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Abstract: Highly Pathogenic Avian Influenza (HPAI) H5N1 virus is an ongoing public health and socio-economic
challenge, particularly in Egypt. H5N1 is now endemic in poultry in many countries, and represents a major
pandemic threat and have caused multiple human infections. Merging the epidemiological and genetic data is
important to understand the transmission, persistence and evolution of the virus. This work describes the molecular
characterization of the hemagglutinin (HA) gene of 5 isolates collected from 2015, 2016. In this study, sequence
analysis of five HPAI H5N1 viruses of chicken during 2015 and 2016 revealed that were highly pathogenic due to
the presence of multiple basic amino acids in the cleavage site through sequence of full HA gene. Also, we found
that it belonging to clade 2.2.1 (3 samples) and 2.2.1.1. (2 samples). Our samples showed double mutation at HA
residues 134 deletion and 1167T which increased viral binding affinity to alpha 2, 6 SA receptor and infectivity in
the human lower respiratory tract.
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1. Introduction less susceptible to vaccine induced neutralizing
Influenza-A viruses contain eight segments of antibodies. Theoccurrence of escape variants in
single strand RNA (ssRNA) and they are continuously vaccinated poultry has been described in Egypt (Hafez
evolving overtime. Point mutations can introduce et al., 2010). Vaccine escape is a serious problem in
small changes known as genetic drift which mainly influenza virus eradication programs for poultry,
occurs because the virus polymerase lacks the especially for HPAIV H5N1 (Grund et al., 2011).
proofreading property. These changes are thought to Antigenic epitopes in HA protein of Al H5N1 virus of
be selected by pressures that force the virus to mutate. escape mutants were identified by sequencing and
Highly pathogenic avian influenza viruses of the structural mapping using monoclonal antibodies or
H5N1 subtype caused severe outbreaks in 1996/97 in polyclonal (rabbit- or mouse-derived) antiserum
southern China and Hong Kong (Chen and Holmes, (Lambkin et al., 1994).
2006). In recent years, the H5N1 viruses spread from This work was initiatedto analyzethe molecular
Asia to Europe and then to Africa, becoming endemic properties of five H5N1 virusesthat have caused
in poultry in parts of Asia and Egypt with frequent outbreaks in poultry in Egypt during 2015 and 2016
transmission to humans. using sequencing of the HA gene and to compare them
In February 2006, avian influenza virus (AlV) of with publishedsequences from H5N1 viruses obtained
subtype H5N1, clade 2.2.1, was introduced into Egypt from GenBank database.
presumably by wild birds (Saad et al., 2007; Aly et
al., 2008). Since then, these viruses have caused 2. Material and methods
devastating losses in the poultry industry and threaten Sample preparation and virus isolation
public health (Abdelwhab and Hafez, 2011). At the laboratory, each flock pooled samples
Although data from surveillance and research on the were processed routinely for virus isolation and RNA
Egyptian H5N1 viruses have been accumulating in the extraction.  Individual pooled samples were
last few years, there are still large gaps in knowledge homogenized in tissue homogenizer and centrifuged
regarding the evolution and epidemiology of these for 5 minute at 5000 rpm/minutes. The supernatant
viruses. fluids were separated and used for virus isolation. At
Despite of poultry vaccination in Egypt, a new the day 10 of incubation, the eggs were inoculated
H5N1 viruses was emerged due to escape mutants. with 100 ul of inoculum by allatoic sac route and
Resulting from antigenic drift of the viruses (Swyene incubated again at the proper conditions and examined
and Kapczynski, 2008). These escape mutants are daily for embryonic death. The eggs were opened for
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embryos examination and harvesting the allantoic
fluids for examination of haemagglutinating activity
(OIE, 2008).
Sequencing of HA gene

