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Abstract: The incursion of highly pathogenic avian influenza virus (HPAIV) of subtype H5N1 into Egypt in
2005/2006 caused severe economic losses in the commercial and backyard sectors of poultry production. Since the
DNA vaccine seemed to be a promising novel approach for vaccination against influenza A virus, the goal of this
study was to prepare HA1 based DNA vaccine against the H5N1 avian influenza viruses circulating in Egypt. The
HA1 gene from Egyptian virus A/chicken/Egypt/1055/2010(H5N1) was extracted and cloned into PCIneo
mammalian expression vector. The invitro expression of recombinant H5plasmid DNA was confirmed in 293T
human embryonic kidney (HEK) cell line and in Vero cell line by SDSPAGE and by detection of mRNA using RT
PCR. The immunological response was investigated by intramuscular immunization of SPF chickens with PCIneo
H5 lipofectamine adjuvant vaccine. The immunological analysis showed that PCIneoHA1 vaccine induced both
humoral and cell mediated immune response in chickens. The protection of H5DNA vaccine was evaluated by
challenge of 3 weeks old SPF chickens vaccinated with PCIneoH5 DNA vaccine using one dose of conc. 5µg/dose
by direct intramuscular injection in thigh muscle and compared with protection afforded by H5N2 AI vaccine. The
result showed that the H5 DNA vaccine protected the chickens from the Egyptian field H5N1 virus better than the
H5N2 inactivated vaccine (60% versus 40% respectively). This is the first paper describing the development and
primary evaluation for DNA vaccine prepared from Egyptian H5N1 virus. Further adjustments of the newly
developed H5DNA vaccine dose and vaccination regimen are required to better protect chickens against the
virulent field viruses.
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isolated in 2007 from ElQanater ElKhiria (backyard)
revealed that the Egyptian isolates of 2007 showed
some antigenic minor variation from those isolated in
2006 from the same locality and were located in a new
subclade (Madbouly et al., 2012). Despite the blanket
vaccination strategy against HPAI H5N1 in Egypt,
continuous circulation of the virus in poultry has
increased since late 2007 as a result of the presence of
genetic and antigenic distinct variant strains that have
escaped during the immune response of vaccinated
birds (Kilany et al., 2011).Therefore, a vaccine that
could protect chickens from a lethal infection and
prevent the spread of the virus is urgently needed.
Currently, whole virus inactivated vaccines
containing HA as the main component, are the
common vaccines to prevent avian influenza.
However, these vaccines require large numbers of
specificpathogenfree embryonated chicken eggs and
about 6 months to propagate the viruses (Lewis,

1.

Introduction
In Egypt, severe outbreaks due to infections with
HPAI H5N1 virus of clade 2.2 in poultry were
recorded since February 2006. A nationwide blanket
vaccination campaign attempting to reach all poultry
species in all holdings was implemented to decrease
the overwhelming economic impact of the disease on
poultry industry and to mitigate the risk of trans
species transmission to the human population
(Abdelwhab et al., 2011). However, already in 2007
virus was detected in 35 vaccinated farms, and after
18 months of mass vaccination, antigenic drift
variants, phylogenetically characterized as clade 2.2.1
viruses (designated “variant, A or E”), were detected
[Aly et al., 2010, Arafa et al., 2010, and Balish et
al., 2010). These variant 2.2.1 viruses now widely
dominate the epidemiology of HPAI H5N1 among
sector 1 and 2 chicken holdings in Egypt (Abdelwhab
et al., 2011). Phylogenetic analysis of Egyptian strains
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2006). On the other hand, this is not an ideal method
to produce inactivated vaccine for highly pathogenic
strains, as the embryos are killed shortly after
propagation and require a high level of biosecurity to
handle (Voeten et al., 1999).
The development of costeffective avian
influenza (AI) vaccine is a priority to prevent
pandemic
flu
outbreaks.
The
DNAbased
immunization is a promising strategy to prevent
persistent viral infections and diseases. This approach
can induce a broad range of immune responses and
has been successfully used to provide protective
immunity against influenza (Montgomery et al., 1993
and Donelly et al., 1995).
The influenza virus is comprised of 11 proteins,
and the HA is no doubt the major target for protective
immunity.
Antibodies
against
this
surface
glycoprotein can provide protection by blocking virus
attachment and entry (Lee et al., 2006).
Because hemagglutinin (HA) protein is a major
viral surface antigen against neutralizing antibodies
elicited, recombinant HA was a target as a candidate
avian influenza vaccine.Perhaps most important, the
HADNA vaccine conferred 95% protection against
challenge with lethal antigenic variants that differed
from the primary antigen by 1113% (HA1 amino acid
sequence homology) (Kodihalli et al., 1997).
Since most antigenic and neutralization sites are
in the HA1 domain of HA (Shih et al., 2007), using
HA1 domain of influenza virus as antigen is of great
importance in vaccine development (Fang-Feng et
al., 2009) specially in countries facing vaccination
failure inforce endemic viruses to be adapted like in
Egypt.

