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Fifty broiler chicks were divided into five groups to study the antiviral and immune-stimulant effect of
Allium cepa essential oils (ACEO). The effect of Allium cepa essential oils administration single or com-
bined with NVD vaccine in broilers, more than one parameter was studied in this study i.e., the clinical
symptoms that appeared on the chicks after the experimental infection with velogenic Newcastle disease
virus, postmortem lesions, pathological lesions scoring, mortality rate (MR), and viral shedding, birds
immunity was assessed by HI test and protection percent post-challenge with vNDV. Our result showed
that mild clinical signs, lesion scoring, decreased viral shedding in ACEO treated groups 3 (G 3) more than
control groups post-challenge with vNDV. Delayed onset of mild clinical signs in G3 followed by complete
recovery 7th-day post-challenge (DPC). LowMR (40 and 0%) and high protection percent (100 and 60%) in
ACEO treated G3 and G5, respectively. spleen, thymus, cecal tonsil, proventriculus, and cerebrum lesions
scoring in G3 and G5 were significantly ((p � 0.05).) lower than the control group, proving a decrease in
NDV replication and effective antiviral activity of ACEO. HI titer significantly increased (p � 0.05) In G3,
G4 and G5 compared with control groups. There is no significant difference in HI titer in ACEO treated
groups and vaccinated groups. In conclusion, oral administration of ACEO combined with NDV vaccines
significantly reduces or eliminates lethal clinical signs, lesions, viral shedding, and enhances immune
response and protection percent after vNDV challenge proving the natural antiviral and immune stimu-
lant effect of ACEO onion extract. Implementing such a regime might aid NDV control in broiler flocks in
endemic areas and reduce the epidemiological load of NDV in the environment.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Newcastle disease is one of the most dangerous diseases that
affect poultry and one of the most widespread and it also results
in heavy economic losses. The cause of this disease is the New-
castle virus, which joins the Paramyxoviridae family, avian orthoa-
vulavirus 1 genus. From the time of 1st isolation of NDV in Egypt in
19480s has become a problem facing the poultry sector in Egypt
(Rima et al., 2019). Assessment of the commercial vaccines and
raising the immunity of birds by some natural materials were rec-
ommended. Recently, there has been a great interest in biologically
active plant extracts especially, in Europe, Japan, and USA (Jafari
et al., 2011). The onion (Allium cepa L.) is a well-known and grown
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all over the globe. In traditional medicine, onions have been used
to cure and prevent a variety of illnesses and disorders since
ancient times (Ebesunun et al., 2007). Onion is a worldwide
cultivated bulbous plant whose bulbs have many organic sulphur
compounds i.e., S-methylcysteine sulfoxide, Trans-S-(1-propenyl)
cysteine sulfoxide, Spropylcycteine sulfoxides and flavonoids,
cycloallicin, phenolic acids, sterols as stigmasterol, cholesterol,
b-sitosterol and saponins, these compounds have antiviral,
antibacterial, antifungal, antiparasitic, antioxidant and anti-
inflammatory (Goodarzi et al., 2013). And it has been proven that
onion extract has the ability to inhibit the action of the Newcastle
virus, as it is possible to inactivate the activity of NDV haemagglu-
tination of LaSota strains and Hitchner-B1 (Abo-Zeid, 1989). Onion
extract may reduce the mortality rate in birds infected with the
Newcastle virus, also it has an effect on the rate of weight gain of
birds (Nadia et al., 1991). Onion and garlic flavonoids have a signif-
icant inhibitory effect on virus replication, phytochemicals used
these plants have been found to prevent the virus from forming
protein and genetic material (Zandi et al., 2011). The primary flavo-
noids found in onions are kaempferol and quercetin. Many viruses
have been shown to be affected by these compounds (Kumar and
Pandey, 2013). Onion extracts appeared useful in reducing New-
castle Disease virus infection by preventing the virus from attach-
ing to the cell (Harazem et al., 2019). Onion’s antiviral properties
have been related to ribavirin, allicin, zalcitabine, and quercetin
(Chen et al., 2011).

