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Abstract

Background and Aim: Highly pathogenic avian influenza HSN8 virus of clade 2.3.4.4 was newly emerged to Egypt and
firstly detected in carcasses of wild birds in November 2016. This study assessed the protection efficacy and virus shedding
reduction of three different inactivated avian influenza (AI) HS (H5N1, H5N2, and H5N3) commercial vaccines against
challenge with two newly emerging highly pathogenic Al virus HSN8 Egyptian isolates in specific-pathogen-free (SPF)
chicks.

Materials and Methods: 10-day-old SPF chicks (n=260) were divided into 20 groups (n=13). Groups 1-5 were vaccinated
through the subcutaneous route (S/C) with 0.5 mL of H5N1 vaccine, Groups 6-10 were vaccinated (S/C) with 0.5 mL of
H5N2 vaccine, and Groups 11-15 were vaccinated (S/C) with 0.5 mL of H5N3 vaccine. Positive control groups (16-19)
were challenged at 25 and 31 days old (2 and 3 weeks post-vaccination [PV]) using H5NS8 clade 2.3.4.4 A/duck/Egypt/
F13666A/2017(H5N8) and H5NS clade 2.3.4.4 A/chicken/Egypt/18FL6/2018(HSNS). Group 20 was left non-vaccinated as
a control. All vaccinated groups were divided and challenged with both viruses at 25 and 31 days of age. The viral challenge
dose was 0.1 mL of 10°EID, /0.1 mL titer/chick, and it was administered oronasally. All chicks were kept in isolators for
14 days after each challenge. Sera samples were collected weekly and at 2 weeks post-challenge (PC) to detect a humoral
immune response. PC mortalities were recorded daily for 10 days to calculate the protection percentages. Tracheal swabs
were collected from the challenged chicks in different groups at 3, 5, 7, and 10 days PC. Kidneys and spleens were collected
at 3, 5, 7, and 10 days PC and kept in formalin for histopathological examination to assess lesions and severity scores.
Tracheal swabs were inoculated in 10-day-old SPF embryonated chicken eggs for virus titration and to calculate shedding
levels.

Results: All studied vaccines displayed 70-100% protection within 10 days PC. Hemagglutination inhibition results from
sera samples revealed antibody titers ranging from 0.6 to 5.4 log, starting at 1-week PV with the highest titers at 4 weeks
PV. Challenged SPF chickens exhibited a notable reduction in virus shedding, with an average of 1.5-2 log,,, compared to
control birds. Various histopathological lesions with different scores were detected.

Conclusion: Our findings suggest that the inadequate virus shedding reduction and protection efficacy of studied vaccines
were variable and that the type of vaccine to be used under field conditions should be reconsidered. Study of the variability
between the Egyptian old emerged Al (AIV) 2017 H5NS strains and the new emerging AIV 2018 H5NS is required to
achieve optimal protection and limit the current economic losses.

Keywords: avian influenza, avian influenza viruses HSNS, clade 2.3.4.4, HPAI, HS5 vaccines.

Introduction first reported at the end of 2016 [1]. Egypt is located
at a crossing point between Europe, Africa, and Asia
which increases the risk of the different viruses of
avian influenza being spread by migrating wild birds
as the overlapping migrations of such birds represent
the first line to spread the HPAIV H5NS strains. In
Egypt, these viruses were first detected in November
2016 in the carcasses of wild migratory birds [1],

specifically the common coot, which was included in

Highly pathogenic avian influenza virus (HPAIV)
H5N8 strains were first detected in 2010 in types of
wild birds in Asia, and the virus subsequently spreads
to different areas worldwide [ 1]. In Egypt, the virus was
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targeted surveillance for AIVs in migratory birds con-
ducted by the community Animal Health Outreach.
These H5NS strains were classified as HPAIV due to
the presence of multibasic cleavage sites of the HA
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that characterizes the high pathogenicity of AIVs in
the currently characterized HSNS viruses in the motif
PLREKRRKR#GLF (# denotes cleavage site) [2]. The
virus was also detected in another wild bird (green-
winged teal). New isolates were recorded in unvac-
cinated domestic chickens and flocks of ducks in
2017 and 2018 [3-5]. New strains of HPAI H5NS are
detected yearly and have caused economic losses in
the Egyptian poultry sector [6]. The controlling of Al
infections in Egypt relies primarily on a routine vacci-
nation strategy, which plays a key role as a preventive
tool designed to minimize losses in poultry produc-
tion by limiting the spread of infection, depending
on the vaccine’s ability to reduce morbidity, thereby
restricting the spread of Al viruses [7,8]. Controlling
virus shedding from infected animals reduces both
the likelihood of more circulating viruses being gen-
erated and the risk of more newly reassorted strains
being produced. Besides decreasing the mortality [9],
however, the wide range of variation of the HA of
the AIVs, coupled with antigenic variation within the
same subtype, leads to failure of the previous routine
strategy against those newly emerging HSNS strains
and consequently mortalities and production losses
even in vaccinated flocks [6].

Many commercial different Al vaccines are
employed in combating H5 Infections in Egypt [10].
However, the uninterrupted mortalities in vaccinated
flocks from H5NS8 infection have raised the question
about the variation between the previously detected
Egyptian HPAIV 2017 H5NS strains and the newly
emerging HPAIV 2018 H5NS strains in respect of their
reactivity to the currently used commercial HS vac-
cines. Routine evaluation of the most commonly used
commercial Al vaccines against the newly emerged
H5N8 strains with different pathogenicity and clin-
ical presentation of Al (unpublished data) is required
urgently to develop the most appropriate vaccination
strategy.

In this study, we designed an experiment to assess
some of the widely used commercial Al inactivated
vaccines (H5N1, HSN2, and HSN3) when employed
to immunize against challenge with two different
Egyptian HPAI H5NS isolates clade 2.3.4.4 at 2 and
3 weeks post-vaccination (PV) in specific-patho-
gen-free (SPF) chickens in isolators. We recorded

protection rates, antibody titers, virus shedding titers,
and the histopathological changes in kidney and spleen.

Materials and Methods

Ethical approval

This study was approved by the Institutional
Animal Care and Use Committee at Central Laboratory
for Evaluation of Veterinary Biologics (CLEVB),
Cairo, Giza, Egypt.

Study period and location

The study was conducted in November 2018.
The samples were processed at CLEVB, Cairo,
Egypt, Department of Virology, Faculty of Veterinary
Medicine, Cairo University, Giza, Egypt and Animal
Health Research Institute, Dokki, Giza.

