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Abstract

HPAIV H5N1 was circulated in Egypt since 2006 with recent introduction of H5N8 virus at the end of 2016. AlV has
special virus Tropism and infectivity in different isolation host. There for we study the growth kinetics for 9 H5N1 viruses
and one H5N8 virus in 3 different tissue culture systems (MDCK, CEF and VERO) and detection the potential bounding
to mammalian host. Growth kinetics of cell culture growing viruses was estimated by different parameter as TCID50,
CPE percent and HA activity of viruses. Growth kinetics level of Clade 2.2.1.2 and new isolated H5N8 is the highest
with early detection of the virus in cell within 15! 24 hr in comparison to another 2 clades of H5N1 viruses. MDCK support
high growth kinetics for all clades of virus between 3 types of cell. Antigenic characterization of the viruses supported
the results of the phylogenetic analysis. Multiple peculiar mutations were characterized in the Egyptian H5N1 and
H5N8 viruses. The Egyptian Al viruses preferentially bound to avian-like receptors rather than human-like receptors.
MDCK cell line was suitable isolation host to replace egg isolation system with antigenic and genetic stability. This study
describing the growth kinetics of HPAIV H5N1 and H5N8 in various cell lines is an informative study to understand

influenza virus establishment and evolution in regard to preventive measures and cure.
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Introduction

The continuous evolution of HP avian influenza virus H5N1
in poultry sector in Egypt with introduction of H5N8 virus from
migratory bird and also recorded in domesticated ducks is an important
issue in the field so study the mechanism of tropism and growth level
in different cell culture system may be directed us to predict the
virulence manner of these viruses and renew our isolation system for
production of highly stable tissue culture adapted virus and detect the
possibility to bound to mammalian receptor. Since 1996/1997, highly
pathogenic avian influenza virus (HPAIV) of H5NI1 subtype (A/
H5N1) diversified into 10 phylogenetic clades (designated clade 0 to
9) based on the sequence homology of the hemagglutinin (HA) gene.
Viruses in clade 2.2 were widespread in poultry in many countries in
Asia, Europe and Africa [1,2]. HPAI virus H5N1 is endemic in Egypt
and lead to serious outbreaks in poultry sector from 1* record of virus
in 2006 and has caused occasional infections in human. Phylogenic
analysis of 1* record Egyptian H5N1 viruses are belonged to clade
2.2.1 and with continuous evolution of the viruses in the field lead
to appearance of different clade 2.2.1.1 with antigenic drift variant
which has been sprouted and spread in vaccinated chicken at the first
of 2008 and decline at 2011 [3]. As a result of continues circulation
of virus in the field new distinct cluster 2.2.1.2 become appeared in
2012 and gained predominance since summer 2014 and caused high
mortality rate in poultry holdings in late 2014 [3]. The first evolution of
Egyptian viruses could be detected in a farm sector with low incidence
in the house hold sector, while the last evolution of Egyptian viruses
and appearance of the clade 2.2.1.2 viruses gained predominance and
circulated in all poultry sector and have ability to infect human [4]. At
the end of 2016 newly circulated HPAIV subtype H5NS isolated from
migratory birds in Egypt, documenting its introduction to Africa.
Avian influenza virus is belonging to orthomyxoviride type A viruses,
up till now 16 heamaglutinine and 9 neuramidase has been detected in
poultry and 2 new types H17N10 and H18N1 have been detected in bats
[5]. Most of theory of virus infection was built on surface projection

