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Background: The Vaccination programs to control avian influenza (AI) infection in poultry, have limitations due to the difficulty in 
differentiating the vaccinated and naturally infected birds AI vaccination would bring greater global acceptance if a reliable test, which 
could clearly distinguish the naturally infected and vaccinated-only animals (DIVA), was available. Since the nonstructural protein (NS1) is 
expressed in influenza infected cells, and it is not presented as a virion, it could be a proper candidate for DIVA differential diagnostic test.
Objectives: Vaccination programs for the control of avian influenza (AI) in poultry have limitations due to the problem of differentiating 
between vaccinated and virus-infected birds. The use of AI vaccination in poultry would have greater worldwide acceptance if a reliable 
test were available that clearly discriminated between naturally infected and vaccinated-only animals (DIVA). Because the nonstructural 
protein (NS1) is expressed in influenza virus–infected cells, and it is not packaged in the virion, it is an attractive candidate for a DIVA 
differential diagnostic test.
Materials and Methods: A total of 300 day-old broiler chicks (Ross 308) divided into three equal groups (1 to 3) .The chicks in group 1 
were immunized with killed AIV H9N2. The chicks in group 2 were infected with AI virus subtype H9N2. The chicks in group 3 were kept 
as controls and did not receive any vaccined or lived virus. Chicks sera were collected at day 42 usingrNS1-ELISA and Commercial ELISA kit.
Results: Designed ELISA test for detection of antibody against influenza NS1 could experimentally distinguish the chicks infected with AIV 
and chicks immunized with killed influenza viruswith93.3% sensitivity and 100 ℅ specificity. 3 weeks after infection or vaccination, sera 
from all two treated groups were positively tested using commercial ELISA kit (IDEXX). In contrast, by NS1-ELISA, only infected groups sera 
were tested and the result was positive, and all sera samples from the vaccinated group were NS1-antibody titer were evaluated and the 
result were negative.
Conclusions:: It was concluded that antibodies against AIV NS1 protein was only detected in the sera of chickens experimentally infected 
with AIV, not in the sera of chickens immunized with inactivated vaccine.

Keywords: Avian Influenza Virus (AIV); Nonstructural Protein (NS1); Antibody; ELISA

Implication for health policy/practice/research/medical education:
The study provides guidelines for researchers to develop the NS1-ELISA as a potentially valuable diagnostic technique to AIabolition and control programs 
and this specific ELISA for anti-NS1 antibodies may have diagnostic value in the poultry industries.
Copyright ©  2013, Ahvaz Jundishapur University of Medical Sciences; Licensee Kowsar Ltd. This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, pro-
vided the original work is properly cited.

1. Background
Influenza viruses are segmented, negative-strand RNA 

viruses belonging to the family of Orthomyxoviridae and 
they are divided in three major types, A, B, and C (1). All 
three types of influenza are found in humans, but only 
the Influenza type A viruses are found in birds and are 
called “avian influenza (AI) viruses”. Type A influenza vi-
ruses are divided into subtypes based on the antigenic 
properties of the major surface glycoproteins: the hem-
agglutinin (HA) and neuraminidase (NA) proteins. In 
total, 16 HA sub types (H1–H16) and nine neuraminidase 
subtypes (N1–N9) are described  at present (1). H9N2 virus 
shares similar receptor binding epitopes with human 
influenza viruses, witha broader host range, and human 
infections have been reported. In addition, the latency of 
H9N2 AIV infection in chickens caused this infection to 

be easily overlooked and increases the chance of human 
infection.

Although AI vaccines have been effective in provid-
ing protection against clinical signs and death among 
poultry (2-4), they are not commonly used as part of con-
trol and eradication programmes of LPAI or HPAI virus 
infections (3). For a number of reasons, including the 
concerns over poultry and poultry products trade em-
bargoes, quarantine and elimination of infected flocks 
(i.e. stamping out or controlled marketing) are often de-
sirable measurements to control AI. An additional limi-
tation is that traditional AI virus vaccines can interfere 
with serologic surveillance; hence, these vaccines induce 
antibodies that are indistinguishable from the antibod-
ies produce in live virus infected birds, as determined by 
commercial enzyme-linked immunosorbent assays (ELI-
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SAs), and hemagglutination inhibition assays (HAI) (5, 6). 
Therefore, the efforts have been focused on developing 
new serologic tools to allow differentiation of infected 
from vaccinated animals, which is commonly known as 
the DIVA strategy. 

