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ABSTRACT A total of 50 poultry farms of commer-
cial broilers (N = 39) and commercial layers (N =
11) suffered from respiratory problems and mortal-
ity during the period from January 2016 to Decem-
ber 2017 were investigated. Also, samples were col-
lected from quail (N = 4), Bluebird (Sialis, N = 1),
and Greenfinch (Chloris chloris, N = 1) for analysis.
Respiratory viral pathogens were screened by PCR and
positive samples were subjected to virus isolation and
genetic identification. Antigenic relatedness of isolated
avian influenza (AI) H5 subtype was evaluated us-
ing cross-hemagglutination inhibition. Results revealed
that the incidence of single virus infections in commer-
cial broilers was 64.1% (25/39), with the highest inci-
dence for ND (33.3%) and H9N2 (20.5%), followed by
H5N1 (7.7%) and H5N8 (2.7). Meanwhile, H9N2/ND
mixed infection was the most observed case (7.7%).
Other mixed infections H5N1/ND, H5N1/H9N2/ND,
H5N1/H9N2/ND/IB, H9N2/IB, and H9N2/ILT were
also observed (2.6% each). In commercial layers, H5N1
and ILT were the only detected single infections (18.1%

each). Mixed H9N2/ND was the most predominant in-
fection in layers (27.3%). Other mixed infections of
H9N2/IB, H5N1/H5N8/H9N2, and H9N2/ND/IB were
observed in 3 separate farms (9.1% each). The H5N8
virus was detected in one quail farm and 2 out of 3
wild bird’s samples. Partial HA gene sequence analysis
showed the clustering of the selected AI H5N8 within
the 2.3.4.4 clade, while H5N1 clustered with the clade
2.2.1.2. Interestingly, the H5N8 isolated from chickens
possessed 6 amino acids substitutions at HA1 com-
pared to those isolated from wild birds with low anti-
genic relatedness to AI H5N1 clades 2.2.1 or 2.2.1.2.
In conclusion, mixed viral infections were observed in
both broiler and layer chickens in Egypt. The detected
triple H5N1, H9N2, and H5N8 influenza co-infection
raises the concern of potential AI epidemic strain emer-
gence. The low genetic and antigenic relatedness be-
tween AI H5N1 and H5N8 viruses suggest the need
for modification of vaccination strategies of avian in-
fluenza in Egypt along with strict biosecurity mea-
sures.
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INTRODUCTION

Respiratory disease outbreaks in commercial chicken
flocks are among the most serious challenges in the
poultry industry in Egypt. The etiology of the respi-
ratory disease is multifactorial, often associated with
mixed infection by different pathogens, where an inter-
action between these pathogens and/or commensal bac-
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teria may determine the severity of the disease (Samy
and Naguib, 2018). There is a wide range of viruses that
cause respiratory infections in Egyptian poultry farms,
including avian influenza virus subtypes H5N1, H9N2,
and H5N8, infectious bronchitis virus (IBV), Newcastle
disease virus (NDV), and infectious laryngotracheitis
(ILT).

The highly pathogenic avian influenza (HPAI) H5N1
was first reported in Egypt in 2006 and declared to be
enzootic in 2008 (Aly et al., 2008; Peyre et al., 2009).
During 2010 and 2011, the low pathogenic avian in-
fluenza (LPAI) H9N2 was also reported in chickens
and quail, which added a new challenge for poultry
industry (El-Zoghby et al., 2012). Recently, the HPAI
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H5N8 was isolated from common-coot in Egypt during
December 2016 (Selim et al., 2017) and multiple in-
troductions of reassorted H5N8 viruses in wild and do-
mestic birds were reported (Anis et al., 2018; Salaheldin
et al., 2018; Yehia et al., 2018).

