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Abstract
highly pathogenic avian influenza viruses are circulating in lots of avian species, causing major outbreaks 
in both wild and domestic poultry. since its first emergence in 2014, clade 2.3.4.4 h5N8 viruses 
widely spread in the world resulting in enormous economic losses. in egypt, the newly emerging high 
pathogenic avian influenza (hPAi) h5N8 viruses have been detected in domestic poultry and in wild 
birds since the 2016/2017 winter season. Ai h5N8 is cocirculating with lP h9N2 and hP h5N1 in the 
egyptian environment. Poultry vaccination strategy in egypt is based on commercially available h5 
vaccines as an essential control policy, while the majority of commercial avian influenza h5 vaccines 
utilized in egypt are not effective against h5N8 viruses. the present study included 3 experimental 
h5N8 inactivated vaccines based on the 2 major antigenic proteins of the currently circulating strain 
A/chicken/egypt/Q16684C/2019 (h5N8), and the internal segments of the A/PR/8/1934 (h1N1) virus. 
then, the protective efficacy of the three forms of inactivated vaccines (hAh5N8+7PR8, NAh5N8+7PR8 and 
hA, NAh5N8+6PR8) were compared regarding the parental PR8 virus in vaccinated specific pathogen free 
chickens. the NAh5N8+6PR8 as well as hAh5N8+7PR8 and hA vaccines showed the highest protection capacity 
of challenged sPF chickens and were able to elicit the highest titers of virus-neutralizing antibodies. 
thus, a continuous active surveillance strategy is needed to determine the most dominant circulating 
strain and updating of vaccine seed strains.
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iNtRODUCtiON

 Avian influenza viruses (AIV) are highly 
infectious viral agents spreading to several 
domestic and wild bird species.1 AIV exists in 
nature in high pathogenic (HP) or low pathogenic 
(LP) forms, which were classified according to their 
molecular characteristics and their ability to cause 
the death of infected chickens in the laboratory.2 
Wild birds are proven to be the key source and 
distributor of influenza A viruses. The wild aquatic 
birds are considered the main reservoir that 
harbor’s various subtypes of influenza viruses.3 
Wild birds also play a key role in virus transmission 
and spreading as some wild-type species show 
little or no signs when infected with influenza 
viruses, even the highly pathogenic influenza 
viruses that cause the death of infected domestic 
chickens.4 This makes the control of influenza 
viruses transmission is nearly impossible, as the 
transmission of influenza viruses from infected 
wild birds to domestic poultry causes the start of 
new outbreaks in that site, and can need further 
emerge and reassort with previously emerged 
circulating viruses. 5,6

 One of the newly emerging highly 
pathogenic viruses is the highly pathogenic H5N8 
virus clade 2.3.4, which was first detected in 
2014, circulating in Asia, China, and Korea, and 
then transmitted to other countries in the world 
through infected migratory wild birds infecting 
the domestic poultry. From that point, H5N8 was 
emerging and kept evolving to new subclades 
of AIVs.7 Highly pathogenic avian Influenza HPAI 
H5N8 viruses are divided into A and B subgroups. 
In contrast of group A, which is no longer being 
detected, group B has emerged worldwide and 
continued to spread and develop new reassorting 
forms mainly driven by wild migratory birds. 
Human health face great threat resulting from 
the evolution of HPAI viruses which causes major 
losses for the poultry industry because of chickens' 
death. This describes the insistent need to produce 
a universal flu vaccine that can stimulate sufficient 
immune response and long-lasting protection 
against multiple types of influenza viruses.8,9

 Three subtypes of AIV are co-circulating 
in Egyptian farms, HP H5N1 clade 2.2.1 circulating 
since 2006, LP H9N2 G1 viruses since 2011, and 
highly pathogenic H5N8 viruses clade 2.3.4 since 

