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Molecular and Epidemiological Overview on Low Pathogenic Avian

Influenza HIN2 in Egypt between 2015 and 2016
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Abstract | Since the first isolation of the HIN2 low pathogenic avian influenza virus (LPAI) in 2011, the
virus has been distributed rapidly and widely in different Egyptian poultry sectors causing severe economic
losses and the problematic situation in poultry production especially with a co-infection with other circulating
pathogens. In this study, a total of 23182 cloacal and tracheal samples were collected from suspected cases
between 2015 and 2016 and submitted to the Reference laboratory of veterinary quality control on poultry
production (RLQP) from different poultry sectors and bird species which are distributing all over the Egyptian
governorates for examination of LPAI (HIN2) virus by real time RT-PCR. The results confirmed positive
samples from 1026 for HIN2 with prevalence rate 4.4%. However, the LPAT HIN2 showed a wide range
distribution with high geo-prevalence rate in 2015/2016 (96.3%) as positive samples were recorded from 26
governorates. Totally, the positive samples were distributed in 783 farms with the highest prevalence rate
(76.5%), then 167 live bird markets (LBM) (16.5%) and 76 households (7%), respectively. Also, the highest
number of positive samples were detected in chicken with highest prevalence (90%) for HIN2 infection among
all the examined species, followed by Turkey (4%), duck (2.6%) and quail (2.4%), respectively. Genetically,
the genetic sequence for the Hemagglutinin (HA) of 38 viruses circulating Egyptian viruses during 2015
and 2016 were belonging to the Middle East G1- like viruses and scattered phylogenetically in different
subgroups with the presence of variant viruses in the quail during 2015.
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1966 (Tu/WS/66), then it became widely distributed
to other countries (Homme and Easterday, 1970).

Introduction

Infection with HIN2 in poultry population resulted
in great economic losses in the poultry industry
especially when being complicated with other
pathogens (Naecem et al., 1999). HIN2 of subtype
avian influenza viruses had been classified as influenza
type A of the family Orthomyxoviridae. The first

isolation of HIN2 was from turkeys in Wisconsin in

In Egypt, the first detection of HIN2 virus was
reported in May 2011 that has been isolated from
bobwhite quail (El-Zoghby et al., 2012), consequently,
Egypt has been reported with endemicity of HIN2

avian influenza virus. The circulating Egyptian viruses
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are closely related to HIN2 viruses from Israel and
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belonged to Asian G1-like (Monne et al., 2013) and
classified as cluster B based on HA gene sequence
(Kandeil et al.,2017). Infections with HON2 viruses in
Egypt are higher in chicken more than other species,
mostly in apparently healthy broilers and recorded in
layers and breeders, also, infection in other species was
recorded but with low incidence. Except for chicken,
the prevalence of infection in quails is relatively high in
comparison with other species (Soliman et al., 2014).
While, the prevalence of virus infection in duck is lower
than in chicken (Kayali et al., 2014). The circulation of
LPAI HI9N2 may add a risk factor to the Egyptian
poultry industry, especially with the endemic situation
of HPAI H5N1 and presence of other pathogens
with low biosecurity level in some commercial sectors
which permit rapid virus transmission and add more
stress to the condensed poultry populations. In this
study, we tried to follow up the epidemiological status
of LPAT HIN2 in Egypt and the genetic evolution of
both Hemagglutinin (HA) and Neuraminidase (NA)

genes of the currently circulating viruses in Egypt.

Materials and Methods

Molecular detection of HINZ2 virus by real time RT-PCR
As a part of routine avian influenza surveillance
program conducted in Egypt; a total 23182 suspected
cloacal and oropharyngeal samples were collected
from different poultry species including chicken,
quail, turkey and ducks then were characterized at the
National Laboratory for Veterinary Quality Control
on Poultry Production (NLQP, Egypt).

Extraction of viral RNA using a QIAamp viral RNA
Mini Kit (QIAGEN, Hilden, Germany) was done
according to the manufacturer’s protocol, extracted
RNA has been tested for influenza type A by real-time
RT-PCR to the positivity of samples for H9 subtype
by specific primers as shown in Table 1 (Shabat et al.,
2010), with One-Step RT-qPCR Kit (QIAGEN,
Hilden, Germany). Thermal profile for amplification
of HA gene ofH9 subtype was as follow; 50 °C for
30 min, 94 °C for 15 min, cycling steps 94°C for 10
sec, 54°C for 30 sec and 72°C for 10 sec repeated
for 40 cycles. The real-time RT-PCR have been run
on Stratagen MX3005P real-time PCR machine
(Stratagene, Amsterdam, Netherlands).

Virus isolation and propagation
Thirty-eight positive influenza A samples with RT-
PCR were initially isolated in 10-day-old specific

pathogen free embryonated chicken eggs (SPF Eggs
Production Farm, Kom Oshim, Egypt) according to
standard protocols (OIE, 2015). The allantoic fluid
was harvested, tested for Hemagglutination, and then
stored at -80 C until use.

The 38 selected samples represent the HIN2 virus
circulating in Egypt during 2015-2016 from backyard
poultry holdings and commercial farms representing

Upper and Lower Egypt including chicken and quails.

