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INTRODUCTION

Newcastle disease (ND) and avian influenza (AI) are 
considered the most serious diseases affecting poul-

try flocks worldwide. The both viruses are major concerns 
of bird husbandry causing severe economic losses to the 
poultry industry. These can be controlled by vaccinal strat-
egies of birds at risk (Veits et al., 2006; Capua and Alex-
ander, 2009). This successful intervention control strategy 
can be achieved by application of both live and inactivat-
ed virus vaccines (Gallili and Ben-Nathan, 1998; Swayne 

and King, 2003). Despite the wide use of the commercially 
available vaccines, in some cases, they are less effective for 
many reasons such as for immature or elderly individu-
als, environmental stress and immunosuppression (Beard 
and Mitchell, 1987; Saif, 1998; Maeda et al., 2004; Skow-
ronski et al., 2008). Therefore, there is a necessity to im-
prove the current immunization strategy applied with the 
both currently available ND and AI vaccines in order to 
enhance the host protection against virus infection. This 
improvement can be achieved by application of alternative 
and complementary approaches such as the usage of some 
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natural herbal extracts.

Natural products have been used for their economical and 
medicinal values, including solving of many emerging 
health issues (Abdel-Daim et al., 2013; Abdel-Daim et al., 
2014). There are growing evidences that medicinal herbs 
and their ingredients can enhance the immune responses 
to vaccination against infectious diseases (Liu and Xiao, 
1992; Rajput et al., 2007). Co-administration of herbal 
extracts with vaccine showed an increase in antibody re-
sponse as well as enhancement in the proliferative response 
of T cells (Hu et al., 2003; Sun et al., 2007). Furthermore, 
they can promote the effective use of feed nutrients which 
may subsequently result in rapid body weight gain (BWG), 
high production rates and improved feed efficiency (Ghaz-
alah and Ali, 2008).

Large amounts of active constituents can also be found in 
essential oils of the medicinal plant. Essential oil of Origa-
num heracleoticum L (Syn.O. vulgare L) plant characterized 
by a high phenolic content (69.55% Carvacrol and 4.09% 
thymol) and two monoterpene hydrocarbons, γ-terpinene 
and cymol (3.05 and 10.57% of the total oil, respectively) 
(Mathlouth et al., 2012). Interestingly, oregano essential oil 
(OEO) can exert an anticoccidial effect against Eimeria 
tenella (Giannenas et al., 2003), growth promoting effects, 
antioxidant activity, displayed potent antibacterial effects 
against cecal E. coli in broilers and improve broiler immune 
response (Roofchaee et al., 2011). Feed supplementation 
with thymol and carvacrol enhanced performance, in-
creased antioxidant enzyme activities, retarded lipid oxi-
dation, enhanced the activities of digestive enzymes, and 
improved immune response of broilers (Hashemipour et 
al., 2013).

Chickens exhibit a robust induction of type I interferons 
(IFNs) in response to infection by a variety viruses, such 
as NDV or AIV (Staeheli et al., 2001). Type I IFNs, α and 
β, serve as the primary trigger of a host’s innate immune 
response against viral infection by stimulating a signaling 
pathway that includes more than 300 IFN-stimulated 
genes (ISGs) in mammals (Der et al., 1998) such as Myxo-
virus resistance 1 (Mx1), IFN-stimulated gene 15 (ISG15), 
IFN-stimulated gene 12 (ISG12) and 2′-5′-oligoadenylate 
synthetase (2′-5′OAS) and IRF-7 (Haller et al., 2007). 

This study was planned to throw the light on the effect of 
commercially prepared OEO (Ropadiar®) on the growth 
performance, humoral immune responses to ND and AI 
vaccines in broiler chicken. Furthermore, the expression of 
chicken interferon-alpha signaling pathway involved genes 
(Mx1, IRF7 and IFN-alpha) in the spleen of experimental 
birds was analyzed using quantitative RT-PCR.