This study aims to find out the effect of ACEO administration
single or combined with NVD vaccine in broilers.
2. Materials and methods

2.1. Ethics statement

All national and institutional applicable instructions for the care
and use of animals were followed. The protocol and procedures
employed were reviewed and approved by the ZU-IACUC commit-
tee with the approval number of ZU-IACUC/2/F/27/2021.
2.2. Birds, vaccines and antiviral agent

A total of 50 one-day-old commercial Cobb chicks purchased
from a local hatchery in Egypt, were used. Two commercial New-
castle disease virus vaccines (MEFLUVAC-H9ND-16, and LaSota
strain) were used according to the manufacturer’s recommenda-
tions. ACEO natural antiviral agent supplied by Dr. Abdel Basset
El-Gamal, Pharmaceutical Division, National Research Center,
Egypt. Allium cepa mature bulb, fresh green bulb and green stalk
1Kg (each) were subjected to hydro-distillation by using Linkers-
son apparatus for 12hrs (Harazem et al., 2019) . For extraction of
essential oil, the distilled steam of each part was extracted twice
with petroleum ether (2 � 150 ml). The organic layer was dried
over anhydrous sodium sulfate, which on the removal of the sol-
vent afforded pale-colored oil. Dried oil was stored in an air-tight
amber-colored bottle at 4⁰C in the refrigerator (Shahzad et al.,
2009; Armenta et al., 2015).
2.3. Challenge virus

All groups were challenged at 36 days old with virulent NDV
(accession no. MZ029052) strain recently isolated from chicken
flocks via nasal cavity (0.2 ml) containing 106.5 EID50.
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2.4. Experiment design

This study was designed to find out the effect of ACEO
administration single or combined with NVD vaccine in broilers
by comparing the effect of each of them alone or together via eval-
uation parameters as HI test, virus shedding assay, and pathologi-
cal scoring system. Therefore, 50 Cobb chicks purchased from local
hatchery were divided into 5 groups, starting from the age of one
day, where group 1 (G1) was negative control (non-vaccinated,
non-treated with ACEO), G2 positive control (non-vaccinated,
non-treated, and experimentally infected), G 3 (vaccinated and
treated with ACEO), G4 (vaccinated only), and G5 (treated with
ACEO only) all groups experimentally infected except G1.

2.5. Vaccine regime

Inactivated vaccine at 1 day old, 0.5 ml via s/c rout, followed by
lasota in drinking water at 9 day old and 15 day old all groups chal-
lenged at 36 day old via nasal rout.

2.6. Sampling

Birds were monitored daily; blood samples were collected
weekly. After experimental infection, clinical symptoms were
recorded and three tracheal swabs were collected from each group
at 3, 5, and 7th DPC for evaluation of viral shedding. At the end of
experiment three birds were slaughtered from each group for post-
mortem examination and tissue samples were collected and placed
in formalin for histopathological examination.

2.7. Hemagglutination inhibition (HI) Test

HI test was used to monitor humoral immune response for each
experimental group according to the Office International des Epi-
zooties (OIE) manual (OIE., 2015).

2.8. qRT-PCR for virus shedding

The viral genomic RNAs of the selected Tracheal swabs were
extracted using QiAamp Viral RNA Mini kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions,rRT-PCR
was carried out by a commercial Quantitect Probe rRT-PCR kit
(Qiagen, Inc., Valencia CA). The forward, reverse Primers and probe
were used after (Wise et al., 2004). Real-time rRT-PCR was per-
formed in the Stratagene 3005P MXpro Real-Time PCR System
(Stratagene, USA). A triplicate of 8.5–10-fold dilutions of challenge
NDV were used to generate a standard curve using stock virus dilu-
tions. The point at which the curve crosses the horizontal threshold
line is defined as Ct, we plotted virus log10 titers of a sample
against the Ct value, where the best fit line was constructed. ND
virus quantity in unknown samples was derived by planning the
Ct of an unknown against the standard curve and were expressed
in log10 EID50/mL equivalents.