Amplification and sequencing of the full HA and NA genes
The first-strand cDNA was synthesized using
Superscript IIT Reverse Transcriptase (Invitrogen,
Carlsbad, CA) and Uni-12 primer as per the
manufacturer’s protocol. The full length of each
gene was amplified using gene specific forward and
reverse primer (Table 2). Using a platinum® Taq
DNA polymerase high fidelity (Invitrogen, Carlsbad,
CA). HA and NA genes were amplified using gene
specific primer and the appropriate expected size
of each gene was confirmed by gel electrophoresis.
The electrophoresis of PCR products was done
on ethidium bromide-stained agarose gel and the
amplified products of expected correct size visualized
by gel documentation system BDA digital — Image
capture (Biometra, Germany).

Amplicons of the appropriate sizes were subsequently
gel purified using a QIAquick Gel Extraction Kit
(QIAGEN, Hilden, Germany). The purified PCR
products were used directly for sequencing using
a Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA) according to
manufacturer’s instruction, the reaction products were
purified by exclusion chromatography in CentriSep
columns (Princeton Separations, Adelphia, NJ). The
recovered materials sequenced using a 3500x] DNA
Analyzer (Applied Biosystems).

Sequence analysis and Phylogeny of the full-length HA
and NA genes

Bio Edit 7.0 software was used for multiple sequence
alignment and percent identity matrices comparing
the genes under study to each other. We generated
neighbor-joining phylogenetic trees for HA and NA
genes using the distance-based method in MEGA
version6. We calculated bootstrap values based on
1,000 replicates (Tamura et al., 2013) including most
of the Egyptian HIN2 virus sequences available on
GenBank database, closely related HHIN2 viruses from
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Table 1: Primers and probes used for Real tine RT-PCR identification of HIN2 viruses in this study.

PrimeID Primer sequences

H9 subtype For: GGA AGA ATT AAT TAT TAT TGG TCG GTA C

Rev: GCCACCTTTTTC AGT CTG ACATT

Ref.

(Ben Shabat et
al., 2010)

H9probe: [ FAM] AAC CAG GCC AGA CAT TGC GAG TAA GAT CC [TAMRA]

Table 2: Primers used in Reverse Transcriptase-Polymerase Chain Reaction (onestep RT-PCR) and Sequance

reaction of HA gene.
Prime ID Primer Sequence for HA gene amplification Reference
F1-6 5TAG CAA AAG CAG GGG AATTTCTT 3 RLQP
H9- Rev 5GCCACCTTTTTC AGT CTGACATT 3 Ben Shabat etal., 2010
H9-For 5GGA AGAATT AAT TATTATTGGTCG GTAC 3 Ben Shabat etal., 2010
HT7R 5TAA TAC GAC TCA CTA TAA GTA CAA ACA AGG GTG 3 SEPRL
Primer Sequence for NA gene amplification
Forward primer 5' GGC ACA ACA CAT GAT AGA AGT CCC 3' SEPRL
Reverse primer 5'CGC CAA CAA GTA CTA AGC ACA CAT 3' SEPRL

Table 3: Suspected and positive cases examined for HIN2 in different sectors in Egypt during 2015-2016.

Year/  Farm Backyard

SeCtor  ,ve cases/total Prevalence  +vecases/ Prevalence
rate total rate

2015 353/7835 4.5% 44/2869 1.5%

2016 430/9538 4.5% 32/2358 1.4%

Total 783/17373 4.5% 76/5227 1.5%

LBM total

+ve cases/ Prevalence  +ve cases/total Prevalence
total rate rate
55/218 25.2% 452/10922 4%
112/364 31% 574/12260 4.7%
167/582 28.7% 1026/23182 4.4%

The suspected cases were examined by real time PCR which resulted in 1026 positive samples. In comparison to the total number of the exam-
ined suspected cases in each sector, the highest prevalence rate of H9 was recorded in LBM (28.7%) followed by farms (4.5%) while the lowest

rate was recorded in household.

other Middle Eastern countries, representative viruses
from groups A-D of G1 lineage (Monne et al., 2013).
Major ancestral HIN2 strains as shown by BLAST
(Basic Local Alignment Search Tool).

Selection pressure was estimated by Data monkey
Adaptive evolution server (Weaver et al., 2018), which
was measured by @ (dN/dS), as dN=non-synonymous
substitution rate (non-synonymous changes per non-
synonymous site) and dS=synonymous substitution
rate (synonymous changes per synonymous site).
Maximum Likelihood analysis of natural selection
codon-by-codon method was conducted using HyPhy
software package, the test statistic dN - dS was used
for detecting codons that had undergone positive
selection, if dN>dS and w>1, it means that amino acid
changes provide better fitness. The p-value is calculated,
when p-value is less than 0.05, it is considered
significant at a 5% level (Suzuki and Gojobori, 1999).

Epidemiological data analysis
'The epidemiological data were prepared and analyzed

in Excel spreading sheet.

Results and Discussion

Epidemiological analysis

During 2015 and 2016 RLQP received 23182
suspected samples for examination of LPAT HIN2
virus from different sectors (17373 farms — 5227
household — 582 live bird market), the examination
of the collected samples by real time RT-PCR
resulted in 1026 positive samples for HIN2 (783
farm — 76 housechold — 167 LBM) with prevalence
rate (76.5% - 7% - 16.5%) respectively with highest
prevalence rate in the farm as shown in Table 3. Time
distribution of the positive samples during 2015 and
2016 reported in Figure 1 which revealed higher
incidence of virus distribution during 2016 than 2015
which reached to the peak in the 2nd quarter of 2016
from March to June followed by a dramatic decline
in the last bisection of 2016. The distribution of the
positive cases in chicken from the farm sector is the
highest in all the governorates except in Fayoum
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Figure 1: Time distribution of the positive cases during 2015 and 2016; the incidence of virus distribution is higher during 2016 than 2015.
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Figure 2: Geographical distribution of HIN2 in Egypt.

which had a high incidence among the household
population as shown in Figure 2. Totally, the Lower
Egypt governorates recorded a higher infection rate
than the Upper Egypt ones especially Dakahlia that
showed the highest incidence during 2016 as shown
in Figure 3. According to the distribution of virus
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among the species as shown in Figure 4, chickens
have the highest percent in all the breeding sectors,
tollowed by quails.