For international commerce of vaccinated birds, the 
DIVA strategy needs to not only differentiate infected and 
vaccinated birds, but also to identify vaccinated AIV in-
fected birds. Several different DIVA strategies have been 
proposed (7), some of which require appropriate vac-
cines and specific companion serologic discriminatory 
tests (8-12). This sort of strategy is important to provide 
a guarantee to trading partners to safely trade influenza 
free  poultry products. The DIVA strategy has been ac-
cepted by some European countries in as an approach 
to monitor and provide assurance to the infection-free 
status of vaccinated poultry during an LPAI outbreak (7, 
13). One potential target for the DIVA strategy for avian 
influenza virus is the nonstructural (NS1) protein. The 
NS1 protein is encoded by the smallest gene segment of 
influenza virus, segment 8, and which has a critical role 
in suppression of interferon induction in the host cells 
that increases the virus replication efficiency (14). The NS1 
protein is a conserved protein amongst type A influenza 
viruses, but it compromises of two major subtypes, A and 
B, which differ by about 35%  of nucleotides (15).

The NS1 protein is produced during influenza virus rep-
lication in infected cells (12, 16), but it is not packaged into 
the infectious viral particle, being a true nonstructural 
protein. Because most AIV vaccines are mostly chemically 
inactivated, vaccinated animals theoretically should not 
express humoral response to the NS1 protein, but infect-
ed poultries secret anti NS1 antibodies at high levels. This 
NS1 DIVA approach was first proposed for equine influ-
enza viruses management, and purified NS1 protein was 
used to detect antibodies against NS1 in serum samples 
from ponies and horses experimentally infected with in-
fluenza virus (16, 17). Serologic studies on chickens and 
turkeys using an ELISA with AIV NS1 protein produced in 
Escherichia coli as antigen indicated that infected birds 
showed higher levels of NS1 antibody as compared to vac-
cinated birds (12, 18).

2. Materials and Methods

2.1. Chickens
A total of 300 day-old broiler chicks (Ross 308) were pro-

vided. All chickens were housed in 3 different places and 
breed under high standard condition.

2.2. Virus
The AI viruses used in this study (A/Chicken/Iran/AH-

1/06), subtype H9N2 were isolated from a broiler chicken 
flock in Ahvaz, with respiratory signs and mortality. These 
viruses were initially isolated in 10-day-old embryonated 

chicken eggs (ECE). They were sub typed by standard 
hemagglutination-inhibition and neuraminidase-inhi-
bition tests with polyclonal chicken antisera. The viruses 
were passaged in ECE and the allantoic fluids were har-
vested as stock viruses for further analysis.

2.3. Vaccines
AIV vaccine consisting of inactivated commercial AI vac-

cines, subtypes H9N2.

2.4. Experimental Design
The chickens divided into three equal groups (1 to 3) .The 

chicks in groups 1 were immunized subcutaneously with 
AIV H9N2inactivated virus in neck. The chicks in groups 2 
were intra nasally infected with infectious 0.2ml allanto-
ic fluid. The chicks in groups 3 were kept as control group 
and did not receive vaccine or live virus. Chicks sera were 
collected at day 42 used in ELISA test design.