glycoprotein Hemagglutinin and Neuraminidase. As mentioned before
HA protein responsible for attachment and entrance of virus inside the
cell and NA protein help in release of the virus from the cell and spread
of infection [6]. Madin-Darby Canine Kidney (MDCK) and African
Green Monkey Kidney (Vero) cells are much advocated presently as
a safer alternative to chicken embryonated eggs in virus isolation and
propagation. Information on the growth of influenza virus in cell lines
provides insights in understanding the patterns of virus replication
[7]. MDCK grown influenza virus was antigenically equivalent to egg
grown influenza viruses. A thorough comparison of virus growth in cell
lines might help to develop an optimized vaccine production strategy,
as well as to assess quality differences concerning the virus strains and
antigen produced [8]. Stability of propagated viruses is very important
for implantation of cell culture system in propagation of avian influenza
viruses and vaccine production so propagation in CE and MDCK cells
have a similar effect on virus stability but virus propagation in Vero cells
induces mutations that impair virus stability. MDCK cell line remains
the most widely used cell line in influenza virus research due to its
high susceptibility to various influenza viruses [9]. Currently, there are
different clades of influenza virus H5N1 circulated in poultry sector and
the most applicable control measure was the vaccination so in addition
to influenza vaccines, Vero cells have been licensed for other human
vaccines but MDCK cells are only licensed for influenza vaccines [5].
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HA protein contain RBD and antigenic sites so the influenza virions
undergo mutation and antigenic drift to escape from the immune
system and induce the infection so maybe point mutation in HA gene
can led to decrease virus propagation in egg or tissue culture system.
Receptor binding sits in HA gene play the major role in host specificity,
tissue tropism, pathogenicity and virus transmission between the hosts
[10]. Polymerase complex subunits play a role in virus pathogenicity
and efficient viral growth in mammalian cell [11]. In present study we
exploited the genetic and virological approaches to clarify the possibility
of deviation to mammalian receptors and detection the growth yield
of these viruses in different cell line without addition of any extern use
materjal and minimum amount of serum and stability of the virus on
cell line which can replace the egg isolation system.

Materials and Methods
Virus

Eight HPAI H5N1 viruses isolated in RLQP represent 3 circulated
clades of the Egyptian HPAIV H5N1 viruses from 2006 to 2015 and one
H5NB8 virus from migratory bird. The detailed data of the viruses present
in Table 1. Six H5N1 viruses were isolated from poultry farm with
vaccination history and 2 viruses from backyard sector and vaccination
history not found for these 2 viruses A/chicken/Egypt/15540/2015
and A/chicken/Egypt/155875/2015 and H5N8 from migratory bird A/
Common coot/Egypt/CA285/2016.

Virus Infectivity on ECE

The viral infectivity of each strain was determined by serial titration
in 10-11-day-old embryonated eggs, and was expressed as 50% of the
egg infective dose (EID50)/ mL using the method reported by Reed and
Muench [12].

Cells

1 x 10°MDCK cells, VERO cells obtained from (vacsera comp) and
CEF cell were maintained in DMEM containing 10% fetal bovine serum
(FBS) and antibiotic concentration according to stander procedure in 6
well micro plates. The confluent cells were washed twice with PBS and
infected with 100 pl of 4 log 10 EID50 from each virus and incubated 1
hr at 37°C with 5% CO, and after that discard the supernatant fluid and
adding 1 ml MD containing 2% serum and incubated at 37°C with 5%
CO, environment. Supernatant fluid collected at different time point
12 hr, 24 hr, 36 hr, 48 hr, 72 hr, 96 hr and 120 hr post infection with
collection of cells in separated tubes at 120 hr pi and stored at -7°C until
titration by HA test. One uninfected well in each plate was considered
as negative control [13].

Growth kinetics by Real Time-PCR

Virus detection and quantification were conducted in a Tagman

qRT-PCR, targeting the influenza type A matrix (M) gene [14]. Briefly,
RNA extraction was performed according to the manufacturer’s
recommendations using the QIAamp viral RNA Mini kit (Qiagen,
Hilden, Germany). Genome amplification, detection and analysis were
performed in a Stratagen MX3005P machine (Agilent, California, USA).
An absolute quantification of the AIV matrix gene specific RNA was
achieved relative to a standard curve, based on the tenfold dilution of an
in vitro transcribed RNA template of the inoculated viruses. The current
detection limit of the QRT-PCR is 2.3 copies. A cut threshold (Ct) value
of 40 was selected as the cut-off between positive and negative results;
therefore samples with a Ct higher than 40 were considered negative for
AIV. The results were expressed as the number of M gene copies per ml
of collected tissue culture fluid. The tissue culture fluid collected within
different time point 12 hr, 24 hr, 36 hr, 48 hr and 72 hr pi.