primers and probe as previously described (Spackman
et al., 2002).
Preparation of HA plasmid DNA construct
The cDNA synthesis for the extracted RNA was
performed using Access Quick RTPCR (promega,
USA) using Uni12 primer: AGCAAAAGCAGG then
HA1 gene was amplified by using Primers containing
restriction sites:
FH5NheIPCIneo:
CGTAgctagcATGGAGAAAATAGTGCTTCTTCTT
GCAA
TATT
and
RH5HA1XhoIPCIneo:
GCATctcgagCTATTTCTGAGCCCAGTA
GCAAGGACC
HA1 gene was cloned in pGEM® T Easy Vector
System I (Promega, USA) & transformed in JM107
E.coli cell (ferments, Canada) using TransformAid™ ,
The cloned HA1 gene was then cut with NheI & XhoI
restriction enzymes 10µ/µl (promega) by double
digestion & directionally subcloned into PCIneo
mammalian expression vector 1mg/ml (promega,
USA) which contains the cytomegalovirus (CMV)
early promoter with T4 DNA ligase 2,000,000
cohesive end units/ml (New England Biolabs). The
recombinant plasmid DNA (PCIneo/HA1) was then
transformed in JM107 E.coli cell (ferments, Canada)
using TransformAid™ Bacterial Transformation Kit
(ferments, Canada), the recombinant plasmid DNA
was extracted using Qiagen plasmid maxiprep kit
(Qiagen, Valencia, Calif., USA)
The constructed PCIneoHA1 recombinant
plasmid was sequenced for confirmation of proper
ligation at both forward & reverse junctions of the
construct by using sequence primers H5F4817:
AGTAATGGAAATTTCATTGCTCCAGAA & H5
R6395: TTTATTCTGCTCAATAGGTGTT.
The constructed recombinant plasmid DNA (PCI
neo/HA1) were electrically transfected in 293T human
embryonic kidney (HEK) cell line suspension of Cell
count 1 × 106 cells per transfection reaction by
electroporation by using CLB transfection kit (lonza,
Germany), & electroporator CLBTransfection device
(lonza) for confirmation of HA1 protein expression
which was detected by SDSPAGE (SDS
polyacrylamide gel electrophoresis) (Laemmli, 1970).
The ability of the constructed H5 plasmid DNA
vaccine in inducing mRNA expression for H5 was
studied using oligo (dT)18 primer & RTPCR
following transfection in 293T (HEK) cell line
(Jalilian et al., 2010).
Evaluation of H5 DNA vaccine immune response
Ten SPF chickens of 3 weeks old were
immunized with single dose of 10 µg plasmid DNA
mixed with lipofectamine, 0.5 ml by direct
intramuscular injection in thigh muscle, another group
of 10 SPF chickens of 3 weeks old was used as
negative control.

