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ABSTRACT

Avian influenza (Al) is a serious infectious disease caused by negative sense single strand RNA viruses that belong to the genus
influenza virus in the family Orthomyxoviridae. In the present study, we developed an indirect enzyme-linked immunosorbent
assay (ELISA) employing a recombinant H5 antigen expressed in sf9 insect cells. The HA nucleotide sequence of an Iranian
strain of H5N1 virus from clade 2.2, (A/chicken/Iran/53-3/2008), was obtained from Genbank. The nucleotide sequence data was
codon optimized for insect cells. Using pl Ex-3 vector a molecular construct, encoding a secretion signal peptide of adipokinetic
hormone (AKH) and 6xHis-Tag coding sequence, upstream of the cloning site for expressing fusion recombinant HA protein with
N-terminal tags, were designed and ordered for synthesis by GenScript, USA. The recombinant construct was used to transfect
9 insect cellsin a commercial serum-free medium. The H5-His protein was purified from the supernatant of Sf9-cell cultures.
Purified rH5 was analyzed using SDS-PAGE, followed by western blot assay. Using the rH5 antigen, an ELISA assay was
devel oped. The H5-ELISA was compared with the hemagglutination inhibition (HI) test for the assessment of the specificity of the
test. The H5-ELISA condition was optimized for antigen concentration, serum dilution and conjugate antibody concentration.
Optimum condition for antigen concentration, conjugate antibody dilution and serum sample dilution were 100 ng/ml, 1:1000
and 1:500 dilution, respectively. Based on the optic density observed, an ELISA titer (ET) prediction equation was derived froma
positive/negative (P/N) ratio standard curve. The correlation coefficient of the resultsin intra- and inter-assayay of the test was
statistically significant (P<0.05). The test was specific with no cross reaction with the sera containing high titers against
Newcastle disease (ND), infectious bronchitis (1B), infectious bursal disease (1BD), infectious laryngotracheitis (ILT) and avian
influenza virus HIN2 The H5-ELISA developed was validated for the detection of H5 antibody in a limited number of available
sera, but it has to be validated against a large numbers of known H5 positive sera. The assay has potential to be employed as a
serological tool for the detection of antibody against H5 viruses in poultry and avian populations, which may be the host for
several influenza virus subtypes.
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INTRODUCTION

Influenza viruses are negative sense single stiRNW viruses that belong to the genus influenzasviruthe family
Orthomyxoviridae. viruses are classified into thtgges; A, B, and C. Avian influenza (Al) is caudeygltype A
strains of influenza virus. The type A viruses atassified into subtypes based on their surfaceogisotein
antigens including haemagglutinin (HA) and neuradaee (NA) (1)

The HA is categorized into sixteen subtypes (HI,.HZ16) while NA is categorized into nine subtygsié, N2 ...
N9). Various combinations have been detected iarespecies (2, 3).

Avian influenza viruses have been shown to exisibaspathogenic (LPAI) or high pathogenic (HPAlphipes

based on their ability to cause severe diseasenmedtic galliforme birds. HPAI viruses are defiredthose that
kill 75% or more of 4- to 8-week-old chickens withien days of inoculation (4). To date the avidituenza A

viruses that have shown the HPAI biotype in domaestiultry are predominantly in the H5 and H7 subtyphe

H5N1 HPAI viruses that evolved and resulted inneessive epizootic since 2003, not only resultethialities in

wild and domesticated birds, but also caused disedth a high mortality rate in humans and someiothammals
(2,5, 6)

Serological surveillance of antibodies against H\?Ad an important strategy in preventing and calfitrg Al.
Currently, the most widespread serological diagnostchniques for detection of antibodies are tlyaragel
propagation (AGP) and hemagglutination inhibitid#l)(tests. The AGP test requires large quantitieargigens
and antibodies to form the precipitation lines ahdeast 24 h for the test result. The HI assdkipagh is subtype
specific but it is very laborious and not suitatwehigh throughput work flow (7).

