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ABSTRACT

Avian influenza viruses became widely distributed in most Middle Eastern countries, causing great
economic losses in poultry industry especially when complicated with other pathogens. In the present study
we molecularly characterize 10 H5N1 form chicken backyard in 2015, phylogenic analysis for Five genes
(HA,PB1,PB2,PA,NS) of H5N1 viruses give genetic prospective of the virus circulating in Egypt, identifying
specific mutations associated with antiviral sensitivity and enhance replication and virulence in mammalian
species , this study indicate that the highly pathogenic avian influenza viruses circulating in Egypt in period
from 2015 are belonging to clade 2.2.1.2 that related to 2006, all strains under study show presence of
multiple basic amino acids at the HA cleavage site that considered the primary virulence factor .
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INTRODUCTION

Avian influenza is further classified into highly pathogenic avian influenza (HPAI) and low pathogenic
avian influenza (LPAI), depending on the severity of the disease in susceptible birds. HPAI outbreaks in chickens
and turkeys have been caused mainly by the H5 and H7 subtypes, however some of the H5 and H7 subtypes have
been characterized as HPAI and many strains of these subtypes have been shown to be LPAI (Zhou et al., 1999).
H5 and H7 strains remove ability to undergo mutation from LPAIV to HPAIV during replication and circulation in
poultry (Spackman et al.,, 2002). Influenza type A has been isolated from different species including birds,
Humans, pigs, horses, and sea mammals (Webster et al., 1992)..

The influenza viruses are medium-sized, enveloped, negative sense ssRNA viruses with a segmented
genome. Taxonomically, they belong to the virus familyOrthomyxoviridae. There are three genetically and
antigenically distinct types of influenza viruses called A, B, and C (Cox et al., 2000). Type A viruses are further
divided into subtypes according to the combination of two main envelope glycoproteins the hemagglutinin (HA)
and neuraminidase (NA). To date, 17 HA subtypes (H1-H17) and 9 NA subtypes (N1-N9) have been found and
almost all subtype combinations(Adwan, 2009).

Infection of domestic poultry by avian influenza (Al) viruses typically produces syndromes ranging from
a symptomatic infection of respiratory disease and drops in egg production to severe systemic disease with near
100% mortality (Swayne and Halvorson, 2003).

Egypt experienced the disease since the first introduction of Highly Pathogenic Avian Influenza HPAI
H5N1 in 2006(Aly et al., 2006).. The virus widely extended in very short time and infected commercial poultry
production sectors and backyards (Aly et al., 2006-a, b). The virus is currently endemic among backyard poultry
flocks in many provinces in Egypt

The aim of this study are:

1-collection of suspected cases o

f AIV subtypes H5 from chicken backyard

2- detection of the virus H5 by real time PCR

3-Isolation of the selected positive H5N1 samples from chicken backyard and provinces in SPF chicken eggs for virus
propagation then confirmation by HA assay

5-Sequencing of whole HA gene of the tested isolates (H5N1) and study of genetic changes among the Egyptian
viruses.

6- Sequencing of internal genes of the tested isolates (H5N1,),(NS, PA,PB1,PB2) and study of genetic genetic
determinants

7- detection of genetic reasortment.

MATERIAL AND METHODS
Samples

Pooled oropharyngeal swabs were collected from 10 backyard chickens populations from 4governorates
in Egypt (Table S1). Samples were collected during 2015. All the chicken backyard flocks suffered from respiratory
disorders, nasal and ocular discharge. All the suspected samples were collected, isolated and examined in the
Reference Laboratory of Veterinary Quality Control on Poultry Production (RLQP) in Egypt.

RNA extraction and molecular diagnosis

Viral RNA was extracted from the samples using the QlAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer's instructions. All samples were tested using one step RT-qPCR(Qiagen, Hilden,
Germany) for the M gene of influenza type A viruses(Spackman et al., 2002)using the real-time PCR Mx3000P
QPCR System (Agilent, California, USA). Positive AIV RNA was subtyped for HA using specific primers for the
suspected H5subtype (Shabat et al., 2010), Thermal profile for amplification of HA gene of H5 subtype was done as
follows: 50 °C for 30 min, 95 °C for 15 min, cycling steps of 94 °C for 10 s, 54 °C for 30 s and 72 °C for 10 s repeated
for 40 cycles.
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Virus isolation

Virus isolation and propagation was carried out on 9-11 day old SPFECE through intra-allantoic
inoculation, then incubated at 37 °C for 3-5 days. The harvested allantoic fluids were tested for virus
hemagglutination activity by HA assay (OIE, 2015). Collected allantoic fluid wastested by hemaglutination assay
and specific RT-gPCRs

Amplification of genes of H5N1 viruses:

Total of 10 isolates were amplified and sequenced for Hemagglutinin gene, in addition to the genes that
related with the pathogenicity (PB2, PB1, PA and NS) of the viruses were sequenced for 5 selected viruses were
amplified by RT-PCR using Qiagen®kit (QIAGEN, Hilden, Germany) with primers described in (table S2). The RT-
PCR was carried out as follows: one cycle of RT step at 50 °C for 30 min, then one cycle at 95°C for 15 min for
initial denaturation followed by 40 cycles of 94°Cfor 45 s, 56°C for 45 s and 72°C for 2 min and final extension at
72 °C for 10 min. The test was carried out on thermocycler 2720 ABI (Applied Biosystems, USA). The
electrophoresis of PCR products was done on Ethidium bromide stained agarose gel 1.5% and the amplified
products were visualized by gel documentation system — Image capture (Biometra, Germany).

Genes equencing:

The amplicons for the different genes were purified then sequenced by Big dye Terminator V3.1 cycle
sequencing kit (Perkin-Elmer, Foster City, CA), using primer specific for HA gene as previously shown in
supplementary Table 2. The cycling protocol for sequence reactions was done as follows: one cycle at 96 °C for 1
min, 25 repeated cycles of 96 °C for 10 Sec, 50 °C for 5 Sec and 60 °C for 2 min. Then, the sequencing reactions
were purified using a spin column Centrisep® kit (Applied Biosystems, USA) to remove the extra free dNTPs
bases, and followed by loading the purified reactions in a sequencer plate of ABI (Applied Biosystems 3130
genetic analyzers, USA).Sequences generated in this study were submitted tothe Genebank of the national
center of biotechnology (NCBI) under accession numbers that were mentioned in table S3.