2.9. Histopathological examination

Different Tissue samples from different birds were collected
during postmortem examination and fixed in 10 % formalin; after
that is processed according to (Bancroft J. D and Layton C, 2013).

2.10. Statistical analysis

Shapiro-Willk test was used to test the data normal distribu-
tion. Compare between means for HI data were conducted by
one-way ANOVA and subsequent Duncan’s multiple range test
(Duncan, 1955). A non-parametric test called Kruskal Wallis Test
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was used to determine the statistical differences between
histopathological lesion scores. Probability values of<5%
(p < 0.05) were considered significant, differences between groups
were analyzed using one-way ANOVA with Tukey’s post hoc test. A
probability (p) value � 0.05 was considered statically significant
(Amer et al., 2020).
3. Results

3.1. Clinical signs and postmortem examination

Birds in group 1 at 3rd, 5th, and 7th day post challenge (DPC)
exhibit no clinical signs, which reflect negative control status. In
group 2, experimentally infected birds showed depression, foamy
conjunctivitis and some birds show diarrhea at 3rd DPC. The clin-
ical signs begin to increase in severity by five and 7th DPC with
greenish diarrhea, nervous manifestation with decrease of feed
intake, and high MR% (100 %). No clinical signs appeared in G3 at
the 3rd DPC followed by slight depression, mild respiratory dis-
tress and mild transient diarrhea at the 5thDPC that quickly disap-
peared with complete recovery and mortality rate (MR) zero % at
7th DPC. In G4 mild clinical signs appeared early at 3rdDPC, then
eye lesions disappeared at 5th day, while mild respiratory distress
and diarrhea still recorded at7th DPC. Group 5 revealed mild
depression, mild eye lesions, and mild respiratory distress at the
3rd DPC, which became moderate at the 5th-day post-challenge
and still recorded till the 7th day DPC with 40 % MR with high pro-
tection percent than control group.

Postmortem examination of G2 revealed that presence of heam-
orrhage at proventriculus tips (Fig. 1A), inflammation and heamor-
rhage in cecal tonsils (Fig. 1B), as well as necrosis and ulcer in
intestine (Fig. 1C), this lesion indicated virulent Newcastle disease
virus infection agreed with (Capua and Alexander, 2009), this
lesion not found in G3, G4 but found in mild form in G5.
3.2. Virus shedding following challenge with NDV at 35 days of Life

Birds in experimental groups (G3, G 4 and G5) showed unde-
tected virus shedding at 3rd DPC. Viral shedding not detected in
vaccinated birds treated with ACEO at 3rd, 5th and 7th DPC with
vNDV. Treatment of unvaccinated chicks (G5) with ACEO onion
extract led to the significant decrease of viral shedding (p � 0.05)
compared with the control group, as shown in (Table 1).
Fig. 1. Postmortem lesions in different organs of Cobb chicken after experimental infecti
dpc in challenged bird from group 2 (G2); B: showing inflammation and heamorrhage in
ulcer at 7th dpc in challenged bird from group 2 (G2).
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3.3. Histopathological examination

Birds in group 1 (control –ve) showed standard structure and
had no histopathological lesions from collected organs until the
experiment end (Fig. 2A-Fd). While other examined groups (G1
to G5) showed various pathological lesions recorded as following:
3.3.1. Spleen
Depletion of lymphocytes with multifocal coagulative necrosis

