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Abstract: Ducks act as natural reservoir of avian influenza and play important role in transmission and
distribution of avian influenza and may be the source of human infection. In the present study, sequence
analysis of HA gene of nucleotides and Amino Acids for 5 isolates of HSN1 from duck samples collected from
live bird market during 2015 in Egypt (Cairo and Giza governorates) indicated that all isolates are closely
related to each other and the identity% of such viruses with A/duck/Egypt/F5/2006 ranged between 96.1%-
97%. The phylogenetic analysis of the five isolates indicates their relation to clade 2.2.1.2 and clustered with
duck viruses reported in 2014. The study reports the continuous circulation and mutations of HSN1viruses in
ducks and their relation to human infection cases reported in 2015.Also, the sequence analysis reports
important mutations in sites on the HA gene affecting the receptor binding sites and the increase rate of human
infection with such clade in 2015.
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INTRODUCTION

Avian influenza is caused by infection with viruses
of the family orthomyxoviridae. It is enveloped virus,
negative sense, single stranded and contain genome
composed of eight separate RNA segments encode for
at least 11 viral proteins[1]. Classification of these viruses
is based on antigenic properties of the two surface
glycoproteins; hemagglutinin (HA) and neuraminidase
(NA). At least, there are 18 HA (H1- H18) and 11 NA
(N1- N11) subtypes circulating in avian and/or mammalian
hosts [2- 3]. The first record of sever outbreak of HPAI
H5N1 in Egypt was reported in February[4] and it was the
third —highest number of established human infections
[5]. Domestic ducks have been associated with the
distribution and evolution of HPAI H5N1 [6-7]. They play
arole in the epidemiology of HPAI H5N1 viruses as they
are the natural reservoir of avian influenza viruses [8-9].
The duck species can shed and spread virus from both
the respiratory and intestinal tracts. The nonappearance
of disease signs in some duck species has led to the

thought that ducks are the “Trojan horses” of HSN1 in
their silent spread of virus [10]. The history of increased
pathogenicity of HPAI H5N1 viruses for ducks in some
countries in Asia, containing Vietnam and Lao PDR such
observation has been reported on Egyptian strains in
ducks [11-12]. Domestic ducks that are interact with wild
waterfowl and also other poultry species can act as
important mediators in the spread of avian influenza
between birds [13]. The domestic duck has greater chance
of disseminating HPAI H5N1 viruses [14]. Reducing the
risk of HPAI HS5N1 virus infection in ducks is important to
control the continuing circulation and spread of HPAI
HS5NI [11]. Vaccination is important for protecting ducks
against HPAI H5N1 and for controlling the disease [15].
Virus circulation may still occur in clinically healthy
vaccinated population, which may result in an endemic
condition and in the emergence of antigenic variants [16].
Since March 2006 in Egypt, vaccination was enhanced
nationwide based on the national control strategy. While
in 2007,recognition of vaccination failure causing
epidemics in some poultry farms and variant HSN1 virus
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was emerged [17-18]. In July 2009, vaccination in
backyard/household locations has been temporarily
suspended untili a  new vaccination strategy is
assumed [19]. Continuing outbreaks have been reported
in many cases with high mortality in duck farms, backyard
ducks, wild ducks, live-market ducks and rooftop ducks
[20].

The aim of this work is to molecular characterize and
construct the phylogenetic tree of some HPAI H5N1 from
duck samples collected from live bird market in Egypt
during 2015.

MATERIALS AND METHODS

Sampling: Fifty samples collected from ducks in live bird
markets from Cairo and Giza during 2015, each sample
represented by 5 tracheal and 5 cloacal swabs, which
loaded to 1-2 ml PBS containing antibiotics. OIE [20].

Virus Isolation: Using specific pathogen free (SPF) 9-11
day old Embryonated Chicken Eggs (ECE) the prepared
samples were inoculated and propagation was carried out
for virus isolation. OIE [20].