MATERIALS AND METHODS

Birds and Diet
This study was carried out using 120 one-day-old Cobb 
chicks obtained from El-Shorouk Poultry Company. Birds 
were reared in a naturally ventilated open house with saw 
dust as litter and at a density 10 birds/m2. Continuous 
lighting was provided throughout the experiment. The 
starting temperature was 33°C then decreased gradually 
2°C each week until reach 21°C at the 6th week. Birds were 
fed on antibiotic free experimental diet, (Starter, grower 
and finisher) (Table 1) which formulated to meet the nu-
trient requirements set by the National Research Council 
(1994) and water supplied ad libitum. 
 
Table 1: Physical and chemical composition (%) of the ex-
perimental diets used in experimental stages

Experimental diets 
Starter
(0-21 day)

Grower
(22-35 day)

Finisher
(36-45day)

Yellow Corn, 7.9% 57 62 68.5
Soybean meal, 46.3% 25.75 23.5 19.00
Corn gluten, 59% 6.4 3.9 3.7
Fish meal, 64.6% 3.6 3.65 2.6
Soybean oil 3.5 3.2 2.5
Calcium carbonate 1.2 1.2 1.2
Calcium dibasic 
phosphate

1.5 1.5 1.5

Common salt 0.3 0.3 0.3
Premix 0.3 0.3 0.3
Dl-Methionine, 98% 0.2 0.2 0.18
Lysine,Hcl,78% 0.15 0.15 0.12
Toxenil 0.1 0.1 0.1
Calculated Composition
ME*,Kcal/kg 3200.64 3194.28 3202.29
CP, % 22.82 20.73 18.32
EE, % 6.132 5.933 5.368
CF*,% 2.415 2.402 2.371
Ca*, % 1.209 1.206 1.143
Available Phospho-
rus*,%

0.466 0.461 0.428

Lysine*,% 1.306 1.227 1.027
Methionine*,% 0.653 0.603 0.542

ME: Metabolizable energy; CP: Crude protein; EE: Ether 
extract; CF: Crude fiber; CP and EE were chemically analyzed 
according to procedures of AOAC (2002); * Calculated according 
to NRC (1994).

Ropadiar® Solution 20 %
This is the commercial preparation of 200 g Origanum es-
sential oil (60.2% carvacrol+ 4% thymol), 200 ml propylene 
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glycol, 400 ml polysorbate 80 E 433 and purified water up 
to 1 litre. It is a product of Ropapharm International, Ron-
deTocht 48 1507 CK Zaandam - Netherlands. 

Vaccines 
BIO VAC® ND-IB, the freeze-dried live vaccine against 
Newcastle disease and infectious bronchitis, contains at 
least 106.5 EID50 and 103.5 EID50 of B1 strain of NDV 
and H120 strain of IBV respectively. CEVAC® IBD L, 
contains the Winterfield 2512 strain of infectious bursal 
disease virus in live, freeze dried form. VOLVAC® AI – ND, 
inactivated oil emulsified Avian Influenza virus Type A, 
subtype H5N2, A/CHICKEN/MEXICO/232/94/CPA 
strain and Newcastle Disease, minimum titer for Avian In-
fluenza: 107.6 EID50/dose and for Newcastle: 108.2 EID50/
dose. VOLVAC ® ND LaSota MLV, freeze dried modified 
live virus vaccine, contains at least 105.5 EID50/dose.

Experimental Design
On arrival the chickens were weighed and randomly al-
located into four equal groups; A, B, C and D. Each con-
taining three replicates (10 chicks\each replicate). Birds of 
all groups were vaccinated via intraocular route (I/O) with 
BIO VAC® ND-IB vaccine and orally with the CEVAC® 

