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Abstract: Iranian poultry industry has been affected by Avian Influenza (AT) virus Since 1998, subtype HON2.
The association of high mortality and case report of HSN1 and HINZ influenza virus in wild birds in recent years
raised the specter of a possible new genetic modified Al virus. Partial nucleotide sequences and deduced amino
acid of Hemagglutinin (HA) genes in cleavage site region of 9 HON2 influenza viruses isolated from broilers in
Tehran Province during 1998-2007 were genetically analyzed. The 1solates possessed two types of amino acid
motif -R—8-S-R/G-T.— and —-R—S-N-R/G—L - at the cleavage site of HA. "-R—S-N-R/G-1. in Tranian isolates
15 the same as the motif previously reported in Israel. The results of this study indicated that all of Iranian
viruses have potential for emerging for highly pathogen influenza virus, thus continuously monitoring of

viruses 1s essential m Iran.
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INTRODUCTION

Avian influenza has emerged as a disease with
significant potential to disrupt commercial poultry
production often resulting in extensive losses (Alexander,
2000). Influenza is caused by a zoonotic virus that occurs
i lower animals and birds as well as in humans). Influenza
viruses belong to the Orthomyxoviridae family of RNA
viruses and are divided into five genera: Influenza A, B
and C virus, Thogtovirus and Isavirus. Avian Influenza
(AL) 1s a highly contagious disease caused by type A
influenza viruses, which have segmented negative-strand
genomes (Lamb and Krug, 2001 ; Swayne and Halvorson,
2003). The Hemagglutinin (H) and Neuraminidase (N) are
two structurally distinet envelope glycoproteins attached
to the lipid bilayer to form the surface of the virion. HA is
the major antigen for neutralizing antibodies and 1s
involved in the binding of virus particles to receptors on
host cells (Lamb and Krug, 2001; Swayne and Halvorson,
2003). The antigenic differences of hemagglutinin and
neuraminidase antigens of influenza viruses provide the
basis of their classification into subtypes. Serologically
there are 16 H and 9N subtype of Al virus antibodies in
chicken (Lamb and Krug, 2001; Fouchier et al., 2005).
Avian Influenza (AI) outbreaks in commercial chickens
and turkeys are characterized by the sign of respiratory

distress, decrease egg production and mortality rates that
ranges up to almost 100%. Field evidence shows that a
variety of pathogernicity differences poorly defined host
and environmental factors also play an important role in
determiming the outcome of mfection (Swayne Halvorson,
2003). Since 1998, HIN2 AT outbreaks have been one of
the major problems in Iraman poultry industry (Nili and
Asasi, 2003; Vasfi Marandi and Bozorgmehrifard, 1999,
Powrbakhsh et af., 2000). Last HIN2 influenza virus
outbreak in broilers in chicken farms during 1998-2001 in
Iran, the mortality rate was 20-60% (Nili and Asas1, 2002).

HON2 isolates are represented by three groups:
A/Duck/HongKong/Y280/97 (A/D/HK/Y280/97) and A/
Quail/Hong Kong/G1/97 (A/Qa/HK/G1/97) (Banks et al.,
2000). A/Qa/HK/G1/97 1s thought to be the donor of 6
“internal” genes to the poultry and human H5N1 viruses
1solated in 1997 (Guan et al., 1999). Documented cases of
human infection with HON2 avian influenza viruses, first
detected m 1999 in Hong Kong and China, indicate that
these viruses can be directly transmitted from birds to
humans. Previous studies have documented the ability of
HON2 viruses to acquire receptor and binding
characteristics that are similar of the human pandemic
influenza viruses. Thus HON2 influenza viruses are
considered to be one of candidates for the next pandemic
(Peiris et al., 1999a; Butt et al., 2003).
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Table 1: Cleavage site motif variations amongst H9 influenza viruses in the world (19)

Variant Cleavage site motif Motif Virus strain Gen bank accession number
1 ALDR - A/duck/Hong Kong/366/78 AY206674
2 ASAR L Alturkey/Germany/R33/96 AJ781821
3 ASDR C A/duck/Hong Kong/784/79 AF156383
4 ASGR B A/duck/Hong Kong/168/77 AF156382
5 ASNR J A/duck/Hong Kong/147/77 AY206671
6 ASYR - Alostrich/South Africa/@508103/95 AF508554
7 GSSR. M A/chicken/Guangdong/85/94 AF384557
8 ISGR H Afturkey/Ttaly/125/89 AF218095
9 ISNR N A/pekin duck/Singap ore/F91-5/9/97 AF218105
10 KS8SR 1 A/chicken/Jiangsu/2/98 AF461510
11 RLSR - A/sw/ShanDong/1/2003 AY294658
12 RSKR - Afturkey/Givat Haim/868/02b DQ10d471
13 RSNR - A/chicken/Sede Uzziyyahu/1651/04b DQ108923
14 RSSR K A/Hong Kong/1073/99b AB080226
o] A/avian/China/417-428/98 AF218106
15 TSGR E Afturkey/Ttaly/VR86/83 AF218088
16 TSNR F Afturkey/Ttali’245/84 AF218106
17 VSDR D A/duck/Hong Kong/448/78 ABO080224
18 VSNR G A/duck/Hong Kong/702/79 AY206672
19 V8SR A Alduck/ndia/31g/86 AF218091