Haemagglutination assay

The haemagglutination assay was performed using 1% chicken
red blood cells (in PBS, pH 7.2) in round-bottom 96-well plated by a
standard technique [15]. 25 ul PBS dispensed in HA plate then 25 pl of
supernatant tissue culture fluids from time point 12 hr, 24 hr, 36 hr, 48
hr, 72 h, 96 hr and 120 hr pi add to 1* row and serial dilution to the last
row after that 25 pl of RBCs 1% add to the plate and incubated for 30
min in room temperature.

TCID50

The infectivity of each virus calculated at different time point 24 hr,
36 hr, 48 hr, 72 hr and 96 hr by collecting the cell supernatant fluid and
stored at -70 c until titration. Each collected time point virus diluted 10
fold serial dilutions from the 1* to the 10* dilution in MEM Eagle media
and inoculated 100 pl of each dilution in 8 well in 96 tissue culture
plate containing confluent sheet and incubated 1 hr at at 37°C with 5%
CO, and after that discard the supernatant fluid and adding 500 ul MD
and incubate for 72 hr at 37°C with 5% CO,, after that calculation of
TCID50 by read and Muench through detection of CPE in inoculated
wells. 2 row of confluent uninfected well passed in each plate as negative
control.

Antigenic characterization

Antigenic characterization of A/H5N1 and H5NS in this study was
done using the haemagglutination inhibition (HI) test according to
the OIE protocol [15]. The antisera were prepared in the RLQP animal
facilities. Egyptian H5N1 viruses from different clades were inactivated
by 0.01% formalin (Merck, Germany). Montanide® ISA 720 (Seppic
Inc., France) as adjuvant was added to the antigens according the
manufacturer recommendations. Three-week-old SPF chickens were
injected intramuscular and were euthanized three weeks later.

No. Virus Clade HA accession no EID50 log 10 per mi
1 Alchicken/Egypt/06459NLQP/2006 2.21 EU372944 75
3 Alchicken/Egypt/07175NLQP/2007 221 GQ184215
4 Alchicken/Egypt/07202NLQP/2007 22141 EU496389 7
5 Alchicken/Egypt/0831NLQP/2008 2211 GQ184223 7.5
6 A/chicken/Egypt/1055NLQP/2010 2211 HQ198268 7
7 A/ chicken /Egypt/116ADNLQP/2011 2211 JN807843 6.5
8 A/ chicken /Egypt/1540SNLQP/2015 2212 EPI573336 8
9 A/ chicken /Egypt/1575SNLQP/2015 2212 EPI573317 8.5
10 A/ Common coot/ Egypt/CA285/2016 2333 EPI1 1018198 6.5

Table 1: Explain the detailed data of the viruses used in the study.
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Sequence and phylogenetic analyses

Using One-Step RT-PCR Kit and generic primers [16], HA gene
was successfully amplified for all viruses. Amplicons were purified
from agarose gel using QIAquick Gel Extraction Kit (Qiagen, Hilden,
Germany). Sequences were obtained using an ABI Big Dye Terminator
v.3.1 Sequencing Kit (Perkin-Elmer, Foster city, CA) in Applied
Biosystems 3130 genetic Analyzer (ABI, USA). The obtained sequences
were submitted to a BLAST search to confirm the high similarity with
other H5N1 viruses in GenBank. Sequences generated in this study are
available in the GenBank and their accession numbers are provided in
Table 1. Phylogenetic relatedness of sequences generated in this study
to other A/H5N1 viruses from Egypt was done by retrieving relevant
gene sequences from GenBank. Nucleotides and deduced amino acids
(aa) were analysed using MAFFT [16] and further edited by BioEdit
7.1.7 [10]. Maximum likelihood trees were constructed after selection
of the best fit model and Mr Bayes as implemented in Topali v.2
software [15]. The phylogenetic tree was further edited by Ink scape 2.0
(Free Software Foundation, Inc., Boston, USA).