The H5N1 HPAI of five virus isolates were
collected in Egypt during the period from 2015and
2016. They were collected from different localities in
Egypt, different commercial poultry farms (Table 1).
The ribonucleic acids (RNASs) of virus isolates were

the extracted RNAs using specific primers for H5 gene
(Table 2). The PCR products were purified using a
QiaAmp purification kit (Qiagen, Germany). The full
length HA gene sequencing was done using a Bigdye
Terminator Kit (version 3.1; Applied Biosystems,
Foster City, CA) on a 3130 Genetic Analyzer (Applied
Biosystems, Foster City, CA). The sequencing of the
HA gene was conducted and the data were regularly
submitted to the GenBank and are available at the

extracted using QiaAmp viral RNA extraction kit National Center for Biotechnology Information
(Qiagen, Germany) according to the manufacturer’s (NCBI)(Table 1).
instructions. A one-step RT-PCR was conducted on

Table 1: Influenza A (H5N1) viruses included in this study and collected from poultry, Egypt.
Isolate name Age/day Governorates Genotype H5N1 strain Accession no.
Alchicken/Behera/1/2015 28 Dakahlia 2.2.1 Classic KY951986
Alchicken/Dakahlia/2/2015 22 Behera 2211 Variant KY951987
Alchicken/Giza/3/2015 35 Giza 221 Classic KY951988
Alchicken/Sharkia/4/2015 30 Shargia 2211 Variant KY951989
Alchicken/Gharbia/5/2016 42 Gharbia 2.2.1 Classic KY951990

Table 2: Primers of H5 Al used in conventional one step PCR

Primer Direction | Targetgene | TM Sequence (5'- 3"
HGGT Forward | H5 60°C | CTCTTC GAG CAAAAGCAGGGGT
H5-KH3 Reverse H5 62.4°C | TACCAACCGTCT ACC ATKCCY TG
H5F4 Forward H5 55.3°C | AGT AAT GGA AAT TTC ATT GCT CCA GAA
Bm-NS 890R(HR) | Reverse H5 66°C ATATCG TCT CGT ATT AGT AGG AAACAAGGG TGTTTT

Primers obtained from the Veterinary laboratory Agency (VLA) available at.www.defra.gov.uk/vla/.

3. Results
Results RT-PCR for H5NL1 isolates
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Fig 1: electrophoretic pattern of five H5N1 strains
isolated from five province in Egypt, Amplified
product of 1100 base pair for 5 isolates (lane 1
Dakahlia, lane 2 Giza, lane 3 Gharbia, lane 4
Sharkia lane 5 Bhira, Lane —ve is the negative
control and lane +ve is positive control).
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Fig 2: electrophoretic pattern of five H5N1 strains
isolated from five province in Egypt, Amplified
product of 975 base pair for 5 isolates (lane 1.
Dakahlia, lane 2. Giza, lane 3 Gharbia, lane 4.
Sharkia lane 5. Behira, Lane —ve is the negative
control and lane +ve is positive control).
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A comparative analysis of deduced amino acids
and nucleotide sequences of the HA gene was created
using the CLUSTAL W Multiple Sequence Alignment
Program, version 1.83 of Meg Align module of
Lasergene DNA Star software (Madison, WI). Amino
acids phylogenetic tree was drawn for the sequenced
isolates along with other vaccine and reference strains
available in the GenBank database using MEGA
version 6 (Tamura et al, 2013), to determine
nucleotide and amino acid sequence similarities and
relationships. AIV sequences used for the alignments
were obtained from the GenBank and EMBL database
using multi sequence alignment and sequences were
then presented using BOXSHADE  3.21
(http://www.ch.embnet.org/
software/BOX_form.html).

Using set of primers specific for amplification of
HA gene in 2 fragments for the selected isolates of
study, the PCR products run in agar gel 1.5% which
give 2 specific band at 975pb and at 1100pb in weight

measured against 100 plus ladder (Qiagene
Germany), all of the 5 selected isolates are positive for
HA gene (figure 1 and 2).

Sequence and Phylogenetic analysis of H5 gene
Sequencing of haemagglutinin (HA) indicates that all
isolates are AlV subtype H5, isolates belong to Clade
2.2.1.1 (variant) and 2.2.1(classic). Amino acid
identity between the variant isolates obtained in this
study 98.5% (Fig. 4). Amino acid identities between
classic isolates ranged from 93.3% to 99.3% among
the three isolates (Fig. 4). And shared 94%-95%, in
the amino acids sequences between variant and classic
isolates (Fig. 4).