2016. The co-circulation of these 3 viruses poses 
a major threat, which shows that despite the 
massive efforts exerted in the field of poultry 
vaccination and controlling the influenza virus, the 
currently used strategy is not enough and needs 
to be evolved.
 The most predominant control strategy 
for H5 viruses in Egypt is through vaccination 
using commercial AI/H5 vaccines. Many vaccines 
are commercially available to different clades of 
H5 viruses. Many of these vaccines are available 
in Egyptian markets. Around 22 different types 
of inactivated vaccines against H5 viruses are 
imported in Egypt and used in the market to 
control virus spreading and to protect chickens 
from influenza infection and death.
 However, the detection and emergence 
of clade 2.3.4.4 H5N8 viruses in poultry in 2017 in 
Egypt mean that the currently used commercial H5 
vaccine in Egypt is not effective, and the control 
measures need to be readdressed to protect 
poultry against the newly emerging H5N8 virus.10 
 Also,  the effect iveness of  these 
commercially available vaccines against H5N8 
viruses circulating in Egypt was tested and most of 
them indicated low efficacy in protection against 
H5N8 infection.11 Inactivated vaccines are the most 
commercially available form of influenza vaccines.
 This raised the urge to develop new 
vaccines that can induce long-lasting immune 
responses and protect against currently circulating 
viruses and help pursuing the aim of producing 
the universal influenza vaccine later in the future. 
The most predominant vaccination strategy used 
in mass vaccination in the poultry industry is the 
inactivated influenza vaccine form, especially to 
control the HP H5 viruses. Inactivated vaccines 
are formulated through the attenuation of the 
hemagglutinin of the HPAI parental virus through 
deleting the cleavage site multi-basic amino acids. 
The new altered HA is then utilized, with the 
neuraminidase NA of the same parent circulating 
virus, plus the six internal segments of a low 
pathogenic virus (PR/8 H1N1 influenza virus), to 
generate a new low pathogenic virus as a vaccine 
candidate by reverse genetics.12

 In the present study, the aim is to 
generate 3 candidate reassortment vaccine strains 
based on using one or both of the main antigenic 
proteins in influenza virus (HA and/or NA) gene 
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segments of the currently circulating Egyptian 
H5N8 A/chicken/Egypt/Q16684C/2019 (H5N8), 
along with the internal gene segments of the 
H1N1 A/Puerto Rico/8/34 (PR8) as a backbone. 
the protection efficacy of the prepared vaccines 
(HAH5N8+7PR8, NAH5N8+7PR8, and HA, NAH5N8+6PR8) was 
then compared to the parental PR8.

MAteRiAls AND MethODs

ethical Approval 
 Infection experiment was achieved in 
a biosafety level 3 negative-pressure chicken 
isolators (Plas Laboratorys, Lansing, MI, USA). 
Humane endpoint was assigned and culling 
of animals was performed in case any chicken 
showed a rapid onset of loss of body weight, 
unwillingness to feed, disorientation, paralysis, 
or lethargy. Ethical approval was granted from the 
National Research Center Ethics Committee under 
registration number 18040. Specific pathogen free 
embryonated chicken eggs and 4 weeks old SPF 
chickens were purchased from Kom Oshim Project; 
Fayum; Egypt.

Ai h5N8 Virus
 AI H5N8 Viruses were collected through 
cloacal swabs from dead chickens in a farm in 
Qalubia Governorate, Egypt, then all collected 
samples were extracted using viral RNA extraction 
through Thermo Scientific GeneJET RNA Purification 
Kit according to the manufacturer protocol and 
then tested for influenza virus by RT-PCR of M 
gene using QIAGEN One-Step RT-PCR Kit. Used 
primers for influenza confirmations are as follows: 
(forward: ATGAGYCTTYTAACCGAGGTCGAAACG 
and reverse: TGGACAAANCGTCTACGCTGCAG) as 
stated in the,13 then positive influenza samples 
were selected and HA and NA subtypes were 
identified by subtyping by PCR,14 and then the virus 
was then identified as H5N8. 
 Propagated virus sample was then 
purified by plaque purification assay and 
propagated in the allantoic cavity of the specific 
pathogen free SPF egg; 11 days old. Infected 
eggs (each virus into 5 SPF eggs) were incubated 
for 48 hours and then chilled at 4°C for 4 hours 
prior to virus harvest. Harvested virus was then 
subjected to RNA extraction using a thermo gen 
get viral extract kit (Qiagen QIAamp Viral RNA 