Genetic and phylogenetic characterization:

A BLAST search was performed using NCBI, and sequences used in this study have been retrieved from
the NCBI database for representative H5N1 and other similar viruses. Alignment and identity matrix analyses
were done using Bioedit software (version 7.1) (Hall, 1999)

The phylogenetic analysis was done by using maximum likelihood (ML) tree method by Mega6 software
(Tamura et al., 2013), we used the general time-reversible (GTR) model of nucleotide substitution with gamma-
distributedrate variation among sites and estimated proportion of invariant sites (I) (with 8 rate categories, 4),
with 1000 replicates of bootstrap analysis.The determination of glycosylation sites on hemagglutinin gene was
accomplished by NetNGlyc 1.0 Server (Gupta and Brunak, 2001).

RESULTS
Quantitative Real time PCR for H5 detection:

By real time PCR, the 10 isolates were positive for H5 subtype with ct values ranged from 13.22 to 20.22
as listed in table S1. The positive samples were isolated and then examined for HA activity and the collected
allantoic fluids have HA unites between 2log7-2log9
Genetic analysis of the sequenced genes:

HA:

All 10 isolates were H5 subtype highly pathogenic due to the presence of multiple basic amino acids in
the cleavage site through sequence of full HA gene. Viruses collected in Egypt during 2015 showed some
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variation in comparison with the original strain isolated in Egypt in early 2006 and also the viruses from Qinghai-
lake and viruses from neighboring Middle Eastern and European countries (clade 2.2)

The Phylogenetic analysis of HA gene for chicken isolates (Fig. 1) and (Fig. 15,16) either based on
nucleotide sequence or amino acid sequence show 10 isolates were grouped together and belong to clade
2.2.1.2 (Arafa,etal2016)

The cleavage site sequence of tested isolates indicates all isolates have multiple basic acids in cleavage
site and show one pattern present in all 10 isolates PQGEKRRKKRGLF.

Our study revealed that presence of mutations in antigenic epitopes of 10 isolates ranged between 4 to
26.
The only mutation in receptor binding site is 129 deletion which present in 10 isolates .

A phylogenetic tree of publicly available H5 HA sequences showed that more than 70% of Egyptian
isolates lack the HA154-156 glycosylation site in comparison with Vietnam only 25% and Indonesia 0%. (i.e.,
countries with appreciable numbers of human H5N1 infections) revealed that Human H5N1 infections in Vietnam
and Indonesia from 2009 to 2011 were mostly (Vietnam) or exclusively (Indonesia) caused by viruses with the
HA154-156 glycosylation site. Phylogenetic analysis of all strains under study detect that all the group of
subclade 2.2.1 lack the glycosylation site, this finding might suggest that avian H5N1 viruses lacking the HA154—
156 glycosylation site transmit to humans more readily than those that possess the glycosylation site, at least in
the genetic background ofEgyptian H5N1 viruses.( Neumann G et al.,2012).

PB2:
several studies indicated thatthe PB2 gene E627K, A1995,D701N and 271 are of molecular determinant
of H5N1 virus pathogenicity and virulence in mice and polymerase activity in mammalian host cell(Hatta

etal.,2001),(Bussey et al 2010),theses mutations weren’t present in the current study .

In this study we are found: (I71M, R85K)(A111T, N134T, R202K, K254E, M2971,1220M,K274R except no 5
contain K294R,V534T,I575M,T666M)

PB1:
In this study make partial analysis of pb1 and presence in one samples only mutation T672I.

The Identity Percent for the Amino Acid sequence of whole PB1 gene of the 10 isolates in comparison
with A/chicken/Egypt/06553/2006(H5N1) ranging between 99% to 100 %

PA:

It was found that PA gene of all strains of subclade 2.2.1 (Egypt/2.2.1) containN341S, S388R, A448E and
K615R. K615R represent one of important potential markers of host adaptation(Gabriel et al 2005).

In the current study we found (S63G, 166T, V68I, V99I, N89S , 1206V, K209R, R217C, N232K, K274K,
S292A,
G326N,T342A,M347L,D356E,K366R,R372K,R393S5,K396R,E404K,T406P,E353A,1509L,K541R,E549R,A558E,V5591,L6
90P,L591F,R620K,R631K,S668P,A674V,L712F,A717Tand N721R) .

The Identity Percent for the Amino Acid sequence of whole PA gene of the 10 isolates in comparison
with A/goose/Guangdong/1/1996 )A/bar-headed/Qinghai/3/2005) A/chicken/Israel/625/2006\ (H5N1) ranging
between 96% to 100%.

NS:

NS1 protein of Egyptian strains can be classified into 3 groups could be named A, B & C, each group has
characteristic markers differ in between the groups as group (A) contain 44R , 48N and ESKV, group (B) contain
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44K ,48N and ESKV while group (C)contain 44K,48S and ESEV.(Adel .A ,etal 2012). it was found that Isolates
under study are closely related to group C.

In our study there are some mutations as:
(K49R,S53N,K60E,S181N,K76E,A81E,T165A,V2031,5221P,A230R,S234E).

The sample NO,2 A/chicken/Egypt/ABD2/2015 contain another new mutations D263E,A61T,G229R .and
sample NO 5A/chicken/Egypt/ABD5/2015 contain two mutation as 1190VandF175S.

The amino acid at position 42 of NS1 varies among avian influenza viruses; however, the serine (S) at
this position is highly conserved in the human, swine, and equine influenza viruses. Based on the available
sequence information, H5N1 influenza viruses that have been isolated from humans and other mammals have
serine at position 42 in the NS1 protein. The amino acid at position 42 is located within the second a-helix
spanning amino acids 30 to 50 of the RNA-binding domain of NS1 protein (Wang et al ,1999 ).

