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ABSTRACT

This experiment was carried out to survey the antibody levels against
Newcastle disease virus (NDV) and the morphology of ileal villi of broilers
in commercial farms. Based on antibiotics and feed additives used, farms
were classified in 3 groups as follows (1) Group I was supplied with
antibiotic, probiotics and prebiotics; (2) Group II were supplemented
with antibiotic, probiotics, prebiotics and organic acids; and (3) Group
III was supplied with antibiotic and probiotics. In each farm, ten chicks
were sacrificed at day 1, and five chicks were sacrificed at 7, 14, and 28
days old. A total number of 225 Ross 308 broilers at 1, 7, 14 and 28
days of age were selected randomly from nine farms for the titration of
antibody against NDV by using Hemagglutination inhibition assay (HI).
Furthermore, total 54 ileum samples of chickens on 14 and 28 days old
were also collected for measurement of intestinal morphology. The present
study showed there were significant differences about the body weights
of broilers across farms within the same antibiotics, feed additives and
vaccination programs or among different groups at 7, 14 and 28 days of
age. However, at the age of 28 days, except Farm 1, 9 (Group I); 4 (Group
II) and 3 (Group III), the remaining farms did not meet the criterion of
chicken’s body weight. After ND vaccination for broilers at one day old,
the mean value of HI antibody titers gradually declined in the first two
weeks. Except for Farm 7 and 8, at 14 days old, the remaining farms
showed the low antibody titers under 3log2. No significant differences
about the antibody titers against ND virus were found in broilers at 28
days of age (P > 0.05) among farms. The findings suggested that the sup-
plementation of antibiotics, probiotics and/or prebiotics and/or organic
acids did not have any consistent effects on immune response to NDV and
body weights of broilers. However, the morphometric parameters of ileal
villi were improved and the positive correlations between body weight
and villi height or villi area in ileum segment were found in these chickens.
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(2022). Effects of dietary supplementation with antibiotic, organic acid, probiotic and prebiotic on
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1. Introduction

Newcastle disease (ND) has been known as
one of the most important worldwide disease
of poultry which could impact on the potential
economic of poultry industry. Newcastle disease

virus (NDV), the causative agent, was an avian
paramyxovirus type 1, belonging to the family
Paramyxoviridae (Mayo, 2002). The virulence of
NDV strains was specified by mean death time of
inoculated embryonated eggs, resulting in three
major pathotypes - lentogenic, mesogenic and vel-
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ogenic, of which the velogenic strains could cause
up to 100% morbidity and mortality in infected
birds (Munir et al., 2012). The World Organiza-
tion for Animal Health (OIE) indicated ND as an
OIE notifiable disease when it met certain criteria
of virulence (OIE, 2018). According to Dimitrov
et al. (2017), to prevent ND virus from contact-
ing poultry, strict biosecurity and administration
of efficacious vaccines should be used. The use of
antibiotics combined with strict biosecurity and
hygiene measures has helped the poultry indus-
try to grow by preventing the negative impacts
of many avian diseases (Gadde, 2018). However,
the failure of ND vaccination program and sub-
optimal levels of growth and productivity in poul-
try were found in the poultry farms where antibi-
otics have continued to be used widely (Ambali
et al., 2017). The over-use and misuse of antibi-
otics in animals and humans has led to increased
problem of antibiotic resistance (WHO, 2017). To
minimize the use of antibiotics in the poultry
industry, alternative applications have been re-
ported with an emphasis on providing nutrients,
modulating host immunity, inhibiting/preventing
pathogen intestinal colonization, and improving
intestinal barrier function. Besides preventing in-
fection or disease, those applications have been
indicated to improve the body weight, feed con-
version, and carcass yield (Houshmand et al.,
2012). This study was performed to investigate
the NDV titers and the morphology of intestinal
villi of broilers which were raised with diet con-
taining antibiotics, probiotics, prebiotics and/or
organic acids in field trip.