2. Material & methods
Selection of DNA vaccine strain & virus
propagation, titration and isolate confirmation
The selected DNA vaccine strain was
A/chicken/Egypt/1055/2010(H5N1) variant H5N1
(NLQP), Gene bank Accession no. HQ198268. The
virus was propagated on Confluent monolayer of
MadinDarby Canine Kidney cells (MDCK) & titrated
by calculating the TCID50 by using Reed & Meunch
method (Reed and Muench, 1938). Plaque assay was
used to measure plaque forming unit (PFU) on
MDCK.
The propagated virus was confirmed for H5 gene
detection by H5 Reverse transcriptase Real time PCR
(RRTPCR), Viral RNA extraction was accomplished
using QIAamp Viral RNA Mini Kit (Qiagen,
Valencia, Calif., USA) according to the manufacturing
instructions as procedures & Real time PCR for H5
subtype was performed with Quantitect probe RTPCR
kit (Qiagen, Inc. Valencia CA) and Stratagen
MX3005P machine (Stratagene, USA) by using H5
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H5N2 inactivated vaccine 0.5 ml per dose by S/C
injection for comparison, the 3rd group was positive
control (challenged not vaccinated), & the 4th group
was negative control (not challenged, not vaccinated).
Chickens were challenged intranasal with 100 µl 106
TCID50
of
variant
strain
H5N1
(A/chicken/Egypt/1055/2010(H5N1) (NLQP). Cloacal
swabs were collected at 2nd day post challenge to
detect virus shedding by real time H5 RTPCR as
described before.

Evaluation of humoral immune response by
haemagglutination inhibition (HI) test
Serum from vaccinated birds was tested for HA
specific antibodies with the hemagglutination
inhibition test (OIE, 2009).
Evaluation of cell mediated immune response
Phagocytic activity and percentage of chicken
peripheral monocyte was determined by using C.
albicans according to (Barry and John, 1988 and
Richardson and Smith, 1981). Blood samples were
collected, from each chick by wing vein puncture, in
sterile plastic centrifuge tube with heparin (20 IU/ml)
for macrophage cells separation (3, 7, 14, 21, 28, 35,
42) days of age for detecting the phagocytic activity of
macrophages)
The phagocytic activity was calculated according
to the following equations:

3.
Results
Preparation of HA plasmid DNA construct
The
Egyptian
virus
A/chicken/Egypt/1055/2010(H5N1) was propagated
in MDCK with daily microscopic examination; CPE
appeared on the infected cell showed cell rounding &
vaccules after 48 hours, Darkness & destruction in the
cell monolayer & completely detached cell monolayer
after 72 hours, the virus was harvested from MDCK
infected cell at 3rd day. Virus titration showed that the
virus titer was 10-10.5 TCID50 & result of plaque assay
was 2.85 x 106. The propagated virus was confirmed
by real time H5 RTPCR showing crossing threshold
value (Ct) at 19.
The HA1 gene were amplified by RT & PCR
using primers containing the restriction site showing
the expected size of HA1 which is 1016 bp. screening
of positive colonies of cloned HA1 gene in pGEM® T
Easy Vector showed the expected weight which was
1016 bp in agarose gel electrophoresis. The
recombinant plasmid containing the HA1 gene
showed the expected weight which was 4031 bp in
agarose gel electrophoresis, as it represent the pGEM®
T Easy vector system I cloning vector (3015 bp) & the
HA1 gene (1016 bp) giving band at 4031 bp.
Both the cloned HA1 gene & the PCIneo
expression vector were digested by NheI & XhoI
restriction enzymes for directional subcloning, the free
digested HA1 gene showed the expected weight which
was 1016 bp, the empty pGEM® T Easy vector system
I cloning vector showed 3015 bp, & the PCIneo
expression vector showed 5472 bp in agarose gel
electrophoresis. Screening of positive colonies of
directionally ligated & subcloned HA1 gene in PCI
neo mammalian expression vector showed the
expected weight which was 1016 bp in agarose gel
electrophoresis. The recombinant plasmid containing
the HA1 gene showed the expected weight which was
6488 bp in agarose gel electrophoresis with
GeneRuler GeneRuler™ 1 kb Plus DNA Ladder,
fermentas, as the weight of the PCIneo mammalian
expression vector (5472 bp) plus the weight of the
HA1 gene (1016 bp) giving band at 6488 bp.