(Fig. 3-a, Fig. 4-a and Fig. 5-a) were observed in G 2, G 3 and G 4,
in addition to mild to moderately congested blood vessels and
multifocal hemorrhage, especially in G 4. In contrast, G 5 showed
typical architecture.
3.3.2. Thymus
The thymus of G 2,3 and 5 exhibited moderate to severely

congested blood vessels and hemorrhage in cortex and medulla
(Fig. 3-b, Fig. 4-b and Fig. 6-b), while G3 showed mild depletion
of thymocytes in medulla Figure (4-b).
3.3.3. Proventriculus
The proventriculus of G 2, 3, 4, and 5 showed hemorrhage, con-

gestion, edema and inflammatory cells infiltration in mucosa and
submucosa with severe interglandular congestion and hemorrhage
in villi (Fig. 3-c, Fig. 5-c and Fig. 6-c). The proventriculus of G 3
showed lymphocytes infiltration in the glandular layer (Fig. 4-c).
Moreover, endotheliosis of blood vessels was shown in G 4
(Fig. 5-c).
3.3.4. Cecal tonsil
Cecal tonsil of G 2 and G 5 showing hyperplasia of lining epithe-

lium with activation of goblet cells, and hemorrhage in some villi,
accompanied with cystic crypt containing necrotic tissue, and
depletion of lymphocytes with granulocytes infiltration (Fig. 3-d,
Fig. 6-d). G3 showed depletion of lymphocytes in lamina propria
with severe focal necrosis (Fig. 4-d). Cecal tonsils of G 4 showing
severe hemorrhage in lamina propria (Fig. 5-d).
3.3.5. Trachea
The trachea of G 2, G 3, G 4 and G 5 showed hyperplasia of lining

epitheliumwith the proliferation of mucous glands, and thickening
of mucosa due to edema, severe congestion, especially in G 2 and
lymphocytes infiltration as showed in (Fig. 3-e, Fig. 4-e, Fig. 5-e
and 6-e).
on with virulent NDv; A: showing heamorrhage at proventriculus glands tips at 7th
cecal tonsils at 7th dpc in challenged bird from group 2 (G2); C: showing intestinal



Table 1
Virus shedding of experiment groups after challenged with NDV genotype VII accession no., MZ029052 at 3rd, 5th and 7th DPC (Mean + SEM).

Group/ DPC 3rd day post challenge (DPC) 5th DPC 7th DPC

TS % CT value TS % CT value TS % CT value
G1 0/3 0% 0.00 0/3 0% 0.00 0/3 0% 0.00
G2 3/3 100% 23.6 ± 0.48c 3/3 100% 20.0 ± 0.48c 3/3 100% 16.9 ± 0.40b
G3 0/3 0% ND 0/3 0% ND 0/3 0% ND
G4 0/3 0% ND 2/3 66% 38.0 ± 0.00a 2/3 66% 37.0 ± 0.58a
G5 0/3 0% ND 2/3 66% 29.4 ± 0.00b 2/3 66% 35.5 ± 0.29a

a–b- Mean values within the same row with different superscript letter are a statistically significant difference at (p � 0.05). # there is an inverse relationship between the CT
value and the virus titer in the samples, the higher the CT, the lower the virus titer.

Fig. 2. Histopathological lesion of group 1; 1-a: Spleen showing apparently normal structures H&E X100. 1-b: Thymus showing apparently normal structures H&E X200; 1-c:
Cecal tonsil showing apparently normal structures H&E X100. 1-d: Proventriculus showing apparently normal structures H&E X100. 1-e. trachea showing apparently normal
structures H&E X200; 1-f Cerebrum showing apparently normal structures H&E X200.

Fig. 3. Showed pathological lesions in G2 2-a: Spleen showing focal coagulative
necrosis H&E X200. 2-b: Thymus showing severe congested blood vessels in cortex
and medulla H&E X1002-c: Cecal tonsil showing hemorrhage in villi H&E X200. 2-d:
Proventriculus showing severe intraglandular congestion H&E X200. 2-e: Trachea
showing hyperplasia of lining epithelium with proliferation of mucous glands, and
thickening of mucosa due to edema and lymphocytes infiltration H&E X200. 2-f:
Cerebrum showing perivascular cuff, lymphocytes aggregation in Virchow’s space
bordered the blood vessels H&E X400.

