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ABSTRACT 
In the present study, samples were collected from wild and domestic waterfowls to detect 
currently circulating HPAI H5Nx viruses. All H5Nx detected in migratory ducks were 
characterized as HPAIV H5N8, clade 2.3.4.4b, while domestic waterfowls viruses belonged to 
HPAIV H5N1, clade 2.2.1.2. Partial HA gene sequencing followed by phylogenetic analysis of 
the obtained sequences of five selected isolates was performed. Phylogenetic analysis revealed 
clustering of the three H5N8 isolates in clade 2.3.4.4b, with other Egyptian H5N8 isolates 
with amino acid identity percent with each other ranging from (96.9% - 99.3%). The two H5N1 
isolates clustered in clade 2.2.1.2 with other current Egyptian isolates. The amino acid 
identity percent between vaccinal strains and H5N8 field isolates rangef from (88.2% - 89.6%) 
wwhile identitiy with H5N1 field isolates was (96.5% - 99%). The amino acid identity percent 
between H5N8 and H5N1 field isolates was (86.3% - 87.8%). Antigenic analysis of currently 
circulating HPAI H5Nx of different clades were conducted using cross HI test using 
hyperimmune sera raised against (A/Teal/Egypt/Damietta-1/2016/H5N8 and 
A/Geese/Egypt/ Men-21/2016/H5N1) and three commonly used commercial vaccinal 
strains. The antigenic relatedness between the two HPAI local isolates (H5N1 and H5N8) was 
low (R value 24.8%) indicating major antigenic difference between the two subtypes. Also, a 
major subtype difference in antigenicity (R value 20.7-31.0%) was also detected between the 
local HPAI H5N8 isolate and the three vaccinal strains. While, a minor subtype difference (R 
value 38.7-68.7%) was detected among the examined H5N1 local isolate and the three 
vaccinal strains. Our results support that, HPAI H5N8 virus is genetically and antigenically 
distinct from HPAI H5N1 virus. Also, some commercial vaccines which are used to control 
avian influenza in Egypt are genetically and antigenically distinct from HPAI H5N8 virus 
currently circulating in Egypt. These findings necessitates updating the HA of H5 Vaccine to 
be genetically and antigenically closer to the field viruses together with, regular monitoring of 
wild birds to predict and prevent possible AIV outbreaks. 
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 INTRODUCTION: 

Highly Pathogenic Avian Influenza (HPAI) is a 
highly contagious avian disease that causes 
serious economic losses in poultry industry and 
has a potential threat to public health (Neumann, 
2015).  Migratory birds were considered to be 
the main source for introduction and re-
introduction of AIV into many countries in Asia, 

Europe, and Africa (Prosser et al., 2011). The 
outbreak of highly pathogenic avian influenza of 
the H5N1 subtype in Asia, which has 
subsequently spread to Russia, the Middle East, 
Europe, and Africa, has put increased focus on 
the role of wild birds in the persistence of 
influenza viruses (Olsen et al., 2006). In 2010, 
strains of HPAI H5N8 viruses of clade 2.3.4.4 
were detected among wild birds in Asia and later 
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spread to domestic birds across China, South 
Korea, and Japan (Lee et al., 2014). Recently, a 
novel reassortant virus of subtype H5N8 clade 
2.3.4.4b was reported in Russia and further 
spread to many countries in Europe, Asia, and 
the Middle East and the spread has been linked 
to the overlapping flyways of migratory wild 
birds (Lee et al., 2017). Egypt lies at the 
crossroads of 2 major spatially overlapping 
migration flyways therefore; attention has been 
paid to the role of wild birds in the introduction 
of different pathogens including AIVs (El-
Zoghby et al., 2013).  The HPAIV H5N1 of 
clade 2.2.1 has been introduced into Egypt in 
early 2006 (Aly et al., 2008) probably via 
infected wild ducks (Saad et al., 2007). Despite 
control efforts, the virus had become endemic in 
poultry in Egypt since 2008 (Abdelwhab et al., 
2011). Another distinct cluster of HPAIV H5N1 
clade 2.2.1.2 has emerged since 2012 (El-
Shesheny et al., 2014) and gained predominance 
since summer 2014 and caused an upsurge of 
outbreaks in poultry holdings in late 2014 (Arafa 
et al., 2015). Recently, HPAI H5N8 virus of 
clade 2.3.4.4 has been introduced to Egypt 
through migratory birds in 2016 (Kandeil et al., 
2017; Selim et al., 2017). Later on, Yehia et al., 
(2018) documented the incursion of HPAI 
H5N8 viruses in both commercial farm and 
backyard sectors in Egypt. Strains of HPAIV 
H5N8 have been involved in multiple 
independent reassortment events with other AIV 
subtypes found in wild birds in China, South 
Korea, the United States, and recently in Russia 
(Lee et al., 2017). The introduction of HPAIV 
H5N8 to poultry populations in Egypt may 
further complicate the current situation, 
especially if HPAI H5N1 of clade 2.2.1.2 and 
LPAI H9N2 strains are enzootic in poultry 
(Naguib et al., 2015). 
Vaccination has been used as an essential control 
strategy in Egypt. The genetic and antigenic 
matching between the circulating viruses and 
commercial vaccine strains influence the efficacy 
of vaccine (Wong and Webby, 2013). Previous 
studies demonstrated that matching antigenic 
similarity of the HA between the vaccine and 
challenge virus provides the best protection 
against mortality and virus shedding (Pica and 
Palse, 2013 & Romer-Oberdorfer et al., 2008). 

Although some of the commercial vaccines 
protected chickens from mortalities after H5N8 
challenge, they failed to prevent shedding of the 
virus (Kandeil et al., 2018).  The aim of this study 
is to determine the genetic and antigenic 
relatedness within recently circulating HPAI 
H5Nx and between three commonly used 
inactivated oil adjuvant commercial vaccines.  
MATERIAL AND METHODS: 
Clinical Sample:  
Thirty-two tracheal samples were collected from 
waterfowls (wild and domestic) during the 
period from March 2016 till March 2017. 
Twenty-five samples were collected from 
different localities in Damietta governorate from 
four different species of wild ducks (teal, pintail, 
mallard and coot). Other 7 samples were 
collected from domestic waterfowls from 
Menofiya and Giza governorate. Samples were 
homogenized with saline containing antibiotics 
in a sterile mortars and pestles. Freezing and 
thawing of the homogenate was done three times 
and then clarified by centrifugation. The 
supernatants were collected and kept at −80°C 
until used for RNA extraction. 
Molecular detection of AIV: 
RNA from tracheal samples homogenates was 
extracted using viral Gene-SpinTM viral 
DNA/RNA extraction kit (iNtRON 
Biotechnology, Inc.) according to the 
manufacturer instructions. H5-HA1-813FP 
(forward primer 5′: 
TGTCAAGAAAGGGGACTCAACA) and H5-
HA2-1123 RP (reverse primer 3′: 
GCTCGTTGCTATGGTGGTAC) were used 
for partial amplification of HA gene (kindly 
provided by Dr Chang-Won Lee, The Ohio State 
University, OH, USA). These primers 
overlapping the HA gene cleavage site and the 
expected band size is 310 bp. The RNA of all 
identified positive samples were shipped to Prof. 
Dr. Timm C. Harder (OIE reference Lab., 
Germany) for subtyping by real time RT-qPCR 
Linage typing. The purified RT- PCR product of 
five selected positive samples (three wild and 
two domestic) were shipped to Germany 
through Biovision Egypt company for 
sequencing of the amplified part (310bp) of the 
HA gene. 
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Genetic analysis: 
A BLAST analyses ( http: // www.ncbi.nlm.nih. 
gov/BLAST) were conducted on each sequence 
to identify related reference viruses. The 
nucleotide sequences were analyzed with the 
BIOEDIT program using the Clustal W 
alignment algorithm to determine nucleotide and 
amino acid sequence similarity. Phylogenetic 
trees were constructed by the maximum 
likelihood method using MEGA 7 software. The 
phylogeny test options used to construct the 
trees were 1000 bootstrap replicates, complete 
deletion of gaps/missing data and nearest 
neighbor interchange for the heuristic method. 
The Hasegawa– Kishino–Yano nucleotide 
substitution model was used as selected by 
MEGA software as the best model. Sequence 
submission was conducted following the 
instructions offered by the web tool BankIt of 
Genbank http:// www.ncbi.nlm.nih.gov/ 
WebSub/?tool=genBank. 
Antigenic analysis: 
Vaccines and their antigens: Two types of 
inactivated oil-emulsion AIV experimental 
vaccines (H5N8 and H5N1) and their 
homologous antigens were prepared from two 
local isolates (A/Geese/Egypt/Men-21/2016 
/H5N1 and A/Teal/Egypt/Damietta-1/2016/ 
H5N8) kindly prepared by local company 
(MEVAC). Selected viruses were sent to 
MEVAC where it were propagated and titrated 
in specific pathogen free (SPF) embryonated 
chicken eggs then suspensions were inactivated 
using 0.2% formalin (Sigma Chemical Co., St. 
Louis, MO) for 36 hr. at 37oC. Complete 
inactivation was assured by passaging the 
inactivated suspensions in SPF-ECE for three 
successive passages via the allantoic sac route. 
The haemagglutination activities were 
calculated and 350 HAU/dose were mixed with 
MontanideTM ISA 70 VG adjuvant (SEPPIC SA, 
Puteaux, France) at a ratio of 30:70 (w/w) at 