Percentage of phagocytosis =
No. of ingesting phagocytes X 100
Total No. phagocytes including noningesting cells
Phagocytic index =
Total No. phagocytes with more than 3 blastospores
Total No. phagocytes ingesting blastospores

The lymphocyte proliferation assay was measured
by using XTT cell proliferation assay kit (ATCC) cat.
no. 301011K according to the instruction manual &
measuring the absorbance of the assay by ELISA
reader. Blood samples were collected from each chick
by wing vein puncture with heparin (20 IU/ml) for
lymphocyte proliferation assay at (3, 7, 10, 14, 21, 28)
days of age.
Interleukin 6 (IL6) analysis, the main Th2
cytokine, by two step SYBER Green quantitative
real time PCR (qPCR)
Total RNA was extracted from chicken
lymphocytes using TRIzol (Invitrogen, Carlsbad, CA)
as described in manual, Total RNA was reverse
transcribed by Access quick RTPCR (promega), cat
no. A1702 by using oligodt primer
Amplification and detection of IL6 were carried
out using Maxima™ SYBR Green qPCR Master Mix
(2X), ROX Solution provided (fermentas, ) cat no.
#K0259 for 60 reactions of 25 µl. IL6F5’
CACACAGACAGCCACTCACCTC3’, IL6R 5’
CTGCCAGTGCCTCTTTGCTG3’,
βactin*F5’
GTCCTCGGCCACATTGTGA3’
βactin*R5’
CTGGAACGGTGAAGGTGACA3’ an internal
positive control by using primers according to (Rafael
et al., 2011).
Protective efficacy of H5 DNA vaccine
Challenge test was done in 3 weeks old SPF
chickens divided into 4 groups, 1st group was
vaccinated with HA1 DNA vaccine of conc. 5mg/ml,
0.5 ml per dose by direct intramuscular injection in
thigh muscle, the 2nd group vaccinated with volvac
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The constructed PCIneoHA1 recombinant
plasmid was sequenced for confirmation of proper

ligation at both forward & reverse junctions (Fig 1).

Fig. (1): The upper part showing the forward junction by sequence alignment for the PCIneo/HA1 construct with
HA1 gene & PCIneo expression vector & FH5NheI primer and sequencing primer. The lower part showing the
reverse junction by sequence alignment for the PCIneo/HA1 construct with HA1 gene & PCIneo expression vector
& RH5HA1XhoI primer and sequencing primer.
low detectable prechallenge antibodies to influenza
virus antigens in DNAimmunized chickens

The constructed recombinant plasmid DNA
(PCIneo/HA1) was transfected in 293T HEK by
electrical method for in vitro expression of HA1
protein to confirm the expression of HA1 protein
which detected by SDSPAGE & detection of mRNA.
(Fig 2). The mRNA detection of expressed HA1
protein in transfected 293T HEK by agarose gel
electrophoresis showed mRNA of HA1 protein
expressed in cell culture at 1016 bp. (Fig 3).

Fig. (3): Agarose gel electrophoresis following RT
PCR of the constructed H5 plasmid DNA vaccine
following transfection in 293T (HEK) cell line
showed successful expression of H5 mRNA & Bands
of the expected size (1016 bp) indicative of HA1
transcripts were detected, Lane 1, GeneRuler™ 1 kb
Plus DNA Ladder, fermentas; lane 2: Band of
expressed HA1 in T293 human cells.

Fig. (2): CoomassieStained SDSPAGE gel showing
the HA1 protein was expressed in transfected 293T
HEK Lane 1, pageRuler plus prestained protein ladder
from 10 KDa to 250 KDa (Fermentas); lane 2:
expressed HA1 in T293 human cells at 55 KDa

Evaluation of cell mediated immune response
There was a highly significant increase in the
Phagocytic activity (phagocytosis % & phagocytic
index) to the HA1 DNA vaccine compared to negative
control group (P<0.05) (P=0.000). The phagocytic
activity increased post vaccination up to a peak value
reached 2 weeks following the single dose of HA1
DNA vaccine mixed with lipofectamine.

Evaluation of humoral immune response by
haemagglutination inhibition (HI) test
During the first 4 weeks following a single
vaccination, the HI titer of the antibody gradually
increased every week (0 to 4 log2 HI titer). There were
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Fig. (4): (a) showing the phagocytic % & (b) showing the phagocytic index in vaccinated & control groups

Fig. (5): (a) showing the phagocytic activity in vaccinated group & (b) showing the phagocytic activity in control
group
The lymphocyte proliferation increased gradually post vaccination up to a peak value 0.59 compared to negative
control which was 0.28 at 7 days following the single dose of H5 DNA vaccine. Fig 6.
There was a highly significant increase in Lymphocyte proliferation in groups vaccinated with H5 plasmid DNA
vaccine compared to the negative control group (P=0.000) (P<0.05).