Viruses

Two different HPAI HSNS viruses were isolated
in 2017 and 2018. The 2017 isolate was of duck origin:
(clade 2.3.4.4 A/duck/Egypt/F13666A/2017(H5NS))
with GenBank accession No. (MH498622.1). The 2018
isolate was of chicken origin [clade 2.3.4.4 A/chicken/
Egypt/18FL6/2018(H5N8)] with GenBank accession
No. (MH986133.1). We used these two viruses in chal-
lenge experiments at a titer of 10° EID50/0.1 mL.

Vaccines

We used three different commercial inactivated
vaccines (H5N1, H5N2, and H5N3) in current use to
assess their efficacy and investigate the reduction in
shedding achieved in vaccinated challenged chicks
(Table-1).

SPF chicks and eggs

We obtained two hundred and sixty 1-day-old
SPF chicks from Koum Oshiem SPF Chicken Farm,
Fayoum, Egypt, and kept them in biosafety HEPA
filtered isolators, with food and water supplied ad
libitum. For virus titration, we used SPF embryo-
nated chicken eggs obtained from Koum Oshiem SPF
Chicken Farm, Fayoum, Egypt.

Vaccination and challenge trials
Vaccination

We divided the 260 SPF chicks into 20 groups
(n=13). All chicks were raised in isolators. At 10 days’
old, Groups 1-5 were vaccinated through the subcu-
taneous route (S/C) with 0.5 mL of H5NI1 vaccine,

Table-1: List of H5 inactivated commercial vaccines used for the immunization of SPF poultry against HSNS.

Vaccine Virus used Lineage Manufacturing HA nucleotide sequence HA nucleotide sequence %
name country % similarity to Egyptian similarity to Egyptian 2018
2017 H5NS8 used in H5N8 used in challenge
challenge
H5N1 RG A/duck/ Clade China 94 91.7
Anhui/1/2006(H5N1) 2.3.4
(Re-5)
H5N2 A/chicken/ Classic Mexico 80 75.8
Mexico/232/1994
(H5N2)
H5N3 A/chicken/Vietnam/ Clade 1 USA 91 90

C58/2004 (H5N3)
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Groups 6-10 were vaccinated S/C with 0.5 mL of
H5N2 vaccine, and Groups 11-15 were vaccinated S/C
with 0.5 mL of H5N3 vaccine as per the manufactur-
ers’ recommendations. We inoculated Groups 16-19
with an equal dose of phosphate-buffered saline and
used them as positive controls. We left Group 20
non-vaccinated as a control (Table-2).

Challenge trials

We divided the groups of SPF chicks, as shown
in Table-2. All challenged birds were inoculated oro-
nasally with 0.1 mL of the challenge virus. The dose
was determined based on the standard dose used in
Egypt to evaluate all HPAI-HS vaccines submitted to
the CLEVB [10]. After administering the challenge,
we monitored the birds daily for 10 days. We recorded
clinical signs, morbidity, and mortality post-challenge
(PC). All experiments in which we used HPAI viruses
in work with animals were reviewed by the institutional
biosecurity committee and were conducted in biosecu-
rity level-3-enhanced (BSL3E) facilities at the CLEVB.

Serology and antibody assay

We collected sera samples before vaccination to
confirm that the SPF chickens were free from any infec-
tious diseases, such as Al infections. We determined
antibody titers in sera samples collected weekly PV in
vaccinated control groups and after 2 weeks PC by a
hemagglutination inhibition (HI) test using the universal
reference H5 antigen (GD-Netherland) as a heterologous

Table-2: Challenge trials.

Groups Vaccination at Challenge Age/ Weeks
10 days old day PV
H5N1-vaccinated groups:
Group 1 H5N1 H5N8 2017 25 2
Group 2 H5N1 H5N8 2018 25 2
Group 3 H5N1 H5N8 2017 31 3
Group 4 H5N1 H5N8 2018 31 3
Group 5 H5N1 Non - -
H5N2-vaccinated groups:
Group 6 H5N2 H5N8 2017 25 2
Group 7 H5N2 H5N8 2018 25 2
Group 8 H5N2 H5N8 2017 31 3
Group 9 H5N2 H5N8 2018 31 3
Group 10 H5N2 Non - -
H5N3-vaccinated groups:
Group 11 H5N3 H5N8 2017 25 2
Group 12 H5N3 H5N8 2018 25 2
Group 13 H5N3 H5N8 2017 31 3
Group 14 HS5N3 H5N8 2018 31 3
Group 15 H5N3 Non - -
Control positive groups:
Group 16 - H5N8 2017 25 2
Group 17 - H5N8 2018 25 2
Group 18 - H5N8 2017 31 3
Group 19 - H5N8 2018 31 3
Control negative group:
Group 20 - - - -

H5N1=AI inactivated H5N1 vaccine, H5N2=AI
inactivated H5N2 vaccine, H5N3=AI inactivated H5N3
vaccine, H5N8 2017=(clade 2.3.4.4 A/duck/Egypt/
F13666A/2017(H5N8)), H5N8 2018=(clade 2.3.4.4 A/
chicken/Egypt/18FL6/2018(H5N8))

antigen in addition to two local homologous antigens
prepared from the two challenge viruses. The HI assay
was carried out according to the protocol of the World
Organization for Animal Health (OIE) [11].

Determination of virus shedding

We collected tracheal swabs at 3, 5, 7, and
10 days PC to determine virus shedding for all chal-
lenged groups. We performed the procedures accord-
ing to the laboratory manual for the isolation, identi-
fication, and characterization of avian pathogens [12].
We calculated the virus shedding titers following the
method of Spearman—Karber [12]. We reported the
results as EID, /0.1 mL equivalents, with the lower
limit of detection being <1 log10 EID, /0.1 mL[6].

Histopathological examination

To determine the histopathological changes
caused by the challenge, we collected spleens and kid-
neys from each group at 3, 5, 7, and 10 days PC, fixed
them in 10% formol saline embedded in paraffin, cut
them into sections 4 um thick, and stained the sections
with hematoxylin and eosin [13]. We recorded and
calculated pathological scores as previously reported
by Gibson-Corley et al. [14] for chicken groups chal-
lenged against A/chicken/Egypt/18FL6/2018(HSNS)
virus due to variability in protection and shedding in
those groups.

Statistical analysis

We carried out multiple comparisons using two-
way analysis of variance. We used the least standard
difference to both analyze the differences in means
and standard error between HI titers and to compare
the results of virus shedding titers from the tracheal
swabs for the various groups. All statistical tests were
performed using p<0.05. All graphs and survival
curves were created using Prism 7 (GraphPad Co.,
San Diego, USA).