The NS1 gene is critical for the pathogenicity of avian influenza virus in chickens, and that the amino
acid residue Alal149 (A) correlates with the ability of these viruses to antagonize interferon induction. the NS1
gene of GS/GD/1/96 is important for this virus to be able to antagonize the host IFN-a/B response and to
replicate with lethality in chickens because it has amino acid residue (A) 149(Li, Z. et al, 2006) but a
A/goose/Guangdong/2/96 (GS/GD/2/96) virus encoding a Val (V) 149 substitution is not capable of the same
effect.

The Identity Percent for the Amino Acid sequence of NS gene of the 10 isolates in comparison with
A/chicken/Egypt/06553/2006 and A/bar-headed/Qinghai/3/2005 ranging between 95 % to 100 % and with the
virus strain of A/Goose/Guangdong/1/96(H5N1) ranging between 67.8 % and 69.3 %.

DISCUSSION

All 10 isolates were H5 subtype highly pathogenic due to the presence of multiple basic amino acids in
the cleavage site through sequence of full HA gene. Viruses collected in Egypt during 2015 showed some
variation in comparison with the original strain isolated in Egypt in early 2006 and also the viruses from Qinghai-
lake and viruses from neighboring Middle Eastern and European countries (clade 2.2). Persistent circulation of
HPAI H5N1 in Egypt has resulted in the emergence of a distinct sub lineage of H5N1 viruses within clad 2.2;
termed clade 2.2.1.2 (, Balish et al., 2009,Arafa et al., 2010-b). The Phylogenetic analysis of HA gene for chicken
isolates and (Fig. 1,2) either based on nucleotide sequence or amino acid sequence show 10 isolates were
grouped together and belong to clade 2.2.1.2 (Arafa,etal2016)..

Amino acid identities ranged between 95%-100% among the analyzed isolates The isolates shared 95%-
96%, 95%-99% and 92%-96% identity in the H5 gene amino acid sequences with isolates (A-duck-Egypt-2253-3-
2006), (A-goose-Guangdong-1-96) (A-chicken-Egypt-06553-2006) and (A-chicken-Egypt-0880-2008) ), which is
the original isolate isolated in early 2006 and other reference samples from the world.

The cleavage site sequence of tested isolates indicates all isolates have multiple basic acids in cleavage
site and show one pattern present in all 10 isolates PQGEKRRKKRGLF.

Presence of multiple basic amino acids at the HA cleavage site is well established as an accurate
indicator of virulence or potential virulence for H5 and H7 influenza viruses (Hoffmann et al., 2007).

Our study revealed that presence of mutations in antigenic epitopes of 10 isolates ranged between 4 to
26.
The only mutation in receptor binding site is 129 deletions which present in 10 isolates and also present in
human influenza viruses H5N1, H3N2 and H1N1, an increasing prevalence of A129 HPAIV H5N1 viruses was also
observed in sequenced isolates from poultry in Egypt. (Abdelwahab, etal, 2010)
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In our study, the HA molecules of the Egyptian HS5N1 strains retained the 2,3-NeuAcGal linkage
properties, which share the same amino acids Q226 and G228 as avian viruses. The multiple basic amino acids at
the HA cleavage site are essential for lethal infection in chicken and mouse, these results are consistent with the
observations that viral isolate is highly pathogenic to chickens.

Several studies previously showed that Some mutations such as ( Q222L ,G224S, S223N,N182K,Q192R
,A134V) play a role in enhancing the binding of H5N1 Virus to the silica acid (SA) a2,6-Gal receptor (Zhu et al
2008 ).These Mutations were not found in the HA of Egyptian HS5N1 strains under study , Implying that the
isolates preferentially bind to a2,3-NeuAcGal Linkages of the avian cell receptors rather than a2,6-NeuAcGal
Linkages of the human cell receptors .

the PB2,PB1 and PA subunits are tightly associated with each other to form a compact structure .there
is binding between N terminus of PB2 (1-37 AA ) with C terminus of PB1 (678-757 )(Poole etal,2007) Forming
very highly conserved region among all influenza Viral strains , PB1-PB2 interface appears as target for novel
anti-influenza drugs of use against all strains of influenza A virus . Two important host specific markers in the
pandemic isolates the PB2 gene E627K and A199S in the PB2 gene, which is well-known to be associated with
increased virulence of A/H5N1 viruses for mice (Hatta etal.,2001) these mutation not present in current study.
also There is another position D701N that considered one of molecular determinant of H5N1 virus pathogen city
in mice and not recorded in all Egyptian strains from 2006 , PB2 residue 271 plays a role in the enhanced
polymerase activity of influenza A viruses in mammalian host cells(Bussed et al 2010),This study not contain
these mutation.

In this study we are found: (I71M, R85K)(A111T, N134T, R202K, K254E, M2971,1220M,K274R except no
5A/chicken/Egypt/ABD5/2015contain K294R,V534T,1575M,T666M) the importance of the amino acid at position
591 of PB2 for efficient replication of the pandemic HIN1 viruses in humans has recently been reported (Yamada
et al., 2012), and it was recorded that presence of basic amino acid at position 591 compensates for the lack of
PB2-627K and substantially increased the lethality of an avian H5N1 virus in mice(Yamada et al., 2012). Presence
of basic amino acid at position 591 not detected in strains under study.

The Identity Percent for the Amino Acid sequence of whole PB2 gene of the
5A/chicken/Egypt/ABD5/2015 isolates in comparison with A/chicken/Egypt/06553/2006 (H5N1) ranging
between98% to 100%. And with the virus strain of A/Goose/Guangdong/1/96(H5N1) ranging between 98%
and100percent.

In this study make partial analysis of pb1 and presence in one samples only mutation T672l.the partial
analysis of pb1 idicate this mutation need further investigation to detect its impact

The Identity Percent for the Amino Acid sequence of whole PB1 gene of the 5 isolates in comparison
with A/ chicken/ Egypt/ 06553/ 2006 (H5N1) ranging between 99% to 100 % and with the virus strain of A/
Goose/ Guangdong/ 1/ 96(H5N1) ranging between 98% and 100%.