Fig. (6): showing the lymphocyte proliferation assay in vaccinated & control groups
Interleukin 6 (IL6) analysis, the main Th2 cytokine, by two step SYBER Green quantitative real time PCR
(qPCR)
The expression level of mRNA encoding IL6 was quantified in chicken lymphocytes following H5 plasmid
DNA vaccine inoculation compared with negative & positive controls, Amplification curves of IL6 using SYBER
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Green qPCR showed CT of 14.8 for the H5 plasmid DNA vaccinated group, while it was 18.8 for the positive
control group.
Protective efficacy of H5 DNA vaccine
Table (1): Protective efficacy of H5 DNA vaccine
Groups
Clinical Signs
Virus shedding1

Dead/Total

Survival/total (%)

H5 DNA vaccine
0/10
0/10
4/10
6/10 (60)
Volvac H5N2
6/10
6/10
6/10
4/10 (40)
Positive control
10/10
10/10
10/10
0/10 (0)
Negative control
0/10
0/10
0/10
10/10 (100)
1
DNAvaccinated chickens did not show virus shedding after challenge using real time H5 RTPCR.
DNA immunizations rely on low numbers of
transfected, antigen expressing cells to raise immune
responses (Robinson et al., 1993). In our trials, these
low numbers of antigenexpressing cells did not
induce hightiter antibody responses however they did
prime both Thelper and Bcell memory. & this was
agreed with (Fynan et al., 1993b) who showed that
the memory cells appeared to provide protection by
supporting the mounting of secondary responses in
challenged animals. Evidence for the priming of
memory is provided by the DNA inoculations raising
antibodies belonging to the IgG isotype. IgG is
produced by differentiated plasma cells that have
undergone immunoglobulin rearrangements in
response to Tcell help (Abbas et al., 1991). Evidence
for the mobilization of memory in response to the
challenge is found in the rapid increases in serum IgG
after challenge (Fynan et al., 1993b).
The potent induction of cellmediated immunity
may reflect endogenous expression of the antigenic
protein either in muscle cells or professional APC
after I/M immunization (Donnelly, 1997). Our results
revealed that there was a highly significant increase in
the Phagocytic activity (phagocytosis % & phagocytic
index) to the HA1 DNA vaccine compared to control
group (P<0.05) (P=0.000). The phagocytic activity
increased post vaccination up to a peak value reached
2 weeks following the single dose of HA1 DNA
vaccine mixed with lipofectamine (Fig. 4).
Macrophages play an important role in innate and
adaptive immunity as professional phagocytes by
internalizing and degrading pathogens [Allen and
Aderem, 1996 and Aderem and Underhill, 1999).
Macrophages are known to function as APC,
providing cytokines for the activation of T cells.
Macrophages also express the costimulatory
molecules CD80 and CD86, which play a dominant
role in T cell activation. Furthermore, these cells may
play an important role in T lymphocyte activation
through Ag presentation and coligation of the TCR
complex (Michael et al., 1998).

4.