3000 rpm using the Silverson L5M high-shear 
Laboratory mixer (Silverson Machines, Inc., 
Buckinghamshire, United Kingdom). 
Reference antigens and their antisera: Three 
vaccinal strains used as AIV heamagglutinating 
antigens (two different H5N1 and one H5N3) 
and there antisera were obtained from the local 
agencies to be used in HI test (Table 1). 
Ducks: Muscovy ducklings were obtained from 
a commercial hatchery. They were floor reared 
under hygienic conditions in previously cleaned 
and disinfected experimental rooms; water and 
feed were provided ad-libitum. They were used 
for production of hyperimmune serum. 
Ducklings were inoculated with the 
experimental vaccines 1 ml/bird subcutaneously 
at 14th and 28th day and the antisera were 
collected at day 56 and tested for antibodies 
using HI test. The summary of the laboratory 
experiment is shown in (Table 2). 
Haemagglutination Inhibition (HI) test (OIE, 
2008): HI test was carried out according to the 
OIE manual using a 1% suspension of duck red 
blood cells. The HI antibody titer was 
determined as the reciprocal of the highest serum 
dilution that had complete inhibition of 
hemagglutination. 
Determination of antigenic relatedness: The 
antigenic relatedness among different isolates 
was expressed as an R-value based on the 
Archetti and Horsfall formula; 𝑟𝑟 =
√r1x r2(Archetti and Horsfall, 1950), using 
the cross HI results. The resulting R values were 
expressed as percentage relatedness and the 
interpretation of the results was done according 
to Brooksby, (1967) as follows: 
(R) value between 0 – 10%   = a serotype 
difference, (R) value between 11 – 32% = a 
major subtype differences, (R) value between 33 
– 70% = a minor subtype differences and (R) 
value greater than 70%   = a little or no 
differences. 

 
 

 

 

 

62

http://http:%20/%20www.ncbi.nlm.nih.%20gov/
http://http:%20/%20www.ncbi.nlm.nih.%20gov/
http://www.ncbi.nlm/


Journal of Current Veterinary Research, Volume (1), 2019 

 
 

Table (1): Vaccine antigen used in the study: 

Vaccine trade 
name Virus used Lineage Manufacturer, Country 

EgyFlu RG A/chicken/Egypt/18-H/2009/H5N1 Clade 2.2.1.1 Harbin Veterinary Research 
Institute, China 

ME Flu VAC A/chicken/Egypt/Q1995D/2010 - 
A/duck/Egypt/M2583D/2010/H5N1 Clade 2.2.1.2 ME-VAC, Egypt 

Zoetis H5N3 RGA/chicken/Vietnam/C58/2004/H5N3 Clade 1 Zoetis, USA 
*experimental 

H5N8 A/Teal/Egypt/Damietta-1/2016/H5N8 Clade 2.2.3.4 - 

*experimental 
H5N1 A/Geese/Egypt/Men-21/2016/H5N1 Clade 2.2.1.2. - 

 
 

Table (2): Experimental plan for determination of antigenic relatedness between two (H5N8 and H5N1) field 
isolates and three commercial vaccines 

Group 
no. 

Duck 
no. 

Vaccination Regime Seroconversion Age/day Type of vaccine Dose/ml 

1 10 14 
28 

Inactivated 
H5N81 1 Seroconversion by cross HI test at 56 day using 

different antigens (H5N13,4, H5N35 and local 
antigens H5N16 and H5N87). 2 10 14 

28 
Inactivated 

H5N12 1 

3 10 None vaccinated 
1- local H5N8 inactivated oil emulsion vaccine  
2- local H5N1 inactivated oil emulsion vaccine  
3- A/chicken/Egypt/18-H/2009/H5N1  
4- A/chicken/Egypt/Q1995D/2010 - A/duck/Egypt/M2583D/2010/H5N1 
5- A/chicken/Vietnam/C58/04/H5N3 
6- A/Geese/Egypt/Men-21/2016/H5N1 local isolate 
7- A/Teal/Egypt/Damietta-1/2016/H5N8 local isolate 
HI: Hemagglutination inhibition 
no.: Number 
 

RESULTS: 
Molecular findings: In the present study most 
of investigated wild ducks were apparently 
healthy and showed no clinical signs or PM 
lesions. Fourteen samples from wild ducks 
(14/25) and two samples from domestic 
waterfowls (2/7) were H5 positive by RT-PCR. 
The RNA of all positive samples was shipped to 
Prof. Dr. Timm C. Harder (OIE reference Lab 
Germany) for subtyping. All H5Nx strains 
detected in migratory ducks were characterized 
as HPAIV H5N8, clade 2.3.4.4. The H5Nx 
detected in domestic waterfowls were 
characterized as HPAIV H5N1, clade 2.2.1.2.  
Genetic analysis: Five H5 positive samples 
(three H5N8 and two H5N1) were sequenced, 
the amino acid sequences of HA cleavage site of 
the isolated strains revealed polybasic amino 

acid indicating that they are highly pathogenic 
(PLREKRRKR/GLF in H5N8 viruses & 
PQGEKRRKKR/GLF in H5N1 viruses). The 
obtained sequences were assembled using 
BIOEDIT software and blasted to the National 
center for Biotechnology Information (NCBI) 
on the internet (www. ncbi. nlm.nih.gov) (Table 
3).  
Phylogenetic analysis of locally detected field 
isolates and some other HPAI H5N8 and H5N1 
AIV isolates from Egypt and other countries was 
performed based on nucleotide sequence of the 
HA gene (Fig. 1).  The three HPAI H5N8 
isolates clustered in clade 2.3.4.4b with other 
Egyptian H5N8 isolates with amino acid identity 
percent with each other ranging from (96.9% - 
99.3%) as shown in (Table 4). The three HPAI 
H5N8 isolates shared 99.3% similarity with the 
Russian HPAI H5N8 virus 
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A/great_crested_grebe/Uvs- Nuur_Lake 
/341/2016. The two HPAI H5N1 isolates 
clustered in clade 2.2.1.2 with other recent 
Egyptian isolates.  
Vaccinal strain used in the current study 
including A/chicken/Vietnam/C58/04/H5N3, 
belong to clade 1, While vaccinal strains 
A/chicken/Egypt/18-H/2009/H5N1 belong to 
clade2.2.1.1, and 
A/chicken/Egypt/Q1995D/2010 - 
A/duck/Egypt/M2583D/2010/H5N1 belong to 
Clade 2.2.1.2. The amino acid identity percent 
between vaccinal strains was ranging from 
(88.2% - 89.6%) with H5N8 field isolates and 
(96.5% - 99%) with H5N1 field isolates. The 
amino acid identity percent between HPAI 
H5N8 and HPAI H5N1field isolates ranging 
from (86.3% - 87.8%). 
Antigenic analysis: 
Five antigens and their antisera were used in the 
antigenic analysis. The two local field isolates 
including (H5N8*) A/Teal/Egypt/Damietta-
1/2016/ H5N8 and (H5N1*) 
A/Geese/Egypt/Men-21/2016/H5N1 were used 
with three commercial vaccinal strains including 

A/chicken/Egypt/18-H/2009/ H5N1 (V1), 
(A/chicken/Egypt/Q1995D/2010 - 
A/duck/Egypt/M2583D/2010/H5N1 (V2) and 
A/chicken/Vietnam/C58/04/H5N3 (V3). The 
mean HI titers are shown in (Table 5). 
The local isolate antigen (H5N8*) homologous 
titer was 6.5-Log-2. It cross reacted with V1, V2, 
V3 and local (H5N1*) antisera with (3.2, 2.7, 3 
& 4.5) Log-2 differences, respectively. The local 
isolate antigen (H5N1*) homologous titer was 
9.0-Log-2. It cross reacted with V1, V2, V3 and 
(H5N8*) antisera with (3.0, 0.5, 0.8 & 7.2) Log-

2 differences, respectively.  
The antigenic relatedness between the two local 
isolates (H5N1*) and (H5N8*) was low with R 
value 24.8% indicating major antigenic 
difference between the two subtypes. A major 
subtype difference in antigenicity was also 
detected between the local isolate (H5N8*) and 
the three vaccinal strains V1, V2 and V3 with R 
value (20.7, 31.0, 22.5), respectively. A minor 
subtype difference in antigenicity was detected 
between the local isolate (H5N1*) and the three 
vaccinal strains V1, V2 and V3 with R value 
(53.0, 68.7, 38.7), respectively as shown in 
(table 6). 