2.5. Production and Purification of Recombinant 
NS1

Coding region of NS1 gene of avian influenza virus 
isolate (A/Chicken/Iran/AH-1/06), serotype H9N2 from 
a broiler chicken flock in Ahvaz, with respiratory symp-
tomsand mortality, was amplified using RT-PCR and was 
expressed in BL strain of E.coli after cloning in pMAL-C2X 
vector. For this purpose, several nucleotide sequence 
of the NS1 coding region (from nucleotide 27 to 680) of 
avian influenza virus subtype H9N2 were extracted from 
the Gene bank and the required primers were designed. 
The NS1 gene was subsequently amplified by RT – PCR. The 
vector, pMAL-C2X and the amplified NS1 gene, both were 
digested by Eco RI and PstI and ligated by T4 ligase. The 
recombinant construct was transformed into BL strain 
of E.coli and finally the purified recombinant vector and 
used for expression of NS1 protein. Viral ribonucleic acid 
(RNA) was extracted. A pair of primers was designed ac-
cording to the sequence of the influenza virus nonstruc-
tural protein (NS1) and a 654 base pair (bp) gene segment 
was amplified by reverse transcription-polymerase chain 
reaction (RT-PCR) with the template of influenza virus 
(H9N2) isolated.

NS1-specific primers forward: 5´-GCCGGAATTCATG-
GATTCCAACACTGTG-3´

NS1-specific primers reverse: 5´-GCCCCTGCAGC-
TACTTTGGAGAGAGTGT- 3´

The amplified DNA fragment sequences were searched 
in GenBank by using the basic local alignment search 
tool (Bioedit).to express the protein, E.coli clones of 
pMAL-C2X with the NS1 inserts were grown in LB broth, 
supplemented with glucose and 100 µg of ampicillin per 
mL at 37°C in a shaking incubator at 250 rpm. Isopropyl-
D-thiogalactopyranoside (1mM) was added to the culture 
(LB broth, supplemented with glucose and 100 µg of am-
picillin) with an absorbance of 0.5 aOD 600 nm and the 
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tubes were incubated for an additional 3 h. The culture 
fluid was centrifuged at 6000g for 10 min at 4°C in an SLA-
3000 rotor in a Sorvall RC 5B plus centrifuge. The super-
natants were discarded, and the cells were re-suspended 
in buffer containing 20 mM Tris-HCl (pH 7.4), 200 mM 
NaCl, and 1 mM EDTA. The cell pellet was thawed and lysed 
by sonication on ice at 15 W in 20 s pulses. The lysate was 
centrifuged in a Sorvall SLA-1500 rotor at 18000g for 30 
min at 4°C.

2.6. Chromatography
The lysate supernatant was loaded on to the amylose af-

finity resin in a Kontes column (10 by 1.75 cm). The col-
umn was washed with 2 volumes of column buffer, and 
the MSB-NS1 fusion protein was eluted with column buf-
fer plus 10 mM maltose. The fractions containing puri-
fied protein were collected, aliquoted, and stored at -80 
ºC.

2.7. SDS-PAGE and Western Blotting Assay
The purified protein was analyzed by 10% SDS-PAGE, 

identified either by dying directly with Coomassie bril-
liant R250 or transferred to nitrocellulose membrane 
for Western blot detection. The membrane was blocked 
over night at 4 ºC in PBS- Tween containing 5% skim milk 
Subsequently, the primary serum antibody of chickens 
infected with H9N2 AIVincubated for 1 h at room tem-
perature.

2.8. ELISA for NS1 Detection
Serum samples were diluted in titer tubes 1 day before 

the test. The diluent serum consisted of 5% (wt/vol) nonfat 
skim milk containing 2% normal E.coli cell lysate in PBS-
Tween. The E.coli cell lysate was removed from the serum 
diluent used onNS1 peptide-coated ELISA plates. E. coli 
cell lysate were added to the diluent serum to eliminate 
nonspecific reactions. The optimum dilution concentra-
tion of theNS1 protein for the ELISA test was obtained by 
checkerboard titration on a 96-well ELISA plate against 
known positive and negative samples. The highest anti-
gen dilution that saturated the plate and gave maximum 
contrast in terms of optical density (OD) between known 
positive and negative sera considered as the optimum di-
lution concentration. The optimum considered dilution 
was the highest antigen dilution that saturated the plate 
and gave maximum contrast in terms of optical density 
(OD) between known positive and negative sera. 