2. Materials and Methods

2.1. Animals and diets

Total of 225 Ross 308 broilers from nine differ-
ent farms in Ho Chi Minh City and surrounding
areas were sampled. Chickens were reared on in-
tensive indoor farms and fed ad libitum with com-
mercial feed (De Heus Vietnam feed company.
Ltd, Vietnam) ad libitum by nipples drinkers and
plastic feeders. Depending on antibiotics, feed ad-
ditives and vaccination programs were used, three
groups of farms were divided including Group I
with chickens from Farm 1, 2, 6, 7, and 9. The
diet in Group I contained antibiotics; prebiotics
consisting of 45% beta glucans, 27.3% malto -
oligosaccharides, > 20% d-Galactosamine, and <
10% d-Glucosamine (Celmanax® Liquid, USA);

probiotics (Clostat® SP Dry, USA, consisting
of at least 4.0 × 1011CFU Bacillus subtilis/kg);
Group II including Farm 4 and 8 were supplied
with antibiotics; prebiotics (Celmanax® Liquid,
USA); probiotics (Clostat® SP Dry, USA); and
organic acids including aqueous formaldehyde
37% solution and propionic acid (Sal curb®,
USA); and Group III including Farm 3 and
5 were supplied with antibiotics and probiotics
(Nutrilaczym, Vietnam) contained at least 3 ×
1010CFU Bacillus subtilis/kg); and Group IV or
Farm 5 was supplied with antibiotics and pro-
biotics (Pnbio-superzym, Vietnam), which con-
tained at least 1 × 108CFU Bacillus spp./g, at
least 1 × 106CFU Lactobacillus sp./g and at least
1 × 107CFU Saccharomyces sp./g). All details of
age of feed additives and vaccination programs
were shown in Table 1 and 2, respectively.

2.2. Sample collection, antibody titers against
NDV and histopathological examination

Birds were collected on 4 different days of age
for sampling. Day 1, ten chicks were collected
upon arrival from each farm; Day 7, 14 and 28,
five birds were randomly taken from each farm.
Each bird was weighed before sample collection.
A 2 mL volume of blood was collected from
the wing vein of each bird and the serum was
collected. There were 225 samples in total that
were used to detect antibodies against NDV us-
ing Hemagglutination Assay (HA) and Hemag-
glutination Inhibition Assay (HI). The tests were
carried out following the OIE instruction (OIE,
2018). A lentogenic ND antigen (LaSota strain)
was used as a standard antigen in the HA-HI test
for detection and titration of specific antibod-
ies against NDV. For convenience, the titer was
recorded as just the log index. For example, the
titer of 2log2 was recorded as two. The geometric
mean titers (GMT) were calculated. In this study,
the published cut off value for the protective HI
antibody titer (HI titer ≥ 3log2; i.e. GMT ≥ 3)
for ND vaccination in chickens was used (Alexan-
der et al., 2004; OIE, 2018).

Furthermore, ileum samples from 3 chickens
of 14 and 28 days of age from each farm were
also collected. Each sample was stored in a plas-
tic jar containing 10% buffered formalin solu-
tion at room temperature for histopathologic ex-
amination. From each tissue sample, 10 well-
oriented villi and crypts were examined using Im-
ageJ software (Schneider, 2012). These morpho-
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metric measures were utilized for the calculation
of the mean value of the height and width of ileal
villi; the depth and width of crypts; and the vil-
lus height to crypt depth ratios. Villus absorptive
surface area was calculated by using the formula:
Villus absorptive surface area = 2π × (average
villus width/2) × villus height (Sakamoto et al.,
2000).

Table 2. Vaccination schedules used in nine
farms

Age of
vaccination

(days of age) Vaccines (route) Groups
1 ND (SC) I, II, III
1 ND + IB (Spray) I, II, III
9 IBDV (SC) II
12 IBDV (DW) III
14 IBDV (DW) I
16 ND + IB (DW) I, III
18 ND + IB (DW) II

ND (SC): inactivated oil emulsion vaccine, Newcastle dis-
ease strain La Sota (subcutaneous)
ND + IB (Spray): live attenuated vaccine, NDV strain
Clone 30 + Infectious bronchitis virus strain Ma5
IBDV (SC): live immune complex infectious bursal disease
virus vaccine, Winterfield 2512 strain + antibodies against
Infectious Bursal Disease Virus (subcutaneous)
IBDV (DW): live vaccine strain Cu-1M; ND + IB (DW):
live attenuated vaccine, NDV strain B1 + IBV strain Mass
H120 (drinking water).