In addition to the three polymerase proteins (PB-1, PB-2, and PA), the PB1 gene also codes for a fourth
protein called the PB1-F2 (De Marco et al., 2003).The PB1-F2 protein is encoded by an alternative open reading
frame of the PB1 RNA segment, PB1-F2 likely contributes to viral pathogenicity and might have an important role
in determining the severity of pandemic influenza (Garcia-Sastre A ., 2006).Theprotein is 87 amino acids long and
the region coding for this protein is under intense selective pressure, although not found in all influenza A
strains, it could certainly be considered a potential pathogenicity factor (Salomon et al., 2006), It was found that
amino acid change (N66S) was found in the PB1-F2 sequence correlated with pathogenicity. This same amino
acid change (N66S) was found in Hong Kong 1997 H5N1 outbreak and 1918 pandemic virus(Michael Lee, et al
2002).And this mutation is recorded in only one strain under study (A/Chicken/Egypt/115AD/2011(H5N1)) which
is follow subclade2.2.1.1and it also present only in one Egyptian strain in 2007
(A/duck/Egypt/D3Lu220/2007(H5N1) ), This protein has been shown to specifically target and destroy alveolar
macrophages as it has an apoptotic induction effect on macrophages, thus reducing their ability to contribute to
an immune response. It causes an inhibition of viral clearance, thus increasing cytotoxicity and increase
pathogencity.
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Also in PA V100A represent one of typical A.A signature of human influenza viruses observed in African
strains was found in (A/CH/Egypt/1188-2011) strain under study. It was reported that mutations in the Amino
acids T157A and 162, result in the loss of the potential phosphorylation site, weaken the proteolysis Function of
PA. (Peralesetal 2000), that not recorded in our Egyptian strains. The polymerase PA sub unit considered a
virulence factor for H5N1 Al virus in ducks. As it was reported that S224P in the PA protein dramatically increase
the replication of H5N1 in ducks .This mutation not present in our Egyptian strains isolated from Duck, also
N383D in PA plays an important role in the activity of the polymerase and in the accumulation of the polymerase
PA and PB1 subunits in the nucleus of virus-infected cells, so increased the replication OF H5N1 virus in ducks.
383D present in all Egyptian strains (JiashengSong, et al 2011).

K356R detected in A/Ostrich/Egypt/11139F-2011 that considered one of typical AA signature of human
influenza viruses observed in African strains (Guang-Wu Chen et al, 2006),also S409N recorded only in
A/duck/Egypt/0871/2008

It was found that PA gene of all strains of subclade 2.2.1 (Egypt/2.2.1) containN341S, S388R, A448E and
K615R. K615R represent one of important potential markers of host adaptation(Gabriel et al 2005).

In this study all the previous mutations but contain (563G, I66T, V68, V99,
N89S ,
1206V,K209R,R217C,N232K,K274K,5292A,G326N,T342A,M347L,D356E,K366R,R372K,R393S,K396R,E404K,T406P,E
353A,1509L,K541R,E549R,A558E,V5591,L690P,L591F,R620K,R631K,S668P,A674V,L712F,A717Tand N721R) .

The Identity Percent for the Amino Acid sequence of whole PA gene of the 5 isolates in comparison with
A/goose/Guangdong/1/1996 )A/bar-headed/Qinghai/3/2005) A/chicken/Israel/625/2006\ (H5N1) ranging
between 96% to 100%.

NS1 protein is a multifunctional protein, the main function of NS1 protein is antagoniza the innate
immunity of the infected host against avian influenza virus, by inhibition of IFN B synthesis, NS1 protein of
Egyptian strains can be classified into 3 groups could be named A, B & C, each group has characteristic markers
differ in between the groups as group (A) contain 44R , 48N and ESKV, group (B) contain 44K ,48N and ESKV while
group (C)contain 44K,48S and ESEV.(Adel .A ,etal 2012).

In our study there are some mutations as:
(K49R,S53N,K60E,S181N,K76E,A81E,T165A,V2031,5221P,A230R,S234E).

the sample NO,2 contain another new mutations D263E,A61T,G229R .and sample NO 5A/ chicken/
Egypt/ ABD5/ 20 contain two mutation as 1190VandF175S.

And it was found that Isolates under study are closely related to group C.

The amino acid S42 of NS1 is critical for the H5N1 influenza virus to antagonize host cell interfere and
for the NS1 protein to prevent the double-stranded RNA mediated activation of the NF-B pathway and the IRF-3
pathway. All Egyptian isolates under study have amino acid serin (S) at the position 42. increased the replication
and virulence in mammalian mice (Donelan et al., 2003)

Glutamic acid (E 92) of NS1of lethal H5N1 virus (HK/97) was resistant to the antiviral effects of IFN and
TNF- a (Seo et al.,2002),The NS1 protein of this highly pathogenic virus has been shown to posses a unique 5 aa
deletion at position 80 to 84 (15 nucleotides at position 238-252 nuclutides) resulting in a protein that is 5 a.a
shorter than the normal 230 for avian influenza NS1s. An analysis of the public sequence databases reveals that
this deletion emerged in H5N1 isolates in 2000 and has persisted ever since outlasting H5N1 viruses with a 230
aa NS1 protein..

the amino acid residue Alal49 (A) correlates with the ability of these viruses to antagonize interferon

induction. the NS1 gene of GS/GD/1/96 is important for this virus to be able to antagonize the host IFN-a/B
response and to replicate with lethality in chickens because it has amino acid residue (A) 149(Li, Z. et al, 2006)
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but a A/goose/Guangdong/2/96 (GS/GD/2/96) virus encoding a Val (V) 149 substitution is not capable of the
same effect.

In our study, all Egyptian isolates have Ala (A) amino acid at 149 in NS1 protein that give indication that
the Egyptian strain can has high virulence in the infected different species recommendation for further studies
on Egyptian H5N1 viruses isolates to learn more about host range and virulence determination .