Virus isolation and screening

'The selected 38 Egyptian HIN2 viruses were isolated
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Figure 3: Incidence % of HINZ occurrence in different Egyptian governorates reveals high record in Dakahlia governorate during 2016.
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Figure 4: Positive % of HINZ cases in different breeding sectors and poultry species during 2015 and 2016.

from apparently healthy broiler chickens and quails
in Egypt that were positive for HIN2 by real time
RT-PCR during routine surveillance along 2015and
2016. Viruses are representing five Governorates
from Upper and Lower Egypt. According to the type
of breeding the selected viruses represent backyard
poultry holdings, live bird markets (LBM), and
commercial farms. The HA titers were ranged from
7 to 9 log2 and the CT values for H9 subtype ranged
from 12 to 18.

Phylogenetic analysis of the full-length HA gene

The selected isolates were sequenced for
hemagglutinin gene and the obtained sequences
were analyzed in comparison to each other and the
previous sequences of the Egyptian viruses that were
submitted to GenBank., the accession no. recorded in
supplementary Table 1. All isolates in this study are
closely similar with high identity % ranged between
98-100%, except 2 isolates designated as QU/
Egy/2890V/2015 and QU/Egy/2792V/2015 which
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were genetically related to the Egyptian variant viruses
which arise since 2012 (Adel et al., 2017). Both quail
isolates were highly similar to each other with identity
% 98-99%, but less similar to the common circulating

Egyptian HIN2 strains with identity % 93-95%.

Phylogenetically, all the viruses in this study belong
to the Egyptian viruses which circulating since 2011
which are genetically related to group B of G1 lineage
of HIN2 that predominant in the Middle East
countries and other neighboring countries including
Israel, Iran, KSA,and UAE.The Egyptian viruses were
classified in the phylogenetic tree at least into 3 major
subgroups. One group represents circulating viruses
since the first introduction in 2011 and persisted till
2013, another group represents the viruses which were
predominant from 2013 till 2016 without obvious
amino acids alterations between the 2 groups. The
third group represents the variant group (Egy/G1lvar)
that was detected previously in quail from 2012 and
was recorded up to 2015 as shown in Figure 5.

Analysis of the deduced amino acid sequence of HA protein
This study depends on the comparison between
the Egyptian viruses at the level of the pathogenic
determinants of HA protein, the receptor binding site
(RBS), antibody binding epitopes, and the proteolytic
cleavagessite (PCS).The cleavagessite inall the Egyptian
viruses showed typical motif of the low pathogenic
avian influenza HIN2 (**PARSSRGLEF3%). The
amino acid mutations along the HA molecule shown

in Table 4.

There are six distinct glycosylation sites in all Egyptian
viruses definitely five sites on HA1 at "NSTEY
87NGTC90, 123NVTY126, 280NSTL283 and 287NISK290,
in addition to one site on HA2 at “*NGTY*”. In this
study, all sequences of HA protein have the previous
glycosylation sites with acquisition of new additional
sites in QU/2792V/2015 and QU/2890V/2015 at
amino acid residues NGTS™° NGSY"! and
BINTTT"™? which are characteristic for the viruses
isolated from quails as mentioned in previous study
(Adel et al., 2017). Also, there is a new additional site
on the HA2 of ch/860V(/2015 at amino acid residue
398NMTI401.

'The selection pressure of the HA gene of 70 sequences
from 2011 — 2016 reveals positive selection at amino

acid residue 216 (p-value <0.05 and ©>1).

Phylogenetic analysis of the NA gene

In this study, five selected viruses were sequenced
for NA gene which were selected according to the
phylogenetic tree of HA gene of viruses in this study.
The NA genes showed the nucleotide and deduced
amino acid similarities ranged between 96 99%
and 85 to 99%, respectively between the isolated
viruses in this study in correlation with most of
previously reported Egyptian viruses. The five tested
isolates shared nucleotide and deduced amino acid
homologies with each other ranged from (96 to 99 %)
and (95-100%) and with G1-linage 90% and 88-90
%, respectively, while NA genes of Egyptian isolates
showed the highest similarity to those of A/turkey/
Israel/311/2009 (95-97%).

Phylogenetically, The Egyptian isolates clustered
into multiple minor subgroups. The phylogenetic
clustering among the Egyptian viruses was not related
to species, time or geographical distribution from
Upper or Lower Egypt during 2015 and2016 which
displayed continuous virus diversity. Those viruses
belonged to group B which includes the Middle East
viruses from Israeli, Iran, United Arab Emirates and
Pakistan, as shown in Figure 6.