As an alternative, enzyme-linked immunosorbentyaséalISAs) have been developed to detect AlV aies in
poultry as well as other species (8-12). The tiawitl ELISA tests normally require concentratiord gurification
of live-virus preparations for use as antigen, Whicay allow dissemination of the virus. The H5-EAI&ssays
developed are specific, sensitive and inexpenditiey can quantitatively detect antibody titers hie flocks and
individual birds and can be used in serologicatiepiiological investigations.

Hemagglutinin (HA) is the major surface antigeniotpin against which neutralizing antibodies aredpiced (13,
14). Both antigenic drift and shift promote epidesito occur. The HA protein has been expressednimnzber of
expression systems. Expression of this glycoprateisome expression systems such as prokaryotiersyhas
resulted in a product with different glycosylatistatus than native virus(15). Proper glycosylat®mportant for
the processing, the functional integrity and theégamicity of Hemagglutinin gene product (16-19)eWxpressed
the HA protein in an insect expression system baseithe Sf9 cells and baculovirus free approachishealled the
InsectDirect" System developed by Novagen company, USA. (20).

MATERIALS AND METHODS

Expression, purification and analysis of recombinahH5

The HA gene of H5N1 virus from clade 2.2, (A/chinkean/53-3/2008), was codon optimized for insesltscand
synthesized by GenScript, USA, based on the segsefrom the NCBI influenza database (AC number:
FJ445017.1 ). After synthesis, HA gene was clomed plEx-3 vector, a component of InsectDifécSystem
(Novagen, USA). The plEx-3 vector encode a searedignal peptide of adipokinetic hormone (AKH) ahHis-
Tag coding sequence upstream of the cloning sitexXpressing fusion recombinant HA protein with értinal
tags. For influenza HA expression, plasmid DNA eamihg HA was used to transfect Spodoptera frugip€69)
insect cells in serum-free medium by usingect GeneJuice® Transfection Reagent (Novagen, USA) and incubated
at 28C, following the instructions of the manufacturét 72h post transfection, culture medium from the
transfected cells was collected. Several batchdd5eHis protein were purified from the supernatahtSf9-cell
cultures using the Insect RoboPop™ Ni-NTA His Blpwrification Kit (Novagen, USA), following the predure
provided by the manufacturer. Briefly, Insect Pojine® Reagent and Benzon&sduclease were added directly to
each culture to mediate cell lysis and viscosigurion, respectively. Ni-NTA His-Bind resin wasethadded to
the lysate to bind the fusion protein. The affimiggin was captured, washed, and eluted usingveeliGilter plate.
Purified rHA was analyzed with a sodium dodecyfatel and 10% polyacrylamide gel electrophoresi$4®DS-
PAGE) and transferred onto nitrocellulose membrgB8egma). Expression of recombinant H5-His was yaread by
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western blot using a HiseTag AP Western ReagertéNavagen, USA). Briefly, the membrane was blocked
hour in a Tris-buffered saline (TBS) containing 386vine serum albumin (BSA) at room temperature.
Subsequently, the membrane was incubated at RT forwith mouse anti-6xHis monoclonal antibody (lsgen,
USA) at a 1:1000 dilution in a 3% BSA-TBS buffehefmembrane was washed two times with TBS-0.05%ehwe
20. After washes, the blot was incubated for 1 ithwa 1:5000 dilution of Goat Anti-Mouse 1gG AP Gogate
antibody. After washing, the membrane-bound anidg®dere visualized by AP-Buffer containing BCIRIa\BT,
following the manufacturer’'s recommendations.

Field sample detection.

Three field serum samples were provided by Iramigterinary organization (IVO) and stored at -20ui@il testing.
Collected sera were inactivated at 56 °C for 30utds before testing. Samples were tested with ptienized
condition of H5-ELISA, and Hemagglutination inhibit (HI) assay.