2.3. Statistical Analysis

Descriptive data were obtained and analyzed
by using Microsoft Excel. Data were expressed as
the mean values ± SD and analyzed by One-way
ANOVA using SPSS14 and Duncan’s multiple
range test that were used to compare the means.
Pearson correlation test was used to determine
the relationships between body weight and villi
height or villi area in ileum segment. Multivariate
regression was used to analyze the relationships
between body weight, antibody titers against
NDV, morphometric parameters and types of
feed additives. Significance was accepted at the
level of P < 0.05.

3. Results and Discussion

The day old body weight of broiler chicks
ranged from 44.2 ± 1.6 to 49.3 ± 3.0 g. As the
age increased, there were significant differences
about the body weights of broilers among farms
in one group and among groups (P < 0.05), (Ta-
ble 3). Compared to the reference for body weight
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of chickens by Aviagen (2019), Farm 1 (Group I)
and 4 (Group II) got the criterion of chicken’s
body weight at different age groups.

At the first day of age, the maternally antibody
titers ranged from 4 to 8.4 (log2). All birds of 1
day old and 7 days old were protected from NDV;
but the mean value of HI antibody titers of 7 days
old chickens of Farm 4 was 1.4 log2. At the age
of 14 days, Farm 7 (Group I) and Farm 8 (Group
II) had the mean HI antibody titers were ≥ 3log2,
while the remaining farms had the mean value of
HI antibody titers under 3log2. The obtained re-
sults revealed that, the mean value of HI antibody
titers gradually declined in the first two weeks
post vaccination when vaccination take place at 1
day old (Table 2). No significant differences about
the antibody titers against ND virus were found
across different farms in the same group or among
different groups at 14 and 28 days of age (P >
0.05). The seroconversion of birds at 28 days of
age after the second innoculation (around 16 and
18 days of age) were found in all these farms.

Antibodies against NDV were detected in the
serum starting at six days after live virus vac-
cination and peaks 2-3 weeks after vaccination
(Al-Garib et al., 2003) (Table 4). The lower the
% CV, the more uniform the distribution of titers
and the better the vaccination. At 28 days of age,
the proportions of birds protected from ND at
these farms were under 80% and the large CV
(Coefficients of Variance) ranging from 48.0% to
77.8% were found (except Farm 2, 3 and 7). In
addition, enrofloxacin showed no negative effect
on the immune response to NDV in chickens of
Farm 7 during this study (Group I). On the con-
trary, Sureshkumar et al. (2013) confirmed that
the significant reduction in HI antibody titers
against NDV of enrofloxacin administered birds
was found. According to previous studies, a high
proportion of birds (> 85%) with a high antibody
titre (≥ 3log2) after vaccination will ensure that
no epidemic spread is possible in vaccinated pop-
ulation (Kapczynski & King, 2005; Boven et al.,
2008). Deka et al. (2020) reported that the vac-
cination program for broilers should be tailored
according to the endemicity of the disease, biose-
curity level of the farm premises, and level of pas-
sively transferred immunity of the birds. There-
fore, the findings of this study suggested that the
proper time to start the first vaccination against
ND in flocks of broilers with maternal antibodies
should be considered.

All birds had increased villus height and crypt
width compared to the results of birds raised with
basal diet (Alshamy, 2018), (Table 5). The high-
est villi of broilers in Farm 1 (762; 845) and the
shortest villi of broilers in Farm 3 (441, at 14
days old) and Farm 6 (491, at 28 days old) were
found (Table 5; Figures 1 and 2). The elongation
of the villi increased the area of nutrient absorp-
tion (Awad et al., 2009); meanwhile, Adibmoradi
et al. (2006) reported that the ratio of the crypt
depths to the villi height was an indicator of the
digestive potential of the gut and might indicate
the maturity of the intestinal mucosa. The pos-
itive correlation between body weight and villi
height or villi area in ileum segment were investi-
gated in chickens at 14 (r = 0.3; 0.3) and 28 days
of age (r = 0.6; 0.5) among these farms. However,
at the age of 28 days, except Farm 1, 9 (Group
I); 4 (Group II) and 3 (Group III), the remaining
farms were not met the criterion of chicken’s body
weight (Aviagen, 2019). In this study, the supple-
mentation of antibiotics, probiotics and/or prebi-
otic and/or organic acid were supplemented for
these birds during the whole rearing period (Ta-
ble 1). The findings of this study showed the fluc-
tuation of the ratios of these birds was protected
from NDV, body weights as well as the mor-
phometric parameters of ileal villi across diferent
farms in the same groups or among groups. It
was likely that the supplementation of antibiotics,
probiotics, organic acids and prebiotics had no
clear effects on the increasing immune response
to NDV and body weights. Previous study in-
vestigated the the dietary supplementation with
probiotics (Bacillus subtilis) or prebiotics or or-
ganic acid or the combination of probiotics and
prebiotics improved the growth performance in
broilers (Bagal, 2016). However, Fernandes et al.
(2014) stated that the morphometric parameters
of intestine and broiler performance were not im-
proved by the supplementation of probiotic, pre-
biotic and organic acid during the rearing period.