Analysis of the deduced amino acid sequence of NA protein
The stalk length, hemadsorbing site, enzyme active
site, and the number of glycosylation sites have a
potential role in neuraminidase activity. Analysis of
stalk length revealed that no stalk deletions at sites
38-39 or 46-50. But, there are different mutations at
sialic acid binding pocket of the hemadsorbing sites
in comparison to G1 lineage, all the five viruses of this
study have a substitution S372A in locus 1 of the HB
sites except the virus of Qu/Egy/V2792/2015 which
has the same motif of HK/G1/97, also the locus 2
shows two substitutions in all the target viruses of this
study as shown in Table 5, while all the target viruses
have identically the same motif of the locus 3 of HB
sites of HK/(G1/97 virus.

However, sequence analysis of binding-pocket
residues involved in interactions with antiviral drugs
revealed that no mutations were present, all Egyptian

viruses showing 119E, 198D, 2221, 274H and 292R

substitutions.

There are eight glycosylation sites located on the NA
protein at positions (44, 61, 69/70, 86, 146, 200, 234
and 402) of the HK/G1/97 virus, while the NA genes
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this study. The phylogenetic analysis was constructed by MEGA 6 software, using Neighbor Joining method with bootstrap of 1000 replicates.
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Figure 6: Phylogenetic tree of NA gene of LPAI HIN2, five Egyptian viruses were labeled with the colored circles as the target sequences of
this study. The phylogenetic analysis was constructed by MEGA 6 software, using Neighbor Joining method with bootstrap of 1000 replicates.

of the Egyptian viruses contained
seven  glycosylation  sites, at  positions

and N°T234, with loss of the glycosylation site 402.
There is no positive selection pressure for the NA gene
of the Egyptian viruses at p-value < 0.05 and ® 21.

Discussion

LPAT HIN2 viruses are endemic in poultry in the

Middle East region from the mid-1990s. However, in
Egypt virus appeared from December 2010 (Abdel-
Moneim et al.,2012; Monne et al.,2013) to May 2011
when the first record was done in quail (E1-Zoghby
et al., 2012), then this virus distributed in all the
domestic poultry species around Egypt (Arafa et al.,
2012). Previously, there was evidence for the presence
of HIN2 viruses in LBM but the virus was not isolated
(Abdelwhab and Abdel-Moneim, 2015), Also, the

serological investigation revealed that the HIN2 virus

June 2019 | Volume 6 | Issue 3 | Page 57

—0
Sl Links
©Researchers



OPEN aACC ESS

Hosts and Viruses

Table 4: Amino acids variation of the HA of Egyptian HIN2 viruses.

code

A/chicken/Egypt/1558VD/2015
A/chicken/Egypt/151FAOFD/2015
A/chicken/Egypt/155FAO FL/2015
A/chicken/Egypt/15535V/2015
A/chicken/Egypt/1560VG/2015
A/chicken/Egypt/15700V/2015
AJchicken/Egypt/15848V/2015
A/chicken/Egypt/15156VG/2015
A/chicken/Egypt/15226VD/2015
A/chicken/Egypt/15102VL/2015
A/chicken/Egypt/15106VL/2015
A/chicken/Egypt/15255VD/2015
A/chicken/Egypt/15685V/2015
A/chicken/Egypt/1519FAO SF/2015
A/chicken/Egypt/1529FAO SF/2015
A/chicken/Egypt/152537V/2015
A/chicken/Egypt/1534FAOS{/2015
A/QUAIL/Egypt/152792V/2015
A/QUAIL/Egypt/152890V/2015
A/chicken/Egypt/152979V/2015
A/chicken/Egypt/15758V/2015
A/chicken/Egypt/15820VG/2015
A/chicken/Egypt/1572FAO SL/2015
A/chicken/Egypt/15860VG/2015
AJchicken/Egypt/1625VG/2016
A/chicken/Egypt/16194V/2016
A/chicken/Egypt/1630VS/2016
AJchicken/Egypt/1635VS5/2016
A/turkey/Egypt/1623FAOS/2016
AJchicken/Egypt/16543V/2016
AJchicken/Egypt/16572V/2016
AJchicken/Egypt/1658SL/2016
A/DUCK/Egypt/161338V/2016
A/chicken/Egypt/161970V/2016
A/chicken/Egypt/162041V/2016
A/chicken/Egypt/162049V/2016
A/chicken/Egypt/16855L/2016
A/chicken/Egypt/16118FAOS/2016

NO 00 NN O L A W N =

W W W W W W W W W N N N DD DN NN N NN R PR PR R R R R R R =
00 N O Ul A W DD PR O 0 0 NN O Ul A W DN P O VW OWJ O Ul A W N P O

was wide-spread in the commercial sector between
February 2009 and April 2012 (Afifi et al., 2013).
Since the introduction of the LPAT HIN2 in Egypt,
it becomes endemic in parallel co-circulation with

H5N1 (Arafa et al., 2012) and recently with newly

Right edge of RBS Leftedge of RBS  Cleavage site

(128-132) (214-219) (315-323)

GISRA NDLQGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NDLTGR HARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSNRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKA NGQAGR PARSSRGLF
GTSRA NGQAGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGQIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSNP NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSGRGLF
GTSKS NGLIGR PARSSRGLF
GTSKS NGLIGR PARSSRGLF

introduced HPAI H5NS8 (Selim et al., 2017; Yehia et
al., 2018). According to this situation of the multiple
introductions of the different influenza subtypes, the
viruses become at the high risk for reassortment in
spite of there is no record for that till now (Naguib et
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al., 2017).