Results
Phylogenetic analyses

The eight tested viruses were present in 3 different clades of avian
influenza viruses according to phylogenetic analysis of HA gene 2
viruses of them in clade 2.2.1.2, A/chicken/Egypt/15755/2015 and A/
chicken/Egypt/1540S/2015 and 2 viruses were present in clade 2.2.1
A/chicken/Egypt/06459/2006 and A/chicken/Egypt/06175/2006 and
the remaining 4 viruses were present in clade 2.2.1.1 as data present
in phylogenetic tree in Figure 1. Phylogenetic analysis of HA gene
sequences revealed that EG-CA285 virus is clustered with clade
2.3.4.4b, along with the recent viruses widely distributed throughout
Europe [17].

Sequence analyses

Sequence data of the tested viruses revealed that amino acid
substitution on HA. Mutation present in HA gene observed in
conservative region and near to RBS and glycosylation site with another
present in stalk domain of HA2 which may be have some effect on the
virus binding affinity to mammalian cells. Clade 2.2.1.2 viruses have
the highest no of mutation followed by clade 2.2.1 and at the end clade
2.2.1.1. While H5N8 virus has 3amino acid assignment differences in
the HA protein (Figure 2A and 2B).

Virus titration on ECE

The original tested viruses have EID50 ranged from 6.5 to 8.5 log 10
after titration on SPF ECE with difference between the clades of viruses.
The two viruses present in clade 2.2.1.2 have high titter with 1log more
than other viruses as present in Table 1.

Determination of CPE in cell line

The replication of tested viruses was observed by the presence of
CPE on different cell line. All of cell types were susceptible to HPAIV
and produce CPE within 72 hr but MDCK cells appear to more
sensitive for influenza virus infection as can detect CPE within 24 hr
pi with maximum percent of CPE 72 hr pi while another 2 types of cell
within 36 hr pi with maximum percent at 72 hr pi. Clade 2.2.1.2 viruses
poses the highest percent of CPE in all cell lines and the percentage of
CPE in different cell line were 90.99, 86, 9 and 80, 6 MDCK, CEF and
VERO cell respectively 72 hr pi while H5N8 virus poses CPE percent
about 89.8, 85.6 and 20.3 in MDCK, CEF and VERO cell respectively

with significance difference (P>0.05) (Figure 3A and 3B).
Replication of viruses in different cell line

HA titer calculated from the collected supernatant TC fluid
harvested at different time point revealed the viruses of clade 2.2.1.2
early detected in cell as can be detected within 12 hr pi followed by
clade 2.2.1 and 2.2.1.1 24 hr and 36 hr respectively. The highest titter
appear in viruses of clade 2.2.1.2 which reach 7 log2 at 120 hr pi in
MDCK cell. Whereas CEF cell give low titer ranged from 2log2 to 5log2
and virus can be detected in clade 2.2.1.2 within 24 hr pi and another
clades detected within 36 hr pi and VERO cell have the same time
detection as CEF but with low titer which ranged from 2log2 to 4log2.
Clade 2.3.4.4 virus poses high HA titer in MDCK cell line within 120 hr
pi about 6log2 and can be detected 24 hr pi followed by CEF cell while
VERO cell the virus can be detected 48 hr pi and maximum titer was
4log2 (Figure 4).