Discussion
H5N1 avian influenza viruses (AIV) are a
disastrous pathogen for domestic poultry that can
spread rapidly within and between poultry flocks and
is a substantial threat to public health. Efficient
vaccination against influenza A virus is a difficult task
that has not yet been accomplished by immunologists.
Because DNA vaccine seemed to be a promising
novel approach for vaccination against influenza A
virus (Montgomery et al., 1993 and Donelly et al.,
1995), and the HA is no doubt the major target for
protective immunity against AIV (Lee, 2006). Since
most antigenic and neutralization sites are in the HA1
domain of HA (Shih et al., 2007), make using HA1
domain of influenza virus as antigen is of great
importance in vaccine development (Fang-Feng et
al., 2009). So our ultimate goal was to develop an
HA1 based DNAvaccine to protect chickens against
infection and disease with HP H5N1 AIVs. This
approach is more cost effective and does not depend
upon the use of high pathogenic AIV strains and no
need for a BSL3 facility
Neutralization of influenza virus to prevent
infection requires antibodies to the HA molecule
(Fynan, et al., 1993, Robinson et al., 1993, and
Webster et al., 1994). In this study, during the first 4
weeks following a single vaccination, the HI titer of
the antibody gradually increased every week (0 to 4
log2 HI titer). There were low detectable prechallenge
antibodies to influenza virus antigens in DNA
immunized chickens & this observation was agreed
with previous work (Kodihalli et al., 1997, Robinson
et al., 1993 and Fynan et al., 1993), who noted that
at 10 days postchallenge, very high antibody titers
(GMT, 600 to 800) that were associated with complete
protection from lethal virus challenge. This
observation indicates a large protective contribution
from the Bcell memory response, in keeping with the
recognized role of B cells in mediating the immune
defenses against influenza virus infection (Gerhard,
1978).
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Our results revealed that there was a highly
significant increase in Lymphocyte proliferation to H5
DNA vaccine compared to the control group (P<0.05)
(P=0.000). The lymphocyte proliferation increased
post vaccination up to a peak value reached 2 weeks
following the single dose of HA1 DNA vaccine (Fig.
6)
Cellular proliferation is an essential feature of the
adaptive immune response, T lymphocytes help both
humoral and cellular responses, when a cognate
antigen is encountered, lymphocytes become
activated; undergo clonal proliferation (Michael et al.,
1998).
The activation of Th cells of the Th2 subset were
distinguished by the expression levels of mRNA
encoding chicken Th2 cytokine interleukin 6 were
quantified in blood lymphocyte following DNA
vaccine inoculation Compared with negative controls.
This was a significant increase of The Th2 cytokine
IL6 production.
HA1 plasmid DNA vaccine conferred protection
(60%) higher than volvac H5N2 inactivated vaccine
(40%) (Table 1).
Furthermore we measured virus shedding in the
challenge test, cloacal swabs were obtained from all
chickens on 2nd day after challenge, the virus titer
represented the protection. There was no virus
shedding in DNAvaccinated chickens after challenge
using real time H5 RTPCR.
The simple and direct criterion for evaluating
whether the H5 DNA vaccine offered protection was
the absence of disease signs, virus shedding and
deaths in vaccinated chickens after lethal challenge
(Jiang et al., 2006).
In our study although immunization with HA
DNA induced weak antibody responses, it generated
potent cellmediated immunity and since it has been
suggested that both arms of the immune response can
contribute to protection against infection, it was
important to establish if the HA DNA vaccine could
confer protection against influenza virus infection. It
is worth noting that protection against a lethal
challenge in the absence of HI titers can be facilitated
by cellmediated immunity, which is consistent with
previous reports (Park et al., 2009).
Alternatively, the protection observed with the
HA DNA vaccine may be mediated solely through the
induction of cellmediated immunity. This conclusion
is consistent with reports which have demonstrated
that mice that lack mature B cells and do not secrete
immunoglobulin can clear an influenza virus infection
from the respiratory tract (Topham et al., 1996) &
also agreed with (Robinson et al., 1997) who showed
that the mechanisms used by an organism against
influenza virus infection usually involve cellular and
humoral responses. In general, the sufficient and

differential cytotoxic T lymphocyte (CTL) immune
responses restrict the replication of infected virus and
probably eliminate viral infection quickly.
Despite the strong potent induction of cell
mediated immunity influenza virusspecific T cell
response in the chickens vaccinated with DNA
vaccine 2 weeks following a single dose of HA DNA
vaccine, higher dose concentration of HA1DNA
vaccine were required for providing complete
protection of chickens from lethal dose of H5N1 AIV.
This was agreed with (Gurunathan et al., 2000)
who reported that immunization via i/m route require
10100 µg of plasmid DNA to induce immune
response & provide protection. Also these results
agreed with that intramuscular injection require larger
amounts of DNA for a measurable response (Fynan et
al., 1993 a, b).
In conclusion, results presented in this study
showed that HA1 based DNA vaccine is a promising
novel approach for vaccination against avian influenza
virus as it induced potent cell mediated immunity
which is sufficient for protection against lethal
challenge despite of low antibody titers, also HA1
based DNA vaccine induced the Th2 related cytokine
(IL6) which promotes B cell proliferation &
differentiation & mediate the humoral immune
response.
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