In this study, the epidemiological data reveal that
the LPAT H9N2 virus still circulating with a higher
incidence in chicken of commercial sectors more
than other species and other sectors. These findings
are compatible with the previous studies that were
accomplished on HIN2 in Egypt (Abdelwhab and
Abdel-Moneim, 2015; Adel et al., 2017; Kandeil et
al., 2017).

Table 5: Mutation in hem adsorbing site of NA in
comparison to the qu/HK/G1/97.

Isolate ID HB-Site

366-373 399-404  431-433
A/Quail/Hong Kong/ IKKDSRSG DSDNRS PQE
G1/97
A/chicken/Egypt/FAO- IKKDSRAG DSDGWS PQE
FL5/2015
A/Quail/Egypt/ IKKDSRSG DSDSWS PQE
V2792/2015
A/chicken/Egypt/ IKKDSRAG DSDSWS PQE
V68/2015
A/chicken/Egypt/ IKKDSRAG DSDSWS PQE
V700/2015
A/chicken/Egypt/ IKKDSRAG DSDGWS PQE
VL106/2015

As known, the incidence of avian influenza increases
in cold weather during winter (Park and Glass, 2007),
however, the last studies recorded many outbreaks
all over the year regardless the weather (Abdelwhab
and Abdel-Moneim, 2015; Arafa et al., 2012). In this
study, the high positive cases for HIN2 were recorded
during the spring and early summer of 2016, while
during winter of 2015-2016 the positive cases were at
the lowest level. Depending on these finding, we could
approve the previous studies that reports there is no
obvious impact of the weather on the distribution of
the virus (Gilbert et al., 2008).

The distribution of HIN2 in Lower Egypt is more
spreading than in Upper Egypt (Abdelwhab and
Abdel-Moneim, 2015; Arafa et al., 2012) and this
situation persists till 2016, as the highest record of
positive cases were recorded in Dakahlia governorate
in Lower Egypt followed by Monofia, Behera, and
Sharkia. On other hand, El Fayioum and Asyut
recorded a higher incidence in Upper Egypt.

The LPAI HIN2 virus shows continuous evolution

since its first introduction in Egypt. Previous studies
classified the Egyptian viruses into at least clusters
(Adel et al., 2017; Kandeil et al., 2017; Naguib et al.,
2017), that were belonged to the Middle East viruses
of group B - G1 lineage (Fusaro et al.,; 2011). Through
the evolution of the virus, a group of genetic and
antigenic variant viruses adapted in quail was raised
from 2012 (Adel et al., 2017; Kandeil et al.,2017) and
persist till our recent study in 2015. Hemagglutinin
(HA) protein is the most important surface antigen
of Influenza virus that plays a crucial role in virus
attachment and evasion from the host humeral
immunity (Laursen and Wilson, 2013; Wilson et al.,
1981).

Thirty eight HIN2 positive samples represent the
different sectors and the geographic distribution,
were selected for virus isolation and propagation,
then sequenced for Hemagglutinin (HA) gene and
phylogenetic analysis which revealed that most of the
selected isolates were located within the circulating
Egyptian viruses isolated since 2013, except two
isolates (Qu/152792V and Qu/152890V) related
to the most recent circulating Egyptian variant
viruses which arised since 2012 (Adel et al., 2017)
and characterized genetically with acquisition of
additional glycosylation sites at amino acid residues
127, 148 and 189 around the right edge of the
receptor binding sites, also these isolates have avian
specific marker Q216 on the left edge of the receptor
binding sites. Epidemiologically, these variant viruses
restricted to Giza governorate and isolated from quail
species in farm sector (Adel et al., 2017).

'The viruses of this study have the typical proteolytic
cleavage site (PARSSR/GLF) on HA protein of low
pathogenic avian influenza virus (Steinhauer, 1999).
Like all previous Egyptian HIN2 viruses, the viruses
of interest possess conserved receptor binding domains
atresidues Y91, W143,T145,1.184 and Y185 (Arafaet
al.,2012). There are no changes at the antigenic sites on
HA protein of the viruses of this study in comparison
to the other previously isolated Egyptian LPAT HIN2
viruses, due to the viruses of interest are genetically
closed to the circulating viruses in Egypt since 2013
with no impacted alterations (Adel et al., 2017).

However, the two reported viruses in our study
(Qu/152792V  and Qu/152890V) are related
genetically to the variant Egyptian viruses and
possess the same substitutions that are characteristic
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to this group including; S127N and D189N at the
overlapping antigenic site of H9IN2 which resulted in
acquisition of two new additional glycosylation sites
in comparison to the other Egyptian viruses. Both of
these substitutions were proved that they have a robust
impact on the antigenicity of these viruses against the
other circulating Egyptian viruses (Adel et al., 2017).
In addition to substitutions in the antigenic site II at

residues D135G, N183D and 1.216Q).

Neuraminidase is one of the surface antigen of
influenza virus which has the main function in the
release of virus by removing sialic acid from newly
synthesized HAsand NAsand prevent the aggregation
of newly synthesized virus particles (Peiris et al., 1999).
Also, it possesses an active conserved motif that has
antiviral drugs property (Colman et al., 1989). In this
study, the NA genes of five HIN2 influenza viruses
represent the viruses of our study, were sequenced.
'The Phylogenetic analysis revealed that sequenced
NA genes are belonging to LPAT HIN2 lineage G1
that originated from A/QU/HK/G1/97. However,
the Middle east viruses classified according to NA
sequences into four groups (Fusaro et al., 2011), the
Egyptian viruses including the viruses of our study
clustered with the group B that includes the viruses
from Iran, United Arab Emirates and Israeli (IMosaad
etal., 2017).