Comparison between HA titer of virus in tissue culture fluid
and cell associated virus

At 120 hr pi we collect tissue culture fluid and cells in separate
tube and tested by HA and the result of MDCK cell has slight variation
between the 2 collected tubes with 0.5 log high in cell associated virus
and in CEF cell has 1 log high in cell associated virus while in Vero cell
have 2.5log high in cell associated viruses which related with the intact
cell and the virus not released from the cell and we thick this viruses
were progeny virions not adult one and this is the defect of VERO cell
in propagation of avian viruses (Figure 5A-5D).

PCR quantification results

The virus loads in different cell line were measured by absolute
quantitative amplification of the target gene M2 in tissue culture
infected fluid. Clade 2.2.1.2 viruses were the high amplification copies
in MDCK cells 72 hr post infection with concentration 6.5 logl0 DNA
copies followed by CEF cell 5 log 10 and finally VERO cell 4 log 10.
Whereas other 2 clades of viruses have no significance variation between
other which recoded 4.5 logl0, 4logl0 and 3logl0 MDCK, CEF and
VERO cell respectively. While H5N8 virus poses concentration 6, 5 and
2log10 in MDCK, CEF and VERO cell respectively so when comparing
the virus load in different cell media, it was founded that MDCK cells
have the highest concentration of virus load from different virus clades.
Overall, the findings imply that a faster virus replication is taking place
in MDCK cells than that in CEF and Vero cells (Figure 6A-6D).

Replication kinetics based on TCID50

TCID50 count was performed in different cell line to quantify the
virus infectivity and compare growth kinetics between the different
clades of circulated viruses in different cell line systems. Clade 2.2.1.2
MDCK growing viruses show the earliestand highestlevel of multiplicity
which can be detected 24 hr pi with concentration 1.5log10 and highest
concentration 6.5logl0 96 hr pi with slight variation in another 2 cell
lines. The range of infectivity ranged between 4.5 to 5.5log10 at 96 hr
pi. Whereas the other clades MDCK growing viruses have infectivity
between 3.3 to 5 log 10 and first detect in cell culture fluid within 36 hr
pi with significance variation (P<0.05). The infectivity titer of another
2 clades CEF growing viruses and VERO growing viruses was ranged
between 3 to 4 logl0 96 hr pi and viruses can be detected in tissue
culture fluid 48 hr pi with significance variation (P>0.05). HSN8 MDCK
growing virus show the highest level of multiplicity from other 2 cell
line with early detection 36 hr pi and the infectivity was 5.8log10 at 96
hr pi while VERO cell growing virus concentration about 2.5log10 and
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Figure 1: The evolutionary history was inferred using the Neighbor-Joining method [32]. The optimal tree with the sum of branch length=0.20792059 is shown.
The tree is drawn to scale, with branch lengths (next to the branches) in the same units as those of the evolutionary distances used to infer the phylogenetic
tree. The evolutionary distances were computed using the Maximum Composite Likelihood method [34] and are in the units of the number of base substitutions

per sit. Evolutionary analyses were conducted in MEGA7 [31].
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Figure 2A: Three-dimensional structural homology model for the hemagglutinin protein of EG-CA285 created by using the ancestral virus of clade 2.3.4.4b (A/duck/
Zhejiang/6D18/2013 [H5N8]) as a template. Amino acids distinguishing the EG-CA285 sequence from the modeling template [17]. 2B: Three-dimensional structural
homology model for the hemagglutinin protein of Clade 2.2.1.2 viruses created by using the ancestral virus of clade 2.2.1 (A/chicken/Egypt/06553/2006[H5N1]) as
a template. Amino acids distinguishing the Clade 2.2.1.2 viruses sequence from the modeling template (Figure 3A) CPE Percent of tested viruses in 3 types of cell
culture MDCK, CEF and VERO cell explain the difference of growth between viruses in different cell culture through measuring the CPE.

detected 72 hr pi with significance variation (P>0.05). Furthermore, all
MDCK grown viruses showed higher virus yields than the CEF and
VERO cell culture grown virus’s (Figure 7).