IBD L vaccine at 2nd and 12th days of age, respectively. Birds 
of groups (B, C and D) were vaccinated with VOLVAC® 
AI -ND (0.5 ml s/c at the middle part of the neck) and 
with VOLVAC® ND LaSota MLV (I/O) at the 9th and 16th 
day of age, respectively. Birds of groups (C and D) were 
orally treated with 1 and 2 ml of OEO /20 liter drinking 
water respectively (0.005 and 0.01%). The drug was used 
intermittently for 3 days (at age of 5-7, 15-17, 25-27 and 
36-39 days). Five birds, from each group, were bled weekly 
at 17th, 24th, 31th, 38th and 45th days of age from the wing 
vein and the blood was used for serum separation. Three 
birds of each group were slaughtered at 17th, 19th and 45th 
days of age and the spleens were immediately and asepti-
cally removed for the RNA isolation. Birds were weighed 
at 1, 8, 15, 22, 29, 36 and 45th day of age and the average 
weekly gain was calculated as the difference between two 
successive weekly weights of birds. The feed was weighed 
back on 8, 15, 22, 29, 36 and 45th day of the experiment. 
Total feed consumption and feed conversion ratio (feed in-
take: weight gain) were determined on the 45th days of the 
experiment. Ten birds from each group were separated for 
the challenge experiment.
 
Challenge with Velogenic Viscerotropic 
Newcastle Disease Virus (vvNDV)
Ten birds from each group were challenged with vvNDV 
(Sheble and Reda, 1976) at 37th day of age. The birds were 
challenged with 106 EID50/IM/ bird and monitored for 
ten days post challenge to record the clinical signs and 
mortality rate. 

Hemagglutination Inhibition (HI) Test
The micro-HI test was carried out using 8 HA units of 
the LaSota vaccine strain of NDV and 4 HA units of the 
AI (H5 subtype) hemagglutination inhibition test antigen 
(EGY/PR8-1 strain, HVRI) as well as 1% chicken red 
blood cells. Serum samples were initially diluted into either 
1/2 or 1/5 for AI or NDV, respectively, and a duplicate of 
twofold dilution series of each tested serum were prepared. 
Ab titers were expressed as log values of the highest recip-
rocal of the dilution which showed hemagglutination inhi-
bition. All tested serum sample were pretreated at 56°C for 
30 min to inactivate the non-specific agglutinin.

RNA Isolation and cDNA Preparation 
Total RNA was extracted from 30 mg of spleen tissue us-
ing (RNA-spinTM cell and tissue RNA purification kit) 
(iNtRON) according to the manufacturer’s protocol. The 
isolated RNA was transcribed into cDNA using Maxime 
RT PreMix kit (iNtRON) according to the manufacturer’s 
instructions.

Quantitative Real-Time PCR
All amplifications were performed on a Rotor-Gene Q 
instrument (Qiagen, Germany). Relative gene expres-
sion levels of Mx1, IFNα and IRF7 were quantified using 
β-actin as endogenous controls and normalized to the un-
treated control sample as a fold change and RealMOD™ 
Real-time PCR Master Mix Kit (2X). The amplification 
was performed using The quantitative PCR for Mx1, 
IFNα, IRF7 and β-actin were performed using the specific 
forward and reverse primers indicated in Table 2. Before 
applying the reaction, a standard curve assay and a disso-
ciation curve assay were performed to determine the am-
plification efficiency of the used primers and to investigate 
if there was any non-specific amplification, respectively.

Table 2: Sequence of the oligonucleotide primers used in 
quantitative real-time PCR
Gene Sequences
IRF7  F5’- CAG TGC TTC TCC AGC ACA AA −3’

 R5’- TGC ATG TGG TAT TGC TCG AT −3’
Mx1 F5’- AAC GCT GCT CAG GTC AGA AT −3’

 R5’- GTG AAG CAC ATC CAA AAG CA −3’
IFNα F5’- CCA GCA CCT CGA GCA AT −3’

R5’- GGC GCT GTA ATC GTT GTC T −3’
β-
actin 

F5’- CCC CCG TGC TGT GTT CCC ATC TAT 
CG −3’
 R5’- GGG TGC TCC TCA GGG GCT ACT 
CTC AG −3’