The stalk length, hemadsorbing site, enzyme active
sites and the number of glycosylation sites had a
potential role in neuraminidase activity (Gubareva et
al., 2000). In the stalk region of NAs of our Egyptian
viruses, there are no deletion at the amino acid
residues 38 to 39 that similar to the other Egyptian
viruses and the viruses from the Middle Eastern
origin (Israel, Lebanon, and United Arab Emirates)
(Kandeil et al., 2017). The hemadsorption site is
a conserved area located on the NA surface plays a
specific role in virus replication (Aamir et al., 2007).
There is a substitution in the HB site 1(366—373) at
residue S372A in the viruses of our study like all the
Egyptian viruses (Kandeil et al., 2017), except the Qu/
Egy/V2792/2015 virus which have the same residue
(S372) like the QU/HK/G1/97 virus and other
human viruses as A/Beijing/39/1975 (H3N2) and
A/Egypt/84/2001 (HIN2) (Mosaad et al., 2017), in
addition to substitution at the aa residues N402G/S
and R403W in the HB site 2 (399-404).

All the Egyptian viruses including viruses of this

study showing 119E, 198D, 2221, 274H and 292R
substitutions indicate no resistance to the sialidase
inhibitors oseltamivir and zanamivir antiviral
(Gubareva et al., 1997). The viruses of this study
possess seven glycosylation sites in comparison to
the prototype of G1 lineage (QU/HK/G1/97) due
to substitutions of the amino acid residues N400S/G
and R401W in the locus 2 of the HB site. In addition
to the loss of another glycosylation site N°T69 on the
NA molecule of Qu/Egy/V2792/2015 virus which
related to the Egy/var group (Mosaad et al., 2017).

In conclusion, Egyptian LPAT HIN2 viruses are
still circulating endemically in all poultry sectors
especially in the commercial broiler chicken. In spite
of the climatic conditions, the prevalence of the virus
circulation reached the peak in the summer season of
2016. Overall, LPAT HIN2 Egyptian viruses reveal
continuous evolution according to the genetic sequence
ofboth surface genes HA and NA, particularly in quails
in which the virus became antigenically and genetically
more variant than other Egyptian circulating viruses.

Authors Contribution

Amany Adel , Wesam Mady and Zienab performed
the gene sequenes, Amany Adel analyzed the data,
Asmaa shabaan prepared the received samples, Fatma
Amer applied the real time RT-PCR, Dalia Said iso-
lated and propagated the viruses on ECE, Marwa Ali
prepared the epidemiologial data, Abdelsatar Arafa,
Mohamed K. Morsi and Mohamed K. Hassan revised
the results and writing. All author read and approved
the final version of the manuscript for submission.

References

Aamir, UB., U. Wernery, N. Ilyushina and R.G.
Webster. 2007. Characterization of avian HON2
influenza viruses from United Arab Emirates
2000 to 2003. Virol. 361: 45-55. https://doi.
org/10.1016/j.virol.2006.10.037

Abdel-Moneim, A.S., M.A. Afifi, M.F. El-Kady.
2012. Isolation and mutation trend analysis
of influenza A virus subtype HON2 in Egypt.
Virol. J. 9: 173. https://doi.org/10.1186/1743-
422X-9-173

Abdelwhab, E.M. and A.S. Abdel-Moneim.
2015. Epidemiology, ecology and gene pool
of influenza A virus in Egypt: will Egypt be

June 2019 | Volume 6 | Issue 3 | Page 60

the epicentre of the next influenza pandemic?
0

Q
fif K Links
OResearchers


https://doi.org/10.1016/j.virol.2006.10.037
https://doi.org/10.1016/j.virol.2006.10.037
https://doi.org/10.1186/1743-422X-9-173
https://doi.org/10.1186/1743-422X-9-173

OPEN aACC ESS

Hosts and Viruses

Virulence. 6: 6-18. https://doi.org/10.4161/21
505594.2014.992662

Adel, A., A. Arafa, H.A. Hussein and A.A. El-
Sanousi. 2017. Molecular and antigenic traits
on hemagglutinin gene of avian influenza
H9N2 viruses: Evidence of a new escape
mutant in Egypt adapted in quails. Res. Vet.
Sci. 112, 132-140. https://doi.org/10.1016/].
rvsc.2017.02.003

Afifi, M.A.A., M.E. El-Kady, S.A. Zoelfakar
and A.S. Abddel-Moneim. 2013. Serological
surveillance reveals widespread influenza A
H7 and H9 subtypes among chicken flocks in
Egypt. Trop. Anim. Health Prod. 45: 687-690.
https://doi.org/10.1007/s11250-012-0243-9

Arafa, A.S., N.M. Hagag, N. Yehia, A.M.
Zanaty, M.M. Naguib and S.A. Nasef. 2012.
Effect of cocirculation of highly pathogenic
avian influenza H5N1 subtype with low
pathogenic HIN2 subtype on the spread of
infections. Avian Dis. 56: 849-857. https://doi.
0rg/10.1637/10152-040812-Reg.1