Kit). Purified RNA was then used to amplify the 
full HA and NA of the H5N8 virus using one step 
verso kit (QIAGEN One-Step RT-PCR Kit according 
to manufacturer protocol).HA was amplified as 2 
fragments to remove the multi-basic amino acids 
from the cleavage site and turn the HA from LP 
form (PLREKRRKR/LF) to (ETR/GLF). as described 
by Kandeil et al.11.
 After sequence verification, amplified 
HA and NA genes were digested using BsmBI and 
BsaI enzymes, respectively, and then ligated to a 
digested pHW2000 plasmid. pHW2000 plasmids 
harboring HA or NA genes were then transformed 
into DH5a E. coli cells (Invitrogen, Thermo Fisher 
Scientific, Waltham, MA, USA) and then subjected 
to plasmid purification using a plasmid extraction 
kit (QIAprep Spin Miniprep Kit-QIAGEN) and 
then confirmed by sequencing. Plasmids were 
then used to produce vaccine seed strain viruses 
using the reverse genetic technique as previously 
described by,12 using PR8 6 internal segments 
cloned in pHW2000 plasmids, kindly provided 
by Richard Webby, St. Jude Children’s Research 
Hospital, Memphis, USA, through Materials 
Transfer Agreement.

Vaccine Preparation by Reverse Genetics
 Two types of cells were used in these 
reverse genetics to produce the vaccine seed strain 
viruses, Madin Darby Canine Kidney (MDCK) cells, 
and 293T cells. Media used for both types of cells 
were supplemented with 1% antibiotic and 5% 
FBS. The co-culture of MDCK and 293T cells was 
prepared using Opti-MEM medium (Gibco, Thermo 
Fisher Scientific) in ratio 1:3, respectively. After 24 
h, constructs were mixed to generate respective 
recombinant viruses as previously described by,12 
and then transfected with the 8 segments of each 
constellating of seed strains. Transfection harvest 
was infected in allantoic fluid of SPF egg for the 
propagation of the full PR8 virus as control and 
the 3 constellations in present experiment ∆HA 
of H5N8 + 7 PR8 (HAH5N8+7PR8), NA of H5N8 + 7 PR8 
(NAH5N8+7PR8) and HA, NA from H5N8 as control (HA, 
NAH5N8+6PR8), along with the control PR8 virus. After 
propagation of virus seed strains and titration by 
HA assay, all viruses were set to 128 HA units and 
inactivated using 0.1% formalin. To confirm virus 
inactivation, 5 SPF eggs were inoculated via the 
allantoic cavity and were incubated for 72 hours 
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post infection. inactivated antigens were mixed 
with Montanide ISA 71 VG (Seppic, Courbevoie, 
France) using 30% of viral antigen and 70% of the 
adjuvant.

Animals’ Vaccination
 A total of 50 SPF chickens were obtained 
one week prior to vaccination and serum samples 
were collected to test for presence of maternal 
immunity. Each of the 4 vaccines -that were 
prepared by reverse genetics - was then used 
to vaccinate a group of 10 healthy SPF Lohmann 
white chickens (4-weeks-old) by injection. An 
additional group of 10 non-vaccinated chickens 
received (PBS + Adjuvant), was used as control 
non-vaccinated animals, each was vaccinated 
using 0.5 ml of the corresponding vaccine.  
A total 50 SPF chickens were then monitored for 
4 weeks post-vaccination and serum samples 
were collected every week. Serum samples were 
then tested for the anti H5N8 response using the 
HI assay.
 The first 25 µl of serum samples were 
treated with three folds of receptor destroy 
enzyme (RDE II, Denka Seiken, Japan, 75 µL) and 
incubated overnight at 37°C, then inactivated by 
incubation for 30 minutes at 65°C. Log2 serial 
dilutions of treated serum were prepared and 
incubated with the parental H5N8 virus at conc. 
Of 4 HA units for 30 minutes. 50µl of 0.5% chicken 
RBCs were added and incubated with serum virus 
mix for 30 minutes.

Challenge infection
 Wild parental HP H5N8 was tittered using 
EID50 assay by preparing log10 serial dilution of the 
virus and then infecting the allantoic cavity of SPF 
eggs. viral titer was then calculated using Reed and 
Muench equation. At 5 weeks post-vaccination 
chickens were then infected with 106 EID50 / 100ml 
through natural routes (intraocular, intranasal, and 
intratracheal) and monitored for 10 days. Mortality 
was recorded every day and oral samples were 
collected at day 3 post-infection and tittered using 
EID50 assay.
 Infection experiment was achieved in 
a biosafety level 3 negative-pressure chicken 
isolators (Plas Laboratorys, Lansing, MI, USA).

statistical Analysis
 GraphPad Prism V5 (GraphPad Inc., San 
Diego, CA, USA) software was utilized for statistical 
assessment, using the one-way ANOVA test, 
and Bonferroni post hoc testing. P < 0.05 were 
considered statistically significant.