The Identity Percent for the Amino Acid sequence of NS gene of the 5 isolates in comparison with
A/chicken/Egypt/06553/2006 and A/bar-headed/Qinghai/3/2005 ranging between 95 % to 100 % and with the
virus strain of A/Goose/Guangdong/1/96(H5N1) ranging between 67.8 % and 69.3 %.

CONCLUSION

In our study we have investigated and characterized an HPAIV H5N1 and LPAIV HIN2 strain isolated from
a retrospective analysis of a chicken backyard in Egypt from 2015 and compared the virus with selected reference
viruses from Gen Bank. It is clear that HPAIV H5N1 isolates is closely related to classical strains belong to clade
2.2.2.1and there is no different changes with selected reference viruses from Gen Bank.

all Egyptian isolates have Ala (A) amino acid at 149 in NS1 protein that give indication that the Egyptian

strain can has high virulence in the infected different species recommendation for further studies on Egyptian
H5N1 viruses isolates to learn more about host range and virulence determination .
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_sul—NchickenfShenwOGOGIQOOS

Alguail/Guangxi/11/2002
A-Goose-Guangdong-1-96

FI(FIG 1)G. Phylogenetic tree of HA gene for selected Egyptian viruses.
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—— LC093085.1 Influenza A virus (A/Pigean/Egypt/RIMD20/2009(H5N1)
CY126110.1 Influenza A virus (A/chicken/Sharkia/CAI3/2009(HSN1))
CY041296.1 Influenza A virus (A/chicken/Egypt/0836/2008(HSN1)
— —— EU574925 Alchicken/lsrael/1055/2008 2008/ 2 (PB1)
50 L——-————ABG636522 Almuscovy duck/Vietnam/OIE-559/2011 2011/06/ 2 (PB1)
KU971353 Alchicken/Niger/15VIR2060-8/2015 2015/04/02 2 (PB1)
—— JNB46703 A/duckiZhejiang/2244/2011 2011/02/ 2 (PB1)
JN202571 AlMallard duck/Korea/W404/2011 2011/01/ 2 (PB1)
ML AB593445 Aiduck/Vietnam/G12/2008 2008/01/ 2 (PB1)
CY016785 A/Cygnus cygnus/lran/754/2006 2006/ 2 (PB1)
EU429981 Alchicken/lsraell625/2006 2006/ 2 (PB1)
A Alchicken/Egypt/ABD3/2015-H5N1
KR732442 1 Influenza A virus (A/chicken/Egypt/06553-NLQP/2006(HEN1)
—— AYG76027 Alchicken/Korea/es/2003 2003/ 2 (PB1)
—— KFB881661.1 Influenza A virus (A/duck/Eqypt/Q2645C/2010(HSN1)
KP035036.1 Influenza A virus (A/duck/Egypt/14VIR784-4-133AD/2013(H5N1)
KT220537 1 Influenza A virus (A/chicken/Egypt/F9514A/2014{HSN1)
KF881559.1 Influenza A virus (A/chicken/Egypt/S3280D/2011(H5N1)
—— KFB881588.1 Influenza A virus (A/duck/Eqypt/Q4596D/2012(HSN1)
KF881702.1 Influenza A virus (A/duck/Egypt/S6419C/12012(H5N1)
CY016905.1 Influenza A virus (A/duck/Egypt/i2253-3/2006(H5N1)
—— CY021395 Alchicken/Sudan/2115-10/2006 2006/ 2 (PB1)
A Alchicken/Egypt/ABD1/2015-H5N1
KR732577 1 Influenza A virus (A/duck/Egypt/0923-NLQP/2009(H5N1)
CY029313 A/duck/Hunan/533/2004 2004/ 2 (PB1)
A Alchicken/Egypt/ABD2/2015-H5N1
F4 KR732492 1 Influenza A virus (A/chicken/Egypt/102d/2010(H5N1)
—— KR0G3676.1 Influenza A virus (A/chicken/Egypt/A10351A2014(HONT)

b7
K

o

9

==}

KF881311.1 Influenza A virus (A/duck/Egypt/M2583C/12010(H5NT)
—— KF881354.1 Influenza A virus (A/duck/Eqypt/M3075B/2011(H5N1)
KF881544 1 Influenza A virus (A/goose/Egypt/M2788E/2011(H5N1)
KX247640 1 Influenza A virus (A/Egypt/MOH-NRC-8434/2014(H5N1)
CY029432 Alchicken/Yunnan/5686/2003 2003/ 2 (PB1)

(GQ337908 Alchickenfran/53-3/2008 2008/ 2 (PB1)

KP702163.1 Influenza A virus (A/Egypt/MOH-NRC-7271/2014(H5N1)
Influenza A virus (A/bar-headed goose/Qinghai/3/2005(H5N1)) segment

Influenza A virus (A/Goose/Guangdong/1/96{(H5N1))

i
0.002

FIG 2: Phylogenetic tree of PB1 gene for 5 selected Egyptian.
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A/duck/Egypt/14VIR784_6_1328S/2013
A/duck/Egypt/iQ4596B/2012
A A/chicken/Egypt/ABD5/2015-H5N1
A A/chicken/Egypt/ABD2/2015-H5N1
A/duck/Egypt/IS6419C/2012
A/chicken/EgypVIT_1/2013
A/chicken/Egypt/S3280E/2011
A N/chicken/Egypt/ABD3/2015-H5N1
A A/ch icken/Egypt/ABD1/2015-H5N1
A A~/chic ken/Egypt/ABD4/2015-H5N1
A/chicken/Egypt/S3280B/2011
—— AJ/chicken/Egypt/Q5283C/2012
A/chicken/Egypt/14VIR784_11__ 133AL/2013
A/chicken/Menofia/CAI36/2010
A/chicken/ilsrael/1055/2008
58 A/chicken/Egypt/Q1089E/2010
A/chicken/Egypt/Q1090E/2010
A/chicken/Menofia/CAIZ28/2009
A/chicken/Giza/CAI1L7/2009
A/chicken/Sharkia/CAI41/2009
A/chicken/Giza/CAI37/2009
A/chicken/Qalubia/CAIS/2008
A/chicken/Egypt/0836/2008
A/chicken/Egypt/9402_CLEVB213/2007
27 | Alturkey/lsrael/446/2006
Alturkey/ilsrael/345/2006
39 A/chicken/Egypt/S3093A/2011
A/duck/Egypt/O871/2008
A/chicken/Egypt/CL6/2007
A/chicken/Egypt/C1Tr10/2007
— A/chicken/Qalubia/1/2006
Alturkey/Egypt/2253_ 2/2006
A/chicken/Egypt/2253__ 1/2006
A/Bar_headed__Goose/Qinghai/65/05
16' A/bar-headed__goose/Qinghai/3/2005
57 A/Cygnus_ cygnus/lIran/754/2006
88 ' A/chicken/lran/53-3/2008