Fig. 4. Showed pathological lesions in G3 3-a: Spleen showing multifocal depletion
of lymphocytes H&E X200. 3-b: Thymus showing depletion of thymocytes in
medulla, congestion and granulocytes infiltration H&E X200. 3-c: cecal tonsil
showing severe depletion of lymphocytes, hemorrhage with extensive necrosis H&E
X100. 3-d: Proventriculus showing lymphocytic nodules in glandular layer H&E
X200. 3-e: Trachea showing thickening of mucosa due to edema, congestion and
mononuclear cells infiltration H&E X200. 3-f: Cerebrum showing congested blood
vessels H&E X200.
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3.3.6. Cerebrum
The cerebrum of G 2 showing perivascular cuff, lymphocytes

aggregation in Virchow’s space bordered the blood vessels
(Fig. 3-f). Cerebrum G 4 and G 5 showed mild perivascular edema
(Fig. 5-f, Fig. 6-f) with mild focal degeneration of neutrophils.
Mildly congested blood vessels were shown in G 3 (Fig. 4-f).

3.4. Pathological lesion scores of infected groups at 7th DPC

There is a significant decrease (p � 0.05) in pathological lesion
scoring in ACEO treated groups G3 and G5 compared with the con-
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trol group (G2), especially lymphoid organs thymus, spleen, cecal
tonsils and proventriculus beside brain tissue (cerebrum), indicat-
ing lowered NDV multiplication, effective antiviral and immune
stimulant influences of ACEO onion extract against NDV experi-
mental infection (Table 2).
3.5. Humeral immune response result (HI test)

In 1 day old, all groups HI assay revealed no significant
(p � 0.05) difference between each other as they have the same



Fig. 5. Showed pathological lesions in G4. 4-a: Spleen showing multifocal hemor-
rhage and depletion of lymphocytes H&E X100. 4-b: Thymus showing multifocal
hemorrhage in cortex and medulla H&E X100. 4-c: Cecal tonsils showing hemor-
rhage in lamina propria H&E X200. 4-d: Proventriculus showing congested blood
vessels, endotheliosis and edema in submucosa H&E X200. 4-e: Trachea showing
sloughed epithelium with congested blood vessels and edema and few inflamma-
tory cells in lamina propria H&E X200. 4-f: Cerebrum showing mild congested blood
vessels with perivascular edema H&E X200.

Fig. 6. Showed pathological lesions in G5. 5-a: Spleen showing apparently normal
structures H&E X100. 5-b: Thymus showing severe congested blood vessels and
hemorrhage with interstitial edema and pronounced depletion of thymocytes H&E
X100. 5-c : Cecal tonsil showing showed hyperplasia of lining epithelium with
proliferation of goblet cells, and dilatation of few crypts containing necrotic tissue
H&E X100. 5-d: Proventriculus showing edema, congested blood vessels in
submucosa H&E X200. 5-e: Trachea showing hyperplasia of lining epithelium with
edema and mononuclear cells infiltration in lamina propria, with desquamated
epithelium and inflammatory cells in the lumen H&E X100. 5-f: Cerebrum showing
mild congested blood vessels with perivascular edema H&E X100.
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maternal immunity, which begins to decrease till 2nd and 3rd
week of age. From the 3rd to 5th weeks of age, the HI titer signif-
icantly increased (p � 0.05) In G3, G4 and G5 compared with con-
trol groups. There is no significant difference in HI titer in ACEO
treated groups (G3 and G 5) compared with vaccinated groups
(G4) at the 6th week of age (Table 3).
Table 2
Pathological lesion scores of infected group at 7th dpi. (Mean + SEM).