Statistical Analysis
The logarithm2 mean titer (log2) of NDV and AIV-HI 
antibody responses to NDV and AIV as well as growth 
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Table 3: Effect of both doses of OEO on body weight of broilers
Groups Days

1 8 15 22 29 36 45
A 50±0.00 120±4.7b 224 ±5 c 392±26.3b 930±127.6 1407±198 1784±194.3
B 52±1.2 138±6.2a 261±8.86b 507. ±47.6 a 979±94.6 1452±96 1904±104.7
C 48±2 128±4.6ab 287±13.2 ab 518±27.4 a 947±72.4 1303±123 1774±72.7
D 50±1.58 142±3.7a 297±12.1 a 467±17.2 ab 810±84.3 1210±124 1835±159.6

One hundred twenty chickens were allocated into equal four groups; A (non-vaccinated, non-treated), B (vaccinated, non-treated), 
while group C and D were vaccinated and orally treated with 0.005 and 0.01% OEO, respectively. The drug was used intermittently 
for 3 days (at age of 5-7, 15-17, 25-27 and 36-39 days). Birds were weighed at 1, 8, 15, 22, 29, 36 +and 45th day of age. Different 
letters indicate a significant difference with (P ≤0.05).

Table 4: Effect of both doses of OEO on body weight gain of broilers
Groups Weeks

1 2 3 4 5 6
A 70±4.7b 104±3.3b 168±18.6 538±89.9 477±28.1 377±54.7b

B 86±6.2a 123±12 ab 246±54.6 472±50 473±53.6 452 ±50.3 ab

C 80±3.5ab 159±16 a 271±55.7 426±61.5 357±72.27 471±60.2ab

D 92±4.6a 155±15 a 170±17.1 343±45.2 380±65.45 625±91.3 a

One hundred twenty chickens were allocated into equal four groups; A (non-vaccinated, non-treated), B (vaccinated, non-treated), 
while group C and D were vaccinated and orally treated with 0.005 and 0.01% OEO, respectively. The drug was used intermittently 
for 3 days (at age of 5-7, 15-17, 25-27 and 36-39 days). Birds were weighed at 1, 8, 15, 22, 29, 36 and 45th day of age and the average 
weekly gain was calculated as the difference between two successive weekly weights of birds. Different letters indicate a significant 
difference with (P ≤0.05).

Table 5: Effect of OEO on total feed consumption, total 
gain and total feed conversion ratio (FCR) in broilers

Parameters
Treatments Total feed (g) Total gain (g) Total FCR
A 3261 1734±194.3 1.9±0.2
B 3663 1852±104.9 2±0.1
C 3259 1764±99.1 1.85±0.1
D 3311 1765±160.5 1.9±0.2

One hundred twenty chickens were allocated into equal four 
groups; A (non-vaccinated, non-treated), B (vaccinated, non-
treated), while group C and D were vaccinated and orally treated 
with 0.005 and 0.01% OEO, respectively. The drug was used 
intermittently for 3 days (at age of 5-7, 15-17, 25-27 and 36-
39 days). Feed was weighed back on 8, 15, 22, 29, 36 and 45th 
day of the experiment. Total feed consumption and total feed 
conversion ratio (feed intake: weight gain) were determined at 
45th day of the experiment. 

performance parameters were compared between groups 
via one way ANOVA test. The cytokine data were analyzed 
using Welch’s t –test. 

RESULTS

Effects of OEO on Chicken Growth 
Performance 
A significant improvement on a bird’s body weight was 
displayed by OEO treatment at 8, 15 and 22 days of age 

(Starter period) (Table 3). On the other hand, no growth 
trait was observed at 29, 36 and 45 days of age. At the 
1st and 2nd week of age, the lower and higher dose treated 
birds had the highest and statistically significant weight 
gain (P ≤0.05) compared with the control birds. Moreover, 
at the slaughter time the higher dose of OEO induced the 
highest and statistically significant weight gain (P ≤0.05) 
compared with the control birds (Table 4). However, all 
the differently treated groups exerted nearly the same to-
tal feed intake, total BWG and total feed conversion ratio 
(Table 5).