39 A/duck/Vietnam/ST1491_3/2012
1 MlNietnam/CVVl_49/201o
A/duck/VVietnam/NCVD_ 19/2007
A/chicken/VVietnam/NCVD12/2005

A/chicken/Viet Nam/8/2005
A/duck/Shanghai/xj/2002

29 A/chicken/Hunan/1793/2007

8350 A/chicken/Tibet/6/2008
A/goose/Shantou/3265/2006
A/goose/Hubei/65/2005

A/duck/Vietnam/NCVD_ 34/2007
—— A/chicken/Fujian/1/2007
A/muscovy_duck/Ha__Nam/0O7_47/2007
A/chicken/Jiangsuw/18/2008
A/duck/Zhejiang/213/2011
A/great_crested__grebe/Qinghai/1/2009
26 A/chicken/VVietnam/NCVD_2749/2013
A/goose/Yunnan/4371/2006
A/duck/Vietnam/QT1455_3/2012
A/wild_duck/Fujian/2/2011
A/muscovy duck/Vietnam/LBM335/2013
A/duck/Vietnam/NCVD_0004/2013
A/pheasant/TienGiang/0025/2013

52

88

12

%1; A/muscovy duck/Quang_ Ninh/48c1__
A/duck/Hunan/8/2008
51_|:|—_A\/Chicken/Hubei/wI/1997

61 A/goose/Guangdong/xb/2001

A/Goose/Guangdong/1/96

0.02

FIG3: From the results of amino acid alignment and analysis of NS1 we found that all the Egyptian strains have
deletion in 5 amino acids at position 80-84 in comparison to the A/Goose/Guangdong/1/96 strain
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A Alchicken/Egypt/ABD3/2015-H5N1

76 | & Alchicken/Egypt/ABD4/2015-H5N1

4 Alchicken/Egypt/ABD2/2015-H5N1

4 Alchicken/Egypt/ABD1/2015-H5N1

KROB3677.1_(A/chicken/Egypt/A10351A2014(HEN1))

A Alchicken/Egypt/ABD5/2015-H5N1

4 | KP702172 1_(A/Egypt/MOH-NRC-7305/2014(H5N1))

60— KP702164 1_(A/Egypt/MOH-NRC-7271/2014(HSN1))

KP035035.1_(A/duck/Egqypt/14VIRT84-4-133AD/2013(HSN1))

KT220554.1_(A/chicken/Egypt/F9514E/2014(H5N1))

KF881669.1_(A/chicken/Egypt/Q5283C/2012(H5MN 1))

KF881602.1_(A/chicken/Egypt/S3280E/2011(HE5N1))

KF881524 1_(Alchicken/Egypt/S3280B/2011(H5N1))

68 KF881430.1_(A/duck/Egypt/Q4596A/2012(HSN 1))

KF881407.1_(Afduck/Egypt/Q4596B/2012(HSN1))

KF881589.1_(A/duck/Egypt/Q4596D/2012(HSN1))

KP035027 .1_(A/chicken/Egypt/14VIR784-5-13185/2013(HE5N1))

KF881654.1_(Afchicken/Egypt/S2938D/2011(HEN 1))

3|KF881518.1_(A/goose/Egypt/M2794A/2011(H5N1))

KF881538. 1_(A/duck/Egypt/M2583D/2010(HSN1))
3 KF881423.1_(A/duck/Egypt/M2583B/2010(HSN1))
KF881445.1_(Al/goose/Egypt/M2788A/2011(HSN1))
KF881319.1_(Alturkey/Egypt/S6405A/2012(HEN1))
89 KP035017.1_(A/chicken/Egypt/ 14VIRT84-11-133AL/2013(H5N1))
KR732432 1_(A/chicken/Egypt/102d/2010(H5N1))

13 | CY057202.2_(Afchicken/Egypt/08124S-NLQP/2008(H5N1))

98 'CY0D57202A/chicken/Egypt/081245-NLQP/2008
CY020658.1_(Alturkey/Egypt/2253-2/2006(HSN 1))

1_{ EU429975.1_(A/chicken/lsrael/625/2006(H5N1))

7| 89! EU429975_ AJchicken/lsrael/625/2006

—— CY126109A/chicken/Sharkia/CAI3/2009

EU574924 Al/chicken/lsrael/1055/2008

CY041295A/chicken/Egypt/0836/2008

KR7 32498 .1_(A/chicken/Egypt/06553-NLQP/2006(HSMN 1))

LFRG87276.1_(A/chicken/Qalubia/1/2006(H3MN1))

KR732399.1_(A/chicken/Egypt/07118-NLQP/2007(H5N1))

H—EU429972 1_(Adturkey/lsrael/364/2006(H5N1))

—EU146858.1_(A/Eqypt/Q02786/2006(H5N1))

L CY126125.1_(A/chicken/Giza/CAIG/2008(H5N1))

HM172474A/bar-headed_goose/Qinghai/3/2005
15 |l— CY020666_A/chicken/Sudan/1784-8/2006_2006//_3_(PA)
2‘{1&%@33?90?_Nchickenflranf53-af2008
f AMS03051_AJchicken/Nigeria/AB13/2006_2006//_3 (PA)