 

Table (3): Designation and accession number of the identified isolates: 

Designation subtype province Host Cleavge site of HA 
protien 

GenBank 
Accession no. 

A/Teal/Egypt/Damietta-
1/2016/ H5N8 H5N8 Damietta Teal duck PLREKRRKR/GLF MF215354 

A/Teal/Egypt/Damietta-
2/2016/ H5N8 H5N8 Damietta Teal duck PLREKRRKR/GLF MF215355 

A/Pintail/Egypt/Damietta-
12/2016/ H5N8 H5N8 Damietta Pintail 

duck PLREKRRKR/GLF MF215356 

A/Geese/Egypt/Men-
21/2016/H5N1 H5N1 Menofia Native 

Geese PQGEKRRKKR/GLF MF2153568 

A/Duck/Egypt/Giza-
8/2016/H5N1 H5N1 Giza Native 

duck PQGEKRRKKR/GLF MF2153571 

(N.B.): the five isolates have not been published yet. 
 
. 
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Fig. (1): Phylogenetic relationship of three H5N8 and two H5N1 AIV local field isolates /2016 to other selected AIV isolates 
based on nucleotide sequence of the (HA) gene. Tree was generated using Mega 7 program using Maximum likelihood 
method. The five isolates are labeled with round marks while, the vaccinal strains are labeled with triangular marks

Clade  2.3.4.4b 

 

Clade  2.3.4.4a 

 

 A/Teal/Egypt/Damietta-2/2016 (H5N8)

 A/Pintail/Egypt/Damietta-12/2016 (H5N8)

 A/turkey/Israel/1045/2016(H5N8))

 A/chicken/Moscow/94/2017(H5N8))

 A/chicken/Belgium/807/2017(H5N8))

 A/common coot/Egypt/CA285/2016

 A/green-winged teal/Egypt/877/2016(H5N8))

 A/duck/Democratic Republic of the Congo/17RS882-5/2017(H5N8))

 A/common teal/Korea/W550/2016(H5N8))

 A/Teal/Egypt/Damietta-1/2016 (H5N8)

 A/chicken/Egypt/Alex-2/2017(H5N8))

 A/turkey/Israel/184/2017(H5N8))

 A/grey goose/Israel/986/2016(H5N8)

 A/duck/Egypt/Qal/2017 H5N8

 A/great crested grebe/Uvs-Nuur Lake/341/2016 H5N8

 A/chicken/Iran/Tehran-F-2/2016(H5N8)

 A/goose/Egypt/Menf/2017 (H5N8)

 A/duck/Eastern China/S0215/2014(H5N8))

 A/common teal/Shanghai/PD1108-27/2013(H5N8))

 A/goose/Eastern China/CZ/2013(H5N8))

 A/duck/Zhejiang/6D18/2013(H5N8))

 A/duck/Taiwan/A3400/2015(H5N8))

 A/goose/Taiwan/01-003/2015(H5N8))

 A/mallard/Nevada/AH0006855/2015(H5N8))

 A/mallard duck/Korea/W457/2014(H5N8))

 A/baikal teal/Korea/2416/2014(H5N8))

 A/chicken/California/15-004912/2015(H5N8))

 A/ostrich/Korea/H829/2014(H5N8))

 A/Northern pintail/Oregon/AH0003967/2015(H5N2))

 A/goose/Taiwan/01038/2015(H5N3))

 A/duck/Taiwan/01006/2015(H5N2))

 A/broiler duck/Korea/Buan2/2014 (H5N8)

 A/duck/Jiangsu/k1203/2010(H5N8)

 A/goose/Guangdong/s13124/2013(H5N8))

 A/duck/Eastern China/L0405/2010(H5N8))

 A/duck/Shandong/Q1/2013(H5N8))

 A/common teal/Korea/W559/2017(H5N6))

 A/goose/Guangdong/k0103/2010(H5N5))

 A/chicken/Vietnam/C58/04(H5N3)

 A/wild duck/Korea/PSC18-20/2010(H5N8))

 A/mule duck/Bulgaria/328/2011(H5N8))

 A/goose/Guangdong/1/1996(H5N1)

 A/chicken/Egypt/18-H/2009(H5N1)

 A/chicken/Egypt/Q1995D/2010(H5N1))

 A/duck/Egypt/M2583D/2010(H5N1))

 A/duck/Egypt/1338S/2013(H5N1))

 A/goose/Egypt/1439FAOS/2014(H5N1)

 A/chicken/Egypt/1412SD/2014(H5N1))

 A/duck/Egypt/1471SG/2014(H5N1)

 A/Duck/Egypt/Giza-8/2016 (H5N1)

 A/duck/Egypt/BSU-NLQP-DAK-11/2015(H5N1)

 A/Geese/Egypt/Men-21/2016 (H5N1)

0.020

Clade  0 

 

Clade  2.2.1.2 
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Table (4): Amino acid sequences identity of obtained H5N8 and H5N1 HPAI isolates with HPAI strains 
circulating in Egypt and other countries and Avian Influenza vaccines showing identity and divergence percent 
based on A.A sequence comparison, black squares indicate identical sequence: 
 

 Percent Identity 
  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

1  87.0 86.6 84.4 87.4 97.4 96.9 97.8 86.1 97.4 96.9 96.5 87.4 96.9 97.8 97.4 90.9 97.8 84.8 96.9 1 

2 87.0  96.5 95.8 97.2 89.2 87.8 88.9 96.2 88.9 88.2 89.9 98.6 88.2 88.9 88.5 95.3 88.9 95.1 88.9 2 

3 86.6 96.5  99.0 99.3 89.2 87.8 88.9 99.7 88.2 87.8 89.9 97.9 88.2 88.9 88.5 95.2 88.9 98.6 88.9 3 

4 84.4 95.8 99.0  97.9 85.4 83.9 84.9 99.5 84.4 84.9 85.9 96.9 83.9 84.9 84.9 95.2 84.9 97.9 84.9 4 

5 87.4 97.2 99.3 97.9  89.9 88.5 89.6 99.0 88.9 88.6 90.6 98.6 88.9 89.6 89.2 95.3 89.6 97.9 89.6 5 

6 97.4 89.2 89.2 85.4 89.9  97.9 99.0 88.9 99.0 98.4 97.2 89.9 98.3 99.0 99.3 92.9 99.0 87.8 98.3 6 

7 96.9 87.8 87.8 83.9 88.5 97.9  99.0 87.5 98.3 97.6 97.2 88.5 99.0 99.0 97.9 92.9 99.0 86.5 98.3 7 

8 97.8 88.9 88.9 84.9 89.6 99.0 99.0  88.5 99.3 98.4 98.3 89.6 99.3 100.0 99.0 92.9 100.0 87.5 99.3 8 

9 86.1 96.2 99.7 99.5 99.0 88.9 87.5 88.5  87.8 87.5 89.6 97.6 87.8 88.5 88.2 95.1 88.5 99.0 88.5 9 

10 97.4 88.9 88.2 84.4 88.9 99.0 98.3 99.3 87.8  98.0 97.6 89.6 98.6 99.3 99.0 94.1 99.3 86.8 98.6 10 

11 96.9 88.2 87.8 84.9 88.6 98.4 97.6 98.4 87.5 98.0  96.4 88.6 98.4 98.4 98.4 92.9 98.4 86.3 99.2 11 

12 96.5 89.9 89.9 85.9 90.6 97.2 97.2 98.3 89.6 97.6 96.4  90.6 97.6 98.3 97.2 92.9 98.3 88.5 97.6 12 

13 87.4 98.6 97.9 96.9 98.6 89.9 88.5 89.6 97.6 89.6 88.6 90.6  88.9 89.6 89.2 95.3 89.6 96.5 89.6 13 

14 96.9 88.2 88.2 83.9 88.9 98.3 99.0 99.3 87.8 98.6 98.4 97.6 88.9  99.3 98.3 92.9 99.3 86.8 99.3 14 

15 97.8 88.9 88.9 84.9 89.6 99.0 99.0 100.0 88.5 99.3 98.4 98.3 89.6 99.3  99.0 92.9 100.0 87.5 99.3 15 