Effects of OEO on HI Antibody Responses 
Post NDV Vaccination 
As shown in Figure 1, the OEO treated groups (C and 
D) had the highest statistically significant (P ≤0.05) NDV 
HI-Ab titers compared with the control group at 7, 14, 21 
and 28 days post NDV vaccination. The increase in NDV 
HI-Ab titer was statistically significant (P ≤0.05) at 28th 
days post vaccination in lower dose treated group com-
pared with group B. While the increases in NDV HI-Ab 
responses were statistically significant (P ≤0.05) at 7, 21, 
14 and up till 28 days post vaccination in Gp D compared 
with group A & B. Marked increases in the HI-Ab re-
sponses, as early as 7 days post vaccination, when the birds 
administrated the higher dose of the oil compared with the 
lower dose.
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Effects of OEO on HI Antibody Response Post 
AI Vaccination
As shown in Figure 2, the OEO treated groups (C and 
D) had the highest AI HI-Ab titers compared with the 
non-treated groups, at 22 and 29 days post vaccination. 
The higher dose of the oil exerted a higher immune re-
sponse compared with the non-treated and lower dose 
treated groups, at 15 up till 36 days post vaccination.

Figure 1: Specific NDV-Hemaaglutination inhibition Ab 
responses post NDV vaccination and treatment with OEO
One hundred twenty birds were allocated into 4 groups. 
Chickens of group A were kept non vaccinated non treated and 
chickens of group B, C and D were vaccinated with live LaSota 
vaccine (I/O) at 16th day of age. Chickens of groups C and D 
were vaccinated and orally treated with 0.005 and 0.01% OEO, 
respectively. The drug was used intermittently for 3 days (at age 
of 5-7, 15-17, 25-27 and 36-39).

Figure 2: Specific AI-Hemaaglutination inhibition Ab 
responses post AIV vaccination and treatment with OEO
One hundred twenty birds were allocated into 4 groups. Chickens 
of group A were kept non-vaccinated non-treated and chickens 
of group B, C and D were vaccinated with inactivated AI vaccine 
(0.5 ml s/c at middle part of the neck) at 9th day of age. Chickens 
of groups C and D were vaccinated and orally treated with 0.005 
and 0.01% OEO, respectively. The drug was used intermittently 
for 3 days (at age of 5-7, 15-17, 25-27 and 36-39).

Figure 3: Gene expression of the interferon inducible 
genes Mx1 (a), INRF7 (b) and interferon-alpha (c) post 
NDV vaccination and treatment with OEO
One hundred twenty birds were allocated into 4 groups. Chickens 
of group A were kept non-vaccinated non treated and chickens 
of group B Chickens of group A were kept non vaccinated non 
treated and chickens of group B, C and D were vaccinated with 
live LaSota vaccine (I/O) at 16th day of age. Chickens of groups 
C and D were vaccinated and orally treated with 0.005 and 
0.01% OEO, respectively. The drug was used intermittently for 3 
days (at age of 5-7, 15-17, 25-27 and 36-39). Three birds of each 
group were slaughtered at 17th, 19th and 45th day of age and the 
spleens were used for RNA isolation. The statistical analysis was 
done using Welch’s T test (*P< 0.001)
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Effects of OEO on Chicken Interferon-Alpha 
Signalling Pathway Post NDV Vaccination
Three chickens of interferon-alpha signalling pathway 
components were selected to be analysed post NDV vac-
cination, Mx1 (antiviral gene), IRF7 (transcriptional fac-
tor and interferon inducible gene), Interferon-alpha (sig-
nalling inducer).No significant up-regulation in the Mx1 
level was observed post NDV vaccination alone in all the 
measurable time points. However, at 29 days post vaccina-
tion, the high dose treated group (GpD) exerted a higher 
level of Mx1 transcripts which was nearly about two fold 
up-regulation compared with the control group (Gp A) 
(Figure 3a). Regarding IRF7, NDV vaccination by itself 
(Gp B) exerted up-regulation in the IRF7 levels at 3 and 
29 days post vaccination compared with the non-vaccinat-
ed group (Gp A). This up-regulation was statistically sig-
nificant (P< 0.001) only at 29 days post NDV vaccination. 
The treatment of birds with OEO induced a dose depend-
ent and statistically significant (P< 0.001) up-regulation of 
IRF7 transcripts at 3 and up to 29 days post NDV vacci-
nation (Figure 3b). Vaccination with NDV by itself (Gp B) 
could induce a statistically significant elevation (P< 0.001) 
in chicken interferon-alpha transcripts as early as 1st day 
post vaccination. However, this elevation was transient and 
did not last up to 29th day post NDV vaccination. Amongst 
the differently treated group, the highest level of chick-
en interferon-alpha level was detected in the higher dose 
treated & NDV vaccinated bird (Gp D) at 1st and 3rd post 
NDV vaccination.