Antigenic characterization of viruses

Using HI test for antigenic relationship between the different
clade of viruses pose clade 2.3.4.4 virus has antigenic relationship with
viruses of clade 2.2.1.2 and 2.2.1 while viruses of clade 2.2.1.1 no cross
reactivity with serum sample of other clades and vice versa (Table 2).
Conversely, no or very few antigenic variation was observed clade
2.2.1.2 and clade 2.2.1 (Table 2).

Discussion

Efficient isolation and propagation of influenza viruses is important
in epidemiological surveillance, study of host pathogen interactions,
diagnosis and vaccine production. HPAIV subtype H5N1 become an
epizootic in Egypt due to the continuous evolution of viruses and

appearance of new clade 2.2.1.2 at the end of 2014 and within the end
of 2016 new clade 2.3.4.4 H5NB8 viruses isolated from migratory birds
in Egypt. This study aim to clarify the possibility of replacement of egg
isolation system by tissue culture system and compare 3 different cell
cultures to know the ability of each type of cell to cope with continuous
changes of viruses and appearance of new viruses in the field in order
to get the highest concentration of the virus in the shortest possible
time and detection the possibility of transmission to mammalian host.
We selected 9 viruses represent clades of virus circulated in Egypt based
on phylogenetic analysis and study the growth kinetic of them in 3 cell
culture system MDCK, CEF and VERO cell through evaluation of virus
load by CPE percent, infectivity and qRT-PCR at designated time
points. Many factors effect on ECE and cell culture system for virus
isolation such as viral dose, molecular genetic properties of the virus,
receptor binding properties of the host cell and some other host related
factors lead to successful and efficient propagation [18,19]. New cluster
of HPAIV sub type H5N1 has been emerged from clade 2.2.1.2 which
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Figure 3A: CPE Percent of tested viruses in 3 types of cell culture MDCK, CEF and VERO cell explain the difference of growth between viruses in different cell
culture through measuring the CPE.
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Figure 3B: CPE of tested viruses in 3 types of cell culture MDCK, CEF and VERO cell explain the effect of viruses in the cell culture 72 hr post infection showing the
difference in CPE between the clades of viruses start from cell lysis to large plaque.
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Figure 4: HA result of growing viruses in 3 cell lines and detection of the viruses in tissue culture fluid at different time point explain the difference in growth level
between the different viruses.
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Figure 5A: Result of comparison between HA titer of clade 2.2.1 viruses of cell associated virus and tissue culture fluid virus.

Figure 5B: Result of comparison between HA titer of clade 2.2.1.1 viruses of cell associated virus and tissue culture fluid virus.

Antigen
2 H5N1 A459/2006 A175/2007 A202/2007 A31/2008 A55/2010 AD6/2011 $40/2015  S75/2015 CA285/2016
Antiserum
H5N1 10 9 7 2 2 3 3 6 6 5
A459/2006 9 10 8 3 3 2 2 7 6 5
A175/2007 8 8 9 3 3 2 2 6 6 4
A202/2007 2 2 3 10 6 6 7 2 2 2
A31/2008 3 2 3 7 9 7 7 3 2 1
A55/2010 3 2 3 7 8 10 9 3 2 1
ADG6/2011 3 2 2 7 7 9 10 3 3 2
S$40/2015 6 7 6 2 2 3 3 10 8 6
S$75/2015 6 7 6 1 2 2 3 8 10 6
CA285/2016 5 5 4 2 1 1 2 6 6 10
SPF serum 1> 1> 1> 1> 1> 1> 1> 1> 1> 1>

Table 2: Antigenic characterisation of highly pathogenic avian influenza A (H5N1 and H5N8) viruses from Egypt based on hemagglutination inhibition assay (log2).

J Genet Genom, an open access journal
Volume 1 « Issue 1+ 1000104



Citation: Azab AA, Shalaby AG, Selim A (2017) Effect of Mutations in Highly Pathogenic Avian Influenza H5N1 Viruses on the Isolation in Different
Cell Culture in Comparison with Newly Circulated H5N8 Viruses in Egypt. J Genet Genom 1: 104.