16 97.4 88.5 88.5 84.9 89.2 99.3 97.9 99.0 88.2 99.0 98.4 97.2 89.2 98.3 99.0  92.9 99.0 87.2 98.3 16 

17 90.0 95.3 95.2 95.2 95.3 92.9 92.9 92.9 95.1 94.1 92.9 92.9 95.3 92.9 92.9 92.9  92.9 95.1 92.9 17 

18 97.8 88.9 88.9 84.9 89.6 99.0 99.0 100.0 88.5 99.3 98.4 98.3 89.6 99.3 100.0 99.0 92.9  87.5 99.3 18 

19 84.8 95.1 98.6 97.9 97.9 87.8 86.5 87.5 99.0 86.8 86.3 88.5 96.5 86.8 87.5 87.2 95.1 87.5  87.5 19 

20 96.9 88.9 88.9 84.9 89.6 98.3 98.3 99.3 88.5 98.6 99.2 97.6 89.6 99.3 99.3 98.3 92.9 99.3 87.5  20 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20  

 
 
1-(A/chicken/Egypt/Alex-2/2017/H5N8) 
2-(A/chicken/Egypt/Q1995D/2010(H5N1)) 
3-(A/duck/Egypt/1471SG/2014(H5N1) 
4-(A/duck/Egypt/BSU-NLQP-DAK-   11/2015(H5N1) 
5-(A/duck/Egypt/M2583D/2010(H5N1)) 
6-(A/goose/Egypt/Menf/2017_(H5N8) 
7-(A/green-winged teal/Egypt/877/2016 (H5N8)) 
8-(A/grey goose/Israel/986/2016(H5N8) 
9-A/Geese/Egypt/Men-21/2016 (H5N1) 
10- A/Teal/Egypt/Damietta-1/2016 (H5N8) 
11- A/Teal/Egypt/Damietta-2/2016 (H5N8) 

12-A /breeder_duck/Korea/Gochang1/2014 H5N8 
13-A/chicken/Egypt/18-H/2009(H5N1) 
14-A/common_coot/Egypt/CA285/2016 
15-A/duck/Eastern_China/S1109/2014_H5N8 
16- A/duck/Egypt/Qal/2017_H5N8 
17- A/chicken/Vietnam/C58/04 
18- A/great_crested_grebe/Uvs-uur_Lake/341/ 2016( 
H5N8) 
19- A/Duck/Egypt/Giza-8/2016 (H5N1) 
20- A/Pintail/Egypt/Damietta-12/2016 (H5N8) 
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Table (5): Cross haemagglutination inhibition (HI) test between two HPAI (H5N8 & H5N1) field isolates/2016 
and between three commercial H5 vaccines: 

Antigen 
Antisera 

2-titer means Log *HI 

S1 S2 S3 S*H5N1 S*H5N8 

V1 9.5 6.5 2.5 4.0 0.8 
V2 7.5 9.0 4.2 4.5 1.8 
V3 7.2 7.4 8.5 1.4 0.8 

4*H5N1 6.0 8.5 8.2 9.0 1.8 
5*H5N8 3.3 3.8 3.5 2.0 6.5 

V1:  A/chicken/Egypt/18-H/2009/H5N1 
V2:  A/chicken/Egypt/Q1995D/2010 - A/duck/Egypt/M2583D/2010/H5N1 
V3:  A/chicken/Vietnam/C58/04/H5N3 
H5N14*: A/Geese/Egypt/Men-21/2016/H5N1 local isolate 
H5N85*: A/Teal/Egypt/Damietta-1/2016/H5N8 local isolate 
S1: antiserum against A/chicken/Egypt/18-H/2009/H5N1 
S2: antiserum against A/chicken/Egypt/Q1995D/2010 - A/duck/Egypt/M2583D/2010/H5N1 
S3: antiserum against A/chicken/Vietnam/C58/04/H5N3 
H5N1S*: antiserum against A/Geese/Egypt/Men-21/2016/H5N1 local isolate 
H5N8S*: antiserum against A/Teal/Egypt/Damietta-1/2016/H5N8 local isolate 
HI*:  Haemagglutination inhibition 
-The homologous titers are shown in bold. 
 
Table (6): Antigenic relatednessa values (%) of two HPAI (H5N8 & H5N1) field isolates/2016 and three vaccinal 
strains and their interpretationb: 

Item 

V1 V2 V3 4H5N1 5H5N8 

R 
value 

% 
Intpr. 

R 
value 

% 
Intpr. 

R 
value 

% 
Intpr. 

R 
value 

% 
Intpr. 

R 
value 

% 
Intpr. 

V1 - - 75.5 LND 47.2 MSD 53.0 MSD 20.7 MjSD 

V2 - - - - 63.7 MSD 68.7 MSD 31.0 MjSD 
V3 - - - - - - 38.7 MSD 22.5 MjSD 

4*H5N1 - - - - - - - - 24.8 MjSD 
5*H5N8 - - - - - - - - - - 

V1:  A/chicken/Egypt/18-H/2009/H5N1  
V2:  A/chicken/Egypt/Q1995D/2010 - A/duck/Egypt/M2583D/2010/H5N1 
V3:  A/chicken/Vietnam/C58/04/H5N3 
4*:  A/Geese/Egypt/Men-21/2016/H5N1 local isolate 
5*:  A/Teal/Egypt/Damietta-1/2016 /H5N8 local isolate 
a :  antigenic relatedness  was calculated using the Archetti an Horsfall formula (1950). to calculate R-values based on the 

cross HI titers. 
b : The interpretation of the results was done according to Brooksby (1967). 
R value: Relatedness value.  
Intpr.: Interpretation 
LND: Little or no subtype differences.  
MSD: Minor subtype difference. 
MjSD: Major subtype difference 
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DISCUSSION 
Highly pathogenic avian influenza viruses of the 
H5 subtype remain a serious concern for poultry 
and human health. Since the emergence of 
HPAIV H5N1 (A/goose/Guangdong/1/1996) in 
China in 1996, descendants of this strain 
continue to spread among avian species and their 
HA has evolved into multiple distinct 
phylogenetic clades and subclades (Smith and 
Donis, 2015). Many studies implicated the 
involvement of wild migratory birds in HPAIV 
spread and endemic outbreaks in poultry (Dalby 
and Iqbal, 2015; Lee et al., 2015; Ozawa et al., 
2015; Hill et al., 2015; Pantin-Jackwood et al., 
2016 & Lee et al., 2017). Domestic waterfowls 
that are in contact with wild birds and also other 
poultry species can act as intermediate key in the 
transmission of avian influenza among birds (Li 
et al., 2004) and also have been implicated in the 
dissemination and evolution of H5N1 HPAIV 
(Wasilenco et al., 2011) as well as H5N8 (Hill 
et al., 2015). In 2010, HPAI H5N8 of clade 
2.3.4.4 was detected in domestic ducks in 
eastern China. By 2014, this virus had caused 
multiple outbreaks among domestic ducks, 
chickens, geese, and wild birds in South Korea 
and subsequent outbreaks in Japan, China, 
Europe, and North America (Lee et al., 2014). 
Later on, the virus has been detected during the 
2016 spread wave of HPAI H5N8 viruses in 
Russia (Lee et al., 2017), Germany (Pohlmann 
et al., 2017), India (Nagarajan et al., 2017), Italy 
(Fusaro et al., 2017), and Iran (Ghafouri et al., 
2017). The spread of HPAIV (H5N8) strains has 
been linked to the overlapping flyways of 
migratory wild birds (Lee et al., 2015). Previous 
study reported that clade 2.3.4.4 HPAI viruses 
are more adapted to wild aquatic bird species 
than H5N1 viruses (Kwon et al., 2018). 
In 2016, the HPAI H5N8 clade 2.3.4.4 was 
reported in wild birds (common coots and green-
winged teal) documenting its introduction to 
Egypt through migratory birds (Selim et al., 
2017; Kandeil et al., 2017). Egypt also is 
endemic with HPAI H5N1 since 2008 and the 
distinct cluster of HPAI H5N1 clade 2.2.1.2 has 
emerged since 2012 (El-Shesheny et al., 2014).  
In the current study, we investigated thirty-two 
tracheal samples that were collected from 
waterfowls (wild and domestic) during the 