Protective Effect of OEO and NDV 
Vaccination from Challenge with vvNDV
In order to evaluate the protective efficacy of the OEO in 
combination with NDV vaccination, ten birds from each 
group were infected with 106 EID50 of vvNDV at 37th day 
of age. 

Ten days post challenge with vvNDV, with or without sup-
plementation of OEO, all the Newcastle disease vaccinat-
ed birds with both live and inactivated vaccines had 100% 
protection rate against challenge with the very virulent 
strain compared with the non vaccinated birds which had 
100% mortality rate. However, only one bird from group B 
(vaccinated only) showed nervous manifestation in the 9th 
day post challenge.

DISCUSSION

Viral infection represents a major threat to poultry indus-
try; hence many potential hazards can enhance the risk of 
it. One of those hazards is immunosuppression problem 
which can be arising from many reasons such as immu-
nosuppressive infectious diseases, mycotoxin and excessive 
use of certain antibiotics. Therefore, the use of the naturally 

existed immunostimulants such as herbal essential oils may 
have a positive impact to reduce such problem and mod-
ulate the bird immune responses. This positive impact and 
immunomodulation effect of the herbal essential oils could 
be attributed to their antioxidant, antimicrobial and antivi-
ral properties (El-Sheikh and Galal 2015; Abdel-Daim et 
al., 2015; Sokmen et al., 2004).

In the present study, the effects of oral supplementation 
of commercially prepared OEO (60.2%carvacrol+ 4% thy-
mol) on the bird immune system and body performance 
were studied. Two different doses were tested and com-
pared together with the non-treated birds. Oral supple-
mentation with the two different doses of OEO resulted 
in a significant improvement of the bird’s body weight at 8 
and 15 days of age as well as higher and statistically signif-
icant weight gain (P ≤0.05) compared with control treated 
birds. The mechanism of phytobiotic essential oils for im-
proving the productivity performance of broilers might be 
caused by improvements in feed utilization (Mocar et al., 
2010), which promote better sedimentation of muscle pro-
teins (Zheng et al., 2009), stimulation of appetite, diges-
tive and absorption enzymes (Christaki et al., 2011) or the 
stimulating effect on Lactobacillus proliferation (Roof-
chaee et al., 2011). The results of the current study were 
strengthened by those of Hashemipour et al. (2013) who 
reported that, the dietary inclusion of thymol + carvacrol 
increases the body weight gain and feed efficiency.

In accordance to previous study which stated that thy-
mol+carvacrol increased BWG from 1 to 42 days of age 
but decreased digesta viscosity (Hashemipour et al., 2014). 
Therefore, in addition to their antimicrobial activity 
(Wenk, 2000) thymol and carvacrol can significantly im-
prove bird performance via their down regulatory effect on 
digesta viscosity (Hashemipour et al., 2014).

The results reported for total feed intake and total body 
weight gain in this study are in accordance with those of 
Roofchaee et al. (2011) who found that dietary supple-
mentation of OEO to the broilers had no effect on total 
feed intake and total body weight gain. 