Results

Protective percentages in vaccinated and challenged
chicks

When challenged with 2017 and 2018 H5NS iso-
lates, the HSN1-vaccinated groups (G1-G4) displayed
85% and 0% protection, respectively, when challenged
at two WPV (weeks PV) and 100% and 92% protec-
tion, respectively, when challenged at three WPV
(Figure-1a). When challenged with 2017 and 2018
HS5NBS isolates, the HSN2-vaccinated groups (G6—G9)
displayed 92% and 0% protection, respectively, when
challenged at two WPV and 92% and 70% protection
when challenged at three WPV (Figure-1b). When
challenged with 2017 and 2018 HSNS isolates, the
H5N3-vaccinated groups (G11-G14) displayed 100%
and 0% protection, respectively, when challenged at
two WPV and 100% and 92% protection, respectively,
when challenged at three WPV (Figure-1c). There
was no evidence of either morbidity or mortality in
Groups 5, 10, 15, and 20. When challenged with 2017
and 2018 H5NS isolates, positive controls (G16—-G19)
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Figure-1: Survival curves of unimmunized and immunized birds using three different H5 inactivated vaccines post-
challenge with 2 HPAI H5N8 isolates (2017 and 2018) at two different ages (25 and 31 day old). (a) H5N1-vaccinated
groups (b) H5N2-vaccinated groups (c) H5N3-vaccinated groups.

displayed 40% and 0% protection, respectively, when
challenged at two WPV and 50% and 0% protection,
respectively, when challenged at three WPV (Figure-1
and Table-3).

Humoral response to vaccination and challenge

The collected pre-vaccination samples were free
from any antibodies against Al infections (H5NI,
HON2, and H5NS8). In vaccinated non-challenged
groups, HI titers using the universal reference H5 anti-
gen (GD-Netherland) revealed a significant difference
at four WPV between the H5N1-vaccinated group
and the HSN2-vaccinated group, with the highest titer
being in the H5SN1 group (5.4 log,), followed by the
H5N3 group (5 log,), compared to the HSN2 group
(only 3.8 log2) (p<0.05) (Figure-2). Conversely, when

using homologous antigens prepared from the chal-
lenge viruses (HPAI H5NS, clade 2.3.4.4: 2017 and
2018), we found differences in the HI titers obtained.
HI titers obtained against the 2017 and 2018 anti-
gens differed significantly at four WPV between
the H5NI-vaccinated group (3.1-4.3 log)) and the
HS5N3-vaccinated group (3.6-4.6 log,) (Figure-3) with
observing the presence of lower individual antibodies
values as follows: At two WPV, the HSN3-vaccinated
group displayed 20% of 1 log, against the 2017 H5N8
antigen, whereas both the H5N1-vaccinated and the
H5N3-vaccinated groups displayed 20% of 1 log,
against the 2018 H5N8 antigen, compared to 0% of 1
log, in all groups using the universal antigen (Table-4).

At three WPV, the HSN2-vaccinated group dis-
played 2 log, HI titers in 66% and 16% against the
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Table-3: The protection percentages of challenged
groups.

Vaccine Challenge time H5N8 challenge isolate
H5N8 2017 H5NS8 2018

H5N1 2 WPV 85% 0%

3 WPV 100% 92%
H5N2 2 WPV 92% 0%

3 WPV 92% 70%
H5N3 2 WPV 100% 0%

3 WPV 100% 92%
- 2 WPV 40% 0%
- 3 WPV 50% 0%

H5N1=AI inactivated H5N1 vaccine, H5N2=AI
inactivated H5N2 vaccine, H5SN3=AI inactivated H5N3
vaccine, H5N8 2017=(clade 2.3.4.4 A/duck/Egypt/
F13666A/2017(H5N8)), H5N8 2018=(clade 2.3.4.4 A/
chicken/Egypt/18FL6/2018(H5N8))

Table-4: Mean HI antibody titers percentages in
vaccinated birds at 2 weeks post-vaccination.

Vaccine type Mean HI titers (Log,) percentage

Used antigen 1 2 3

H5N1 2017 0 50 50
2018 20 40 40

H5N2 2017 0 80 20
2018 0 20 80

H5N3 2017 20 60 20
2018 20 20 60

H5N1=AI inactivated H5N1 vaccine, H5N2=AI
inactivated H5N2 vaccine, H5N3=AI inactivated H5N3
vaccine, H5N8 2017=(clade 2.3.4.4 A/duck/Egypt/
F13666A/2017(H5N8)), H5N8 2018=(clade 2.3.4.4 A/
chicken/Egypt/18FL6/2018(H5N8))

H5N8 2017 and H5N8 2018 antigens, respectively,
and only 14% in the H5N3-vaccinated group against
the 2017 H5N8 antigen compared to 0% of 2 log, in all
groups using the universal antigen (Table-5).

At four WPV, only 16% of the H5SN1-vaccinated
group against 2017 H5NS antigen displayed HI titers
of 2 log,, compared to 0% of 2 log, in all groups
using the universal antigen. In addition, we found 3
log, titers at 33% in the H5N3- and H5N2-vaccinated
groups against the 2017 and 2018 antigens and 52%
in the H5N1-vaccinated group against the 2017 anti-
gen, with 100% in the HSN2-vaccinated group against
the 2017 antigen (as shown in Table-5) compared to
0% of 3 log, in all groups using the universal antigen,
apart from the HSN2-vaccinated group, which dis-
played 28% of 3 log, against the universal antigen.

Conversely, we did not observe any significant
difference in HI titers PC in all vaccinated two WPV
(25 days old) or three WPV (31 days old) challenged
groups, irrespective of the vaccine type (Figure-4).
Virus shedding after challenge with HPAI H5N8 clade
2.3.4.4 2017 and 2018 Egyptian isolates

With the HSN8 2017 challenge virus, we found
a significant difference in shedding titers between the
H5N1-and H5N2-vaccinated groups versus the HSN3-
vaccinated group on the 3™ day PC, with the highest

8 4
uGroup 5

m Group 10

61 ] Group 15
] r [

]

0 1 2 3 4

Weeks post vaccination

Antibody titers (Log2)
N

Figure-2: Column charts showing serum hemagglutination
inhibition titers of H5 avian influenza virus post-vaccination
(expressed as log,). Group 5: H5N1 vaccinated group,
Group 10: H5N2 vaccinated group and Group 15: H5N3
vaccinated group.

shedding titer in the HSN3 group (2.06 log ), and also
between the H5SN1- and H5N3-vaccinated groups on
the 10" day PC when challenged at two WPV (25 days
old) (Figure-5a), whereas in those challenged at three
WPV (31 days old), we found no significant differ-
ence at different days PC in all groups (Figure-5b).
With the HSNS 2018 challenge virus, we found a
significant difference in shedding titers between all
vaccinated groups at all days PC when challenged
at two WPV (Figure-5c¢) and on the 3 day PC when
challenged at three WPV. At the 10" day PC in those
challenged at three WPV, we found a significant dif-
ference between the HSN1-vaccinated groups versus
the H5SN2- and H5N3-vaccinated groups (Figure-5d).
Positive controls (G16 to G19) displayed an average
of 1.1-3 logl0 shedding titers higher than the vacci-
nated challenged groups (Figure-5).