period from March 2016 till March 2017. Seven 
samples were collected from domestic 
waterfowls and twenty-five samples were 
collected from four different species of wild 
ducks (teal, pintail, mallard, and coot). Most of 
the tested wild ducks were apparently healthy 
and showed no clinical signs in agreement with 
previous studies (Kandeil et al., 2017 & van den 
Brand., et al 2018). Sun et al., (2016) concluded 
that the recent H5 reassortants belonging to 
clade 2.3.4.4 have reduced virulence compared 
to the parental H5N1 virus as evident by a 
decrease in the intravenous pathogenicity index 
and increased mean death time.  
A reverse transcription polymerase chain 
reaction (RT-PCR) is a confirmed molecular 
technique which is used worldwide as a 
diagnostic tool of most poultry viral diseases 
including H5 Avian influenza virus (Slomka et 
al., 2007). RT-PCR was carried out for partial 
amplification of HA gene including the HA 
cleavage site. Fourteen samples from wild ducks 
(14\25) and two samples from domestic 
waterfowls (2\7) were H5 positive. All H5Nx 
strains detected in migratory ducks were 
characterized as HPAIV H5N8, clade 2.3.4.4. 
The other two H5Nx strains detected in domestic 
waterfowls were characterized as HPAIV 
H5N1, clade 2.2.1.2.  
Partial HA gene sequencing of five selected 
samples was performed, the amino acid 
sequences of HA cleavage site revealed 
polybasic amino acid which is characteristic of 
HPAIV. The amino acid sequences of HA 
cleavage of H5N8 isolates was 
(PLREKRRKR/GLF) as found previously 
(Selim et al., 2017; Kandeil et al., 2017; Anis et 
al., 2018: Salaheldin et al., 2018 & Shehata et 
al., 2019). H5N1 isolates cleavage site revealed 
PQGEKRRKKR/GLF as found previously by 
Arafa et al., (2016).  
Since 2017, multiple cases of H5N8 infection 
have been reported in poultry in the Nile Delta 
and some have extended to Upper Egypt (OIE, 
2017 & Yehia et al., 2018).  
In order to examine the correlation between the 
genetic and antigenic distances of currently 
circulating HPAI H5Nx of different clades, we 
first performed a phylogenetic relationship 
between some H5N8 and H5N1 local field 

68



Journal of Current Veterinary Research, Volume (1), 2019 

 
 

isolates\2016 and other AIV isolates based on 
the HA gene nucleotide sequence (Fig. 5). The 
three H5N8 isolates clustered in clade 2.3.4.4b. 
The three H5N8 isolates shared 99.3 similarity 
with the Russian HPAI H5N8 virus 
A/great_crested_ grebe/Uvs-Nuur_Lake 
/341/2016, which strengthen the suggestion of  
Yehia et al., (2018) that the Egyptian H5N8 
viruses have emerged from a common ancestor 
virus (A/great_crested_grebe/Uvs-Nuur_Lak 
/341 /2016).  
This cluster includes other H5N8 strains 
recently isolated From Asia (Iran – Korea – 
Russia – Israel) with amino acid identity percent 
with each other ranging from (96.4% - 99.3%), 
Africa (Congo), Europe (Belgium) and Eastern 
China with amino acid identity percent with 
each other ranging from (98.4% - 99.3%). This 
result agreed with recent studies (Kandeil et al., 
2017; Salaheldin et al., 2018 & Shehata et al., 
2019). The two H5N1 isolates clustered in clade 
2.2.1.2 with other recent Egyptian isolates. The 
three vaccine strains used in this study were 
genetically distinct from the H5N8 viruses 
currently circulating in Egypt in agreement with 
(Kandeil et al., 2018 & Shehata et al., 2019).  
Vaccination has been used in Egypt since 2006 
to control HPAI H5N1 epidemics. Different 
viruses were used as vaccine seed strains, 
including classical H5 lineage viruses and 
reverse genetics–engineered reassortant viruses 
containing H5N1 virus HA and NA genes and 
the remaining genes from A/Puerto 
Rico/8/1934(H1N1) (Kayali et al., 2016). 
Multiple factors influence the efficacy of poultry 
vaccine. One of these critical factors is the 
genetic and antigenic matching between the 
circulating viruses and commercial vaccine 
strains (Wong and Webby, 2013).  
It has been demonstrated previously that 
matching antigenic similarity of the HA between 
the vaccine and challenge virus provides the best 
protection against mortality and virus shedding 
(Lee et al., 2004; Swayne and Kapczynski, 
2008; Romer-Oberdorfer et al., 2008 & Pica and 
Palse, 2013). Other studies showed that when 
the vaccine and the challenge virus belong to 
same H5N1 subtype with expected high HA 
homology, vaccinated ducks were completely 
protected against challenge virus (Tian et al., 

2005; Webster et al., 2006 & Kim et al., 2008). 
However, other studies revealed that genetically 
more distinct vaccines can also protect ducks 
against infection with H5N1 viruses (Beato et 
al., 2007; Pfeiffer et al., 2010 & Van der Goot et 
al., 2008).  
Several experimental studies were conducted in 
chickens to evaluate the efficacy of different 
types of commercial vaccines against challenges 
with different Egyptian H5N1 viruses of clades 
2.2.1, 2.2.1.1, 2.2.1.1a, and 2.2.1.2. The 
serological results showed that different types of 
commercial AI vaccines provided variable 
reactivity against the previously described 
antigens of Egyptian H5N1 viruses (isolates 
from 2006 to 2009, clade 2.2.1), but that 
reactivity declined with recent circulating 
viruses of clade 2.2.1.2 (Kayali et al., 2016).  
In our study, two field isolates were selected 
(A/Teal/Egypt/Damietta-1/2016/H5N8 clade 
2.3.4.4 and A/Geese/Egypt/Men-21/2016/H5N1 
clade 2.2.1.2) and used for preparation of two 
experimental vaccines to be used in the antigenic 
analysis study using Cross haemagglutination 
inhibition (HI) test. HI titers are considered to be 
of predictive value concerning protective 
efficacy if suitable matching pairs of HI antigen 
and challenge virus are used (Swayne, 2009). 
Serological monitoring of H5 vaccinated flocks 
by the HI test using the homologous vaccine 
antigen is a routine laboratory procedure to 
evaluate vaccination efficacy of poultry in Egypt 
and elsewhere (Hafez et al., 2010). Titres greater 
than 4-log-2 have been claimed to be an indicator 
for clinical protection and titres greater than 6-
log-2 indicator for prevention of viral shedding 
as previously stated (Tian et al., 2005, and 
Kumar et al., 2007). 
In this study, the H5N8 isolate 
A/Teal/Egypt/Damietta-1/2016/H5N8 clade 
2.2.3.4 showed very low reactivity with H5 
antisera raised against H5N1 vaccinal strains of 
clades 2.2.1.1, 2.2.1.2 and clade 1. Similarly, 
duck hyperimmune sera raised against the 
experimental inactivated H5N8 vaccine 
(homologous titer 6.5-Log-2) showed very low 
reactivity with heterologous H5 antigens of 
clades 2.2.1.1, 2.2.1.2 and clade 1 in agreement 
with (Kandeil et al., 2017 & Shehata et al., 
2019). These results also agreed with (Hiono et 
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al., 2015) and (Ohkawara et al., 2017) who 
demonstrated that antigenicity of the viruses of 
clade 2.3.4.4 differed significantly from that of 
the viruses of other clades.  
The H5N1 isolate A/Geese/Egypt/ Men-
21/2016/H5N1 clade 2.2.1.2 showed reactivity 
with H5 antisera raised against 
H5N1commercial vaccinal strains while, it 
showed very low reactivity with the 
experimental H5N8 vaccine.  The very low 
antigenic reactivity between H5N8 and H5N1 
subtypes correlated with the genetic 
dissimilarity. 
Anis et al., (2018) previously reported that the 
sera from H5N8- infected duckling did not show 
cross reactivity with an H5N1 Egyptian strain. 
Previous study also reported that serum from 
infected ferret with H5N1 
A/Vietnam/1194/2004 (homologous titre 80) 
completely failed to react in HI assay with H5N8 
A/chicken/ Netherlands/EMC-3/2014 virus. 
Moreover, H5N8 specific ferret serum 
(homologous titre 160) completely failed to 
cross-react with A/Vietnam/1194/2004 H5N1 
virus (De Vries et al., 2015). 
The genetic dissimilarity and poor reactivity 
between the H5 commercial vaccines used in 
Egypt and the currently circulating H5N8 
viruses proves that the vaccines might not be 
effective in the field or may provide only partial 
protection and thus could lead to vaccine-
induced escape mutant strains (Kandeil et al., 
2018). 
The antigenic relatedness between local antigens 
A/Geese/Egypt/Men-21/2016/H5N1 clade 
2.2.1.2 and A/Teal/Egypt/Damietta-
1/2016/H5N8 clade 2.3.4.4b was low with R 
value 24.8% indicating major subtype difference 
between the two strains as detected by (Shehata 
et al., 2019). These results agree with the genetic 
dissimilarity between the two subtypes. The R 
value was ranging from 38.7% to 68.7% 
between the A/Geese/Egypt/Men-
21/2016/H5N1 clade 2.2.1.2 and the three 
vaccinal strains which indicate a minor subtype 
difference between them in agreement with the 
genetic similarity.  
Kandeil et al., (2018) tested the efficacy of eight 
commercial vaccines against challenge with the 
HPAI A/duck/Egypt/F13666A/2017 (H5N8) 