— CY048394_A/goose/Nigeria/08RS848-56/2007_2007/01/11_3_(PA)
HM172473_AJchicken/Liaoning/23/2005
CY016784_A/Cygnus_cygnus/iran/7 54/2006

CY090123_AJchicken/india/81766/2008

. DQ366329_A/chicken/Guangxi/12/2004

31|57 CY029433_A/chicken/Yunnan/5686/2003

CY029258_AJsilky_chicken/Shantow475/2004

CY¥029314_ Adduck/Hunan/533/2004

HM172325_A/duck/Hunan/69/2004

AF144302A/goose/Guangdong/1/1996

AY950266_AJ/chicken/Henan/210/2004

EF041484 A/duck/South_Africa/811/2004_2004//_3 (PA)

60 KX160155_A/chicken/Gansu/5/2012

93 HM172340_AJchicken/Henan/A-7/2006
AYETE031_AJchicken/Koreales/2003

AB593446_A/duck/Vietnam/G12/2008
ﬂ KU971476_AJ/chicken/Ghana/15VIR5480-7/2015_2015/07/28_3_(PA)
a7 JNGE46710_A/duckiZhejiang/2244/2011
58 — ABT741549_A/muscovy_duck/Vietnam/LBM14/2011

JN80T7966_A/chicken/Korea/PT412/2011
AYB09311_AJchicken/Guangdong/174/04

5

39
5

59
83

30

70

Y

13 59

1611

96

25

541

FIG 4: Phylogenetic tree for the amino acid sequence of whole PA protein Fig (37) of the Egyptian isolates of
the study and other Egyptian isolates from the gene bank in comparison with /Goose/Guangdong/1/96lsolate
as a reference strain .Showing that here were two major groups (classic2.2.1andvariant2.2.1.1) circulated in
this period.
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KP702162.1(A/Egypt/MOH-NRC-7271/2014(H5N1))
I — LC106043.1(A/duck/Menia/1543S/2015(H5N1))
A Alchicken/Egypt/ABD1/2015-H5N1
A A/chicken/Egypt/ABD4/2015-H5N 1
— AA/chicken/Egypt/ABD5/2015-H5N1
AA/chicken/Egypt/ABD2/2015-H5N1
KR063675.1(A/chicken/Egypt/A10351A/2014(H5N1))
LC106040.1(A/chickern/Sharkeya/14209SS/2014(H5N1))
I LC106039.1(A/chicken/lsmailia/144CA/2014(H5N1))
A Alchicken/Egypt/ABD3/2015-H5N1
LC106044.1(A/turkey/Menia/15248S/2015(H5N1))
LC106046.1(A/duck/Dakahlia/1536 CAG/2015(H5N1))
KP035037.1(A/duck/Egypt/14VIR784-4-133AD/2013(H5N1))
65 KT220552.1(A/chicken/Egypt/F9514E/2014(H5N1))
KF881622.1(A/chicken/Egypt/M7217B/2013(H5N1))
KF881346.1(A/chicken/Egypt/S3806D/2011(H5N1))
KF881536.1(A/duck/Egypt/M2583D/2010(H5N1))
KF881695.1(A/chicken/Egypt/M2773A/2011(H5N1))
99 KF881405.1(A/duck/Egypt/Q4596B/2012(H5N1))

gs | KF881587.1(A/duck/Egypt/Q4596D/2012(H5N1))

62

1

©

39 KF881421.1(A/duck/Egypt/M2583B/2010(H5N1))
2 KF881443.1(A/goose/Egypt/M2788A/2011(H5N1))
L KR732534.1(A/chicken/Egypt/07118-NLQP/2007 (H5N1))
2 Afturkey/lsrael/446/2006

CY126111A/chicken/Sharkia/CAI3/2009
50 CY126183.1(A/chicken/Giza/CAI17/2009(H5N1))
46 ' CY041297A/chicken/Egypt/0836/2008
54 | KR732472.1(A/chicken/Egypt/06553-NLQP/2006(H5N1))
CY020660.1(Al/turkey/Egypt/2253-2/2006(H5N1)
EU429983.1(Alturkey/Israel/345/2006(H5N1))
24 | EU574919.1(A/chicken/Israel/364/2006(H5N1))
— FR687275.1(A/chicken/Qalubia/1/2006(H5N1))
EU429986.1(A/chicken/Gaza/714/2006(H5N1))
_|_— AB465626.1(A/duck/Egypt/D2br10/2007(H5N1))
37 CY057200A/chicken/Egypt/08124S-NLQP/2008
A/bar_headed_goose/Tibet/8/2006
Al/bar-headed_goose/Qinghai/3/2005(H5N1)
A/chicken/North_China/k0604/2010
A/duck/Hunan/3/2007
A/duck/Hunan/8/2008
Al/swan/Shanghai/10/2009
Al/brown_headed_gull/Qinghai/19/2009
A/duck/Nanchang/9789/2013
A/duck/Sichuan/NCXN11/2014
Al/duck/Hunan/S4220/2011
A/duck/Zhejiang/2244/2011
Al/duck/Vietnam/QT1480/2012
A/duck/Vietham/NCVD_2709/2013
A/duck/Viethnam/NCVD_6137/2013
A/duck/Vietnam/NCVD14_A340/2014
Al/duck/CaMau/0238/2015
A/chicken/Vietham/HU3_737/2015
91 ' A/duck/Vietnam/HU3_708/2015

[ Alchicken/Hebei/A_8/2009

100 ——— AJchicken/Liaoning/A_11/2006
Al/chicken/Hunan/21/2005
A/chicken/Viet_Nam/TN_025/2004

99 A/duck/Viet_Nam/19/2005
A/Goose/Guangdong/1/96(H5N1))

39

—
0.005

FIG 5: Phylogenetic tree for the amino acid sequence of whole Pb2 gene of the Egyptian isolates under study in
comparison with A/Goose/Guangdong/1/96lsolate as reference strain and other Egyptian isolates from the
gene bank indicate a clustering of Egyptian viruses into two major groups (Egypt classic 2.2.1 and Egypt variant
2.2.1.1).
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Supplementary table 2: the primers sets used in the amplification and sequence of the PB2, PB1, PA, HA and