Regarding the H5 amino acid similarity
between Egyptian isolates in this study and
Hongkokong1994 H5N1 was ranged between 82%-
84% and Mexico 1994 H5N2 was ranged between 72-
80% which are used as the seed virus strains in the
preparation of H5N1 and H5N2 vaccines used for
poultry vaccination in Egypt.

Table 3: Amino acid pattern of cleavage site of the five isolates

Isolate no. Cleavage site pattern

Al.sgn A/chicken/Behera/1/2015 PQGERRRKKRGLF

Al.sgn A/chicken/Dakahlia/2/2015 PQGEKRRKKRGLF

Al.sgn A/chicken/Giza/3/2015 PQGEKRRKKRGLF

Al.sgn A/chicken/Sharkia/4/2015 PQGERRRKKRGLF

Al.sgn A/chicken/Gharbia/5/2016 PQGEKRRKKRGLF

Percent |dentity
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962 935|981 /977|958 982|972 (952 |B10 (878|067 (975|075 (972|014 1 (Alchicken/Egypti06359-NLQP/2008(HAN"
2 |3 9541950969 |956|944 060|837 928|942 948 950|044 938 2 Alchicken/Egypti07118/2007
3|40 1 96.0 |97.9 (965|954 |97.9 (837 [90.6 [935 (958 [96.0 (937 (948 | 3 AEgypte/0396/2008
4 169|505 940 (927915940 |B00 (889|946 1919 (921|948 N0 | 4 Adchicken/Eqypti09635/2009
5 |20 |48 | 37 9951991973793 |844 954|995 /995|960 931 5 (Achicken/Egypt/105133/2010(H3N1)
6 |23|52|42|83 995)991197.3|797 |83.9|950 995 /995|956(931| 6 (AguailEgypt1715G/2011(HAN1))
7 4331|2162 |22|2 976973992 827 |90.0 931|976 (978|936 947 7 (Alchicken/Egypt/1219s/2012(HEN1)
§ 8 |18 |46 |35 |77 05|05 ]2 9891971800 844956993 1993/961)930 8 (AduckEgypt14VIRT34-4-133ADI2013(H!
GEJ1 9 |29 |58 |48 9008|0828 967 |79.0 (83.9 944|989 (989|951 (930 9 Algoose/egypt1439FAQS2014(HINT)
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Fig 4: H5 amino acid identities and divergence of the isolated five Egyptian duck H5N1 strains in comparison
with chicken strains isolated in Egypt from 2006 till 2015.
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— A/chicken/Egypt/11506SF/2011(H5N1))

A/turkey/Egypt/1419FAOS/2014(HS5N1))

A/duck/Egypt/1120SMF/2011(H5N1))

l— A/chicken/Egypt/1422S/2014(H5N1))

A/turkey/Egypt/1438S/2014(HSN1))

l— A/chicken/Egypt/1460S/2014(H5N1))

A/duck/Egypt/1125S/2011(H5N1)) segment 4

A/chicken/Egypt/1155AG/2011(H5N1)) segment 4

A/chicken/Egypt/12257CA/2012(H5N1)) segment 4

l— A/quail’Egypt/1171SG/2011(H5N1)) segment 4

l— A/chicken/Egypt/1219s/2012(H5N1))

l— A/turkey/Egypt/1414CAL/2014(H5N1))

— @ Al-chicken/Dakahlia-Egypt-2-2015

A/chicken/Egypt/12186F-12/2012(H5N1))

A/chicken/Egypt/1273CA/2012

A/chicken/Egypt/12107S/2012

A/chicken/Egypt/11672s/2011(H5N1))

A/chicken/Egypt/11124SF/2011
A/chicken/Egypt/1188/2011(H5N1))

-|— A/chicken/Egypt/1427AF/2014(H5N1))

93 | A/duck/Egypt/1198AS/2011(HS5N1)) segment 4
A/chicken/Egypt/123AS/2012
A/duck/Egypt/1471SG/2014(H5N1))
70