virus clade 2.3.4.4b in chickens. Most of the 
commercial vaccines protected chickens from 
mortality but did not reduce or prevent virus 
shedding. The experimental homologous H5N8 
vaccine provided the best protection against a 
challenge with the clade 2.3.4.4 virus. 
Contrary to these results, a previous study 
revealed good protective efficacy of a stockpiled 
vaccine based on A/duck/Hokkaido/Vac-
1/2004/ H5N1 against HPAIV H5N8 challenge 
(Gamoh et al., 2016). Also, Steensels et al., 
(2016) concluded that despite the high antigenic 
divergence of the challenge H5N8 strain, a 
single administration of rHVT-H5 vaccine 
expressing the H5 gene of a clade 2.2 H5N1 
strain at 1 day old resulted in a full clinical 
protection against challenge and a significant 
reduction of viral shedding in the vaccinated 
birds. 
Sultan et al., (2019) evaluated a recombinant 
subunit commercial H5-vaccine prepared from 
clade 2.3.2 H5-segment on baculovirus in Pekin 
and Muscovy ducks after experimental infection 
with the Egyptian HPAI H5N8 isolate clade 
2.3.4.4bA/commoncoot/Egypt/CA285/2016/H5
N8It was concluded that the H5-baculovirus-
based vaccine can be used in ducks with better 
vaccination regime based on double-dose 
vaccination at 10 and 28 days of age. 
Our results indicated that, these vaccines are 
genetically and antigenically distinct from the 
HPAI H5N8 virus currently circulating in Egypt.  
Since vaccination has been used as an essential 
control strategy in Egypt, updating HA of H5 
Vaccine to be antigenically closer to the field 
viruses is necessary for optimal protection as 
previously suggested (Kandeil et al., 2017; 
Kandeil et al., 2018; Yehia et al., 2018; Sultan 
et al.,2019 & Shehata et al., 2019). Finally, 
regular monitoring of wild birds should be 
adopted to predict and prevent possible AIV 
outbreaks. 
 
CONCLUSION 
In the present study, two subtypes of HPAI 
viruses of different clades currently circulating 
in Egypt, H5N8 clade 2.2.3.4b and H5N1 clade 
2.2.1.2 were characterized. HPAI H5N8 virus is 
genetically and antigenically distinct from HPAI 
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H5N1 virus. In addition, some commercial 
vaccines which are used to control avian 
influenza in Egypt are genetically and 
antigenically distinct from HPAI H5N8 virus 
currently circulating in Egypt. Updating the HA 
of H5 Vaccine to be antigenically closer to the 
field viruses is recommended together with 
regular monitoring of wild birds to predict and 
prevent possible AIV outbreaks. 
REFERENCES 

Abdelwhab, E.M. & 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(5): 647–657. 

Aly, M.M.; A. Arafa & 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(2): 269-277. 

Anis, A.; M. AboElkhair & M. Ibrahim. 2018. 
Characterization of highly pathogenic avian 
influenza H5N8 virus from Egyptian domestic 
waterfowl in 2017. Avian pathology, 47 (4). 

Arafa A.S.; M.M. Naguib; C. Luttermann; A.A. 
Selim; W.H. Kilany; N. Hagag; A. Samy; A. 
Abdelhalim; M.K. Hassan; E.M. Abdelwhab; Y. 
Makonnen; G. Dauphin; J. Lubroth; T.C. 
Mettenleiter; M. Beer; C. Grund & T.C. Harder. 
2015.  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., 
20 (13) : 21085.  

Arafa, A.S.; S. Yamada; M. Imai; T. Watanabe; S. 
Yamayoshi; K.I.-Horimoto; M. Kiso; Y.S. 
Tagawa; M. Ito; T. Imamura; N. Nakajima; K. 
Takahashi; D. Zhao; K. Oishi; A. Yasuhara; C.A. 
Macken; G. Zhong; A.P. Hanson; S. Fan; J. Ping; 
M. Hatta; T.J.S. Lopes; Y. Suzuki; M. El-
Husseiny; A. Selim; N. Hagag; M. Soliman; G. 
Neumann; H. Hasegawa & Y. Kawaoka. 2016. 
Risk assessment of recent Egyptian H5N1 
influenza viruses. Scientific Reports, 6:38388. 

Archetti, I. & F.L. Horsfall. 1950. Persistent antigenic 
variation of influenza A viruses after incomplete 
neutralization in ovo with heterologous immune 
serum. J. Exp. Med., 92:441-462. 

Beato, M.S.; A. Toffan; R. De Nardi; A. Cristalli; C. 
Terregino; G. Cattoli & I. Capua. 2007. A 

conventional, inactivated oil emulsion vaccine 
suppresses shedding and prevents viral meat 
colonisation in commercial (Pekin) ducks 
challenged with HPAI H5N1. Vaccine, 25:4064–
72. 

Brooksby, J.B. 1967. Variants and immunity: 
definitions for serological investigation Int. 
Symp. on Foot and Mouth Disease, Variants and 
Immunity. Lyon, France. Symposium series. 
Immunbiol. Standard, 8: 1-10. 

Dalby, A.R. & M. Iqbal. 2015. The European and 
Japanese outbreaks of H5N8 derive from a single 
source population providing evidence for the 
dispersal along the long distance bird migratory 
flyways. Peer J., 3: 934. 

De Vries, R.D.; H.L.M. De Gruyter; T.M. Bestebroer; 
M.Pronk; A.M.R. Fouchier; A.D.M.E. Osterhaus; 
G. Sutter; J.H.C.M.  Kreijtz and G.F.  
Rimmelzwaan. 2015. Induction of influenza 
(H5N8) antibodies by modified vaccinia virus 
Ankara H5N1 vaccine. Emerging Infectious 
Diseases, 21, 1086–1088. 

El-Shesheny, R.; A. Kandeil; O. Bagato; A.M. 
Maatouq; Y. Moatasim; A. Rubrum; M. Song; 
R.J. Webby; M.A. Ali and G. Kayali. 2014. 
Molecular characterization of avian influenza 
H5N1 virus in Egypt and the emergence of a novel 
endemic subclade. Journal of Gen. Virol., 
95:1444–1463. 

El-Zoghby, E.F.; M.M. Aly; S.A. Nasef; M.K. 
Hassan; A.S. Arafa; A.A. Selim; S.K. Kholousy; 
W.H. Kilany; M. Safwat; E.M. Abdelwhab & 
H.M. Hafez. 2013. Surveillance on A/H5N1 virus 
in domestic poultry and wild birds in Egypt. 
Virology Journal, 10:203. 

Fusaro, A.; I. Monne; P. Mulatti; B. Zecchin; L. 
Bonfanti; S. Ormelli; A. Milani; K. Cecchettin; P. 
Lemey; A. Moreno; P. Massi; T. Dorotea; S.  
Marangon & C. Terregino. 2017.  Genetic 
diversity of highly pathogenic avian influenza A 
(H5N8/H5N5) viruses in Italy, 2016–17. 
Emerging Infectious Diseases, 23: 1543–1547. 

Gamoh, K.; M. Nakamizo; M. Okamatsu; Y. Sakoda, 
H. Kida & S. Suzuki. 2016. Protective efficacy of 
stockpiled vaccine against H5N8 highly 
pathogenic avian influenza virus isolated from a 
chicken in Kumamoto prefecture, Japan, in 2014. 
J. Vet. Med. Sci., 78:139–142. 

Ghafouri, S.A.; A. GhalyanchiLangeroudi; H. 
Maghsoudloo; R.K.H. Farahani H. Abdollahi; F. 

71



Journal of Current Veterinary Research, Volume (1), 2019 

 
 

Tehrani1 & M.H. Fallah. 2017. Clade 2.3.4.4 
avian influenza A (H5N8) outbreak in commercial 
poultry, Iran, 2016: the first report and update 
data. Trop. Anim. Health Prod., 49:1089–1093. 

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

Hill, S.C.; Y.J. Lee; B.M. Song; H.M. Kang; E.K. 
Lee; A. Hanna; M. Gilbert; I. H. Brown & O.G. 
Pybus. 2015.  Wild waterfowl migration and 
domestic duck density shape the epidemiology of 
highly pathogenic H5N8 influenza in the Republic 
of Korea. Infection, Genetics and Evolution, 34: 
267–277. 