The experimental serum samples with the dilution of 
1:400were determined to produce an optimal level of 
sensitivity for detection of positive serum samples with 
low background in negative samples. Indirect ELISA was 
performed using the following procedure. Ninety-six 
well ELISA plates were coated with 0.299µg/well purified 
NS1 protein diluted in 100µL of coating buffer (0.1M car-
bonate/bicarbonate buffer, pH 9.6) per well. After an over-

night incubation, the plates were three times washed 
by PBS with 5% Tween, and the wells were blocked with 
300µL blocking buffer (PBS with 5% skim milk) and incu-
bated for 2 h at 37 ºC. The plates were washed four times 
by PBS with 5% Tween. Each test sample was 1:400 dilut-
ed in Sample Dilution Buffer (The serum diluent for the 
recombinant NS1 protein, ELISA consisted of 5% (wt/vol) 
nonfat skim milk containing 2% normal E.coli cell lysate 
in PBS-Tween) and 100 µL were added to the ELISA plate 
and incubated for 1 h at 37 ºC. 

The plates were washed four times by PBS with 5% Tween 
.peroxidase–conjugated to the goat anti-chicken antibod-
ies 1:10000 diluted in conjugate diluent Buffer (0.5% (wt/
vol) nonfat skim milk containing 1% rabbit serum in PBS- 
Tween) and 100 µL were added to each well and incubated 
for 1 h at 37 ºC. The plates were washed four times by PBS 
with5% Tween. After extensive washing, 3,3,5,5-tetrameth-
yl benzidine (TMB; Sigma)was added as substrate. the 
reaction was stopped with 1M HCl at room temperature, 
for 15min in a dark room.. Absorbency measurement was 
performed at 450 nm using a microplate reader (Milton 
Roy, England). The cut-off value was calculated from the 
result of 96 sera of control chickens using the optical 
density formula (OD) (2 X mean OD). A serum sample was 
considered positive when its OD was greater than the cut-
off.

2.9. Commercial ELISA
 We performed Commercial ELISA assay in u-bot-

tomed 96-well microtiter plates with commercial ELISA 
kit(IDEXX comanufactured in United States.).

2.10. Hemagglutination Inhibition Assay (HAI)
Beta procedure of hemagglutination inhibition (HAI) 

assays was performed in U-bottomed 96-well microtiter 
plates with 5% chicken erythrocytes (19).

2.11. Sensitivity and Specificity of NS1-ELISA
The 180 serum samples of immunized chickens and in-

fected chickens were all positive by HI assay. With rNS1-
ELISA, 84 out of 90 samples from infected chickens were 
positive and six samples were negative, and all 90 immu-
nized samples were negative .Using HI assay as the orien-
tation method, the sensitivity of the rNS1-ELISA was 93.3% 
(84 from 90) and its specificity was 100 % (90 from 90).

3. Results

3.1. Preparation of Recombinant NS1
The NS1 gene was cloned into a prokaryotic vector pMAL-

c2X and expressed in E. coli as the production of inclusion 
body. The expression product was about 66.4 kDa using 
SDS-PAGE (Figure 1). The protein was purified from inclu-
sion bodies and was subjected to Western blotting anal-
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ysis using chicken H9N2 AIV antiserum and goat-anti-
chicken secondary antibody. A single 66.4 kDa band was 
detected in the lysate of E. coli containing pMAL-c2X-NS1 
(Figure 2, lane 2), while there was no detectable band in 
the lysate of E. coli containing the vector plasmid (Figure 
2, lane1). Fractions 1-10 harvested from chromatography 
used as antigen for ELISA-NS1 test (Figure 3, lane 1-10). 

Figure 1. SDS-PAGE of Recombinant NS1 Protein Stained With Coomassie 
Brilliant Blue R250

Lane 1, protein molecular weight markers; lane 2, pMAL-c2X vector before 
inducedbyIPTG; lane 3, pMAL-c2X vector after induced by IPTG. lane 4, 
pMAL- c2X -NS1 expressed in E. coli.