Meanwhile, Santos & Turnes (2005) stated that
if probiotics, prebiotics, and organic acid were
used correctly along with nutritional, managerial
and biosecurity measures, they could be a pow-
erful tool in maintaining the health of the gas-
trointestinal tract of poultry, thus improved their
zootechnical performances.
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Table 3. Body weight of chickens (1) of nine farms (g)

Groups/ Farms
1 day of age
(X ± SD)

7 days of age
(X ± SD)

14 days of age
(X ± SD)

28 days of age
(X ± SD)

I

1 44.4a ± 2.6 198.8ab ± 17.5 521.4ab ± 60.5 1530.0b ± 130.4
2 43.8a ± 3.0 190.3bc ± 12.0 458.2bcd ± 26.2 1310.0cd ± 89.4
6 43.4a ± 6.2 93.8g ± 4.8 384.1de ± 14.6 1280.0d ± 130.4
7 48.5a ± 2.8 108.4fg ± 11.3 436.2cd ± 18.7 1340.0bcd ± 89.4
9 46.3a ± 2.7 156.1de ± 14.4 512.6abc ± 54.3 1510.0bc ± 102.5

II 4 46.7a ± 3.4 225.1a ± 17.8 579.3a ± 52.2 1760.0a ± 89.4
8 44.2a ± 1.6 131.7ef ± 14.0 509.0abc ± 45.6 1290.0d ± 74.2

III 3 49.3a ± 3.0 162.2cd ± 22.8 467.7bcd ± 20.7 1419.0bcd ± 85.8
5 46.4a ± 2.3 173.7bcd ± 5.8 333.4e ± 42.3 980.0e ± 75.8

Reference (2) 43 177 458 1413
(1)Numbers of birds sampled per farm: 1-day old, ten; the others groups of age, five
(2)Body weight of chicken by Aviagen (2019)
∗Values represented with same superscript letters for body weight of chickens did not differ significantly (P >
0.05).

Table 4. Newcastle disease virus hemagglutination inhibition antibody titer (log2)
Group I II III
Farm 1 2 6 7 9 4 8 3 5

1 day of age (n = 10)
X 8.2a 8.4a 6.2bc 4.7cd 7.1ab 4.0d 7.5ab 7.4ab 7.6ab

SD 1.2 1.0 1.6 0.8 1.1 0.5 1.4 1.4 1.5
CV% 14.9 11.5 26.1 17.5 15.5 13.4 19.1 18.2 19.8

Protection (%) 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
7 days of age (n = 5)

X 4.4a 5a 5a 3.8ab 4.6a 1.4b 4.4a 5.8a 3.6ab

SD 1.1 1.2 1.6 1.3 2.1 0.5 1.3 0.8 0.9
CV% 26.0 24.5 31.6 34.3 45.0 39.1 30.5 14.4 24.9

Protection (%) 100.0 100.0 100.0 80.0 100.0 0.0 80.0 100.0 40.0
14 days of age (n = 5)

X 1.8a 1.4a 0.8a 3.4a 2.0a 1.0a 3.0a 2.6a 2.4a

SD 1.1 0.5 1.3 2.0 0.7 0.0 3.36 0.9 1.5
CV% 60.9 39.1 163.0 61.0 35.0 0.0 98.9 34.4 63.2

Protection (%) 20.0 0.0 20.0 60.0 20.0 0.0 60.0 40.0 40.0
28 days of age (n = 5)