Hiono, T.; A. Ohkawara; K. Ogasawara; M. 
Okamatsu; T. Tamura; D.H. Chu; M. Suzuki; S. 
Kuribayashi; S. Shichinohe; A. Takada; H. 
Ogawa; R. Yoshida; H. Miyamoto; N. Nao; W. 
Furuyama; J. Maruyama; N. Eguchi; G. Ulziibat; 
B. Enkhbold; M. Shatar; T. Jargalsaikhan; S. 
Byambadorj; B.Damdinjav; Y.Sakoda & H.Kida. 
2015. Genetic and antigenic characterization of 
H5 and H7 influenza viruses isolated from 
migratory water birds in Hokkaido, Japan and 
Mongolia from 2010 to 2014. Virus Genes, 51: 
57–68. 

Kandeil, A.; A. Kayed; Y. Moatasim; R.J. Webby; 
P.P. McKenzie; G. Kayali & M.A. Ali. 2017. 
Genetic characterization of highly pathogenic 
avian influenza A H5N8 viruses isolated from 
wild birds in Egypt. Journal of General Virology. 
98(7): 1573–1586. 

Kandeil, A.; J.S.M. Sabir; A. Abdelaal; E.H. Mattar; 
A.N. El- Taweel; M.J. Sabir; A.A. Khalil; R. 
Webby; G. Kayali & M.A. Ali. 2018. Efficacy of 
commercial vaccines against newly emerging 
avian influenza H5N8 virus in Egypt. Scientific 
reports, 8: 9697. 

Kayali, G.; A. Kandeil; R. El-Shesheny; A.S. Kayed; 
A.M. Maatouq; Z. Cai; P.P. McKenzie; , R.J. 
Webby; S. El Refaey; A. Kandeel & M.A. Ali. 
2016. Avian influenza A (H5N1) virus in Egypt. 
Emerg. Infect. Dis., 22: 379–388. 

Kim, J. K.; P. Seiler; H.L. Forrest; A.M. Khalenkov; 
J. Franks; M. Kumar; W. B. Karesh; M. Gilbert; 
R. Sodnomdarjaa; B. Douangngeun; E.A. 
Govorkova and R.G. Webster. 2008. 
Pathogenicity and vaccine efficacy of different 

clades of Asian H5N1 avian influenza A viruses 
in domestic ducks. Journal of Virology, 82: 
11374–82. 

Kumar, M.; H. Chu; J. Rodenberg; S.A. Kraus & R.G. 
Webster. 2007. Association of serologic and 
protective responses of avian influenza vaccines 
in chickens. Avian Diseases, 51: 481–483. 

Kwon, J. H.; D.H. Lee; D.E. Swayne; J.Y. Noh; S.S. 
Yuk; S. Jeong; S.H. Lee; C. Woo; J.H. Shin & 
C.S. Song. 2018. Experimental infection of H5N1 
and H5N8 highly pathogenic avian influenza 
viruses in Northern Pintail (Anas acuta). 
Transbound Emerg. Dis., 1(5). 

Lee, C.W.; D.A. Senne & D.L. Suarez. 2004. Effect 
of vaccine use in the evolution of Mexican lineage 
H5N2 avian virus. J Virol., 78: 8372-8331. 

Lee, D.H.; K. Bertran; J. H. Kwon; and D. E. Swayne. 
2017. Evolution, global spread, and pathogenicity 
of highly pathogenic avian influenza H5Nx clade 
2.3.4.4. J Vet Sci, 18(1): 269-280. 

Lee, D.H.; M.K. Torchetti; K. Winker; H.S. Ip; C.S. 
Song & D.E. Swayne. 2015. Intercontinental 
Spread of Asian-Origin H5N8 to North America 
through Beringia by Migratory Birds. Journal of 
Virology, 89(12):6521-4. 

Lee, Y.J.; H.M. Kang; E.K. Lee; B.M. Song; J. Jeong; 
Y.K. Kwon; H.R. Kim; K.J. Lee; M.S. Hong; I. 
Jang; K.S. Choi; J.Y. Kim; H.J.  Lee; M.S. Kang; 
O.M. Jeong; J.H. Baek; Y.S. Joo; Y.H. Park; & 
H.S. Lee. 2014. Novel reassortant influenza 
A(H5N8) viruses, South Korea, 2014. Emerging 
Infectious Diseases, 20(6): 1087–1089. 

Li, K.S.; Y. Guan; J. Wang; G.J. Smith; K.M. Xu; L. 
Duan; A.P. Rahardjo; P. Puthavathana; C. 
Buranathai; T.D. Nguyen; A.T.  Estoepangestie; 
A. Chaisingh; P. Auewarakul; H.T. Long; N.T. 
Hanh; R.J. Webby; L.L. Poon; H. Chen; K.F. 
Shortridge; K.Y. Yuen; R.G. Webster & J.S. 
Peiris. 2004. Genesis of a highly pathogenic and 
potentially pandemic H5N1 influenza virus in 
eastern Asia. Nature, 430: 209–213. 

Nagarajan, S.; M. Kumar; H.V. Murugkar; 
H.V.Tripathi; S. Shukla; S. Agarwal; G. Dubey; 
R.S. Nagi; V.P. Singh & C. Tosh. 2017. Novel 
reassortant highly pathogenic avian influenza 
(H5N8) virus in zoos, India. Emerging Infectious 
Diseases, 23: 717–719. 

Naguib, M.M; A.S. Arafa, , M.F. El-Kady; A.A. 
Selim; V. Gunalan; S. Maurer-Stroh; K.V.Goller; 
M.K. Hassan; M. Beer; E.M.,  Abdelwhab & T. C. 

72



Journal of Current Veterinary Research, Volume (1), 2019 

 
 

Harder. 2015. Evolutionary trajectories and 
diagnostic challenges of potentially zoonotic 
avian influenza viruses H5N1 and H9N2 co-
circulating in Egypt. Infection, Genetics and 
Evolution, 34: 278–291. 

Neumann, G. 2015. H5N1 influenza virulence, 
pathogenicity and transmissibility: what do we 
know? Future Virology. 10(8): 971–9801. 

Ohkawara, A.; M. Okamatsu; M. Ozawa; D. Chu; 
L.T. Nguyen; T. Hiono; K. Matsuno; H. Kida & 
Y. Sakoda. 2017. Antigenic diversity of H5 highly 
pathogenic avian influenza viruses of clade 
2.3.4.4 isolated in Asia. Microbiol Immunol., 61: 
149–158. 

OIE. 2008. OIE Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals. Chapter, 2.3.4. 
http://www.oie.int/eng/normes/manual/ 
A_00037.htm. 

OIE, 2017. Follow Up Report 3. Highly pathogenic 
influenza A viruses (terrestrial poultry), Egypt. 
http://www.oie.int/ wahis_2/public/ wahid.php / 
Reviewreport/ Review?reportid=23232. 

Olsen, B.; V.J. Munster; A. Wallensten; J. 
Waldenstrom; A.D.M.E. Osterhaus & R.A.M. 
Fouchier. 2006. Global Patterns of Influenza A 
Virus in Wild Birds. Science, 312(5772): 384–
388. 

Ozawa, M.; A.  Matsuu; K. Tokorozaki; M. Horie; T. 
Masatani; H. Nakagawa; K. Okuya; T. Kawabata 
& S. Toda. 2015. Genetic diversity of highly 
pathogenic H5N8 avian influenza viruses at a 
single overwintering site of migratory birds in 
Japan, 2014/15. Euro Surveill., 20(20): 21132. 

Pantin-Jackwood, M.J.; M. C. Hurtado; E. Shepherd; 
E. DeJesus; D. Smith; E. Spackman; D.R. 
Kapczynski; D.L. Suarez; D.E. Stallknecht & 
D.E. Swayne. 2016. Pathogenicity and 
Transmission of H5 and H7 Highly Pathogenic 
Avian Influenza Viruses in Mallards. Journal of 
Virology, 90: 21.  

Pfeiffer, J.; D.L. Suarez; L. Sarmento; T.L. To; T. 
Nguyen, M.J. Pantin-Jackwood. 2010. Efficacy of 
commercial vaccines in protecting chickens and 
ducks against H5N1 highly pathogenic avian 
influenza viruses from Vietnam. Avian Diseases; 
54: 262–71. 

Pica, N. & P. Palese. 2013. Toward a universal 
influenza virus vaccine: prospects and challenges. 
Annu. Rev. Med., 64: 189–202. 

Pohlmann, A.; E. Starick; T. Harder; C. Grund; D. 
Hoper; A. Globig; C. Staubach; K. Dietze; G. 
Strebelow; R.G. Ulrich; J. Schinkothe; J.P. 
Teifke; F.J. Conraths; T.C. Mettenleiter & M. 
Beer. 2017. Outbreaks among wild birds and 
domestic poultry caused by reasserted influenza A 
(H5N8) clade 2.3.4.4 viruses, Germany, 2017. 
Emerging Infectious Diseases, 23, 633–636. 