Hemagglutination inhibition (HI)

The haemagglutination assay is a test for detediagmagglutinating viruses such as the HPAIV. The H
technique used in this project was based on WHMaodelogy as described briefly below. In the HI gs&bul of

a two-fold serial dilution of the sera in PBS wareubated in 96-well U-bottom plates at room terapgne for 1h
with an equal volume of 4 hemagglutinating unitA{H of reference inactivated AlV H5 haemagglutirintigen
(H5 antigen- GD Diagnostics,VLDIA096) and antiseru(stituto Zooprofilattico delle Venezie, OIE/FAO
Refrence laboratory for Al and NDV SERUM H5N1) mesupplied by the Khorasan Razavi Veterinary
Administration Central Laboratory, followed by thddition of 50ul of washed chicken erythrocyte$BS. The
plates were kept for 1h, after which the haemaguitiobn patterns were read and HA titres were ddtezd from
the last dilution showing complete haemagglutirmatieor reading the HA activity the plates wereetlitat an angle
of approximately 45° and observed for tear-shapeding of the RBCs. Reciprocal of the higheattiih of the
antibody showing no hemagglutination was reportetha HI titer. Samples positive to HA were furtpeocessed
to detect the presence of avian influenza H5 sjpeeifitigen. Both positive and negative control genis and
antisera were used for each Hl testing plate.

H5-ELISA optimization.

Different purified antigen concentrations were eédsagainst serial dilutions of positive and negationtrol sera in
a checkerboard titration fashion. Several twofddrial dilutions of the H5-His antigen, ranging fr@200ng to
25ng, were performed in polystyrene, flat-botto@kvéell plates with 100mM Bicarbonate/carbonate icwgbuffer.
Positive and negative sera were tested in trigitgtH5-ELISA in a same plate (intra-assay). Theyeaalso tested
in two more separate assays (inter-assay). Thefdldy serial dilutions (1:250 to 1:1000) of chickemsitive
standard serum and negative chicken sera were fosexbsay optimization. Briefly, diluted H5-His &@n was
incubated with 100mM Bicarbonate/carbonate coalinffer (3.03g Na2C0O3, 6.0g NaHCO3 in 1000ml distll
water, pH 9.6) at £ overnight. The plate was washed twice with PB§1 Na2HPO4, 0.1g KClI, 0.1g K3P0O4,
4.0g NaCl in distilled water up to 500ml, pH 7.4dasubsequently blocked with PBS supplemented Wth(w/v)
bovine serum albumin (BSA) for 2h at room tempeetdollowed by two washes. Plates were either used
immediately or stored at -20°C. The positive andatige sera were added, and then the plates weunbated for
30 min at 37 °C. The plate was then incubated WiRP-goat anti-chicken antibody conjugate (IDEXX,A)J%&t a
1:1000 dilution followed by three washes. The cohetric reaction was developed with peroxidase tsates
solution (IDEXX, USA) for 15 min and terminated tvia stop solution (IDEXX, USA). The reactions weead at
405 nm in an ELx808 plate reader (Bio-Tek, Winop3Ki). The optical density (OD) values obtained ever
compared to determine the optimal antigen conceotrghat produced the lowest background and tis¢ pesitive-
control titration curve. Using the optimal antigenncentration and serum dilution, a positive chicleerum
samples confirmed as positive for H5N1 influenzasviby Hemagglutination inhibition (Hiyere tested by the H5-
ELISA in triplicate in a plate and in three plateparately.

The H5-ELISA positive threshold

The H5-ELISA plate was coated with optimal H5 aetigoncentration and sera at the optimal dilutienenadded.
The H5-ELISA was performed as described above. Sama negative to AIV H5 determined by HI tests were
detected and the mean g@bvalue and standard deviation were calculated.erupoint cut-off was established by
titration as the mean QE) value of the 10 negative sera plus 3 standarcatieus (mean+3SD).
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Specificity and Stability of thetest

To determine the specificity of H5-ELISA, we usestas positive for Newcastle disease (ND), Infectibtsnchitis
(IB), infectious bursal disease (IBD), infectio@syingotracheitis (ILT) and avian influenza HON2 YAR, HON2)
and measured the OD value in H5-ELISA.

Positive/negative ratio

Using the P/N ratio method, the standard curve sgastructed (Briggs and Skeeles, 1984). Brieflg, @sso value
of the positive serum (P value) was divided by @255, value of the negative sera (N value). The P/Noraias
calculated for each serum sample.

Standard curve

According to Briggs and colleagues (1985), two wiwere recorded from each serum sample describedea
One point was the P/N ratio at 1:500 dilution, #imel other point was the ELISA titre (ET). Usinggbkewo points
from 4 serum samples, the ETs were plotted ag&ifiétratios at 1:500. The prediction equation o$ tlEgression
line was determined.