X 3.6a 4.6a 4.8a 5.6a 3.0a 3.4a 4.8a 5.6a 4.0a

SD 2.8 0.5 2.2 2.4 1.9 2.3 2.7 2.2 2.5
CV% 77.6 11.9 45.2 43.0 62.4 67.7 55.9 39.1 61.2

Protection (%) 60.0 100.0 80.0 100.0 60.0 60.0 80.0 100.0 80.0
∗Values represented with same superscript letters for a HI antibody titre (log2) did not differ significantly (P >
0.05)
n: numbers of birds sampled per farm.
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Table 5. Morphometric parameters of ileal villi (height and width) and crypts (depth and width)

Groups/
Farms

Villi (µm) Crypt (µm) Villus/
crypt
ratio

Villus
absorptive

surface area
Height

(X ± SD)
Width

(X± SD)
Depth

(X ± SD)
Width

(X± SD)
14 days old (n = 3)

I

1 762a ± 136 113bc ± 19 120cd ± 31 34b ± 8 6.4 270.5
2 593bc ± 171 97abc ± 25 205ab ± 40 44ab ± 11 2.9 180.7
6 544cd ± 67 94abc ± 15 154bcd ± 29 41ab ± 7 3.5 160.6
7 581bcd ± 100 94abc ± 22 167abc ± 28 42ab ± 14 3.5 171.6
9 626abc ± 62 120a ± 26 213a ± 44 43ab ± 7 2.9 235.9

II 4 706ab ± 81 101abc ± 23 201ab ± 33 36ab ± 9 3.5 224.0
8 619bc ± 63 80c ± 11 196ab ± 44 39ab ± 15 3.2 155.6

III 3 441d ± 70 88bc ± 27 109d ± 28 37ab ± 11 4.0 121.9
5 613bc ± 77 112ab ± 24 206ab ± 50 49a ± 11 3.0 215.7

Reference (1) 300 70 3.6
28 days old (n = 3)

I

1 845a ± 112 95abc ± 14 222bc ± 50 39a ± 10 3.8 252.2
2 754ab ± 149 109ab ± 20 192bcd ± 57 37a ± 9 3.9 258.2
6 491de ± 65 105abc ± 33 231b ± 62 46a ± 13 2.1 161.9
7 551de ± 99 98abc ± 20 347a ± 72 42a ± 11 1.6 169.6
9 584cd ± 80 96abc ± 25 147cd ± 38 39a ± 5 4.0 176.1

II 4 769ab ± 40 104abc ± 14 181bcd ± 56 43a ± 11 4.2 251.3
8 580cd ± 77 91bc ± 21 193bcd ± 28 38a ± 5 3.0 165.8

III 3 686bc ± 60 126a ± 21 137d ± 46 47a ± 9 5.0 271.5
5 533de ± 51 113ab ± 23 233b ± 51 38a ± 9 2.3 189.2

Reference (1) 390 75 4.8
n: numbers of birds sampled per farm

Reference (1): villus height and crypt width of birds raised with basal diet (Alshamy, 2018)
∗Values represented with same superscript letters for morphometric parameters of ileal villi (height and width) and crypts
did not differ significantly (P > 0.05).

Figure 1. Microscopic appearance of the highest villi height of (a) 14 days old chicken at Farm 4;
and the shortest villi of (b) 14 days old chicken from Farm 3. Villi were short and thinned

distribution (H&E, original magnification X40, Olympus CX40). Black line: villi height; blue line:
crypt depth.
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Figure 2. Microscopic appearance of the highest villi of (a) 28 days old chicken from Farm 1 and
the shortest villi of (b) 28 days old chicken from Farm 6. Villi were intact and finger-shaped (H&E,

original magnification X40, Olympus CX40). Black line: villi height; blue line: crypt depth.

4. Conclusions

During this study, both Farm 1 and 4 got the 
criterion of chicken’s body weight. At the age of 
14 days, this study showed the level of flock im-
munity against NDV was the low risk of NDV 
infection. These current results indicated that 
the morphometric parameters of intestine were 
improved and the positive correlations between 
body weight and villi height or villi area in ileum 
segment were investigated in these chickens; but 
it was hard to explain whether the supplemen-
tation of antibiotics, probiotic, prebiotic and or-
ganic acids for chickens in these farms had posi-
tive effect on the body weights of chickens as well 
as the antibody titers to ND or not.
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