Molecular Characterization: Extraction of RNA was
carried out from allantoic fluid by using QIAamp viral
RNA mini kit (Qiagen, Germany) according to
manufacturer’s instructions. For RT-PCR amplification of
the HA gene, QuantiTect kit was used as described by
manufacturer’s instruction: Two sets of primers were used
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including common type A primer& probe to detect type A
avian influenza [21] and HA gene specific primers to
amplify the full HA gene [22].

Sequencing: Using the Qiagen PCR purification kit, the
amplified RT-PCR product was sequenced. Forward and
reverse sequences were aligned together using a BigDye
Terminator v3.1 cycle sequencing kit (Applied
Biosystems, Foster City, CA) in an ABI PRISM® 3100.
BioEdit software was used to analyze the sequence of HA
gene, BLAST (Basic Local Alignment Search Tool) [23].
Phylogenetic analysis of the obtained sequences was
carried out using MEGA. 6.0 software.

GenBank Accession Numbers: Nucleotide sequences of
the Egyptian HPAI H5N1 of duck were submitted to
GenBank and accession numbers are KY415973 —
KY415974 —KY415975 —KY415976 — KY415977.

RESULTS

Detection of type A and HS viruses in collected samples
by rt RT-PCR: Result of it RT-PCR revealed that out of 50
tested samples 5 were positive (Figurel).

Virus Isolation: Avian influenza viruses in the five
positive samples (by rtRT-PCR) were successfully
isolated in SPF ECE (9-12) days old chicks via allantoic
route. Amplification of full length gene using specific set
of primers revealed the correct expected bands.

Fig. 1: Amplification curve for ATV H5 gene RRT-PCR Reverse transcriptase PCR for samples from (1- 50) samples.
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Table 1: Amino acids differences in HA protein of the five isolated viruses in relation to A/duck/Egypt/F5/2006 strain