NS genes:

Primer ID H Nucleotide Sequence H Lengtﬂ Reference

PB2 Primers

PB2-1FV2 | 5'GGAAAGCAGGTCAAATATATTCAATA 3' 26 FLI

PB2-F-503 | 5’ATGGAGGTCGTTTTCCCAAATGAGG 3’ 25 NLQP

PB2-F910 | 5’'TGAGGAACAAGCTGTGGATAT3’ 21 SEPRL

PB2-F1361 5’ATTGATAATGTCATGGGGATG 3’ 21 NLQP

PB2-1421R 5’ GGT AAT AAT CCG ATC ATC CCC AT 3’ 23 NLQP

PB2-F-177! 5'TAG TAC CAA AGG CTG CCAGA 3’ 20 NLQP

PB2-1RV2 | 5'GGTCGTTTTTAAACAATTCGACAC 3' 24 FLI

PB2-R397 | 5'ACTTGGTTTCGGAAATGAAC3' 20 NLQP

PB2-R828 | 5'TCTCCAGCAGTGATGCCAGTG 3' 21 NLQP

PB2-R-231| 5'CTATTC GAC ACT AAT TGATGG C 3' 22 NLQP

PB1 Primers

PB1-F-143] 5'GCA AGC TAG TCG GAATCAA 3 19 NLQP

PB1-R432 | 5’AATGTCCAGTCATAGGT CTG 3’ 20 NLQP

Pb1 R-867 | 5'CAC GAC GTTTGC CAATTT AGCC 3’ 22 NLQP

PB1-1230R| 5’ATGTTGAACATGCCCATCATCAT3’ 23 NLQP

PB1-R-232 NLQP

5'TTC ATG AAG GACAAGCTAA 3

PA Primers

PA -3FV2 | 5'AGC GAA AGC AGG TACTGATTC AAAA 3] 25 FLI

PA-F-450 | 5'CAC AGG GGA GGA AAT GGC AAC C3' 22 NLQP

PA+734 5'AACCGAACGGCTGCATTGA 3' 19 NLQP

PA-1131F | 5'ACT CGG TGA GAA CAT GGC ACC3' 21 | NLQP

PA-F1825 | 5'ACATGACCAAAGAATTCTTTGAS3' 22 NLQP

PA-R-510 | 5'GCC CTG CTC TCT TCA TCA AGG G3' 22 NLQP

PA-R-960 | 5'ATGTTGGGCTCCTTCCACCCGAAAAATG3 28 NLQP

PA -1312R| 5'CTC CTATTT CAT CAAGTT CTATCC 3' 24 NLQP

PA-R-1621| 5'CTT TTC CCA CTT GTG TGG CTC C3' 22 NLQP

PA-R-2193| 5'ATA GTA GCATTG CCA CAACTA 3' 21 NLQP

HA Primers

Bm-HA-1 | TAT TCG TCT CAG GGA GCA AAA GCA GGG (| 28 Hoffman, et al., 200

HGGT+ CTCTTC GAG CAAAAGCAG GGG T 22 SEPRL

H5F3-395 | AAC ACC TAT TGA GCA GAATAAA 22 NLQP

KH1-800 | CCT CCA GAR TAT GCM TAY AAAATT GTC | 27 VLA

NS Primers

NS-8FV2 5’AAA AGC AGG GTG ACAAAG ACATAA 3’| 24 FLI

NS-8RV2 | 5’AGT AGA AAC AAG GGT GTT TTTTAT CA 3| 26 FLI

NS-R598 | 5'GAG TTATCA TTC CAT TCA AGT CC 3’ 23 SEPRL

NS-F327 5’GACTGG TTC ATG CTC ATG CC 3’ 20 SEPRL
HA Primers
Bm-HA-1 TAT TCG TCT CAG GGA GCA AAAGCA GGG G )8 Hoffman, et al

2001
HGGT+ CTCTTC GAG CAAAAGCAGGGGT 2 SEPRL
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ISSN: 0975-8585

H5F3-395 AAC ACCTAT TGA GCA GAATAAA 2 NLQP
KH1-800 CCT CCA GAR TAT GCM TAY AAA ATT GTC 27 VLA
H5 F4-817 AGT AAT GGA AAT TTC ATT GCT CCA GAA 27 NLQP
H5-951 F AAT GYC CCA AAT AYG TGA AA 19 NLQP
H5F5-1088 TTG GAG CTATAG CAG GTT TTATAG AGG 27 NLQP
H5F6-1352 TCT GGA CTT ATAATG CTG AACT 2 NLQP
Bm-NS-890R ATATCG TCT CGT ATT AGT AGG AAA CAAGGG TGT TTT 36 Hoffman et al., 200
H5R3-1352 AAG TTC AGC ATT ATA AGT CCA GA 23 NLQP
H5R4 -1085 CCT CTATAA AACCTG CTATAG CTC CAA ATA 30 NLQP
H5R5-817 TTCTGG AGC AAT GAA ATT TCC ATT ACT 27 NLQP
H5-R16-460 ATG CTG AGCTCACTCCTG ATG 21 NLQP

Supplementary table 3: Accession no. of the sequenced genes HA, PB1, PB2, PA and NS of the isolates in this

study:

Isolate ID HA PB1 PB2 PA NS

A/Chicken/Egypt/ABD1/2015

A/Chicken/Egypt/ABD2/2015

A/Chicken/Egypt/ABD3/2015

A/Chicken/Egypt/ABD4/2015

A/Chicken/Egypt/ABD5/2015

A/Chicken/Egypt/ABD6/2015

A/Chicken/Egypt/ABD7/2015

A/Chicken/Egypt/ABD8/2015

A/Chicken/Egypt/ABD9/2015

A/Chicken/Egypt/ABD10/201

(1]
(2]

(3]
(4]
(5]

(6]
(7]
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