3.2. Evaluation of NS1-Based Solid-Phase NS1-ELISA
The optimal conditions for the ELISA were first estab-

lished by checker board matrix titration. The amount 
of NS1 protein for coating ELISA plates were determined 
to be 0.299 µg/well. The serum dilution was 1:400 that 
best classifies positive and negative sera with minimized 
false-positive or negative results. All serum samples with 
rNS1-ELISA were evaluated. In order to determine the best 
cut-off point, all sera of the control group was tested at 
day 42. Kolmogorov Smirnov test showed that the opti-
cal density distribution in rNS1-ELISA is normal (P> 0.05) 
(Figure 4). One of the sera with an OD similar to the mean 
OD of sera was as a negative serum in the experiments 
and each serum that have at least twice selective Negative 
sera. OD were considered as positive. The cut-off rate was 

0.184 while examining 96 negative sera.  

Figure 2. Western Blotting of Recombinant NS1 Protein by AI-Positive 
Sera
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Lane 1, control of pMAL-c2X vector; lane 2, amplified protein of pMAL-c2X-
NS1 induced by IPTG.

Figure 3. Purification of Recombinant NS1 by Chromatography
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Lane M, protein molecular weight marker; lane 1- 10, purified NS1 protein 
in fractions

To increase specificity of the assay and reduce false posi-
tive results, which could be caused by antibodies to E. coli 
components, 2% E. coli lysate was added to the sample di-
lution buffer to absorb nonspecific antibodies against E. 
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coli (Figure 4). 
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Figure 4. Kolmogorov Smirnov Test Showed That the Optical Density Dis-
tribution in rNS1-ELISA Is Designed to Be Normal

The obtained results of commercial ELISA kit (IDEXX 
manufactured in United States) and NS1-ELISA detecting 
experimental chicken sera 100 broiler chicks (Ross 308) 
were intramuscularly immunized (day 21) with inacti-
vated viruses.100 broiler chicks were infected (day 21) 
by intranasal inoculation with H9N2 virus. The chicks 
collected Sera were assayed with commercial ELISA kit 
(IDEXX) and rNS1-ELISA. 3 wk after infection or immuniza-
tion, sera from all two treatment groups tested positive 
with commercial ELISA kit (IDEXX). In contrast, using NS1-
ELISA, only sera from infected groups were positive, and 
all sera samples from the immunized group were NS1-
antibody negative. Sera from all control chickens were 
negative in three assessment (Tables 1 - 4). 

Table 1. rNS1-ELISA Results of the Control and Treated Group 
Seruma

rNS1-ELISA Status Total

Treated Control

Positive 84 0 84

Negative 6 88 94

Total 90 88 178
aRelative sensitivity=(84/90)×100 93.3%; Relative specificity=(88/88)×100= 
100%; Accuracy=(84+88)/178×100=96.6%; Kappa statistic= 0.933; Positive 
predictive value=(84/84)×100=100%; Negative predictive value=(88/94) 
×100= 93.6%;Mc Nemar test  (P >0.05)

Table 2. rNS1-ELISA Method Results of the Serum of Control and 
Immunized Group

rNS1-ELISA Status Total

Immunized Control

Positive 0 0 0

Negative 90 88 178

Total 90 88 178

Table 3. Results of the Serum of Control and Treated Group in 
IDEXXa

IDEXX Status Total

Treated Control

Positive 90 0 90

Negative 0 88 88

Total 90 88 178
aRelative sensitivity=(90/90)×100=100%; Relative specific-
ity=(88/88)×100= 100%; Accuracy=(90+88)/178×100= 100%; Kappa 
statistic=1, Positive predictive value= (90/90)×100= 100%; Negative 
predictive value=(88/88) ×100= 100%;  Mc Nemar test (P > 0.05)

Table 4. Results of the Serum of Control and Immunized Group 
in IDEXX

IDEXX Status Total

Immunized Control

Positive 90 0 90

Negative 0 88 88

Total 90 88 178

4. Discussion
Since low pathogenic avian influenza (LPAI) virus infec-

tions are often asymptomatic in chickens and turkeys, 
the diagnosis requires serological monitoring. Most 
poultry diagnostic laboratories prefer to use the serolog-
ic AGP test because of its simplicity and broad specificity 
to detect type A influenza virus infections among poul-
try. AGP antibodies recognize conserved nucleoprotein 
(NP) and matrix (M1) influenza virus proteins presented 
in the sera of poultry exposed to AI virus and therefore 
can detect multiple subtypes of influenza A virus (20).
Other serological tests for AI including ELISA, which also 
measures the antibody responses to conserved internal 
proteins, and the subtype-specific HI assay (21). However, 
these standard serologic tests for AI virus exposure do 
not differentiate immunized and infected poultry when 
traditional vaccines are used (5). 