lsolate ID Amino acids differences total
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Uck/EEYp 17 : K373R - R325K - | 396V - F463L - F5375 - D54N - 53571 - D4395 - R453Q
D43N -5120D - A129 - [151T - D154N -N155D - R162K - Y252N - G2725 -
AJduck/Egypt/VRLCU-Helwan1/2015(H5N 1) 14
K373R - R325K - | 306V - F463L - F5375
A/duck/Egypt/VRLCU. Helwan2/2015(HsNy) | P43 S1200 - 8129~ 11517 - DISAN -N15SD - R162K - Y252N - G2725 .
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Table 2: Identity % of Amino Acids and diversions of Egyptian H5N1 strains (2015) in comparison with A/duck/Egypt/F5/2006 strain
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7 190901719 09 13 W83 5830987 987 w74 o7 (991 |n5 085 |ove 962903 (982 [oa7 [ons [oes |ovs [w3a] 7 Afduck/Eqypt/1011d/2010(R5N1)
8030 (11 [11[30]19]11]17 51969 063|059 985 07 [90.1 [982[ 987909 |907 (93 [0 [0 |98 [9a7 & = Afduck/Eqypt/111068F/2011 (H5N1)
9 (30|11 ] 113019 11]17] oo N5 %9 %63 050|085 087 (001|082 (987 |98 087 003 001 (001 (083|937 | 0« (A/duck/Eqypt/111068F/2011 (HSN1)
26 11 11|26 |19 [11]13[ 15 15 I 99 %7063 |95 987 |97 (978|983 985 583|989 |87 087 980|937 10 Afduck/Eqypt/121068/2012 (H3K1)
12607 4126 [15]07 [13[ 1111 ¢ 067 (963 065 |01 001982 067|989 (087 003 001 ]s01 083 o34 | 11 B/duck/Eqypt/121338/2012 (RINL)
B [12 15 28 2a]15 1720 23] 24 24 20 20 965967968961 983 961 (067|065 [ 965 |omgoae| 12 A/duck/Eqypt/072643-NLQR/2007 (H3N1)
Bl 19]3z2]38 19|21 ]34 26] 28|38 24 341 2[065 (963958 [961 950 058 063 261 361 364 8] 13 (A/cluck/Eqypt/083553-HLQR/ 2008 (ESH1) )
%[ 21119 (211115 |00 [15]15]15 15|24 a76 {060 982 [san [on5 [op3[sn3[ors aa7] 4 A/duck/Eqype/131030/2013 1707 bp
15 29|09 /13|28 [17]08[15]13[13]13 0922 3(900 (087 085 (00109 080 (082 (030 ] 15 A/turkey/Eqypt/141258/2014 1707 bp
16129 (09|09 28 |17 /08 (15(09 /09|13 03 30 344 367|993 994 993|998 |096 995|980 937 | 16 1/Duck/Eqypt/153285/2015 (H5NL)
A7 3219 [17 362419231919 23 1940 |40 |24 |1 w9067 (967 |se0 a5 | 17 AJEGYPT/1320/'2013
1 22]13 122|238 31317 133 (26 (21|11 0z 3094|003 w30 |mas | M/Eqypt/1524/2015
19 30|10 ae a7 [0 15 11 2 a8 |19 ]13 ] 08 990|004 904|987 s34 19 A/Bqypt/1578ca/2015
203213133221 1319131317 13|38 |40 |21 ]15]07 30985932 0 Alduck/Egypt/VRLCU-Giza1/2015(HSN1)
M 26 07 07 2615 071307 07|11 07|20 ]3¢ |15 08 02]11]0 8loe1|%7 ¢ Afduck/Egypt/VRLCU-Helwani/2015(HSN)
2 23|09 0928 (17 09 [15] 09 0913 0932 361711 04|13 |07 88(935 2 Afduck/Tgypt/VRLCU- lelwan2/2015(115K1)
202809092817 091509 0813 03|32 38 (17|11 ][04 [13]07 0 2 | 04 [0 05 B AlduckEgypt/VRLCU-Giza2/2015(HSN1)
M36 | 17|17 36 |24 17|23 (17|17 21 17 40 |44 24 (19 11]21|15]13 |15 08 11|11 s »  Afduck/Egypt/VRLCU-Giza3/2015(H5N1)
% 52|62 |62 52|58 6560|6262 62 66|54 |54 |62 |60 |62 |64 64|66 68 62|64 64|72 ff 5  Guangdong 1996 HONL
12 3 als a7 afofto u|[n[n[u[ns/6/n/wwnnnnuHus

Sequence Analysis: Similarities between the five isolates
were ranged from 98.5% to 99.8%and the similarities with
the firstly isolated duck strain in  Egypt
(A/duck/Egypt/F5/2006) were ranged from 96.1% to
97%indicating continuous mutation of these viruses
(Table 2). There are several mutations in amino acids
reported in the isolated viruses compared to the duck
virus  isolated in 2006 in  Egypt strain
A/duck/Egypt/F5/2006 (Table 1).
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Phylogenetic Analysis: Phylogenetic analysis of five
isolates revealed that these viruses were related to viruses
isolated from Egypt in 2015 which belonging to clade
2.2.1.2. The viruses were clustered with the 2014 strain of
HPAI isolated from A/duck/1468s/2014.

Clustering of the five isolates with these viruses
within clade 2.2.1.2 originated from the duck strains
isolated in year 2014 in Egypt which indicating the
continuous evolution of these viruses (Figure 2).
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Fig. 2: Phylogenetic tree of HA nucleotide sequences of Egyptian isolates compared with other representative HSN1
strains. The viruses were related to 2.2.1.2 sub clade H5N1