Histopathological examination of organs:

Only tissues collected from the vaccinated and
challenged with 2018 H5NS8 virus groups were exam-
ined for histopathological changes compared to the
positive and negative controls. In Group 2, the kid-
neys displayed severely congested blood vessels,
degenerated tubules with contracted glomeruli, inter-
stitial hemorrhage, and marked vacuolar degeneration
of renal tubules associated with few hyaline casts, and
the spleens displayed mild depletion of lymphocytes
and mild congestion (Table-6). In Group 7, the kid-
neys displayed pronounced congested blood vessels
with degenerated tubules, focal mononuclear cell
infiltration, multiple tubular cysts, contracted glom-
eruli, and thickening of the blood vessel walls with
hyperplasia. The spleens displayed mild depletion and
hemorrhage and mild hemorrhage and focal thick-
ening of the splenic capsule (Table-6). In Group 12,
the kidneys displayed mild congested blood vessels
with denudation, degeneration of the renal tubules,
and vacuolation of mesangial cells characterized by
thrombus formation. The spleens displayed mild focal
depletion of lymphocytes accompanied by thickening
of the blood vessel walls (Table-6). In Group 17, the
kidneys displayed interstitial congestion, mononuclear
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Figure-4: Column charts showing mean serum

hemagglutination inhibition titers of H5 avian influenza virus
(expressed as log,) post-challenge. (a) 2 WPV challenge.
(b) 3 WPV challenge. WPV=Weeks post-vaccination.

cell infiltration with thrombus formation, degenerated
tubules with cyst formation, and contracted glomeruli,

Table-5: Mean HI antibody titers percentages in
vaccinated birds at 3 and 4 weeks post-vaccination.

WPV Vaccine type Mean HI titers (Log,)

percentage (%)

Used antigen 2 3 4 5

3 H5N1 2017 0 66 34 0
2018 0 66 34 0

H5N2 2017 66 0 17 17

2018 16 67 0 16

H5N3 2017 14 57 29 0

2018 0 60 40 O

4 H5N1 2017 16 52 33 O
2018 0 0 66 34

H5N2 2017 0 100 0 O

2018 0 33 34 33

H5N3 2017 0 33 67 O

2018 0 0 33 67

H5N1=AI inactivated H5N1 vaccine, H5N2=AI
inactivated H5N2 vaccine, HSN3=AI inactivated H5N3
vaccine, H5N8 2017=(clade 2.3.4.4 A/duck/Egypt/
F13666A/2017(H5N8)), H5N8 2018=(clade 2.3.4.4 A/
chicken/Egypt/18FL6/2018(H5N8))

and the spleen displayed proliferation of sheathed cap-
illaries and depletion of the lymphocytes (Table-6).
In Groups 4 and 9, the kidneys showed the same
lesions as mild intertubular congestion with degener-
ation, denudation of the renal tubules, and thicken-
ing of the wall of the ureter. Only Group 9 showed
interstitial focal mononuclear cell infiltration with
thrombus formation (Table-6). In Group 4, the spleens
displayed mild depletion, with mildly congested
blood vessels and mild focal edema, whereas those of
Group 9 appeared to range from normal to showing
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Figure-5: Line charts showing virus titration in ECE from tracheal swabs (expressed as log 10) in different groups and
different time conditions. (a) Challenge using 2017 H5N8 isolate at 2 weeks post-vaccination (PV). (b) Challenge using
2017 H5N8 isolate at 3 weeks PV. (c) Challenge using 2018 H5N8 isolate at 2 weeks PV. (d) Challenge using 2018 H5N8

isolate at 3 weeks PV.

Table-6: The score of pathological lesions for all
challenged groups against 2018 H5N8 virus.

Days Group Organs Group Organs
cpl‘::::lenge Kidney Spleen Kidney Spleen
2 WPV 3 WPV
challenge challenge
3 2 +++ + 4 ++ +
5 +++ + + +
7 +++ + ++ +
10 NS ++ +
3 7 ++ + 9 +++ -
5 +++ + ++ +
7 ++ + ++ +
10 NS ++ +
3 12 + + 14 + +
5 + + + +
7 + + ++ +
10 NS ++ +
Pool 17 +++ + 19 +++ +
Pool 5 - - 5 - -
Pool 10 - - 10 - -
Pool 15 - - 15 - -
Pool 20 - - 20 - -

WPV=Weeks post-vaccination, (=): No lesions/(+): Mild/
(++): Moderate/(+++): Severe, NS=Non-survival

mild depletion of lymphocytes and congested blood
vessels with endotheliosis (Table-6). In Group 14, the
kidneys displayed exhibited congested blood vessels
with perivascular mononuclear cell infiltration, thick-
ening of the wall of the ureter, and focal interstitial
edema with extravasated red blood cells, whereas the
spleens showed mild depletion and proliferation of
sheathed capillaries associated with mild hemorrhage.

The organs of Groups 5, 10, 15, and 20 showed
normal histological characters without any changes
(Table-6), whereas the kidneys of Group 19 displayed
interstitial congestion, mononuclear cell infiltration,
thrombus formation, degenerated tubules with cyst

formation, and contracted glomeruli, and the spleens
exhibited proliferation of sheathed capillaries and
depletion of the lymphocytes (Table-6).