A/duck/Egypt/1A435CAS/2014(HSN1))
A/chicken/Egypt/11184S/2011(H5N1)) segment 4
A/duck/Egypt/1116AF/2011(H5N1)) segment 4
A/chicken/Egypt/D10548D/2015(H5N1)) segment 4
A/chicken/Egypt/1411CAL/2014(H5N1))
-rA/duck/Egypt/14585/2014(H5N1))
|- A/chicken/Egypt/121/2012

57

A/chicken/Egypt/10513S/2010(H5N1)) segment 4
-|_ A/chicken/Egypt/125s/2012(H5N1))

— A/chicken/Egypt/1461S/2014(HS5N1))
A/chicken/Egypt/1429S/2014
Alturkey/Egypt/14125S/2014 1707 bp
A/chicken/Egypt/1436CAL/2014(H5N1))
A/chicken/Egypt/1439CAL/2014(H5N1))
A/turkey/Egypt/14125S/2014(HS5N1))
A/goose/Egypt/1439FAOS/2014(H5N1))
A/chicken/Egypt/1412SD/2014(HS5N1))
A/chicken/Egypt/147CA/2014(HS5N1))
A/chicken/Egypt/14126S/2014(HSN1))
A/duck/Egypt/4/2015(HSN1))
A/turkey/Israel/633/2015(H5N1)) segment 4

@ Al-chicken/Gharbia-Egypt-5-2016
A/chicken/Egypt/1534RSI/2015(H5N1)
A/chicken/Egypt/D10658E/2015(H5N1)) segment 4
A/chicken/Egypt/S10937B/2015(H5N1)) segment 4
A/Egypt/1578ca/2015
A/Egypt/N5565/2014(HSN1)) segment 4
A/Duck/Egypt/1532SG/2015(H5N1)
A/duck/Gaza/872/2015(H5N1)) segment 4
A/duck/Egypt/2/2015(HSN1))
A/chicken/Egypt/1579A/2015(HSN1)

@ Al-chicken/Giza-Egypt-3-2015

—— A/duck/Egypt/1462FAOSL/2014(HS5N1))

N

Bl

39
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A/chicken/Egypt/141VI/2014(H5N1))
A/chicken/Egypt/1320S/2013
A/chicken/Egypt/1429AD/2014(H5N1))
A/chicken/Egy pt/1456CAL/201A(H5N1))

A/chicken/Egypt/117AD/2011(HS5N1)) segment 4
A/chicken/Egypt/111640V/2011(H5N1)) segment 4
A/chicken/Egypt/1213CAL/2012
A/duck/Egypt/1AVIR784-4-133AD/2013(H5N1))
A/duck/Egypt/1310SD/2013 1707 bp

A/chicken/Egypt/1115S/2011
A/Egypte/O896/2008

A/chicken/Egypt/0920 NLQP/2009 1707
A/chicken/Egypt/06459/3/2006

A/chicken/Egypt/07118/2007

A/chicken/Egypt/06541-NLQP/2006(H5N1))
A/chicken/Egypt/06959-NLQP/2006(H5N1))

as @ Al-chicken/Behera-Egypt-1-2015
_: Al-chicken/Sharkia-Egypt-4-2015
A/chicken/Egypt/2010(H5N1))
A/chicken/Egypt/0963S/2009
A/chicken/Egypt/10127s/2010
A/Egypt/1058sf/2010

hongkong 1994 H5N1

5

Fig 3: Phylogenetic tree of the full length of hemagglutinin H5 gene of Egyptian strains using MEGA 6
software was used for the phylogenetic tree construction by applying the neighbor-joining method with
Kimura’s two-parameter distance model and 1000 bootstrap replicates indicate presence of 2 groups, the

MEXICO 1994 h5n2

classic group of sub clade 2.2.1 and the variant group of 2.2.1.1.
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Sequence of receptor binding and antigenic sites:
The most characteristic change in the receptor
binding site of the Egyptian viruses included in this
study was the observation of one amino acid deletion
at site 143 (143A) that was not recorded in the
ancestral strain (A/chicken/Egypt/06959-NLQP/2006).
Another important change in the receptor binding site
S129L substitution was not recorded in our isolates.
The substitution was more pronounced in

2.2.1.1variant cluster and was linked with another
substitution (P90S) which represented in our study in
Behera and Sharkia isolates (Table 4). The deletion in
143A and substitution in I167T in the classic isolates
(Dakahlia, Giza, Gharbia) was not found in the variant
strain 2.2.1.1(Behira, Sharkia). S136D were recorded
in classic isolates (Dakahlia, Giza), meanwhile, S136E
were recorded in classic isolate (Gharbia) which
isolated in 2016(Table 4).