Prosser, D.J.; P. Cui; J.Y. Takekawa; M. Tang; Y. 
Hou; B.M. Collins; B. Yan; N.J. Hill; T. Li; Y. Li; 
F. Lei; S. Guo; Z. Xing; Y. He; Y. Zhou; D.C. 
Douglas; W.M. Perry & S.H. Newman. 2011. 
Wild bird migration across the Qinghai-Tibetan 
plateau: A transmission route for highly 
pathogenic H5N1. PLoS ONE, 6(3). 

Romer-Oberdorfer, A.; J. Veits; D. Helferich & T. C. 
Mettenleiter. 2008. Level of protection of 
chickens against highly pathogenic H5 avian 
influenza virus with Newcastle disease virus 
based live attenuated vector vaccine depends on 
homology of H5 sequence between vaccine and 
challenge virus. Vaccine, 26(19): 2307–13. 

Saad, M.D.; L.S. Ahmed; M.A. Gamal-Eldein; M.K. 
Fouda; F. Khalil; S.L. Yingst; M.A. Parker & 
M.R. Montevillel. 2007. Possible avian influenza 
(H5N1) from migratory bird, Egypt. Emerg. 
Infect. Dis., 13(7): 1120–1121. 

Salaheldin, A.H.; H.S. Abd El-Hamid; A.R. 
Elbestawy; J. Veits; H.M. Hafez; T.C. 
Mettenleiter & E.M. Abdelwhab. 2018. Multiple 
Introductions of Influenza A(H5N8) Virus into 
Poultry, Egypt, 2017.  Emerging Infectious 
Diseases, 24:5. 

Selim, A.A; A.M. Erfan; N. Hagag; A. Zanaty; A.H. 
Samir; M. Samy; A. Abdelhalim; A.S.A. Arafa; 
M.A. Soliman; M. Shaheen; E.M. Ibraheem, I. 
Mahrous; M.K. Hassan & M.M. Naguib. 2017.  
Highly Pathogenic Avian Influenza Virus (H5N8) 
Clade 2.3.4.4 Infection in Migratory Birds, Egypt. 
Emerging Infectious Diseases. 23 (6): 1048–1051. 

Selim, A.A; A.M. Erfan; N. Hagag; A. Zanaty; A.H. 
Samir; M. Samy; A. Abdelhalim; A.S.A. Arafa; 
M.A. Soliman; M. Shaheen; E.M. Ibraheem, I. 
Mahrous; M.K. Hassan & M.M. Naguib. 2017.  
Highly Pathogenic Avian Influenza Virus (H5N8) 
Clade 2.3.4.4 Infection in Migratory Birds, Egypt. 
Emerging Infectious Diseases. 23 (6): 1048–1051. 

Shehata, A.A.; M. Seddik; A. Elbestawy; M.A. 
ZainEl-Abideen; H. Hammam; W.K. Kilany & A. 
Ali. 2019. Co- infection, genetic, and antigenic 

73

https://www.sciencedirect.com/science/journal/15671348
https://www.sciencedirect.com/science/journal/15671348
http://www.oie.int/
https://www.eurosurveillance.org/content/ecdc


Journal of Current Veterinary Research, Volume (1), 2019 

 
 

relatedness of Avian Influenza H5N8 and H5N1 
viruses in domestic and wild birds in Egypt. 
Poultry science 0: 1-9. 

Slomka, M.J.; V.J. Coward; J. Banks; B.Z. Londt; I.H. 
Brown; J. Voermans; G. Koch; K.J. Handberg; 
P.H. Jørgensen; M. Cherbonnel-Pansart; V. 
Jestin; G. Cattoli; I. Capua; A. Ejdersund; P. 
Thoren & G. Czifra. 2007. Identification of 
Sensitive and Specific Avian Influenza 
Polymerase Chain Reaction Methods Through 
Blind Ring Trials Organized in the European 
Union. Avian Diseases, 51: 227-234. 

Smith, G.J. & R.O. Donis. 2015.Nomenclature 
updates resulting from the evolution of avian 
influenza A (H5) virus clades 2.1.3.2a, 2.2.1, and 
2.3.4 during 2013-2014. Influenza and Other 
Respiratory Viruses, 9, 271–276. 

Steensels, M.; F. Rauw; T. van den Berg; S. Marché; 
Y. Gardin; V. Palya & B. Lambrecht. 2016. 
Protection Afforded by a Recombinant Turkey 
Herpesvirus-H5 Vaccine Against the 2014 
European Highly Pathogenic H5N8 Avian 
Influenza Strain. Avian Diseases, 60 (1): 202- 
209. 

Sultan, H.A.; A.M. Arafa; S.M. Talaat; A.A.Gaballa; 
W.H. Kilany; W.K. Elfeil; A.A. Shehata  & N.M. 
Amarin. 2019. Efficacy of Clade2.3.2 H5-
recombinant Baculovirus Vaccine in Protecting 
Muscovy and Pekin Ducks from Clade 2.3.4.4 
H5N8 Highly Pathogenic Avian Influenza 
Infection. Avian Diseases In-Press. 

Sun, H.; J. Pu; J. Hu; L. Liu; G. Xu; G.F. Gao; X. Liu 
& J. Liu (2016): characterization of clade 2.3.4.4 
highly pathogenic H5 avian influenza viruses in 
ducks and chickens. Vet. Microbial., 182: 116-
122. 

Swayne, D.E. & D. Kapczynski. 2008. Strategies and 
challenges for eliciting immunity against avian 
influenza virus in birds. Immunol. Rev., 225: 314–
31. 

Swayne, D.E. 2009. Avian influenza vaccines and 
therapies for poultry. Comp. Immunol. Microbiol. 
Infect. Dis., 32: 351-363. 

Tian, G.; S. Zhang; Y. Li; Z. Bu; P. Liu; J. Zhou; C. 
Li; J. Shi; K. Yu & H. Chen. 2005. Protective 
efficacy in chickens, geese and ducks of an H5N1- 
inactivated vaccine developed by reverse 
genetics. Vaccine, 341(1): 153-162. 

Van den Brand, J.M.A.; J.H. Verhagen; E.J.B.V. 
Kroeze; M.W.G. van de Bildt; R. Bodewes; S. 

Herfst; M. Richard; P. Lexmond; T.M. 
Bestebroer; R.A. M. Fouchier & T. Kuiken. 2018. 
Wild ducks excrete highly pathogenic avian 
influenza virus H5N8 (2014–2015) without 
clinical or pathological evidence of disease. 
Emerging Microbes & Infections, 7: 67. 

Van der Goot, J.A.; M. van Boven; A. Stegeman; S. 
G. van de Water; M. C. de Jong and G. Koch. 
2008. Transmission of highly pathogenic avian 
influenza H5N1 virus in Pekin ducks is 
significantly reduced by a genetically distant 
H5N2 vaccine. Virology, 382:91–7. 

Wasilenko, J.L.; A.M. Arafa; A.A. Selim; M.K. 
Hassan; M.M. Aly; A. Ali; S. Nassif; E. Elebiary; 
A. Balish; A. Klimov; ; D.L. Suarez; D.E. Swayne 
& M.J. Pantin-Jackwood. 2011. Pathogenicity of 
two Egyptian H5N1 highly pathogenic avian 
Influenza viruses in domestic ducks. Archives of 
Virology, 156: 37–51. 

Webster, R.G. & E.A.  Govorkova. 2006. H5N1 
influenza–continuing evolution and spread. N. 
Engl. J. Med. 355: 2174–2177. 

Wong, S. S. & R. J. Webby. 2013. Traditional and 
new influenza vaccines. Clinical Microbiology 
Rev, 26: 476–492. 

Yehia, N.; M.M. Naguib; R. Li; N. Hagag; M. El-
Husseiny; Z. Mosaad; A. Nour; N. Rabea; W.M. 
Hasan; M.K. Hassan; T. Harder & A.A. Arafa. 
2018. Multiple introductions of reassorted highly 
pathogenic avian influenza viruses (H5N8) clade 
2.3.4.4b causing outbreaks in wild birds and 
poultry in Egypt. Infection, Genetics and 
Evolution, 58; 56–65. 
 
 

74

http://www.bioone.org/loi/avdi
https://link.springer.com/journal/705
https://link.springer.com/journal/705

	JCVR Issue 1 June 2019 Final-2
	JCVR Issue 1 June 2019 Final
	JCVR Issue 1 Final
	JCVR Issue 1
	Genetic and Antigenic Relatedness of Highly Pathogenic Avian Influenza H5Nx Viruses