Discussion

Poultry production in Egypt has suffered eco-
nomic losses since the emergence of HPAIV HS5NS
strains [10] clade 2.3.4.4b in 2016 [1], with new
strains being reported continuously in 2017 [3,4] and
2018 [5]. In this study, we have compared the efficacy
of three different AI H5-inactivated vaccines (H5NI1,
H5N2, and H5N3) that are commonly used in the field
against two HPAT H5NS viruses (2017 and 2018 offi-
cial isolates used for the evaluation of commercial
vaccines) that differ in their pathogenicity and clinical
presentation of disease in both SPF and commercial
birds (unpublished data). Groups of vaccinated birds
were challenged at two and three WPV. Our findings
have shown the ability of HSN1 and H5N3 vaccines
to act efficiently against both challenge viruses (2017
and 2018 H5NS) after three WPV, with both vaccines
inducing protection that ranged from 92% to 100%. In
contrast, the HSN2 vaccine did not protect against the
2018 H5N8 isolate at three WPV, with the level of pro-
tection being just 70%. Conversely, all tested vaccines
could not provide any level of protection against the
2018 challenge HSNS isolate at two WPV (0%). The
level of protection recommended by the OIE is not
<80% [11]. Protection studies revealed differences in
the challenged groups, with the tested HSN3 vaccine
showing 100% protection against the 2017 HSNS Al
isolate when challenged at two WPV. The three differ-
ent vaccines used in this study exhibited the ability to
protect the birds from lethal disease after being chal-
lenged with the 2017 H5NS isolate, which indicates
that the vaccines used are successful against chal-
lenge with this isolate as early as two WPV, whereas
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in birds challenged with the 2018 H5N8 isolate, they
showed 0% protection within just 6-8 days PC, and
the birds displayed typical signs of Al and patterns
similar to those seen in the control unvaccinated chal-
lenged groups (mortality reaching 100%). Similar
levels of mortality with HSN8 have been observed
recently by others [15] and in another challenge trial
using 2018 and 2019 Egyptian isolates of chicken
origin [7,16]. It has been reported previously that the
absence of early induction of antibodies in vaccinated
birds may be a contributory cause of the lack of early
protection when these birds were challenged [10]. Of
course, there are many explanations of such variation
in protection against both challenge viruses. First, it
could be attributed to the diversity, both antigenic and
genetic, of the 2018 H5NS isolate compared to the
2017 isolate [16]. A second explanation is the time of
introduction of these viruses from migratory birds to
chickens and of their detection in relation to season
and species spillover [3]. Third, there is a gap before
relatively high cross antibody titers are detected, and
this can be from two to four WPV [10]. By three WPV,
only the HSN2 vaccine failed to protect against the
2018 H5NS isolate (70% protection).

Obviously, the differences observed in the clin-
ical presentations, infection rates, and mortality pat-
terns between the vaccinated and unvaccinated chal-
lenged groups were primarily due to the difference
in both challenge viruses, as underpinned by similar
findings in control unvaccinated challenged chickens
with the HSN8 Al virus [16,17]. The Al HSNS viruses
were introduced in two different seasons and reported
each year as a new introduction [3-5]. Genetic and
antigenic variations have been confirmed in these
strains in Egypt.

Such variability reflects on both antigenicity and
pathogenicity. An earlier study found that the enor-
mous use of various HSN1 and H5N2 vaccines pits
vaccination pressure on the virus, causing selection of
escape mutations at antigenic sites and leading to vac-
cination failure [18,19].

Although both the H5NS isolates in this study
were HPAIVs, the mortality from the 2017 isolate did
not exceed 60%, which is similar to the initial mor-
tality percentage seen in flocks of chicken and ducks,
with the first detection of these viruses associated with
mortality rates of up to 70% in farm flocks [3]. Another
study [4] has reported mortalities ranging from 29%
to 52% in unvaccinated flocks. In the current study,
mortalities from 2018 isolates reached 100% by the
8™ day PC, with very severe clinical signs in positive
control groups. Although the previous reports have
indicated that HPAI H5NS viruses exhibit asymptom-
atic disease in geese and ducks with prolonged virus
shedding [20], the increased adaptation of the virus
in chickens may be the main cause of such changes
observed within these 2.3.4.4 clade HPAIVs [21,22],
as continuous adaptation and enhanced replication
through point mutations for HSNS, as one of the AIVs,

have been reported [23]. Similarly, clade 2.3.4.4b
H5N8 viruses have diversified into five genotypes
(Gt1-Gt5) through constant evolution and reassort-
ment [16,24]. Furthermore, these observed typical
Al signs with HSN8 in chickens that are like those
reported for the H5NI strains, including cyanotic
combs and wattles, edema of the head, hemorrhaging
of the shank of the leg, and a 100% mortality rate,
which indicated the vigorous evolution and host adap-
tation of those viruses [10].

Our serological results revealed the presence
of considerable levels of antibodies, proving that the
vaccines successfully induced an immune response.
However, this is not indicative of the typical protec-
tion from mortality; chicken groups did not show the
level recommended by OIE, which has determined
that the minimum HI serological titers in birds to
protect from mortality should be 1/32 [11]. Hence,
we do not consider those measured antibodies to be
the only factor contributing to protection. At three
WPV, the H5N2-vaccinated groups challenged with
2018 HSNS8 exhibited HI titers (just 4.6 log)) that
were lower than the recommended level, and this was
typically reflected in an unacceptable level of protec-
tion against mortality (70%). This may be due to the
presence of variations in their antigenic sites [25] in
relation to the challenge HSNS viruses (differences in
sequences homology between the vaccine seed virus
and the challenge H5NS8 viruses). This could reduce
the reactivity of the same vaccines with the change
of the virus challenge isolate, which is in line with
the study of Swayne et al. [26], who found that the
closer the similarity of the HA gene sequence between
the vaccine and field viruses, the greater the protec-
tion conferred and the greater the reduction in repli-
cation of the challenge virus in the respiratory tract.
Moreover, the changes in the pathogenicity of the
virus led to reduced protection, although the level
of HI titers remained unchanged; however, further
studies are required for confirmation and detection
of such variations. Recent studies have reported such
variation between the H5 vaccines and the circulating
HSNS viruses and confirmed its impact on the pro-
tection conferred and the antibodies induced by the
vaccines [6,10]. In the current study, these differences
were also detected in the non-specific antibodies that
appeared in titers at different weeks PV (1 log, at two
WPV and 2 log, at three and four WPV) when we
tested sera samples for HI titers using the two chal-
lenge viruses as antigens. Differences in HI titers
between vaccinated birds in different groups may be
due to differences in the antigens used in HI testing, as
confirmed using the homologs and heterologous anti-
gens in the current study [7,10].

Typically, the main function of any appropriate
vaccine is to reduce mortality and, to some extent, virus
shedding; this requires antigenic matching between the
immunized vaccine and the challenge virus strain [27] to
avoid production of escape mutants. There have been
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many studies aimed at evaluating commercial and
experimental HS5 vaccines against newly emerged
HPALIV infections, and these have had variable results
[6,10,17,28]. However, there has been concern about the
failure of many vaccines to inhibit virus shedding [28].
In the current study, all vaccinated challenged groups
displayed partial virus shedding, which, in accordance
with a previous study in 2017 [6], we attributed to the
genetic dissimilarity and poor reactivity between the H5
commercial vaccines used here and the HSNS viruses
currently in circulation. These findings are supported
by the OIE recommendation [11] that the minimum HI
serological titers in field birds should be >1/128 to pro-
vide a reduction in replication and shedding of the chal-
lenge virus. None of the groups in our study reached
this level. A direct correlation between a high degree
of virus shedding and the transmissibility of the virus
among chickens has been confirmed [16]. In addition,
the reassortant AI'Vs are thought to have developed and
adapted from and gained dominance over previously
circulating genotypes found in the Egyptian poultry
flocks [29] by means of unknown selective gain.