Table 4: Mutations of amino acids in antigenic sites and receptor binding site in the five isolates in relation to

(A/chicken/Egypt/06959-NLQP/2006) strain.

Isolate Genotype | Receptor binding sites changes Antigenic sites changes
AJchicken/Behera/1/2015 Variant P90S,R178K,R156G, S157L
Alchicken/Sharkia/4/2015 | (2.2.1.1) P90s,R178K,R156G,S157P

Alchicken/Dakahlia/2/2015 Classic S136D,1167T, D170N, R178K
Alchicken/Giza/3/2015 (2.2.1) A143 S136D,1167T, D170N,R178K
AJchicken/Gharbia/5/2016 - S136E,1167T, D170N,R178K

Sequence of glycosylation sites

Seven N-linked potential glycosylation sites
(26NNS, 27NST, 39NPT, 181NNT, 209NPT, 302NSS
and 500NGT), where 181INNT were not recorded in
both Behira and Sharkia isolate and 209NPT was not
recorded in Gharbia isolate. All isolates contain
mutations at D170N and N171D.

4. Discussion

Al H5N1 viruses were isolated from ducks,
chickens, and humans in Egyptian households and
clustered into a distinct genetic group designated as
2.2.1. The majority of viruses derived from vaccinated
poultry in commercial farms belonged to the 2.2.1.1
clade of variant viruses (Abdel-Moneim et al., 2009).
In a situation like Egypt, the genetic diversity of
viruses leads to the production of heterogeneous
genotypes (Arafa et al., 2010). However, the
mechanisms associated with the genotype diversity of
H5N1 viruses have still not been investigated
(Vijaykrishna, 2008).

Avian influenza virus disease was identified in
Egypt since 2006 causing a huge economic losses in
chicken industry owing to high mortality transmit to
human by contact with infected birds (Aly et al.,
2008). Although intensive vaccination programs are
well adopted, the disease still catastrophic not only in
commercial chicken farms but also extended to
household and backyard chickens (Arafa et al., 2010).
So far, searching for sustainable poultry breed with
sustainable genetic resources which has relatively
better resistance to infectious disease is important
issue.
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Herein, 5 provinces of Egypt (Giza, Dakahlya,
Sharkia, Gharbia and Behera), were involved in this
study because of suffering from recurrent outbreaks of
avian influenza H5N1 in chicken farms. Five isolates
of Al H5N1 virus were successively isolated in
embryonated chicken eggs and identified by HA and
RT-PCR (Fig.1, 2).

In this study, Sequence analysis of five HPAI
H5N1 viruses of chicken during 2015 and 2016
revealed that were highly pathogenic due to the
presence of multiple basic amino acids in the cleavage
site through sequence of full HA gene. Also, we found
that it belonging to clade 2.2.1 and 2.2.1.1. Al H5N1
isolated from Dakhalia, Giza and Gharbia were classic
strains of clade 2.2.1 while Behera and Sharkia strains
belong to variant strains of clade 2.2.1.1 (Table 1, 3).
These viruses are related to viruses isolated during
2014, and constitute an endemic cluster in Egypt
(Arafa et al., 2015). HPAI influenza A (H5N1)
viruses of clade 2.2.1 and their descendants have been
circulating in Egyptian poultry populations since 2006,
causing sporadic human infections (Abdelwhab et al.,
2011). In 2015, a new cluster originated from 2.2.1.2
were emerged and causes more deaths (Arafa et al.,
2015).

