60°+0.51 4.80%+0.37 6.20°+0.58 6.00°+0.55 5.80+0.37 5.20°+0.58
F value 0.971 5.449 1.480 2.487 3.152 3.013
LS NS * NS NS NS NS

abe: Column values with same letters do not differ significantly; LS=Level of significance; NS=Non-significant; *Significant at 5%
(p<0.05); **Significant at 1% (p<0.01). B,=Mesh-feed with no supplements; B,=Supplemented by vitamin C; B,=Supplemented
by probiotics; B,=Supplemented by Antibiotics Growth Promoter (AGP)

after vaccination, the lowest antibody titer was
5.40+0.60 in the B, group and the highest was
6.4+0.51 in B, and B,. B, had the lowest antibody
titer (5.20+0.58) at 12 weeks, whereas group B,
had the highest (7.00£0.55) at the same time. An
increased geometric mean titer was observed in the
B, group at 8 to 10 weeks of age (7.40+0.60) which
was the highest recorded value. The B, group had
the second highest-value (7.20+0.58).

The lymphoid organs’ (Bursa of Fabricius,
thymus and spleen) relative weight (gm/kg) were
recorded immediately after the slaughter at the end
(12 weeks) of the second phase of the experiment
(Table 3). The relative weight of the spleen, thymus
and bursa were significantly (p<0.01) different
between the four groups (B, B,, B, and B,). The
highest relative weight (gm/kg) of spleen was
found in B, (1.947+0.109) which was significantly
different than B, (1.173+0.085) and B, (1.278+0.047),
but insignificantly different than B, (1.791+0.157).
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Similarly, a significantly higher relative weight of the
thymus was measured in group B, (5.951+0.312). A
significantly lower relative weight was measured in
group B, (4.214+0.210) compared to B, (5.759+0.334)
and B samples (5.951+0.312), butit was insignificantly
different compared to B, (4.459+0.326). The relative
weight of bursa in groups B, (2.474+0.150) and B,
(2.62440.083) were significantly different compared
to groups B, (1.822+0.104) and B, (1.686+0.141). The
lowest measured relative weight value of bursa was
in the B, group.

Pearson’s correlation (r) was calculated to
determine the correlation between the lymphoid
organs’ relative weight and mean antibody titer
(Log,) at the age of 12 weeks (Table 4). Despite the
high correlation coefficients (r) between lymphoid
organs relative weight and mean antibody titer
(Log,), only those observed between thymus
and bursa in the B, group (r=0.908 and 0.885,
respectively) were statistically significant.
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Table 3. Effect of vitamin C, probiotics and AGP on lymphoid organs relative weight (g/kg) of Japanese quails

(Coturnix coturnix japonica) vaccinated against ND virus at 12 week of age

Mean + SE

Group

Spleen Thymus Bursa
B, 1.173°+0.085 4.214°+£0.210 1.686°+0.141
B, 1.7912£0.157 5.759*£0.334 2.474*+0.150
B, 1.947*+0.109 5.951:+0.312 2.624*+0.083
B, 1.278°+0.047 4.459°+0.326 1.822°+0.104
F value 12.515 8.743 14.501
LS dok ko Kk

e Column values with same letters do not differ significantly; LS=Level of significance; NS=non-significant; **Significant
at 1% (p<0.01). B,= Mesh-feed with no supplements; B,=Supplemented by vitamin C; B,=Supplemented by probiotics;

B,= Supplemented by Antibiotics Growth Promoter (AGP)

Table 4. Correlation between lymphoid organ weight and antibody titer against ND at 12 weeks of age in
Japanese quails (Coturnix coturnix japonica) supplemented with vitamin C, probiotics and AGP

Pearson’s correlation (r)

Lymphoid organ
ngght (gmg) Antibody titer (Log,) at 12 weeks of age
B, B, B, B,
Spleen 0.873 0.833 0.493 0.339
Thymus 0.885° 0.274 0.381 -0.514
Bursa 0.908" 0.249 0.192 -0.100

*Correlation is significant at 5% (p<0.05) (2-tailed); **Correlation is significant at 1% (p<0.01) level (2-tailed); B,=Mesh-feed
with no supplements; B,=Supplemented by vitamin C; B,=Supplemented by probiotics; B,=Supplemented by Antibiotics Growth

Promoter (AGP)