HPAIVs have multiple basic amino acids (argi-
nine and lysine) at their HAO cleavage sites [30,31,32]
and they appear to be capable of being cleaved by
ubiquitous proteases. These viruses can replicate
and spread throughout the host bird, damaging vital
organs and tissues, and thus causing disease and
death [33]. In the current study, this was clearly seen
in histopathological lesions. Trypsin-like proteases
are essential for activation of cleavage of the HA and
so play a key role in viral pathogenicity [34,35]. In
our study, the kidneys of birds challenged at early ages
displayed more prominent histopathological lesions
than did the kidneys of birds challenged at older ages.
This was clearly shown in the severe lesions in HSN1-
vaccinated groups challenged using the 2018 H5NS
isolate at two WPV compared to three WPV, where the
lesions were between mild and moderate. This finding
supported the risk of early infection in the gap before
the appearance of high cross antibody levels [10]. In
the case of the HSN2-vaccinated group, we found,
as speculated, a relationship between the percentage
of protection offered by the vaccine and its ability to
reduce the pathogenicity of the virus in the internal
organs of the birds challenged by the HSN8 2018 iso-
late (only 70% protection), particularly at 3 and 5 days
PC, when the mortalities started as shown in Figure-1.
Overall, the findings of our study have shown the
matching between the severity of lesions and the shed-
ding pattern.

While the inquiring results were the same lesions
scored in H5N3-vaccinated groups at the same time
with the presence of reasonable titers of the antibod-
ies, which confirmed that the antibody level cannot be
assumed to be the only factor indicating protection;
either protection from lethal effects or minimizing
of the virus spread from the portal of infection to the
various different internal organs, which increases the

severity of the disease [36,37]. HA is the major sur-
face glycoprotein of AIV; it mediates both binding of
the virion to host cell receptors and fusion between
the virion envelope and endosomal membranes and,
hence, is considered as being the most important pro-
tein in determining the virulence of AIVs [5]. The
viral pathogenesis series is more notable in HPAIV
infection, as it is well known that HA for influenza
viruses is produced as a precursor, HAO, which
requires cleavage by host proteases before it becomes
functional and virus particles become infectious [33].
The fact which coincided with aforementioned studies
has reported that circulating H5 and H7 LPAI viruses
in gallinaceous poultry (chickens, turkeys, quail, etc.)
might be able to mutate producing HPAIVs which can
cause severe systemic disease and high levels of mor-
tality in gallinaceous poultry and are typically easily
transmissible [38]. Due to the ability of clade 2.3.4.4
viruses to mutate and reassort, various different geno-
types and subtypes have emerged during their spread
from Asia to Europe and Africa [39,40].

Although the two challenge isolates used in this
study were isolated in Egypt at close points in time,
this study triggered the necessity to assess the clear
evolution of those newly emerging isolates and spe-
cifically of the antigenic sites that mainly govern their
reaction to the same vaccines used in groups chal-
lenged with the HSN8 2018 isolate compared to those
challenged with the 2017 isolate on the same age and
also the same period from the vaccination time with
taking in consideration that the field complications
of the concurrent infection at the same flock [10,41].
Moreover, the inadequate biosecurity measures in the
field are expected to reduce the performance of the
vaccine used and insufficient laboratory evaluation of
such vaccines [10].

Our findings have shown that vaccines exhib-
ited reduced reactivity in most groups challenged
with the new emerging viruses inferred as they can
only survive the challenge. However, not at any time
of the infection and not against all the virus isolates
as showed with the most recent isolates reported in
Egyptian HPATV H5NS8 2018 isolate which was used
to evaluate the vaccine protective efficacy. In addition
to immunogenicity and underlined the inefficacy of
those vaccines to prevent or reduce the virus shedding
to the limit that no vaccine-induced escape mutants
detected anymore in all groups; excluding the groups
not affected by the action of the vaccines on the side
of lethal effect or the virus shedding on the other side.
These issues have raised an urgent need for genetic
characterization of the Egyptian HPAI H5N8 2018
isolates. There is a need to update the virus seeds used
against the current Al infections and to customize
attention to the new emerging HSNS viruses.

Conclusion

This study reports the differences in the efficacy
of H5 vaccines against the 2018 isolates of HPAIV
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HS5NB&. The study also highlights the adaptive changes
and pathogenicity of HSNS in chickens. The increased
pathogenicity of HSNS strains is due mainly to the
adaptation of these viruses in both vaccinated and
non-vaccinated hosts. The use of inappropriate and
ineffective HS vaccines will contribute to such adap-
tation. There is a most imperative need to update and
continuously evaluate the vaccines used to confer pro-
tection against HPAI H5N8 viruses.

Authors’ Contributions

AAE: Conducted the experiment and drafted the
manuscript., HAH and AHE: Designed and followed
up the experiment and critically reviewed the manu-
script. MFE, RAS, and MME: Participated in design-
ing and followed up the practical work. This work
is part of the master’s degree of AAE supervised by
HAH, AHE, and MME. All authors read and approved
the final manuscript.

Acknowledgments

This work was funded by the Department of
Virology, Cairo University, and the Central Laboratory
for Evaluation of Veterinary Biologics (CLEVB). We
would like to thank all members of the isolation unit
in CLEVB for their great help in accomplishing the
challenge trials.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published institutional
affiliation.

References

1. Selim, A.A., Erfan, A.M., Hagag, N., Zanaty, A.,
Samir, A.H., Samy, M., Abdelhalim, A., Arafa, A.S.A.,
Soliman, M.A., Shaheen, M. and Ibraheem, E.M. (2017)
Highly pathogenic avian influenza virus (H5SN8) clade 2.3.
4.4 infection in migratory birds, Egypt. Emerg. Infect. Dis.,
23(6): 1048.

2. Kandeil, A., Ahmed Kayed, Y.M., Webby, R.J.,
McKenzie, P.P., Kayali, G. and Ali, M.A. (2017) Genetic
characterization of highly pathogenic avian influenza HSN8
viruses isolated from wild birds in Egypt. J. Gen. Virol.,
98(7): 1573.

3. Yehia, N., Naguib, M.M., Li, R., Hagag, N.,
El-Husseiny, M., Mosaad, Z., Nour, A., Rabea, N., Hasan,
W.M., Hassan, M.K. and Harder, T. (2018) Multiple intro-
ductions of reassorted highly pathogenic avian influenza
viruses (H5NS) clade 2.3. 4.4 b causing outbreaks in wild
birds and poultry in Egypt. Infect. Genet. Evol., 58: 56-65.