Colman, PR., W.R. Tulip, J.N. Varghese, PA.
Tulloch, A.T. Baker, W.G. Laver, G.M. Air
and R.G. Webster. 1989. Three-dimensional
structures of influenza virus neuraminidase-
antibody complexes. Phil. Trans. R. Soc. Lond.
B. 323: 511-518. https://doi.org/10.1098/
rstb.1989.0028

El-Zoghby, E.F., A.S. Arafa, M.K. Hassan, M.M.
Aly, A. Selim, W.H. Kilany, U. Selim, S. Nasef,
M.G. Aggor and E.M. Abdelwhab. 2012.
Isolation of HIN2 avian influenza virus from
bobwhite quail (Colinus virginianus) in Egypt.
Arch. Virol. 157 1167-1172. https://doi.
0rg/10.1007/s00705-012-1269-z

Fusaro, A., I. Monne, A. Salviato, V. Valastro, A.
Schivo, N.M. Amarin, C. Gonzalez, M.M.
Ismail, A.R. Al-Ankari and M.H. Al-Blowi.
2011. Phylogeography and evolutionary history
of reassortant HIN2 viruses with potential
human health implications. J. Virol. JVI-00219.
https://doi.org/10.1128/JVI.00219-11

Gilbert, M., J. Slingenbergh and X. Xiao. 2008.
Climate change and avian influenza. Rew.
Sci. Tech. 27: 459. https://doi.org/10.20506/
rst.27.2.1821

Gubareva, L.V, L. Kaiser and F.G. Hayden. 2000.
Influenza virus neuraminidase inhibitors.
Lancet 355: 827-835. https://doi.org/10.1016/
S0140-6736(99)11433-8

Gubareva, L..V., M.J. Robinson, R.C. Bethell and
R.G. Webster. 1997. Catalytic and framework
mutations in the neuraminidase active site
of influenza viruses that are resistant to
4-guanidino-Neu5Ac2en. J. Virol. 71: 3385-
3390.

Homme, PJ. and B.C. Easterday. 1970. Avian
influenza virus infections. I. Characteristics
of  influenza  A/Turkey/Wisconsin/1966
virus. Avian Dis. 66-74. https://doi.
org/10.2307/1588557

Kandeil, A., R. El-Shesheny, A. Maatouq, Y.
Moatasim, Z. Cai, P. McKenzie, R. Webby, G.
Kayali and M.A. Ali. 2017. Novel reassortant
H9N2 viruses in pigeons and evidence for
antigenic diversity of HIN2 viruses isolated
from quails in Egypt. J. Gen. Virol. 98, 548-562.
https://doi.org/10.1099/jgv.0.000657

Kayali, G., A. Kandeil, R. El-Shesheny, A.S. Kayed,
M.M. Gomaa, A.M. Maatouq, M.M. Shehata,
Y. Moatasim, O. Bagato and Z. Cai. 2014.
Active surveillance for avian influenza virus,
Egypt. 2010-2012. Emerg. Infect. Dis. 20: 542.
https://doi.org/10.3201/eid2004.131295

Laursen, N.S. and I.A. Wilson. 2013. Broadly
neutralizing antibodies against influenza
viruses. Antiviral Res. 98: 476—483. https://doi.
org/10.1016/j.antiviral.2013.03.021

Monne, 1., H.A. Hussein, A. Fusaro, V. Valastro,
M.M. Hamoud, R.A. Khalefa, S.N. Dardir,
M.I. Radwan, I. Capua and G. Cattoli. 2013.
HIN2 influenza A virus circulates in H5N1
endemically infected poultry population in
Egypt. Influenza Other Respi. Viruses. 7:
240-243. https://doi.org/10.1111/§.1750-
2659.2012.00399.x

Mosaad, Z., A. Arafa, H.A. Hussein and M.A.
Shalaby. 2017. Mutation signature in
neuraminidase gene of avian influenza HIN2/
G1 in Egypt. Virus Dis. 28: 164-173. https://
doi.org/10.1007/s13337-017-0367-7

Naeem, K., A. Ullah, R.J. Manvell and D.].
Alexander. 1999. Avian influenza A subtype
H9N?2 in poultry in Pakistan.

Naguib, M.M., C. Grund, A.S. Arafa, E.M.
Abdelwhab, M. Beer and T.C. Harder. 2017.
Heterologous post-infection immunity against
Egyptian avian influenza virus (AIV) HIN2
modulates the course of subsequent infection by
highly pathogenic AIV H5N1, but vaccination
immunity does not. J. Gen. Virol. 98: 1169-

June 2019 | Volume 6 | Issue 3 | Page 61

TN .
Dol Links
OResearchers


https://doi.org/10.4161/21505594.2014.992662
https://doi.org/10.4161/21505594.2014.992662
https://doi.org/10.1016/j.rvsc.2017.02.003
https://doi.org/10.1016/j.rvsc.2017.02.003
https://doi.org/10.1007/s11250-012-0243-9
https://doi.org/10.1637/10152-040812-Reg.1
https://doi.org/10.1637/10152-040812-Reg.1
https://doi.org/10.1098/rstb.1989.0028
https://doi.org/10.1098/rstb.1989.0028
https://doi.org/10.1007/s00705-012-1269-z
https://doi.org/10.1007/s00705-012-1269-z
https://doi.org/10.1128/JVI.00219-11
https://doi.org/10.20506/rst.27.2.1821
https://doi.org/10.20506/rst.27.2.1821
https://doi.org/10.1016/S0140-6736(99)11433-8
https://doi.org/10.1016/S0140-6736(99)11433-8
https://doi.org/10.2307/1588557
https://doi.org/10.2307/1588557
https://doi.org/10.1099/jgv.0.000657
https://doi.org/10.3201/eid2004.131295
https://doi.org/10.1016/j.antiviral.2013.03.021
https://doi.org/10.1016/j.antiviral.2013.03.021
https://doi.org/10.1111/j.1750-2659.2012.00399.x
https://doi.org/10.1111/j.1750-2659.2012.00399.x
https://doi.org/10.1007/s13337-017-0367-7
https://doi.org/10.1007/s13337-017-0367-7