DISCUSSION

A protective antibody titeragainst ND is essential
for optimal protection and productive performance
in quails. Despite that all the ND vaccine strains
(LaSota, Bl, VG/GA or F) are capable to induce
optimum antibody levels in Japanese quails, the
VG/GA strain was demonstrated to induce the
highest antibody level in this study. These findings
are in accordance with Barua et al. (18) who showed
that VG/GA strain produced better immunity
than the F, Bl and LaSota strains in broilers.
Additionally, Mahmud et al. (22) found a higher
performance of commercial vaccine named Avinew
(VG/GA strain) in comparison with BCRDV
(F strain) in broilers which support our findings.
The higher performance of the VG/GA strain
vaccine is supposed to be achieved by obtaining
the virus with ‘Cloning’ (23). However, Ibrahim
et al. (24) did not find a significant difference
when comparing F, Bl and LaSota strains of ND
vaccines. This report was in agreement with our
findings where similar levels of mean antibody
HI titers were produced by LaSota, Bl, F and VG/GA

strain. The antibody titer peak in this study
was achieved at 25 days after the second dose of
the vaccine (at 30 days) and lasted for 2 weeks. The
findings of Rahman et al. (25) suggested that the
HI antibody titers attain the peak between 2 and 3
weeks after the broiler vaccination. Perhaps these
dissimilar findings could be due to the variation in
species and the sampling schedule. The findings
of Abdel et al. (26) indicated that the HI antibody
titer culminated at 28 days post-vaccination in
Japanese quails which is similar to our findings.
In the vaccination trial with the supplementation
of vitamin C (B,), probiotics (B,) and AGP (B,) it
was demonstrated that the immune response was
significantly higher compared to the control group
at week 4. Though the mean antibody titer at 2, 6, 8,
10 and 12 weeks of age did not differ significantly
among the groups (B, B,, B, and B), it was evident
that a higher mean antibody titer was achieved in
B, and B, groups. Therefore, it is indicative that
vitamin C and probiotics could achieve a beneficial
effect on the immune response during vaccination
in Japanese quails. This is in agreement with other
research reports that supplemented vitamin C (27)
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and probiotics (28), thus achieving considerably
higher levels of mean antibody titers compared to
other supplemented diets. The beneficial effect of
vitamin C could be due to its antioxidant properties,
protecting immature lymphocytes from free
radicals thus enhancing immune response (29). The
beneficial effects of the probiotic-supplemented
group could be ascribed to its immunomodulatory
role on the antibodies (30). Similarly, Maassen
et al. (31) stated that probiotics of Lactobacillus
strains significantly enhanced the IgG response.
Cheng et al. (32) reported that probiotics enhanced
cell-mediated immune responses in broilers
by modulating macrophage activity. However,
the exact immunomodulatory mechanisms of
probiotics have not yet been fully explained. It is
supposed that they may act by stimulating different
immune-cells (33, 34).

The effect of dietary supplementation on
lymphoid organs relative weights (g/kg) (spleen,
thymus and bursa) was found to be significant. The
probiotics group (B,) had higher lymphoid organ
weights. Willis et al. (35) reported an increase in
the relative weight of spleen in broilers fed with
probiotics which is in agreement with the current
study findings. Similarly, Khan et al. (36) reported
higher weights of the thymus as a result of probiotic
feed supplementation due to its effects on the
immune system. Kumar et al. (37) reported higher
weight of bursa in treatment groups supplemented
with probiotics compared to control and AGP
supplemented groups. In the current study, the
lymphoid organs had higher weights in the vitamin
C supplemented group (B,) compared to the control
(B, and AGP (B,) supplemented groups. This was
in agreement with Bhatti et al. (27) who reported
higher weights of bursa, spleen and thymus in
group treated with vitamin C+E, but no comparison
was made with probiotics supplemented groups.
This study found an insignificantly high correlation
level between feed-supplementation of vitamin
C (B,) and probiotics (B,) with antibody titer in
Japanese quails which could be explained due to
the small sample size.

CONCLUSION

The virus strains of ND vaccines used in the
current study had a small variation in the efficacy of
antibody production in quails. The VG/GA vaccine
strain-induced insignificantly higher antibody titer
compared to B1, LaSota and F. The vaccine was more
effective when used with feed-supplementation of
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vitamin C. Similarly, supplementation of probiotics
was more effective than AGP which resulted in
higher antibody production and significantly
higher lymphoid organ weight gain in Japanese
quails. Therefore, the VG/GA strain of ND vaccine
used with feed-supplementation of vitamin C or
probiotics can boost the antibody titer against ND
in Japanese quails. Further studies should assess
the efficacy of other ND vaccine strains in different
environmental and climatic conditions in poultry
as well as the immune-modulatory effects of feed-
supplementation of vitamin C and probiotics.
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