Since ND was identified for the first time in 1948 in
Egypt (Daubney and Mansy, 1948), ND genotypes II,
VI, and VII have been frequently reported in Egypt
in vaccinated and non-vaccinated birds resulting in se-
vere economic losses due to severe respiratory manifes-
tations and high mortality rates (Selim et al., 2018). On
the hand, IBV has been reported in Egypt in the 1950s
and outbreaks continued in Egyptian flocks despite vac-
cination with the Massachusetts (Mass) strains. This is
possibly due to the emergence of new Egyptian vari-
ants, which are closely related to the Israeli variant 2
(Abdel-Moneim et al., 2006). More recently, Egyptian
variant II, which is closely related to Israeli variant
1 was reported (Abdel-Moneim et al., 2012; Hosseini
et al., 2015) and the continued evolution of IBV field
strains lead to outbreaks in vaccinated chicken pop-
ulations (Abdel-Sabour et al., 2017). Currently, IBV
outbreaks are associated with respiratory distress and
nephropathy with high mortalities due to the circula-
tion of nephropathogenic IBV variant II strains (Ali
et al., 2018).

The co-circulation of H5N1, H9N2, and H5N8 might
play a potential role in the genesis of strains that
could present a real threat for both poultry industry
and human health. Co-infection with pathogens caus-
ing respiratory problems has been observed before in
many natural cases, e.g., LPAI H9N2 with HPAIV
H5N1 in China, Israel, Bangladesh, and Egypt (Arafa
et al., 2012; Hassan et al., 2016), IBV co-infection with
HPAIV and/or LPAIV (Roussan et al., 2008; Hassan
et al., 2016), and avian influenza with Staphylococ-
cus spp. (Tashiro et al., 1987). Mixed viral infections
were studied under experimental conditions in chick-
ens such as NDV and LPAI (Costa-Hurtado et al.,
2014; Costa-Hurtado et al., 2016) and IBV and LPAI
in chickens (Hassan et al., 2017) and found to ag-
gravate the disease condition. Though avian influenza
viruses H5N1 and H9N2 subtypes are circulating in dif-
ferent poultry production sectors in Egypt for almost
7 yr, no reassortant evidence has been reported. How-
ever, a recent study demonstrated the genetic com-
patibility of both viruses to produce new reassortant
viruses that showed variable pathogenicity with no
zoonotic potential in the ferret model (Naguib et al.,
2017).

The aim of the present study was to investigate the
viral etiologies of the respiratory syndrome in Egypt,
namely, H5N1, H5N8, NDV, IBV, and ILT during the
period from 2016 to 2017. Additionally, the genetic and
antigenic relatedness of the isolated AI H5N8 viruses to
their ancestors and the circulating H5N1 viruses were
studied.

MATERIAL AND METHODS

Clinical Samples

Samples (trachea, tracheal swabs and oropharyn-
geal swabs) were collected during the period between
January 2016 to December 2017 from commercial
chicken farms (n = 50), and quail farms (n = 3). Sam-
ples from wild birds included tracheas from bluebird
(n = 2) and Greenfinch (n = 1). Samples were allocated
in 9 Egyptian Governorates, namely, Sharkia, Qalu-
bia, Beni-Suef, Giza, Behaira, Damietta, Port Said,
Mattroh, and Aswan. Available history of investigated
farms, including bird type, number, mortality rates,
and previous vaccination regimes were recorded (Sup-
plementary Table S1). Postmortem lesions examina-
tion was performed on dead birds. Samples were pro-
cessed for the isolation and identification of causative
agents and aliquots were frozen at −80◦ C for further
analysis.