The current study revealed that the highest NDV and AI, 
HI-Ab responses were elicited when the birds were orally 
supplemented with OEO in the drinking water, especial-
ly in case of the higher dose 2ml/20 liter drinking water. 
These results may be attributed to the potent antioxidant 
properties of thymol & carvarcol combination that elevate 
the chicks’ immune responses (Gabor et al., 2010; Feizi 
and Nazeri, 2011). Our results were strengthened by those 
of Hashemipour et al. (2013) who found that, continuous 
dietary application of thymol + carvacrol has a potential 
humoral immunostimulant activity in broilers by increas-
ing hypersensitivity response, total and IgG anti-sheep red 
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blood cell titers. Another study was performed to study 
the effect of Zataria multiflora essential oil (thymol and 
carvarcol combination) on NDV-HI specific Ab of broil-
er chickens (Mosleh et al., 2013). The authors of the later 
study concluded that Zataria multiflora essential oil in-
duced a dose-dependent increase in NDV-HI specific Ab 
titers in an extent higher than levamisole, another potent 
immunostimulat.

Chicken cytokines, such as chicken interferon-alpha, are 
important compounds which are believed to play a role in 
the control of avian viral infection (Abdelwhab and Hafez, 
2001). Currently, oral administration of chicken interfer-
on alpha either alone or expressed in a vector considered 
as an alternative approach to control important avian viral 
infection such as NDV and Highly pathogenic influenza 
viruses (HPAIV) (Rahman et al., 2012). The interferon al-
pha mediated antiviral effect exerts from its downstream 
activation of interferon-alpha signaling pathway which 
leads to production of several interferon stimulated genes, 
such as IRF7, and virus restriction factors, such as Mx1. 
Therefore, in the present study, three gene were selected to 
be evaluated; chicken interferon alpha, chicken interferon 
regulatory factor 7 and Mx1 in respect to NDV vaccina-
tion and natural immunomodulator (OEO).

In the present study, the vaccination with NDV and treat-
ment with OEO, induced a dose dependent up-regulation 
of IRF7 transcripts at 3 and up to 29 days post NDV vac-
cination. Additionally, chicken interferon-alpha transcripts 
of the same birds were detected as early as 1st day post vac-
cination, but did not last up to 29th day post NDV vacci-
nation, especially in the higher dose treated birds (Gp D).

Despite of the early detection of the Mx1 transcripts in the 
differently treated groups, there was no significant up-reg-
ulation in the Mx1 level post NDV vaccination alone in all 
the measurable time points compared with the non-vac-
cinated birds. In a previous study, there was no detection 
of Mx1 transcripts in the spleen of live NDV vaccinated 
chickens (Hassanin et al., 2014). The latter could be ex-
plained by the differences in the vaccination schedule be-
tween the two studies.

Only, at 29 days post vaccination, the higher dose treat-
ed group (GpD) exerted a higher level of Mx1 transcripts 
which was nearly about two fold up-regulation compared 
with the control vaccinated group which may be attributed 
to the effect of both inactivated AI vaccine and oregano 
essential oil treatment.

In this study, we have used a combination of live and in-
activated NDV vaccine in order to imitate the field con-
dition in the Egyptian poultry farms. Challenged vacci-
nated birds, either supplemented with OEO or not, had 

100% survival rate compared with the non-vaccinated 
birds which had 100% mortality rate. On the other hand, 
supplementation of OEO could protect the bird from the 
appearance of clinical signs probably due to its immuno-
modulatory impact on releasing avian cytokines. 

In conclusion, OEO has a positive regulatory effect on 
both bird performance and immune responses. The oral 
supplementation of 0.01% OEO has a positive impact on 
immune responses against vaccination with both AI and 
NDV vaccine. It can exert stimulation for the interfer-
on-alpha signalling pathway components in the chicken 
spleen which considered as antiviral agents.
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