RESULTS

H5 protein expression and purification.

The recombinant H5-His protein was secreted in® dbhpernatant of Sf9 cultures and purified by theect
RoboPop™ Ni-NTA His Bind Purification Kit (NovagebSA). The purified protein appeared as a singledbaith

a relative molecular weight of approximately 95 ks estimated from migration in SDS-PAGE relatige t
molecular weight standards (Fig. 1, lane 1). Abeasfoother proteins besides purified H5-His in Cassie-stained
gels ensured proper purity of the preparation. &stern blot analysis, purified H5-His was detedigdhe anti-
6xHis monoclonal antibady (Fig. 1, lane 3).

H5-ELISA optimization.

In the protocol developed for the H5-ELISA, the iom@tl condition were as described below. The optimum
concentration of antigen was coated in each waltubated at -€ overnight,washed twice with PBS and
subsequently blocked with PBS supplemented with (¥) bovine serum albumin (BSA) for 2 h at room
temperature, followed by two washes. Sample sera dituted 1:500, added and incubated for 30 mhe plate
was then incubated with HRP-goat anti-chicken axtybconjugate (IDEXX, USA) at a 1:1000 dilutionlfaled by
three washes. The colorimetric reaction was deeelopith peroxidase substrate solution (IDEXX, US8) 15
min and terminated with a stop solution (IDEXX, USAhe reactions were read at 650nm in an ELx8@&epl
reader (Bio-Tek). Using the established protocathesample along with positive and negative sampéestested 9
times in inter- and intra-assays.

Determination of the optimal antigen concentrationcoated and serum dilution

To determine of the optimal concentration of théigem and the test serum, inter- and intra-assa&glarboard
titration were employed. Optimal concentration the antigen was found to be 100ng per well (Figure2
Meanwhile, the optimal serum dilution was 1:500y(Fe4).

The ELISA positive threshold

The end-point cut-off was established by titratamnthe mean Olg, value of the 30 negative sera plus 3 standard
deviations (mean + 3SD). QE values of most sera varied between 0.091 and 0Tt¥ mean OR, value and SD
were 0.131 and 0.022, respectively. Thus, the ipeditireshold was 0.197. A serum sample was coreideositive
when its ORsp value at optimal dilution (1:500) was greater thiam positive threshold.

Specificity test

The H5-ELISA was used to detect positive sera oddfor various viral diseases. The result shovned the H5-
ELISA was specific for antibodies against HPAIV HbBInd there was no cross-reaction with positiva f&rND,
IB, IBD, ILT and Al H5N1 (Table I).

Repetition test
A positive serum was detected three times by H58Lin inter- and intra-assay fashion in same bafghlates and
in different batches of plates. The results ingiggod reproducibility of the H5-ELISA.
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Standard curve

The P/N ratio of each serum was delineated (datsimown). The ET of each serum was calculated.afvdstrd
curve [y (ET) = 0.047x (P/N value at 1:500 serutntihn) + 0.040 [R2 = 0.986] was developed using BN ratio
at optimal dilution of each serum and the ET valkigure 3). t-Tes{p < 0.05) indicated significant correlation
between P/N ratio and ET.

Sensitivity test

In an independent evaluation the detection seit@tvof two different H5-ELISA assays and HI tegere
compared on flock samples. The ELISA tests dematestrbetter specificity and sensitivity than Hl.sBd on the
constructed standard curve, we analyzed individaalim titers from collected positive sera. The EHS-ELISA

for individual serum samples was compared with itélr t(Table Il). The result showed the H5-ELISA wasre
sensitive than the HI test.

DISCUSSION

A highly pathogenic avian influenza (HPAI) virus tife HSN1 subtype, spreading through live bird retgkin
Hong Kong was recognized and confirmed by inteamati authorities in 1997. Migration of the infectedd birds
along with the movement of the infected poultrycke contributed to the spread of a HPAI virus twesal
countries (21-23). In spite of the national and ititernational veterinary authorities to combat disease, H5N1
infection is currently endemic in some Asian andidsn countries. So far, more than 60 countriesehaported
H5N1 HPAI outbreaks in domestic poultry or wilddst Other than serious human fatalities, the epicleffH5N1
resulted in tremendous economic losses in thetaffexountries (24).