ResUlts

Virus Rescue by Reverse Genetics
 Two gene segments (HA and NA) of HPAI 
A/chicken/Egypt/Q16684C/2019 (H5N8) virus, 
clade 2.3.4.4, were successfully amplified and 
cloned in pHW2000. The HA of the HP A/chicken/
Egypt/Q16684C/2019 (H5N8) virus which harbors 
the sequence of multi basic amino acids at the 

Figure 1. Summary of the plasmids used for the generation of rescued viruses by reverse genetics. Blue rectangles 
indicate gene segments of the PR8 virus, orange rectangles indicate gene segments derived from A/chicken/Egypt/
Q16684C/2019 (H5N8) virus.
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cleavage site (PLREKRRKR/GLF) was modified 
into a monobasic structure (ETR/GLF). In order to 
investigate the protection capacity of the major 
antigenic proteins of the H5N8 virus, we generated 
the HA, NAH5N8+6PR8 virus commonly used vaccine 
form using HA and NA of currently circulating 
H5N8 virus in Egypt and six segments of PR8 virus 
(Figure 1). Also, PR8 backbone-based vaccines 
harboring each of the two gene segments of the 
antigenic proteins of the H5N8 strain (HAH5N8+7PR8 
and NAH5N8+7PR8) were rescued. Rescued reassortant 
viruses (HA, NAH5N8+6PR8, HAH5N8+7PR8, and NAH5N8+7PR8) 
and PR8 were propagated for two passages and 

titrated by hemagglutination (HA) assay. The HA 
units of the vaccine seed strain viruses were set to 
128 HA units per 50µl using phosphate-buffered 
saline. 
 Inactivation of prepared vaccines were 
tested by inoculated in the allantoic fluid of the 
specific pathogen free SPF egg, and then tested 
by HA titer assay. HA assay result were negative 
that confirmed complete inactivation of prepared 
influenza vaccine. And embryos of inoculated eggs 
were a live and showed no mortality at 3 days after 
inoculation.

Figure 2. The hemagglutination inhibition of the collected serum samples from different vaccination groups at 
each week post-vaccination against the wildtype HP H5N8 parental virus. The stars represent the significance of 
the HI titer of HA, NAH5N8+6PR8, and HAH5N8+7PR8 vaccination groups compared to the other three groups at four and 
five weeks post-infection.

Figure 3. The percentage survival rate of the highly pathogenic H5N8 challenged vaccinated and non-vaccinated 
groups at different days post-infection.
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immunogenicity and Protection Capacity of each 
Form of inactivated Vaccines
 Serum samples were collected from 
10 chickens four weeks old at the start of the 
experiment. Samples were then tested for the 
existence of the maternal protection against 
the 2 original H5N8 and PR8 H1N1 viruses 
using hemagglutination inhibition (HI) assay. All 
tested chickens showed complete absence of 
any antibody protection at the beginning of the 
vaccination experiment. Chickens were then 
vaccinated with their corresponding vaccine 
with observation and follow up for 5 weeks post 
vaccination. All chickens were healthy and showed 
no signs compared to the control non vaccinated.

immunological Reactivity
 At each week post-vaccination, serum 
samples were collected and exposed to HI 
assay versus the parental HPAI H5N8 virus. Only 
vaccinated chickens with either HAH5N8+7PR8 or HA, 
NAH5N8+6PR8 specific antibody response detected 
using HI assay. Antibody response was first 
detected at 2 weeks post-vaccination (wpv). The 
antibody titers in the collected serum increased 
with time up to 4 WPV in the two groups of 
vaccinated chickens containing HA of H5N8. PR8 

and NAH5N8+7PR8 vaccinated groups remained with 
no anti-H5N8 antibody response based on HI 
results until week 4 post-vaccination (Figure 2).

survival Rate and Virus shedding
 Five chickens from each group were 
infected with the parental HPAI H5N8 virus, and 
virus shedding was titrated in oral swabs using 
EID50. HA, NAH5N8+6PR8 and HAH5N8+7PR8 vaccinated 
groups indicated a zero death rate and less than 0.5 
log10 EID50 viral shedding in swab samples. While 
PR8 vaccinated group and the non-vaccinated 
group had no survival as shown in (Figure 3). 
NAH5N8+7PR8 vaccinated chickens indicated only 20% 
survival.
 Viral shedding in infected vaccinated 
groups (HA, NAH5N8+6PR8, and HAH5N8+7PR8) was 
significantly lesser than all other groups in oral 
swabs at three days post-infection (Figure 4). 
No significant differences were observed among 
NAH5N8+7PR8, PR8, and non vaccinated control groups 
(p > 0.05).

