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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 . 
Keywords: H5N1, avian influenza, virus, pathogens. 
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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 (AI) 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 QIAamp 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-qPCRs 
 
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, Γ4), 
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 ,  A199S,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, M297I,I220M,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, I66T, V68I, V99I, N89S , I206V, K209R, R217C, N232K, K274K, 

S292A, 
G326N,T342A,M347L,D356E,K366R,R372K,R393S,K396R,E404K,T406P,E353A,I509L,K541R,E549R,A558E,V559I,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,V203I,S221P,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 I190VandF175S. 
 

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 α-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 Ala149 (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-α/β 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 Δ129 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  H5N1 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  H5N1 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, M297I,I220M,K274R except no 
5A/chicken/Egypt/ABD5/2015contain K294R,V534T,I575M,T666M) the importance of the amino acid at position 
591 of PB2 for efficient replication of the pandemic H1N1 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 T672I.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 (García-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. 
 



ISSN: 0975-8585 

September–October 2018  RJPBCS 9(5)  Page No. 1397 

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 AI 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). 
 

I n  t h i s  s t u d y  a l l  t h e  p r e v i o u s  m u t a t i o n s  b u t  c o n t a i n  (S63G, I66T, V68I, V99I, 

N89S , 
I206V,K209R,R217C,N232K,K274K,S292A,G326N,T342A,M347L,D356E,K366R,R372K,R393S,K396R,E404K,T406P,E
353A,I509L,K541R,E549R,A558E,V559I,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 β 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,V203I,S221P,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 I190VandF175S. 
 

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-β 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- α (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 Ala149 (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-α/β 
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 H9N2 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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FI(FIG 1)G. Phylogenetic tree of HA gene for selected Egyptian viruses. 
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FIG 2: Phylogenetic tree of PB1 gene for 5 selected Egyptian. 
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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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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/1/96Isolate 

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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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/1/96Isolate 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 Nucleotide Sequence Length 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-1775 5'TAG TAC CAA AGG CTG CCA GA 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-2317 5'CTA TTC GAC ACT AAT TGA TGG C 3' 22 NLQP 

PB1 Primers 

PB1-F-1433 5’GCA AGC TAG TCG GAA TCA A 3’ 19 NLQP 

PB1-R432 5’AATGTCCAGTCATAGGT CTG 3’ 20 NLQP 

Pb1 R-867 5’CAC GAC GTT TGC CAA TTT AGC C 3’ 22 NLQP 

PB1-1230R 5’ATGTTGAACATGCCCATCATCAT3’ 23 NLQP 

PB1-R-2322 
 5’TTC ATG AAG GAC AAG CTA A 3’ 

 
NLQP 

PA Primers 

PA -3FV2 5'AGC GAA AGC AGG TAC TGA TTC AAA A 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'ACATGACCAAAGAATTCTTTGA3' 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 CTA TTT CAT CAA GTT CTA TCC 3' 24 NLQP 

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

PA-R-2193 5'ATA GTA GCA TTG CCA CAA CTA 3' 21 NLQP 

HA Primers 

Bm-HA-1     TAT TCG TCT CAG GGA GCA AAA GCA GGG G    28 Hoffman, et al., 2001 

HGGT+ CTC TTC GAG CAA AAG CAG GGG T   22 SEPRL 

H5F3-395   AAC ACC TAT TGA GCA GAA TAA A                      22 NLQP 

KH1-800 CCT CCA GAR TAT GCM TAY AAA ATT GTC 27 VLA  

NS Primers 

NS-8FV2 5’AAA AGC AGG GTG ACA AAG ACA TAA  3’ 24 FLI 

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

NS-R598 5’GAG TTA TCA 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 AAA GCA GGG G    
28 

Hoffman, et al., 
2001 

HGGT+ CTC TTC GAG CAA AAG CAG GGG T   
22 SEPRL 
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H5F3-395   AAC ACC TAT TGA GCA GAA TAA A                        
22 

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 CTA TAG CAG GTT TTA TAG AGG              
27 

NLQP 

H5F6-1352 TCT GGA CTT ATA ATG CTG AAC T                       
22 

NLQP 

Bm-NS-890R   ATA TCG TCT CGT ATT AGT AGG AAA CAA GGG TGT TTT 
36 Hoffman et al., 2001 

H5R3-1352    AAG TTC AGC ATT ATA AGT CCA GA                       
23 

NLQP 

H5R4 -1085 CCT CTA TAA AAC CTG CTA TAG CTC CAA ATA            
30 

NLQP 

H5R5-817     TTC TGG AGC AAT GAA ATT TCC ATT ACT               
27 

NLQP 

H5-R16-460   ATG CTG AGC TCA CTC CTG 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/ABD10/2015      
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