Group/ organ Spleen Thymus Trachea

G1 0.00 ± 0.00c 0.00 ± 0.00b 0.00 ± 0
G2 2.00 ± 0.00 a 2.33 ± 0.33 a 2.00 ± 0
G3 2.00 ± 0.00 a 0.33 ± 0.33b 1.67 ± 0
G4 1.00 ± 0.00b 0.00 ± 0.00b 1.67 ± 0
G5 0.67 ± 0.33b 0.00 ± 0.00b 1.67 ± 0
Test Statistics a,b

Chi-Square 13.236 11.894 9.333
Df 4 4 4
Asymp. Sig. 0.010 0.018 0.053

a–b- Mean values within the same row with different superscript letter are a statistica
significant difference (Asymp. Sig. = 0.010, 0.018, 0.053, 0.016, 0.041 for Spleen, Thy
insignificant difference (Asymp. Sig. = 0.060) for Cerebrum histopathological scores. a. K
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4. Discussion

Some viral diseases that infect animals cause great losses in
production and economies of some countries (Swelum et al.,
2020). The ND VII is the most prevalent in poultry farms in Egypt,
causing heavy losses, despite of the intensity of the vaccine’s pro-
grams, which forced the need for continuous evaluation and per-
manent search for natural plant alternatives to enhance bird’s
immunity and diseases resistance (El-Saadony et al., 2021). Onion
is one of the most important of these plants and widely produced
in Egypt which is used for this purpose. Economic losses resulted
from NDV field infection due to clinical signs, pathological lesions
and high mortalities after field challenge with NDV. In this study,
vaccinated group (G4) and vaccinated treat group (G3) have mild
clinical signs, postmortem lesions, and no mortalities (zero %).
Miller et al. (2013) showed no symptoms appeared in the vacci-
nated birds except for some mild conjunctivitis. And these findings
contradicted Landman et al. (2017) results which indicated that
post vaccinal reactions that led to an increase in deaths and the
emergence of respiratory symptoms. G5 and G3 treated with ACEO
showed mild clinical signs, pathological lesions with low mortali-
ties post NDV challenge compared with the untreated control
group (G2) this may explained by a few of the health benefits of
Allium cepa as it has anti-toxic, antibacterial effects, anticarcino-
genic characteristics, anti-asthmatic, antithrombotic, antiplatelet
activity, and the capacity to control detoxification systems
(Griffiths et al., 2002; Armenta et al., 2015). Delayed mild clinical
symptoms (as it appeared after 5th dpc when compared with
G2) that quickly disappeared with complete recovery recorded in
ACEO treated G3 indicating the antiviral, anti-inflammatory, and
immune-modulatory effect of ACEO onion extract. Many studies
previously recorded those essential oils contain potent anti-
inflammatory properties that inhibit the metabolism of inflamma-
tory prostaglandins (Krishan and Narang, 2014). These anti-
inflammatory properties may explain the delayed onset and rapid
disappearance of mild clinical signs and lesions post-NDV chal-
lenge in ACEO treated chickens. Also Peana et al. (2003) showed
that essential oils have anti-inflammatory, pain-relieving, or
edema-reducing properties, also Dorrigiv et al. (2021) showed that
Allum cepa is a chelating agent with antioxidant effect, anti-
inflammatory, apoptosis suppression effect and signaling path-
ways modulation activity, which may explain the significant
decrease (p � 0.05) in pathological lesions scoring in ACEO treated
groups G3 and G5 compared with the control group (G2), espe-
cially in lymphoid organs thymus, spleen, cecal tonsils and proven-
triculus beside brain tissue (cerebrum), indicating lowered NDV
multiplication, antiviral and immune stimulant influence of ACEO
onion extract against NDV experimental infection, these results
Cecal tonsil Proventriculus Cerebrum

.00b 0.00 ± 0.00b 0.00 ± 0.00c 0.00 ± 0.00b

.00 a 3.00 ± 0.00 a 2.33 ± 0.33 a 2.00 ± 0.00 a

.33 a 0.00 ± 0.00b 1.00 ± 0.00 a,b,c 0.33 ± 0.33b

.33 a 0.00 ± 0.00b 1.67 ± 0.33 a,b 1.00 ± 0.58 a,b

.33 a 1.00 ± 0.58b 0.67 ± 0.67b,c 0.33 ± 0.33b

12.246 9.965 9.061
4 4 4
0.016 0.041 0.060

lly significant difference at (p � 0.05). Kruskal Wallis test revealed a statistically
mus, Trachea, Cecal Tonsils, and Proventriculus, respectively). The test revealed
ruskal Wallis Test; b. Grouping Variable: group



Table 3
HI antibody titer of infected group from 1 day old to 6 weeks old (Mean + SEM).