4. Salaheldin, A.H., Abd El-Hamid, H.S., Elbestawy, A.R.,
Veits, J.,, Hafez, H.M., Mettenleiter, T.C. and
Abdelwhab, E.M. (2018) Multiple introductions of influ-
enza a (H5NS) virus into poultry, Egypt, 2017. Emerg.
Infect. Dis., 24(5): 943.

5. Mady, W., Yehia, N., Elhussieny, M.H., Shalaby, A.G.,
El Sayed, M.M., Bakry, N.R., Shaaban, A., Arafa, A.S.,
Mahmoud, A.A.B. and Hassan, W.M. (2019) Genetic char-
acterization of highly pathogenic avian influenza virus

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

(H5NB8) in backyard poultry production sector during Mid-
2017 to autumn 2018. Hosts Viruses, 6(3): 75.

Kandeil, A., Sabir, J.S., Abdelaal, A., Mattar, E.H.,
El-Taweel, A.N., Sabir, M.J., Khalil, A.A., Webby, R.,
Kayali, G. and Ali, M.A. (2018) Efficacy of commercial
vaccines against newly emerging avian influenza H5N8
virus in Egypt. Sci. Rep., 8(1): 1-6.

Ibrahim, M., Zakaria, S., Bazid, A.H.L., Kilany, W.H.,
El-Abideen, M.A.Z. and Ali, A. (2021) A single dose of
inactivated oil-emulsion bivalent HSN8/H5N1 vaccine pro-
tects chickens against the lethal challenge of both highly
pathogenic avian influenza viruses. Comp. Immunol.
Microbiol. Infect Dis., 74: 101601.

Anis, A., AboElkhair, M. and Ibrahim, M. (2018).
Characterization of highly pathogenic avian influenza
H5N8 virus from Egyptian domestic waterfowl in 2017.
Avian Pathol., 47(4): 400-409.

Kapczynski, D.R., Pantin-Jackwood, M.J., Spackman, E.,
Chrzastek, K., Suarez, D.L. and Swayne, D.E. (2017)
Homologous and heterologous antigenic matched vaccines
containing different H5 hemagglutinins provide variable
protection of chickens from the 2014 US H5NS8 and H5N2
clade 2.3. 4.4 highly pathogenic avian influenza viruses.
Vaccine, 35(46): 6345-6353.

Ali, A., Safwat, M., Kilany, W.H., Nagy, A., Shehata, A.A.,
El-Abideen, M.A.Z., Dahshan, A.H.M. and Arafa, A.S.A.
(2019) Combined HS5SND inactivated vaccine protects
chickens against challenge by different clades of highly
pathogenic avian influenza viruses subtype HS and virulent
Newcastle disease virus. Vet. World, 12(1): 97.

OIE Terrestrial Manual. (2018). Avian Influenza (Infection
with Avian Influenza Viruses). OIE Terrestrial Manual,
Paris, France. p821-843.

Dufour-Zavala, L. (2008) A Laboratory Manual for the
Isolation, Identification, and Characterization of Avian
Pathogens. American Association of Avian Pathologists,
United States. p129-224.

Ismail, Z.M., El-Deeb, A.H., El-Saftyy, M.M. and
Hussein, H.A. (2018) Enhanced pathogenicity of low-patho-
genic HON2 avian influenza virus after vaccination with
infectious bronchitis live attenuated vaccine. Vet. World,
11(7): 977.

Gibson-Corley, K.N., Olivier, A.K. and Meyerholz, D.K.
(2013) Principles for valid histopathologic scoring in
research. Vet. Pathol., 50(6): 1007-1015.

Ahmed, A.I, Osman, N., Nasef, S.A. and Bakry, S.G.
(2019) H5N8 avian influenza virus in Aswan governorate.
Assiut Vet. Med. J., 65(161): 270-277.

Rohaim, M.A., El Naggar, R.F., Madbouly, Y.,
AbdelSabour, M.A., Ahmed, K.A. and Munir, M. (2021)
Comparative infectivity and transmissibility studies of
wild-bird and chicken-origin highly pathogenic avian influ-
enza viruses HSNS in chickens. Comp. Immunol. Microbiol.
Infect Dis., 74: 101594.

Gomaa, M.R., Khalil, A.A., Kandeil, A., Sabir, J.S.,
Kayed, A., Moatasim, Y., El-safty, M.M., Kayali, G. and
Ali, M.A. (2019) Development of an effective contemporary
trivalent avian influenza vaccine against circulating H5SN1,
H5N8, and HON2 in Egypt. Poult. Sci., 98(12): 6289-6295.

Escorcia, M., Vazquez, L., Méndez, S.T., Rodriguez-
Ropodn, A., Lucio, E. and Nava, G.M. (2008) Avian influ-
enza: Genetic evolution under vaccination pressure. Virol.
J., 5(1): 1-5.

Lee, C.W., Senne, D.A. and Suarez, D.L. (2004) Effect
of vaccine use in the evolution of Mexican lineage HSN2
avian influenza virus. J. Virol., 78(15): 8372-8381.

Son, K., Kim, Y.K., Oem, J.K., Jheong, W.H., Sleeman, J.M.
and Jeong, J. (2018) Experimental infection of highly
pathogenic avian influenza viruses, clade 2.3. 4.4 HSN6 and
H5N8, in mandarin ducks from South Korea. Transbound.
Emerg. Dis., 65(3): 899-903.

Delesus, E., Costa-Hurtado, M., Smith, D., Lee, D.H.,

Veterinary World, EISSN: 2231-0916

2140



Available at www.veterinaryworld.org/Vol.14/August-2021/20.pdf

22.

23.

24.

25.

26.

27.

28.

29.

30.

Spackman, E., Kapczynski, D.R., Torchetti, M.K.,,
Killian, M.L., Suarez, D.L., Swayne, D.E. and Pantin-

avian influenza viruses of serotype H7 requires the recogni-
tion motif R-X-R/K-R. Virology, 188(1): 408-413.