Increased evolutionary rate of AIV might be
accelerated either by the immune pressure (due to
prior immunization or natural infection) exerted on the
replicating viruses in different hosts and/or jumping of
the virus from one species to another (Yassine et al.,
2010). Like our result, double mutation at HA residues
134 deletion and 1167T were reported in other studies
who found such mutations which increased viral
binding affinity to alpha 2,6 SA receptor and
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infectivity in the human lower respiratory tract but not
in the larynx in combination with residual affinity for
alpha 2,3 SA receptor (Watanabe et al., 2011).
Alternatively, there were mutations in antigenic sites
(S136D, 1167and R178K) which may cause evolving
of escape mutant viruses affecting immune response to
vaccine (Arafa et al., 2016). The deletion A143 in
receptor binding domain of haemagglutinin detected in
the isolated viruses could facilitate the interspecies and
intra-species transmission (Auewarakul et al., 2007).
Amino acids similarities between variant and classic
isolates shared 94% -95% (Fig. 4).

The antigenic analysis of the earlier H5N1
variant strains in Egypt demonstrated antigenic
variation (Beato et al., 2013), which was driven by
multiple mutations primarily occurring in the major
antigenic sites at the globular head of HA (Cattoliet
al., 2011). Other studies showed that the classic clade
2.2.1 strains are antigenically related and crossreactive
to the ancestral Asian H5N1 strains, but demonstrated
weak cross-reactivity with the Egyptian variant 2.2.1.1
strains (Watanabe Y et al 2012). The majority of
these mutations, alongside the other 19 amino acid
mutations, were located within or adjacent to the
receptor binding domain (RBD) in the HAL that may
affect the virus replication and transmission.

The viruses with 143A were found in the
majority of human infections in Egypt in 2009 and
have been found in all H5N1 human infections
afterwards (Watanabe et al 2011). The presence of
the 143A mutation may affect the binding of the virus
to human receptors. The loss of HA154-156
glycosylation site was shown to enhance H5N1 virus
binding to terminally a-2,6 sialic acid receptors and so
increased the transmissibility to mammals (Neumann
etal., 2012).

References

1. Arafa AS, Naguib MM, Luttermann C, Selim
AA, Kilany WH, Hagag N, et al. Emergence of a
novel cluster of influenza A(H5N1) virus clade
2.2.1.2 with putative human health impact in
Egypt, 2014/15. Euro Surveill. 2015;20(13):2—
8.30: 1059-1072.

2. Watanabe Y, Ibrahim MS, Ellakany HF,
Kawashita N, Daidoji T, Takagi T, et al.
Antigenic analysis of highly pathogenic avian
influenza virus H5N1 sublineages co-circulating
in Egypt. J Gen Virol. 2012; 93:2215-26.

3. Abdel-Moneim AS, Shany SA, Fereidouni SR,
Eid BT, El-Kady MF, Starick E, et al. Sequence
diversity of lbrahim Ibrahimthehaemagglutinin
open reading frame of recent highly pathogenic
avian influenza H5N1 isolates from Egypt. Arch
Virol. 2009;154:1559-62.

108

10.

11.

12.

13.

Abdelwhab, E.M. and H.M. Hafez, 2011: An
overview of the epidemic of highly pathogenic
H5N1 avian influenza virus in Egypt:
epidemiology and control challenges.
Epidemiology and Infection 139, 647-657.

Aly, M.M., A. Arafa and M.K. Hassan, 2008:
Epidemiological findings of outbreaks of disease
caused by highly pathogenic H5N1 avian
influenza virus in poultry in Egypt during 2006.
Avian Diseases 52, 269-277.

Arafa A, Suarez DL, Hassan MK, Aly MM.
Phylogenetic analysis of HA and NA genes of
HPAI-H5N1 Egyptian strains isolated from 2006
to 2008 indicates heterogeneity with multiple
distinct sublineages. Avian Dis. 2010; 54:345-9.
Arafa, A., EI-Masry, 1., Kholosy, S., Hassan, M.
K., Dauphin, G., Lubroth, J., & Makonnen, Y. J.:
(2016): Phylodynamics of avian influenza clade
2.2.1 H5N1 viruses in Egypt.: Virology Journal,
13(1), 49.