Since 2003, clade 2 of H5N1viruses circulated mldin China and Indonesia and spread westwarag@005-
2006, to the Middle East, Europe, and Africa (Zhe H5N1 viruses belonged to Clade 2 have beemtie cause
of human infections since late 2005 (2, 25, 26)gd&Rding the presentation of the infection in wilddb, the
serological and virological studies showed a lowvatence in the wild waterfowl population. Meanwhithe
infected birds showed no obvious clinical signsscAla number of healthy wild birds were found toreha
neutralizing antibody to the virus indicating eitlsebclinical infection or infection with subsequeacovery (27).

To combat the disease and to prevent rapid spriethe infection early detection is so importantallows decision
makers to respond in a timely manner. It is al®pdrtant to ensure that the vaccines in use aectefé at
protecting infected poultry from disease and desirgpviral load that is shed into the environmdiitere is thus a
need for concerted efforts to develop diagnostiosaterials, including serological assays suitable Hagh
throughput studies. Other than national and intesnal surveillance programs and serological pirgdilof poultry
flocks, these tests may improve understanding efeghidemiology of H5N1 disease in wild avian popata (25,
28).

Serological detection of Al is still the most impamt detection test. The AGP test normally measargtbody to
the NP and M proteins. The main disadvantage ofAB® test is its lower sensitivity in comparisongblSA and

HI tests (29, 30). It is also need a long timedotf the precipitation line. However, the most teiiamethods will
most likely remain the more time consuming HI andvivo studies. The HI assay for influenza virusasluding

H5N1 needs the complete virions. If the virus i$ mactivated, biosecurity and biosafety are a mapmncerns.
Thus it is important to develop serological detattassays based on recombinant antigens. The sissald have
the characteristics, such as sensitivity, stabditg specificity. It also has to be easy to penfand be inexpensive.

Influenza A virus has two major glycoproteins oa thrus surface, HA and NA. Cleavage of the HAdsemntial for
the ability of the virus to enter the cells. Thigtigen is also an important determinant for theeagrof infection
through the host and for the pathogenicity of tliasy HA is the major antigenic protein against ethneutralizing
antibodies are generated (31, 32). Multiple anaicidls at the cleavage site of the Hemagglutines&ociated with
virulence of avian influenza viruses (33). Thiady was designed and conducted to develop an/AhaSay to
detect antibodies against H5 subtypes of aviaménita virus. In this study, for the sake of safetyling sequence
of the cleavage site of H5 gene of H5N1 virus waketed. Accordingly, in this work we developediadirect
ELISA adapted to detect AIV H5 antibody based oa tbcombinant H5 antigen. The H5 antigen succdgsful
reacted with H5-positive sera and did not reachwéra positive to ND, IB, IBD or ILT. These restitidicated that
H5 antigen expressed in sf9 cells had immunologipakificity and the H5-ELISA developed was highpecific.
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However due to lack of access to other anti-hemaiggh sera, it is possible that the cross reactigih other
influenza viruses be observed. In this case, gésenreecombinant antigen can be used to developrap€iitive

ELISA assay. The results of comparison among H5SBLEnd HI assay indicated that ELISA detection gssa
were more specific and sensitive than HI assay.

Briggs and colleagues (34) first developed a stahdarve of ET versus serum P/N ratio at one dilutiln this
study, we used P/N ratio regression lines. A pea equation was derived from which the H5-ELI®#e (ET)
of a serum sample could be determined using oné&dtil The co-relation coefficielft value) between ET and P/N
at 1:500 reached at 0.986, which indicated thatSELliters of antibodies would be derived at onessedilution.
The H5-ELISA assay, which can rapidly evaluate lewd antibodies to H5-HPAIV, is suitable for deiea of
antibodies against H5N1 in large numbers of serampes in a limited time. The comparison betweeraBd Hl,
supported that H5-ELISA is as specific as HI. Tés talso showed the sensitivity of the assay.

g1

'

B .