An improved serological assay for AI virus infections al-
lows the identification of infected poultry with AI virus, 
while it may correctly exclude animals that have been im-
munized with any subtype. In the mentioned diagnostic 
test, a conserved nonstructural protein that is not associ-
ated to virions and expressed in large amounts in influ-
enza virus-infected cells, were used (22). Following dilu-
tion of immune sera, the NS1 ELISA was an effective tool to 
screen the poultry sera for detection of AI virus infection. 
Although the NS1 protein is a weak antigen in compari-
son to other influenza virus proteins, but is remarkably 
conserved in type A influenza viruses (15, 23-25). Previous 
studies demonstrated that the NS1 protein could be de-
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tected in the sera of horses experimentally infected with 
the H3 subtype of influenza virus but not in the immune 
sera of animals immunized with inactivated viruses (16, 
17).

The inactivated whole-virus equine vaccine, used in the 
fore mentioned studies was partially purified, thus re-
moving residual NS1 protein that would be presented in 
the infectious medium. This allows the clear distinction 
between H3-vaccinated and H3-infected horses by using 
the NS1 protein as a differential marker (16, 17). Birch-
Machin et al. and Ozaki et al. described an ELISA applica-
tion that is capable to differentiate vaccine-induced AIV 
antibodies from infected-induced antibodies. Antibodies 
against AIV NS1 protein are considered as the most use-
ful marker of virus replication. The majority of collected 
sera from infected chickens, were positive, in contrast all 
the sera from vaccinated chickens were negative tested 
by NS1-ELISA and the sera from control chickens without 
previous exposure to AIV antigens by vaccination or in-
fection were also negative. 

The HI assay has been used as a conventional method 
of diagnosis to detect antibodies against influenza virus. 
However, the HI assay does not differentiate the antibod-
ies induced by infection and the vaccinated ones. Theo-
retically, chickens immunized with inactivated virus 
have produced antibodies against primarily structural 
proteins of virus, while chickens infected with LPAI vi-
rus produced antibodies against nonstructural proteins 
of AIV. Thus, methods detecting antibodies against non-
structural proteins of AIV shall serve as a mean of differ-
entiation. In the present study, we demonstrated that, by 
ELISA using prokaryotic (E.coli) recombinant NS1 as the 
antigen, anti-NS1 antibodies were only detectable in the 
sera of experimentally infected chickens but nothing 
were detected in the sera of vaccinated chickens. This ob-
servation was also reported by Tumpey et al. (12). 

The reported results of Tumpey et al. indicated that the 
use of a simple and specific ELISA for the serodiagnosis 
of infection with multiple LPAI virus subtypes to distin-
guish between infected poultry and vaccinated poultry. 
In this study animals inoculated with inactivated gradi-
ent-purified vaccines had no seroconversion to positiv-
ity of antibodies against NS1 protein, and animals vac-
cinated with commercial vaccines had shown a low, but 
detectable, levels of NS1 antibodies (12). The use of a sec-
ond ELISA with diluted sera identified as a diagnostic test 
that results in sero-positive for the antibodies against NS1 
protein  in infected birds (12). For the phase-field appli-
cation of this study, serum samples were collected from 
vaccinated and infected poultry, diluted, and screened 
for anti-NS1 antibodies (12). 