Pathogemicity of the influenza viruses 1s caused by
many genes, but the role of hemagglutimin, particularly its
cleavage site, is the most important. Hemagglutinin is
synthesized intracellular as an inactive protein-precursor
(HAO). In the course of the mfection, HAO 1s cleaved
mto two disulfide-linked polypeptide chams, HA1 and
HA2 (Klenk and Garten, 1994). The cleavage site of 13
from 16 HA subtypes (all HA subtypes but H5 and H7)
consist of 4 amino acids including a single argimne
residue which 1s removed from the COOH terminus of the
HA1 after cleavage by means of wvirus-associated
carboxypeptidase (Garten and Lenlk, 1983). A correlation
between cleavability of the HAO and pathogenicity has
been established. The HAO protein of non-pathogenic
influenza viruses can be cleaved extra cellular by trypsin-
like enzymes origmating from co-infecting bacteria or
host inflammatory response induced by respiratory tract
mnfections. Influenza viruses can also predispose the host
to secondary bacterial infections by causing tissue
damage, inhibition of bacterial clearance, promotion of
bacterial adherence and interference with nonspecific
unmunity. The cleavage 1s fulfilled mainly by extra cellular
serine proteases. That recognize Q/E—X-R motif. In a few
cases of the HS and H7 subtypes, in which polybasic
sequences are inserted between HA1 and HA2 chains, the
cleavage 1s carried out by the mtercellular subtilism-like
enzymes, which recognize R—X-R/K-R motif. However,
R-X-R/K-R motif presence in cleavage site is not
sufficient for successful cleavage; it has been shown that
the cleavage site of the majority of mfluenza viruses
(consisting of 4 amino acid) is inaccessible for the action
of intracellular furin-like proteases. A cleavage site
becomes accessible for mtracellular proteases after either
msertion of at least 2 additicnal basic amino acid, or after
removing lateral carbohydrate chain (Bosch et al., 1981,
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Webster and Rott, 1987, Horunote et al, 1995
Ohuchi et al, 1989). The cleavage site amino acid
sequence is specific in each region. All type of this motif
has been show in Table 1 (Perk et al, 2006). The
assoclation of gh mortality in recent years and report
of H5N1 and HIN2 n wild birds in Iran (WHO, 2008)
raised probability of a possible new genetic modified AT
virus. For this reason that the most molecular research
on Iraman H9NZ isolates in Cleavage site, In this study,
we analyzed nucleic acid as well as ammo acid sequence
of the cleavage site of hemagglutinin protein of HON2
from Tranian isolates from poultry in Tehran, Tran in
during 1998-2007.

MATERIALS AND METHODS

Sample collection: Sample collection was performed
according to the standard method from suspected
clinical broiler specimens in Tehran Province in 2007.
Specimens (lung and intestine) were stored at -70°C until
use. Samples were collected in a 2X phosphate buffer
solution (PBS, pH 7.4) contaimng antibiotics and anti
antifungal (SIGMA, St. Louis, MO, TJSA). Other virus
samples are available in central lab of department of
climical science m faculty of vetermary medicine
(Uriversity of Tehran).

Virus isolation: Ten-day-old embryonated chicken eggs
were mmoculated and meubated at 37°C for 48 h. Eggs were
candled deily and embryos dymg within 24 h post
inoculation were discarded. Allantoic fluids were collected
from the eggs and the presence of viruses was determined
by hemagglutination assay. The identification of viruse
subtype was determined by a standard Hemagglutination
Inhibition (HT) and Neuraminidase Inhibition (NI) tests
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using polyclonal chicken antisera. The allantoic fluids
containing virus were harvested and stored at -70°C until
use. All of HA negative Alantoic fluids were inoculated
for the second passage (WHO, 2002).