Auewarakul, P., Suptawiwat, O., Sangma, C.,
Suzuki, Y., Louisirirotchanakul, S., Lerdsamran,
H., Pooruk, P., Thitithanyanont, A., Guo, C.,,
Hiramatsu, H., Kongchanagul, A., Ungchusak,
K., Pittayawonganon, C., Jampangern, W.,
Chunsutthiwat, S., & Puthavathana, P.: (2007):
An Avian Influenza H5N1 Virus That Binds to a
Human Type Receptor: Journal of Virology,
81(18), 9950-9955.

Beato MS, Mancin M, Yang J, Buratin A, Ruffa
M, Maniero S, et al. Antigenic characterization
of recent HS5N1 highly pathogenic avian
influenza viruses circulating in Egyptian poultry.
Virology. 2013; 435:350-6.

Cattoli G, Fusaro A, Monne I, Coven F, Joannis
T, EI-Hamid HSA, et al. Evidence for differing
evolutionary dynamics of A/H5N1 viruses
among countries applying or not applying avian
influenza vaccination in poultry. Vaccine. 2011;
29:9368-75.

Chen R, Holmes EC. Avian Influenza exhibits
rapid evolutionary dynamics. Mol Biol Evol.
2006;23:2336-41.

Grund C, Abdelwhab EM, Arafa AS, Ziller M,
Hassan MK, Aly MM, Hafez HM, Harder TC,
Beer M. Highly pathogenic avian influenza virus
H5N1 from Egypt escapes vaccine-induced
immunity but confers clinical protection against a
heterologous clade 2.2.1 Egyptian isolate.
Vaccine. 2011;29:5567-5573.

Hafez M.H., Arafa A., Abdelwhab E.M., Selim
A., Khoulosy S.G., Hassan M.K. and Aly,
M.M.(2010): Avian influenza H5N1 virus
infections in vaccinated commercial and
backyard poultry in Egypt 2010, Poultry Science
89:1609-1613.


http://www.sciencepub.net/nature

Nature and Science 2017;15(6)

http://www.sciencepub.net/nature

14,

15.

16.

17.

18.

Kapczynski DR, Swayne DE. 2009. Influenza
vaccines for avian species. Curr. Top. Microbiol.
Immunol. 333:133-152.

Lambkin R, McLain L, Jones SE, Aldridge SL,
Dimmock NJ. 1994. Neutralization escape
mutants of type A influenza virus are readily
selected by antisera from mice immunized with
whole virus: a possible mechanism for antigenic
drift. J. Gen. Virol. 75:3493-3502.

Neumann G, Macken CA, Karasin Al, Fouchier
RAM, Kawaoka Y (2012): Egyptian H5N1
Influenza Viruses—Cause for Concern? PLo0S
Pathog 8(11): €1002932. Doi: 10.1371/journal.
ppat. 1002932 November 15, 2012.

OIE Terrestrial Manual (2008): Update on highly
pathogenic avian influenza in animals (type H5
and H7).

Saad, M.D., L.S. Ahmed, M.A. Gamal-Eldein,
M.K. Fouda, F. Khalil, S.L. Yingst, M.A. Parker

5/11/2017

109

19.

20.

21.

and M.R. Montevillel, 2007: Possible avian
influenza (H5N1) from migratory bird, Egypt.
Emerging Infectious Diseases 13, 1120-1121.
Tamura K. Stecher G, Peterson D, Filipski A,
Kumar S. MEGAG6: Molecular Evolutionary
Genetics Analysis version 6.0. Mol Biol Evol.
2013; 3: 2725-2729.

Watanabe Y, Ibrahim MS, Ellakany HF,
Kawashita N, Mizuike R, Hiramatsu H, et al.
Acquisition of Human-Type Receptor Binding
Specificity by New H5N1 Influenza Virus
Sublineages during Their Emergence in Birds in
Egypt. PL0S Pathog. 2011;7:19.

Yassine, H. M., Lee, C.-W., Gourapura, R., &
Saif, Y. M.: (2010): Interspecies and intraspecies
transmission of influenza A viruses: viral, host
and environmental factors: Animal Health
Research Reviews / Conference of Research
Workers in Animal Diseases, 11(1), 53-72.


http://www.sciencepub.net/nature