Fig. 1. Expression of H5 gene (A/chicken/Iran/53-3008(H5N1))
in the supernatant of SF9 cells transfected with HPIEx-3 vector
by SDS-PAGE and western blot analysis. (Lanes 1-2p% SDS
PAGE gel. (Lane 1) Purified H5 protein from Supernaant of SF9
cells transfected with H5-plEx-3 vector. (Lane 2) Mlecular
weight marker. (Lanes 3-4) Western blot analysis wh (Lane 3)
purified H5 protein reacted with monoclonal antibody specific to
the €-histidine protein tag, (Lanes 4) Molecular weight rarker.

In conclusion, the H5-ELISA provides an alternatared rapid serological diagnostic tool and is suédor Highly
Pathogenic Avian influenza H5 antibody screenirgpeeially in poultry flocks and avian populatiohatt may
harbor several influenza subtypes. It can be usehd serological diagnostics and surveillanceistudrhis paper
describes the expression of H5 subtype antigerfdrinsect cells. This antigen was successfully eygd as a

recombinant antigen for development of an ELISAagstor detection of H5 antibodies in poultry andaav
population.
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(a) Ag dilution when antisera diluted to 1:250 (b) Ag dilution when antisera diluted to 1:500
3 —— repeat 1 3
25 _ 25 —&—repeat 1
£ —— repeat 2 £ 2 —@— repeat 2
c 2 g
E 15 repeat 3 B 15 repeat 3
o
] 1 repeat 4 ) 1 —¢— repeat 4
0.5 ¥ repeat 5 05 ¥ repeat 5
0 0
25ng 50ng 100 ng 200 ng 25ng 50ng 100 ng 200 ng
(c) Ag dilution when antisera diluted to 1:1000 (d) average of serial dilution of antiserum
2.5 3
—&— repeat 1
2 25 —— 1/250
—— repeat 2 £ 2
E s £ —=— 1/500
s - repeat 3 2 15 =
a a 1/1000
8 1 ——¢— repeat 4 8 1
0.5 ——¥—— repeat 5 0.5
0 0
25ng 50ng 100ng 200ng 25ng 50ng 100 ng 200 ng

Fig. 2. Checkerboard titration of H5-antigen at dfferent dilutions. Serum dilutions: (a): serum 1:50; (b): serum 1:500; (c): serum 1:1000; (d): aveige of
standard positive serum in different dilutions. Reslts of repeats 1, 2 and 3 are belong to inter- aneépeats 4 and 5 are belong to intra-assays.The stard
deviation (SD) and Coefficient of variation (CV) wee 0.022 and 16.8, respectively. Optimal concentriain for the antigen was found to be 100ng per well.

2.5
2 ~
S
g s /
i: .
<
=2} 1
—
i / y =0.047x + 0.040
05 —¢ RZ=0.986
0 T T 1
0 20 40 60
P/N ratio
Fig. 3. Linear regression of H5-ELISA titer and pogive/negative (P/N) ratio of 1:500
serum dilution. The prediction equation y = 0.047% 0.040, R2 = 0.986 is shown, wher¢g
y is the ELISA titer of an individual serum sample,and x is the P/N value at 1:500
serum dilution.
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TABLE | Result of specificity test of H5-ELISA against known positive sera for various viral diseases
and known negative sera. The standard deviation (90s 0.022.

Positive serul Negative serul
HENI _HON2 ND _ 1BD 1B ILT ___MD HE5N1
?/gliio 2273 0043 0059 0062 0065 0.049 0.053 0.057
+/- +

TABLE Il The H5-ELISA assay compared with the HI test against killed antigen of H5N1 virus.The
standard deviation (SD) and Coefficient of variatim (CV) were 0.022 and 16.8, respectively. The deten
sensitivities of two different H5-ELISA assays andHI test were compared on flock samples. Based ongh
constructed standard curve, we analyzed individuaserum titers from collected positive sera (S1-S4The

result showed the H5-ELISA was more sensitive thathe HI test.

Serum sample titer

S1 S2 S3 S4
HI 1:64 1:128 1:32 1:1024
ET 0.80¢ 0.99¢ 0.35¢ 2.16¢
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