RNA extraction: Viral RNA was extracted from infected
allantoic fluid using RNX reagent according to the
manufacturer’s mstruction. Briefly, in an RNAase free
1.5 mL tube, 800 ul, of RNX TM-Plus solution (Cinnagen,
Tran) was added to 200 pl, allantoic fluids. After shaking,
200 pL of chloroform was added and the mixture was
centrifuged at 14,000 g at 4°C for 15 min. Equal volume of
Isopropanol was added to the upper phase in a new tube.
The mixture was centrifuged at 12,000 g at 4°C for 15 min.
The supernatant was discarded and 500 pl. of 75%
ethanol was added to the pellet. After centrifugation at
7,500 g for 10 min at 4°C, the supernatant was discarded
and the pellet was dried at room temperature for few
minutes. Finally, the pellet was diluted in 20 pl. DEPC
water. To help dissolving, place the tube in 55-60°C water
bath for 10 min and store at -70°C for RT-PCR reaction
(Peiris et al., 1999h).

RT and PCR reaction: Reverse transcription was done by
using oligonucleotide influenza universal primer unil2: 5-
AGC AAA AGC AGG-3 with "Revert Aid" first strand
cDNA synthesis Kit (Fermentas, Canada). Amplification
of the HA gene was carried out by PCR as described by
using one pairs of specific primers. Primer sequences are
available upon request. The reaction mixture (50 ul)
contained 5 pl. of cDNA, 15 pmoles of forward and
reverse primers (4 pl) and Cinnagen master mix
(Cinnagen, Tran). The amplification protocol was: One step
of denaturation at 94°C for 3 mins, 35 cycles of 94°C /45
Sec, 58°C /45 Secs and 72°C/60 Secs and final extension at
72°C for 10 min. The PCR products were separated by
electrophoresis using 1% agarose gel. PCR products were
purified with the QIA quick Gel Extraction Kit (Qiagen,
Valencia, CA and USA) (Hoffmann et al., 2001).

TA cloning and sequencing: Purified PCR products for
sequencing were cloned into plasmid for TA cloning
with Tns T/A cloning (Fermentas, Canada) according to
the manufacturer’s instruction. Plasmid extraction from

Table 2: Isolates characterized in this study

No  Accessno.  Virus name Virus symbol
1 EU477241  A/Chicken/Tran'TH77/1 998(HIN2) TH77

2 EU477247  A/Chicken/Iran/TH78/1 999(FHON2) TH78

3 EU477248  A/Chicken/Tran/TH79/2000(HIN2) TH79

4 EU477249  A/Chicken/Tran/TH80/2001 (HON2) THS

5 EU477246  A/Chicken/Tran/TH81/2002(HIN2) THS1

6  EU477242  A/Chicken/Iran/TH85/2007 (HI9N2) THSS

7 EU477245  A/Chicken/Iran/TH186/2007(HIN2) TH186

8  EU477243  A/Chicken/Iran/TH286/2007(HIN2) TH?286

9  EU477244  A/Chicken/Tran/TH386/2007(HIN2) TH386
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positive clone was carried out by QIA miniperep plasmid
extraction kit (Qiagen, Valencia, CA, TUSA). Following
digestion with ECORI (Fermentas, Canada) to confirm
the msertion, the nucleotide sequences were analyzed
by plasmid sequencing on an automated 3700 DNA
sequencer (Applied Biosystems, Foster city, CA). The
sequences were resolved using the ABI RIS Mcollection
program (Perkin-Elmer, Foster City, CA) with MI13
(Forward and Reverse) universal primer.

Sequence analysis of the haemagglutinin cleavage site:
Nucleic acid was extracted from the viruses isolated and
subjected to nucleotide sequencing in the region of the
genome coding for the cleavage of the
haemagglutiin molecule. Initially, nucleotide
deduced amino acid sequences were aligned by using the
Free CLC Bio workbench program. Multiple nucleotide
and amino acids sequence alignments were generated
by using Web-based software in Influenza source
information (NCBI) and Free CLC Bio workbench program.

site
and

Nucleotide sequence accession numbers: The nuclectide
sequences for all HON2 influenza viruses used in this
study are available GenBank under accession numbers
EU477241 through EU477249. The accession numbers are
provided in Table 2.

RESULTS AND DISCUSSION
Inrecent years, Al has caused major economic harms
in  Iraman poultty mdustry. The latest Iraman HONZ

1solate has been reported to be low pathogemc for SPF
chickens. However, recent HON2 outbreaks have caused
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Fig. 1:
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Fig. 2: List of the HSH2 vimses Mucleotide sequences at cleavage site mgionin thos stady

up to &5%% modality mte and ae the only pdhienza
subtype in the chicken population in Iean (M1l et of ., 2003,
Vasfl Marandi er 2], 1999; Poshaklsh o &, 2000
Although, pathegenicity of avian pdhiers=a vims 15 a
nmltfactor the anino acid sequence of cleavage site of
HA 15 coridered to be it major detenminant The
pathogeraeity of HS and H7 dlienza vimses 15 related o
basic anne amds at dleavage site of HA.