Page 10 of 13

Figure 5C: Result of comparison between HA titer of clade 2.3.4.4 viruses of cell associated virus and tissue culture fluid virus.

Figure 5D: Result of comparison between HA titer of clade 2.2.1.2 viruses of cell associated virus and tissue culture fluid virus.

Figure 6A: Explain the replication copies of clade 2.2.1.2 viruses in 3 types of cell culture at different time.

Figure 6B: Explain the replication copies of clade 2.2.1 viruses in 3 types of cell culture at different time.
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Figure 6C: Explain the replication copies of clade 2.2.1.1 viruses in 3 types of cell culture at different time.

Figure 6D: Explain the replication copies of clade 2.3.4.4 viruses in 3 types of cell culture at different time.

Figure 7: Explain the virus load in different cell line at different time point by calculation of TCID50 at each time point of collected tissue culture fluid.

J Genet Genom, an open access journal
Volume 1 « Issue 1+ 1000104



Citation: Azab AA, Shalaby AG, Selim A (2017) Effect of Mutations in Highly Pathogenic Avian Influenza H5N1 Viruses on the Isolation in Different
Cell Culture in Comparison with Newly Circulated H5N8 Viruses in Egypt. J Genet Genom 1: 104.

Page 12 of 13

appear at the end of 2014 and lead to mortalities and sever economic
losses and this clade has been descended from clade 2.2.1 HPAI viruses
which have been circulated in Egypt from 2006 [20]. The recent
evolution of new cluster isn’t the first one in Egyptian viruses but it has
already developed another evolution in viruses in late 2007 and
emerged of 2.2.1.1 which circulated in vaccinated chicken and expanded
of escape mutant strain and decline and disappear at 2011 [3]. In late
2016 and during surveillance conducted in birds especially migratory
birds at north Egypt 2 cases of avian influenza viruses were isolated
from common coot and confirmed HPAIV clade 2.3.4.4 as 1%
introduction to Egypt, documenting its introduction into Africa
through migratory birds. Pathogenicity of AIV related with the
presence of multiple basic amino acids at their cleavage sites and
HPAIVs are currently restricted to viruses of H5 and H7 HA subtypes
[21]. The replication of influenza virus in a host cell is a polygenic
process depending on the host cell endocytic pathways for entry and
transfer of viral genome as well as activation of host cell signaling [22].
Efficient replication of avian influenza viruses in host was related with
the type of receptors present on the surface of the cells and we can see
that in MDCK cell culture which can support replication of both
human and avian influenza viruses with high efficiency because both
a-2,6- and a-2,3-linked sialic acid receptors are exposed on the MDCK
cells [23]. Due to its high susceptibility to various influenza viruses the
MDCK cell line remains the most widely used cell line in influenza
virus research. Using of MDCK and VERO cell in the study because
they are recognized widely and are recommended by the World Health
Organization (WHO) for the propagation of various influenza viruses.
Firstly MDCK cell line supports the propagation of highly pathogenic
avian influenza viruses with the highest load in comparison with CEF
or WERO cell culture. The replication ability of the eight H5N1 virus
strains and H5N8 virus were assessed separately in 3 systems of tissue
culture. The replication ability has been evaluated by the CPE percent,
HA test, quantitative PCR and TCID50. MDCK grown viruses
exhibited 2-3 log higher than other cell culture grown viruses, however
in genome copy number it was 2.5 fold higher than CEF or VERO
grown viruses. Although the qRT-PCR method does not take into
account the infectious properties of the virus rather can also detect
defective virus particles. First and foremost, TCID50 and MOI of the
AIV H5N1 virus seed used in the study were determined. It was found
that higher TCID50 and MOI values of AIV H5N1 were achieved by
propagating the virus in MDCK cells than in CEF and Vero cells. In
order to ensure that the ATV H5N1 was provided with sufficient host
cells for infection the different cell culture system were infected with
1000 virus particles. MDCK cell began to exhibit CPE within 24 hr piin
comparison to CEF and VERO cells which began to exhibit CPE within
36 hr pi and the maximum CPE percent at 72 hr pi with concentration
91, 86 and 81% in MDCK, CEF and VERO cell respectively for HSN1
but in H5N8 VERO cell poses about 20% CPE 36 hr pi. The percent of
CPE reflect the virus load present in the cells so when comparing the
virus load produced from each cell culture by estimation of TCID50 we
found MDCK grown viruses from different clades of viruses have
1.5log10 higher than other cell grown viruses and early detect in cell
culture from 24 hr to 36 hr pi when other cell grown viruses can be
detected within 48 hr pi in cell culture, and in comparison between the
titer of viruses in remained cells at 120 hr pi in 3 cell line we concluded
in MDCK cells there is no variance between the tissue culture fluid
viruses and cell associated viruses and the high variation present in
VERO cells with about 3 logs high in cell associated virus more than
tissue culture fluid one at the 120 hr pi and the cell associated viruses
may be brogny virions not adult one and need to multiple passages on
cell to be adult and take spherical form of viruses and be able for