Molecular Detection of Avian Respiratory
Viruses

Viral genome was extracted using RNA/DNA ex-
traction kit (Qiagen, Germany) according to the man-
ufacturer’s instructions. All samples were tested us-
ing specific oligonucleotide primers for avian influenza
subtypes H5, H9, NDV, IBV, and ILT (Table 1). For
avian influenza, samples were tested by RT- PCR us-
ing IAV-matrix (M) gene as described by (Zakia et al.,
2013). Positive influenza A samples were subtyped us-
ing standard RT- PCR and H5, H9, and N8 gene-
specific primers (Table 1). The PCR products were ana-
lyzed by electrophoresis using 1.5% w/v agarose gel and
representative materials were purified and used for se-
quencing. The obtained HA gene-specific PCR products
were sequenced at the Virus Gene Analysis Unit of the
Reference Laboratory for Quality Control of Poultry
Production “RLQP”, Dokki, Giza, Egypt, using BigDye
Terminator v3.1 cycle sequencing kit. Sequences were
edited using EditSeq (DNASTAR Inc., Madison,
Wisconsin).

Virus Isolation and Identification

Tracheal swabs were processed and prepared as
10% suspension using sterile phosphate-buffered saline
containing penicillin (1000 IU/ml) and streptomycin
(100 μg/ml). Homogenates were clarified by centrifu-
gation at 2000 rpm for 10 min at 4◦C. Supernatants
were filtered using a bacteriological filter (0.45 um,
Millipore) and inoculated into the allantoic cavity of
10-day-old specific pathogens free embryonated chicken
eggs “SPF-ECE” (Nile SPF company, Fayoum, Egypt).
Inoculated eggs were candled daily for embryo viabil-
ity. At 72 h post-inoculation, eggs were chilled and the
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Table 1. Oligonucleotide primers used for detection of avian respiratory viral pathogens.

Virus Targeting gene Primer Size bp Reference

Avian influenza Matrix M-F TGA TCT TCT TGA AAA TTT GCA 270 (Zakia et al., 2013)
M-R TGT TGA CCA AAT GAC CCT CG

H5 H5-F GAT TGT AGT GTA GCY GGA TGG 400 (Hussein et al., 2015)
H5-R CTT GTC TGC TCT KCM KCA TC

H9 H9-F CTY CAC ACA GAR CAC AAT GG 500 (Lee et al., 2014)
H9-R GTC ACA CTT GTT GTT GTR TC

N8 N8F-ATA GTG ACC GTT GGC TCC ATT TCA 600 This study
N8R- TGT CTA TTG GCT GGA GCG TCA GTC AT

H5 HA1 UNI-RG-5 TAT TCG TCT CAG GGA GCG AAA GCA GG 1123 (Lee and Suarez, 2008)
EGY-H5-R: GCT CGT TGC TAT GGT GGT AC (Shany, 2015)

NDV HA NDV-F ATG GGC TCC AAA CCT TCT ACC AGG 1500 This study
NDV-R ATG CTC TCG TGG TGG CTC TCA TCT GAT

IBV S1 XCE1-CAC TGG TAA TTT TTC TGA TGG 464 (Cavanagh et al., 1999)
XCE1-CTC TAT AAA CAC CCT TAC A

ILT ICP4 ICP4-2F- CTT CAG ACT CCA GCT CAT CTG 636 (Chacon and Ferreira, 2009)
ICP4-2R- AGT CAT GCG TCT ATG GCG TTG AC

allantoic fluid was collected and tested by the hemag-
glutination (HA) assay (OIE, 2015). HA positive sam-
ples were further identified by the hemagglutination in-
hibition (HI) assay using specific hyperimmune sera
against ND, H9, and H5 (OIE, 2015).

Amplification and Sequencing of the HA1
of H5N8 Viruses

The UNI-RG-5 and EGY-H5-R primers (Table 1)
were used for amplification of HA1 of the 3 isolated
H5N8 viruses. The obtained gene-specific PCR prod-
ucts were sequenced at Macrogen Co (Seoul, Korea).
Sequences were edited using EditSeq (DNASTAR Inc.,
Madison, Wisconsin). The sequences were aligned with
additional virus sequences retrieved from the GenBank
for phylogenetic analysis using the neighbor-joining
method, the Tamura–Nei model, and 1000 bootstrap
replicates implemented in MEGA7.0 (Tamura et al.,
2013).