OPEN aACC ESS

Hosts and Viruses

1173. https://doi.org/10.1099/jgv.0.000767

OIE 2015. Avian influenza (infection with avian
influenza viruses)

Park, A.-W.and K. Glass. 2007. Dynamic patterns of
avian and human influenza in east and southeast
Asia. Lancet Infect. Dis. 7: 543-548. https://
doi.org/10.1016/51473-3099(07)70186-X

Peiris, M., K.Y. Yuen, C.W. Leung, K.H. Chan,
PL.S. Ip, RWM. Lai, WK. Orr and K.F.
Shortridge. 1999. Human infection with
influenza HIN2. Lancet. 354: 916-917. https://
doi.org/10.1016/50140-6736(99)03311-5

Selim, A.A.,A.M.Erfan, N. Hagag, A. Zanaty, A.H.
Samir, M. Samy, A. Abdelhalim, A.S.A. Arafa,
M.A. Soliman and M. Shaheen. 2017. Highly
pathogenic avian influenza virus (H5N8) clade
2.3. 4.4 infection in migratory birds, Egypt.
Emerg. Infect. Dis. 23: 1048. https://doi.
0rg/10.3201/eid2306.162056

Shabat, M. Ben, R. Meir, R. Haddas, E. Lapin, L.
Shkoda, I. Raibstein, S. Perk and I. Davidson.
2010. Development of a real-time TagMan
RT-PCR assay for the detection of HYN2 avian
influenza viruses. J. Virol. Methods. 168: 72-77.
https://doi.org/10.1016/j.jviromet.2010.04.019

Soliman, M., A. Arafa, S. Tammam, M. Aly and H.
Madbouly. 2014. Molecular characterization of
avian influenza virus subtype HIN2 in poultry
in Egypt during 2011-2013 with emerging of
a new variant in quails. Glob. Vet-erinaria. 13:
117-126.

Steinhauer, D.A. 1999. Role of hemagglutinin

cleavage for the pathogenicity of influenza
virus. Virol. 258: 1-20. https://doi.org/10.1006/
viro.1999.9716

Suzuki, Y. and T. Gojobori. 1999. A method for
detecting positive selection at single amino acid
sites. Mol. Biol. Evol. 16: 1315-1328. https://
doi.org/10.1093/oxfordjournals.molbev.
2026042

Tamura, K., G. Stecher, D. Peterson, A. Filipski
and S. Kumar. 2013. MEGA6: molecular
evolutionary genetics analysis version 6.0.
Mol. Biol. Evol. 30: 2725-2729. https://doi.
org/10.1093/molbev/mst197

Weaver, S., S.D. Shank, S.J. Spielman, M. Li, S.V.
Muse,S.L.P.Kosakovsky.2018.Datamonkey 2.0:
A Modern Web Application for Characterizing
Selective and Other Evolutionary Processes.
Mol. Biol. Evol. 35: 773-777. https://doi.
org/10.1093/molbev/msx335

Wilson, I.A., JJ. Skehel and D.C. Wiley.
1981. Structure of the haemagglutinin
membrane glycoprotein of influenza virus
at 3 A resolution. Nat. 289: 366. https://doi.
org/10.1038/289366a0

Yehia, N., M.M. Naguib, R. Li, N. Hagag, M.
El-Husseiny, Z. Mosaad, A. Nour, N. Rabea,
W.W. Hasan, M.K. Hassan. 2018. Multiple
introductions of reassorted highly pathogenic
avian influenza viruses (H5NS8) clade 2.3.4.4 b
causing outbreaks in wild birds and poultry in
Egypt. Infect. Genet. Evol. 58: 56—65. https://
doi.org/10.1016/j.meegid.2017.12.011

June 2019 | Volume 6 | Issue 3 | Page 62

TN .
Dol Links
OResearchers


https://doi.org/10.1099/jgv.0.000767
https://doi.org/10.1016/S1473-3099(07)70186-X
https://doi.org/10.1016/S1473-3099(07)70186-X
https://doi.org/10.1016/S0140-6736(99)03311-5
https://doi.org/10.1016/S0140-6736(99)03311-5
https://doi.org/10.3201/eid2306.162056
https://doi.org/10.3201/eid2306.162056
https://doi.org/10.1016/j.jviromet.2010.04.019
https://doi.org/10.1006/viro.1999.9716
https://doi.org/10.1006/viro.1999.9716
https://doi.org/10.1093/oxfordjournals.molbev.a026042
https://doi.org/10.1093/oxfordjournals.molbev.a026042
https://doi.org/10.1093/oxfordjournals.molbev.a026042
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/msx335
https://doi.org/10.1093/molbev/msx335
https://doi.org/10.1038/289366a0
https://doi.org/10.1038/289366a0
https://doi.org/10.1016/j.meegid.2017.12.011
https://doi.org/10.1016/j.meegid.2017.12.011