It has been observed that , the Field sera from poultry 
that received commercial AI killed viruses possesses an-
tibodies against AI virus, as measured by the standard 
agar gel precipitin (AGP) test, but they were negative us-
ing the NS1 ELISA (12). Conversely, diluted field sera from 
AI-infected poultry were positive for both AGP and NS1 

antibodies. These results demonstrated the potential 
benefit of a simple, specific ELISA for anti-NS1 antibodies 
with a diagnostic value in poultry industries (12).In a re-
cent study, this observation was also reported by Zhao et 
al. (18). In study of Zhao et al. NS1-ELISA test was used to 
detect antibodies against NS1 in serum samples in com-
parison to HI assay. To evaluate the specificity and sensi-
tivity of the NS1-ELISA, 99 serum samples were collected 
from experimentally manipulated chickens, including 72 
samples from chickens vaccinated with inactivated vac-
cine and 27 samples from chickens experimentally infect-
ed with live H9N2 AIV via the subcutaneous or intramus-
cular injection (18).The 99 serum samples are all positive 
measured by HI assay. Using NS1-ELISA, all the 27 samples 
from infected chickens were positive, and among the 72 
vaccinated samples, 68 tested negative and the rest, four 
samples, were weakly positive. Using HI assay as the refer-
ence method, the sensitivity of the NS1-ELISA was 100% (27 
from 27) and its specificity was 94.4% (68 from 72) (18).

In study conducted by Avellaneda et al., an antibody re-
sponse against NS1 was detected 3 weeks after infection, 
but the antibody levels were decreasing rapidly after 5 
weeks. In vaccinated birds with inactivated oil-emulsion 
vaccines, antibodies against NS1 were not detected before 
virulent challenge, and only a small percentage of birds 
seroconverted after homologous LPAI virus challenge. 
due to the variability of seroconversion and the duration 
of the antibody response in chickens, the NS1 protein 
DIVA strategy did not perform as good as expected (26).

In a study performed by Soleimani et al.(27) the open 
reading frame of NS1 gene of a H9N2 subtype of AI virus 
was amplified by polymerase chain reaction. After extrac-
tion and agarose gel purification of NS1 gene, it inserted 
into two different pGEX-4T-1 and pMAL-c2X plasmids and 
transferred in DH5α strain of E. coli by using electropora-
tion procedure. The E.coli colonies possessing recombi-
nant NS1 gene were screened using PCR, restriction map-
ping and sequencing analysis. The expressed rNS1 protein 
was purified using affinity chromatography based on 
MBP (pMAL-c2X) and GST (pGEX-4T-1). The MBP-NS1 and 
GST- NS1 proteins on SDS-PAGE showed bands with molec-
ular weight of 68 and 52 kDa respectively. Western blot-
ting analysis with MBP-NS1 protein, showed positive reac-
tion using antisera obtained from chickens infected with 
a H9N2 subtype strain. But, the western blot results of 
the sera collected from H9N2 immunized chickens were 
negative in western blotting. These findings indicated 
that the MBP-rNS1 protein with 26 kDa weight expressed 
by pMAL-c2X plasmid can be used in a DIVA to differenti-
ate the AI infected and vaccinated chickens.

In present study the results of rNS1-ELISA showed spe-
cific antibody against NS1 only detected in the sera of 
chicks experimentally infected with AIV. Designed ELISA 
test for detection of antibody against influenza NS1 could 
distinguish the chicks experimentally infected with AIV 
and chicks vaccinated with killed influenza virus with 
93.3% sensitivity and 100℅specificity. At third week after 
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infection or vaccination, sera from all two treated groups 
were positive assayed with commercial ELISA kit (IDEXX). 
In contrast, by NS1-ELISA, only sera from infected groups 
tested positive, and all sera samples from the vaccinated 
group were NS1-antibody negative. Sera from all control 
chickens were negative in two assays. 

This NS1-ELISA is useful for serological diagnosis in or-
der to distinguish chickens infected with influenza virus-
es from those immunized with inactivated vaccine. These 
results demonstrate the potential benefit of a simple, 
specific ELISA for anti-NS1 antibodies that may have diag-
nostic value for the poultry industries. It is well suited for 
the large-scale serological surveys. In addition, the sim-
plicity and specificity of the test make the NS1-ELISA a po-
tentially valuable diagnostic tool for AI eradication and a 
proper candidate in AI controlling programs.
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