Jackwood, M.J. (2016) Changes in adaptation of H5N2 31.  Luczo, J.M., Stambas, J., Durr, P.A., Michalski, W.P. and
highly pathogenic avian influenza HS clade 2.3. 4.4 viruses Bingham, J. (2015) Molecular pathogenesis of H5 highly
in chickens and mallards. Virology, 499: 52-64. pathogenic avian influenza: The role of the haemagglutinin
Pantin-Jackwood, M.J., Costa-Hurtado, M., Bertran, K., cleavage site motif. Rev. Med. Virol., 25(6): 406-430.
Delesus, E., Smith, D. and Swayne, D.E. (2017) Infectivity, 32.  Senne, D.A., Panigrahy, B., Kawaoka, Y., Pearson, J.E.,
transmission and pathogenicity of H5 highly pathogenic Siiss, I., Lipkind, M., Kida, H. and Webster, R.G. (1996)
avian influenza clade 2.3. 4.4 (H5N8 and H5N2) United Survey of the hemagglutinin (HA) Cleavage site sequence
IS?tateséliSH(cif):x lVilr:Sf?S in Pekin ducks and Chinese geese. Vet. of H5 and H7 avian influenza viruses: Amino acid sequence
es., - 1-14. at the HA cleavage site as a marker of pathogenicity poten-
Naguib, M.M., Verhagen, J.H., Samy, A., Eriksson, P, tial. Avian Dis,,4gO(2): 425-437. patog P
Fife, M., Lundkvist, A., Ellstrom, P.and Jarhult, 1.D. (2019) 33 Bgttcher-Friebertshiuser, E., Klenk, H.D. and Garten, W.
Av1an influenza viruses aj[ the 'Wlld-domestlc bird interface (2013) Activation of influenza viruses by proteases from
in Egypt. Infect. Ecol. Epidemiol., 9(1): 1575687. host cells and bacteria in the human airway epithelium.
Hassan, K.E., Saad, N., Abozeid, H.H., Shany, S., Pathog. Dis., 69(2): 87-100.
El-Kady, M.F,, Arafa, A., Azza, A.E., Pfaff, ., Hafez, HM., 34 Bosch, F.X., Orlich, M., Klenk, H.D. and Rott, R. (1979)
Beer, M. and Harder, T. (2020) Genotyping and reassort- The structure of haemagglutinin a determinant for the patho-
ment analysis of highly pathogenic avian 1nﬂuel?za viruses genicity of influenza viruses. Virology, 95(1): 197-207.
HONS and FISM3 from E}ézfpt feveals successive amnual 35, Klenk, H.D. and Garten, W. (1994) Host cell protcases con-
iglr)ai(i:fnmelr\l/[ 0 Sglflrtle(l)lgyp;[s;%n eliézikeneA- G‘: ” Ka.ng KI ) trolling virus pathogenicity. Trends Microbiol., 2(2): 39-43.
P d o o PR o 36. Swayne, D.E. (2003) Vaccines for list A poultry dis-
Arafa, A.S., Shehata, A.A., Sa} £, Y.M. and Le.e > C'W', (201.5) eases: Emphasis on avian influenza. Dev. Biologicals,
Developmegt of broadly‘ reactive HSN1 vaccine against dif- 114 201-212.
ferent Egyptian HSNl. viruses. Vaccine, 33(23). 2670-2677. 37. Kapczynski, D.R., Esaki, M., Dorsey, K.M., Jiang, H.,
Swayne, D.E,, Garcia, M., Beck, JR,, Kinney, N. and Jackwood, M., Moraes, M. and Gardin, Y. (2015) Vaccine
Suarez, D.L. (2000) Protection against diverse highly S > Lo .
pathogenic H5 avian influenza viruses in chickens immu- protection of cl‘ncke.ns against ar.ltlgemcallAy dlyerse H5
nized with a recombinant fowlpox vaccine containing an highly pathpgemc avian 1nﬂu§nza isolates with a 1.1v.e HVT
HS5 avian influenza hemagglutinin gene insert. Vaccine, vector vaceine expressing the }nﬂt}enza hemagglutlmn gene
18(11-12): 1088-1095. (31;1(‘19\/)6(11 1f;(;r112%5clade 2.2 avian influenza virus. Vaccine,
]SD\:SE&GI;’ lél’gklif};gféhgtiMsf)izlggf;;e’]a]’, J\;l/(i};iz’r, i: 38.  Swayne, D.E. and Pantin-Tackwood, M. (2008) Pathobiology
Daniels, P., Wong, F. and Selleck, P. (2015) Antibody titer of avian influenza virus infections in birds and mammals.
has positive predictive value for vaccine protection against Avian Influenza, 28(1): 87-122. .
challenge with natural antigenic-drift variants of H5N1 39.  EFSA AHAW Panel, EFSA Panel on Animal Health and
high-pathogenicity avian influenza viruses from Indonesia. Welfare, More, S., Bicout, D., Botner, A., Butterworth, A.,
J. Virol., 89(7): 3746-3762. Calistri, P., Depner, K., Edwards, S., Garin-Bastuji, B.,
Yuk, S.S., Erdene-Ochir, T.0., Kwon, J.H., Noh, 1Y, Goodz M: and Gortazar Schmidt, C. (2017) Urgent request
Hong, W.T., Jeong, J.H., Jeong, S., Gwon, G.B., Shin, J.I., on avian influenza. EFSA J., 15(1): e04687.
Sur, J.H. and Song, C.S. (2017) Efficacy of clade 2.3. 2 40. Pohlmann, A., Starick, E., Harder, T., Grund, C., Hoper, D.,
HS5 commercial vaccines in protecting chickens from clade Globig, A., Staubach, C., Dietze, K., Strebelow, G.,
2.3. 4.4 H5NS highly pathogenic avian influenza infection. Ulrich, R.G. and Schinkéthe, J. (2017) Outbreaks among
Vaccine, 35(9): 1316-1322. wild birds and domestic poultry caused by reassorted
Hagag, N.M., Erfan, A.M., El_Husseiny’ M., Shalaby’ AG., influenza a (HSNS) clade 2.3. 4.4 viruses, Germany, 2016.
Saif, M.A., Tawakol, M.M., Nour, A.A., Selim, A.A., Emerg. Infect. Dis., 23(4): 633.
Arafa, A.S., Hassan, M.K. and Hassan, W.M. (2019) 41. Shehata, A.A., Sedeik, M.E., Elbestawy, AR,
Isolation of a novel reassortant highly pathogenic avian El-Abideen, M.A.Z., Ibrahim, H.H., Kilany, W.H. and
influenza (HSN2) virus in Egypt. Viruses, 11(6): 565. Ali, A.(2019) Co-infections, genetic, and antigenic related-
Vey, M., Orlich, M., Adler, S., Klenk, H.D., Rott, R. and ness of avian influenza HSNS and H5N1 viruses in domes-
Garten, W. (1992) Haemagglutinin activation of pathogenic tic and wild birds in Egypt. Poult. Sci., 98(6): 2371-2379.
seoskoskoskoskoskoskosk

Veterinary World, EISSN: 2231-0916

2141