infection and the passaging of AIV in Vero cells impair stability of the
viruses as discussed before. The similar phenomenon was also observed
in a number of previous studies [19]. The scenario of selection of cell
culture media in the study due to the accumulated infectious particles
could not carry out further infection because more than 90% of the
infected cells had died. In view of this, the virus load in cell culture
media has slight variation with cell viruses about 0.5log difference as
mentioned before [12]. Clade 2.2.1.2 viruses pose the highest replicative
viruses in 3 types of cell culture system with early onset of detection of
virus particles in cell culture fluid ranged from 12 hr to 36 hr pi with
maximum detection within 96 hr pi followed by clade 2.2.1 viruses and
finally clade 2.2.1.1 viruses while clade 2.3.4.4 virus H5N8 was highly
invasiveness in MDCK cell line and had limited tropism in VERO cell
in comparison with H5N1 clade 2.2.1.2 viruses. Thus, the HPAI V
H5N8 virus has strong a 2,3-SA receptor-specificity but can also
recognize a2,6-SA receptors represent the its lower replication in
human cell as discussed before [24,25]. This result has been directed us
to possibility of relationship with genetic substitution of the viruses. As
discussed in previous study on Egyptian viruses Acquired mutation in
HA protein of clade 2.2.1.2 viruses F537S in addition to D94N, T156A,
K189R and P235S, mutations which are associated with Improved
virus propagation in mammalian cells and increase ability of binding to
SAa2, 6-Gal, the human type of influenza virus receptors [20]. Sequence
analysis of clade 2.3.4.4 H5N8 viruses revealed presence of 3 amino
acid assignment differences in the HA protein from recent isolate of
this viruses in Russia. Clade 2.2.1 viruses have acquired many human-
adaptive mutations that can facilitate AI virus replication and
transmission in mammals. Among these mutations, we previously
reported that the Q192H and 128_/I151T mutations increased the
binding affinity of HA for A2, 6 Sialic [26]. Clade 2.2.1.1 viruses were
less in propagation in cell line and have less biological fitness in
comparison with other viruses clades may be related with the
disappearance of this viruses from the field. Antigenic study result can
directed us to protection percent between H5N8 viruses and H5N1
viruses which mylead to masking the infection of HSN8 in domesticated
poultry and my lead to reassortment between this viruses and enzootic
circulated viruses in the field like H5N1 or HON2 viruses as present in
different area. In conclusion cell culture system were suitable for
propagation of Egyptian HPAIV either H5N1 or H5N8 and MDCK cell
line was the superior type of cell culture system in isolation of viruses
and least affected with continues virus evolution in Egypt which
confirm the Egyptian viruses still prefer to bound with avian receptors
more than mammalian type and also we can use it for replacing of egg
isolation system [27-34].
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