DISCUSSION

Free-ranging ducks and local abundance of ducks are
the main risk factor of the presence of HPAI H5N1 viruses
in countries like Thailand and Vietnam [24-25] and can be
extended to other countries including Egypt, where duck
may be the main source of persistence HPAI H5N1
virus[26]. Out breaks of HPAI HSN1 in Egypt have been
reported in ducks from farms, backyards, live bird markets
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and roof-tops in addition to wild ducks even in vaccinated
ducks[20]. Due to continuous mutation and evolution of
H5N1, the virus demonstrating an increase in the
pathogenicity in ducks [12]. From 2006 to 2014, the
phylogenetic analysis of the H5 gene of Egyptian viruses
showed the presence of two main subgroups: classic
group 2.2.1 and variant group 2.2.1.1 [27]. The classic
group of clade 2.2.1 that was introduced into Egypt
in 2006 continued to be stable through 2009 and
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characterized the original viruses. The variant group
2.2.1.1, was emerged in late 2007 from vaccinated
commercial poultry and was divided into 2 clusters from
2008 to 2011 (2.2.1.1 and 2.2.1.1a). The first cluster
emerged in late 2007 (2.2.1.1) and continued until 2009,
although the second cluster (2.2.1.1a) emerged in 2008 and
continued until 2011. Since then, these variant clusters
have not been detected [28]. Due to increase of genetic
mutations in the HA protein in 2008, the classic viruses
was evolved into a new clade 2.2.1.2 and was the main
cluster through 2009 and 2014amongboth the household
and commercial poultry sectors regardless of their
vaccination status [28]. The first identification of the
endemic 2.2.1.2 cluster was proposed in 2008 and
continues to circulate and distributed in greatest
governorates in Egypt [28].

In this study, five isolates of HPAI H5N1 viruses of
duck during 2015 found to be belonging to clade 2.2.1.2.
These viruses are related to viruses isolated during 2014
and constitute an endemic cluster in Egypt [29]. Mutation
reported in the present study were similar to those
detected in viruses infected humans in 2015 and
categorized to the same phylogenetic group, indicating
the importance of transmission of HPAI HSN1 rom duck
to human [28]. Also, sequencing results showed common
mutations in HA gene (Tablel) and other characteristic
mutations of clade 2.2.1.2 (K373R and F537S) [29]. In
addition, three mutations (S120D, A129, I151T) were
detected in the isolated viruses which known to be
associated with increased binding affinity to human
receptor [28]. Thus confirming that these viruses might be
the main source of human infections and subsequently
implication in the fatal cases reported in 2015 in Egypt
[28]. The deletion A129 in receptor binding domain of
hemagglutinin detected in the isolated viruses could
facilitate the interspecies and other species transmission
[30-31]. This deletion A129, with the reported 2 amino acid
mutations (N155D and I151T) are known to be the cause
of increasing binding affinity to «2,6 sialic acid receptor
and infectivity in human lower respiratory tract [15-16].
On the other hand, there were mutations in antigenic sites
(S120D, I151T,R162K) which may cause evolving of
escape mutant viruses affecting immune response to
vaccine [32]. Indeed, the persistence of virus in the host
reservoir, playing important role in virus maintenance
especially in duck, which don’t show any clinical signs
and this allows the virus transmission to poultry
population and human. Although the vaccination is the
important factor in the control of HPAI H5N1 in Egypt
[15], vaccination failure led to antigenic drift of HSN1
viruses and virus mutations [16]. This study reflects the

24

importance of role of duck as natural reservoir of
H5N1 and reports the continuous mutations of
HPAI H5N1 viruses circulating in the live bird market in

Egypt.

CONCLUSION

Isolation and characterization of HPAI H5N1 virus
from duck during 2015 indicate the role of duck in
transmission of HPAI HS5NI1. The phylogenetic tree
indicates that five isolates related to viruses of 2014 which
indicates continuous circulation and mutation of virus
H5N1. The isolated viruses is belonging to clade 2.2.1.2
which have the ability to affect human and reported in
many human cases in 2015.There is a need to have an
effective control strategy for such viruses to reduce the
risk of transmission of these viruses from duck to human
and domestic poultry populations.
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