DisCUssiON

 Emerging of HPAIV poses a continuous 
threat to animal and public health. New reassortant 
HPAI H5N8 (HA clade 2.3.4.4) viruses were detected 
in domestic and wild birds in South Korea, China, 
and Japan since early 2014,15 followed by several 
outbreaks in numerous countries in Europe, North 
America, and Asia is detected in poultry farms and 
various species of wild birds.16,17 HPAI H5N8 virus 
was revealed in wild birds and household poultry 
in Egypt in the 2016/2017 season.18 Genetic 
characterization indicated that HP H5N8 viruses 
belong to clade 2.2.3.4 group B, cocirculating 
in Egyptian farms along with both LP H9N2 and 
HP H5N1. Co-circulation and co-infection of 
household poultry may lead to reassortment 
events and the production of progeny viruses of 
unknown characteristics and impact on human 
and animal health. This demonstrates the insistent 
need to produce a universal flu vaccine that 
can stimulate sufficient immune response and 
long-lasting protection against multiple types of 
influenza viruses.
 The most prevalent measure for 
controlling the HP H5 avian influenza in Egypt 
is vaccination using commercial avian influenza 

Figure 4. The oral virus shedding at 3 DPI of the HP H5N8 
virus was used in the challenge of vaccinated chicken 
groups. The stars refer to the significance of the HA, 
NAH5N8+6PR8, and HAH5N8+7PR8 groups shedding compared 
to the other three groups.
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H5 vaccines. However, most of these commercial 
vaccines in Egyptian markets previously used 
to control HP H5N1 were proven inefficient in 
protecting chickens against the newly emerging 
H5N8 virus due to the lack of genetic homogeneity 
between these vaccines and the circulating 
strain.11 This revealed the need to develop new 
vaccines based on the strain circulating in Egypt to 
protect poultry against the newly emerging H5N8 
virus.
 Thus, in the present study, we intended 
to determine the role of the two major antigenic 
proteins of H5N8 virus A/chicken/Egypt/
Q16684C/2019 (H5N8) virus in vaccination and 
protection capacity against the infection with the 
original wildtype virus in poultry. More studies 
confirmed that vaccines that have hemagglutinin 
protein (HAH5N8+6PR8 and HA, NAH5N8+6PR8) produce 
protection and neutralizing antibodies against 
the homologous virus, and immunization with 
inactivated vaccines harboring only the HA 
glycoprotein induces a strong immunity and 
full protection after the infection. NAH5N8+6PR8 
vaccination indicated low protection capacity 
(less than 30%.19,20 Similarly, the vaccine including 
both HA and NA (HA, NAH5N8+6PR8) segments 
were protective in our experiments, while the 
NAH5N8+7PR8 provided only 20% protection.
 Previous studies revealed a connection 
between serological reaction and protection 
against mortality and viral shedding.21 Also, Kumar 
et. al. reported that low levels of antibody titers 
could stop mortality, however, can not stop viral 
shedding. Higher titers of antibodies could prevent 
mortality and lower viral shedding.22 Former data 
revealed that serologic titers are linked to the 
protection when the challenge and vaccine viruses 
are genetically and antigenically closely related. 
The presence of HI antibodies predicted protection 
in the field as well.23 In the infection challenge 
experiment, HA vaccinated chickens survived 
while unvaccinated chickens, faced morbidity and 
mortality.

CONClUsiON

 In conclusion, our data indicated that 
using the major antigenic glycoprotein gene (HA 
segment) is critical for effective protection against 
challenges with genetically homologous viruses, 

and we recommend the continuous updating of 
poultry influenza vaccines based on circulating 
viruses for more effective control and to avoid the 
viral evolution and formation of escape mutants.
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