It 15 not clear whether aming acid sequences at the
cleavage site of the HA of AHIN2 mbtype virus 15
related to pathogemcity (Fig. 1], although it 15 simular 40
the motf (F-E-FE-E) wqured for lughly pathozenic
vinwses of H3 and H7. Only ore mcleotide substtition
cold change the -E-3-5-F- motf'to -E-3-E-F- and it was
previoasly (Bosch et &, 19298, Webster ot of, 1987,
Hommoto & g, 1995, Oluch et di., 1989) sagzested that
HAHZ vimses prevalent inIran are potertially capable of
beconung  lighly pathogen The preserce of 5 erine
amuno acid has made it 2 crocal mobf becaise only 1
mclectide mabsttrhon(C to & or &) & 2 posthows 15
enmigh to cormmert this motf to wimlent sequence. Ta
detenmire the epidenunlogical charactenstics and the HA
cleavage site mohfs of the 9 Iratan HIHD 1solates, the
corespording PO E products comprising the HA cleavage
site were stadied ard compared to those fiom other HYH 2
1solates.

The anuno acid sequence n cleavage site sequence
of Hi were deduced fiom the miclechde sequence.
Amuno acid sequerces at the cleavage site of the HA of
the 1solates possessed -P-4-F-5-3-FiG-L- motif, except
toro wolated: THES (4 to T) and TH325 (5 o M), 4L
changes i region of Hucleotds sequence that coding
cleavage site 1s available nFig. 2.

Home of the 9 differnt mobfs contared nulbple
basic amuro amids. Cleavage site nohf m TH3EE 1
simular to isolates of Israel such » AAZ14994 and
AAF14120, PARS HEG motf 15 specific to isolates of
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Israel (Pewris et &I, 1995%). Tls mobf deoesn't exist in
Irarian isolation before 2007, Anuno acid in deavage site
of THENFTESS B3 is found in isolates with accession
munber AALASES and ABEV4645%. These 15olaes are m
Chinese solates groap. Dunng 10 years of observation,
F-54-F—, motf predomminated amongst the Iranian
solates (Tomeghy & &f , 2003, Elamzadeh et al., 2006,
Towln et &, 2008, Karrmi e &I, 20047, near mohfs wewe
appeared arong the [tamian 1solates . It 15 the first wport
of emerence of new substiition of amiro acid 1n
cleavaze site of HA froen Ian. Howrever, the preserce of
this parboular mobf also emphasizes that these vinses
have the potential to become pathogerne, should ther
acquire any farher micleotde subshmbons in the
HA-vcomectrg pephde mzion. About scene posibions
differences m thus stady 1solates, these changes 1 anuno
acld sequence had not been detected in Irarnan isolates
before 2004

CONCLUSION

The presernt findings also indicate that the HA genes
of the H? infhierza vimgs ciroulatng in Tehran province
wer 1ot also well corserved and n recermt years have
dominant changes. Especially fiom 2005 a donuonant
change hal been produced in Iraman i1solates. It 15
possible that these differences represent nmatahons that
cold have ccmuned dunng field passages. Parboulady,
TH 326 probably onginated from Israel For fiarther
mvestigation, phylogenetic study 1s essertial. The results
of this stdy did not iderdhify the mne Iraman AL 15olates
as highly pathogere as molecularbased pathogerecitr
detection. We assumed that co infections play a critical
role in pathogenesis of Al viruses m [en. Ao changes
m other zenes of [lmman solates nuglt to moease
rathogemicity of these wimses i field. It s possible
charges in cleavage site are due to iterance of H9H2 Hom
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another source. In order to identify the source of the
Iraman AT H9N2 outbreaks it 1s necessary to study the
phylogenetic study on nucleotide secquence of the HA
gene or other genes of other Iraman H9NZ isolates from
different sources including backyard flocks, waterfowl or
migratory birds. Recently, ATl HON2 viruses have been
isolated from migratory birds in Tran (Fereidouni et al.,
2005). Contimuous surveillance would improve our
understanding of the role of various avian hosts in
ecology of mnfluenza viruses and thus the underlymng
phenomena in emergence of pandemic strains. Also,
according to H5N1 case report in non industry birds, it 1s
very critical for HSN2 monitoring for probably changes in
HONZ2 isolates. According to this reason and emergence
of new motif in Tran, it is very critical for surveillance
mtermnal genes for further investigation
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