G / days 1 day 1w 2w 3w 4w 5w 6w

G1(-ve) 7 ± 0.58a 4.7 ± 0.33a 1.7 ± 0.33b 0.67 ± 0.33b 0.00 ± 0.00c 0.00 ± 0.00b 0. 0 ± 0.00d

G2(+ve) 7 ± 0.58a 4.7 ± 0.33a 1.7 ± 0.33b 0.67 ± 0.33b 0.00 ± 0.00c 0.00 ± 0.00b 8. 0 ± 0.58a

G3 7 ± 0.58a 5 ± 0.00a 3.7 ± 0.33a 4.7 ± 0.88a 6.0 ± 0.58a 6. 0 ± 1.00a 4. 0 ± 1.00c

G 4 7 ± 0.58a 5 ± 0.00a 3.7 ± 0.33a 4.7 ± 0.88a 5.3 ± 0.67a 5. 7 ± 0.67a 4.3 ± 0.33b,c

G5 7 ± 0.58a 4.7 ± 0.33a 1.7 ± 0.33b 1.8 ± 0.33b 2.3 ± 0.33b 1. 0 ± 0.58b 6. 0 ± 0.58b

a–b-c Mean values within the same row with different superscript letter are a statistically significant difference at (p � 0.05). SEM: Standard Error of Mean.
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agreed with the result of Harazem et al. (2019) reported Onion
extracts were effective in decreasing infection of Newcastle Dis-
ease virus by blocking of the receptors and prevent the attachment
of the virus with the host cell. Administration of ACEO orally in G3
and G5 promote chicken immune response with a significant
increase (p < 0.05) in HI titer more than the control group.
Rahman et al. (2019) showed that dietary supplementation of
Allium cepa L, had a significant positive effect (p < 0.05) on antibod-
ies titer against NDV virus, Infectious Bronchitis (IB), and Infectious
Bursal Disease (IBD) in all treated groups. Onion extract ACEO
treatment increase the HI titer in G3 and G5 compared with control
groups with low MR and high protection percent (100 % and 60 %),
respectively, after vNDV challenge. In the last decade, many studies
highlighted the use of essential oils in conjunction with vaccina-
tion programs, including infectious bronchitis (IB), Newcastle dis-
ease, and infectious bursal disease. These studies show that
essential oils plant extract promotes antibodies production and
enhances bird immune response and efficacy of vaccination regi-
men (Faramarzi et al., 2013). The phenolic-rich onion extract
(Allium cepa L.) can improve the birds’ welfare, antioxidant
enzymes activity, and immune status (Omar et al., 2020). Some
essential oils positively influence the avian immune system since
they promote the production of immunoglobulins (Alagawany
et al., 2021; El-Tarabily et al., 2021), enhance lymphocytic activity,
and activate interferon-c release (Gopi et al., 2014; Krishan and
Narang, 2014). The results of Raza et al. (2015) explained that her-
bal medicine plants might combat viral infections due to their
immunostimulatory properties; numerous plants enhance the
host’s immune system increase their effective antiviral defenses.
5. Conclusion

Oral administration of ACEO onion extract alone and/or sequen-
tially with NDv vaccines can reduce or eliminate the lethal clinical
signs, pathological lesions, enhance chicken immune response and
protection percent, proving the natural antiviral and immune stim-
ulant effects. Administration of onion extract orally removes or
reduces the destructive NDv symptoms and lesions, especially in
lymphoid organs and brain tissue, with low mortalities. Imple-
menting ACEO consecutively with NDV vaccines significantly
decreases NDV shedding, reducing the epidemiological ND viral
load in the environment and effective disease control in endemic
areas.
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