Cross-reactivity of the Isolated H5N8
Viruses with Different Clade H5N1 Viruses

Viruses To evaluate the antigenic relatedness of
the H5N8 viruses isolated in the current study to
HP H5N1 viruses, 6 H5N1 viruses representing 2.2.1,
2.2.1.1, and 2.2.1.2 clades, namely, A/chicken/Egypt/
083-NLQP/2008 (acc. no. JF746737), A/chicken/Egypt
/086Q-NLQP/2008 (acc. no. EU496398), A/chicken/
Egypt/Q1995D/2010 (acc. no. CY099579), A/duck/
Egypt/M2583D/2010 (acc. no. CY099580),
A/chicken/Egypt/M7217B/2013 (acc. no. KF881625),
and A/chicken/Egypt/A10542E/2015 (acc. no.
KU715949) were used for the preparation of specific
antisera.

Preparation of Hyperimmune Sera Selected
viruses were propagated and titrated in specific
pathogen free (SPF) embryonated chicken eggs then
suspensions were inactivated using 0.02% formalin
(Sigma Chemical Co., St. Louis, MO) for 36 h at

37◦C. Complete inactivation was assured by passag-
ing the inactivated suspensions in SPF-ECE for 3
successive passages via the allantoic sac route. The
hemagglutination activities were calculated and 350
HAU/dose were then mixed with MontanideTM ISA
70 VG adjuvant (SEPPIC SA, Puteaux, France) at a
ratio of 30:70 (w/w) at 3000 rpm using the Silverson
L5M high-shear laboratory mixer (Silverson Machines,
Inc., Buckinghamshire, United Kingdom).

For preparation of hyperimmune sera, White Leghorn
SPF chickens were purchased from Nile SPF company
(Kom–Osheim, Fayoum, Egypt). Experimental proce-
dures were reviewed and approved by the Animal Care
and Use Committee (ACUC#180215E014) of the Mid-
dle East for Veterinary Vaccines (ME VAC) Company,
Egypt. A total of five 3-week-old SPF chickens/virus
were inoculated with 350 HA unit/0.5 ml with ad-
juvant subcutaneously. The antisera were collected at
3 wk post-inoculation and tested for antibodies using
HI test.

Hemagglutination Inhibition Test and Antigenic
Relatedness The cross-HI test was performed accord-
ing to the standard protocol (OIE, 2015). The HI anti-
body titers were expressed as a reciprocal of the highest
serum dilution that had complete inhibition of hemag-
glutination. The antigenic relatedness between H5N8
and H5N1 viruses was expressed as R-value using cross-
HI titers based on the Archetti and Horsfall formula
(R = 100

√
r1 X r2 , where, r1 = titer of strain A

with antiserum B/titer of strain A with antiserum A,
r2 = titer of strain B with antiserum A/titer of strain
B with antiserum B) (Archetti and Horsfall, 1950).

RESULTS

Clinical Findings of the Examined Flocks

In the present study, investigated chicken farm’s size
ranged between 5000 and 180 000 bird/farm. The vacci-
nation schedule consisted of inactivated H9N2 & H5N1
vaccines at the age of 5 and 9 d, respectively. For
NDV, live attenuated vaccines were administered at
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day-old then every 10 to 12 d. Live attenuated IBV
vaccines were applied at day-old. Clinical manifesta-
tions in broiler farms (n = 39) involved respiratory
distress in the form of coughing, sneezing, rales, and
nasal discharge. The most common postmortem lesions
were hemorrhagic tracheitis; tracheal caseation and
generalized congestion of visceral organs. In some cases,
nervous manifestations were observed in the form of
tremors of the neck and torticollis. Mortality rates
in commercial broiler and cross-breeds “Sasso breed”
farms varied from 2 to 40% at the age of 16 to 36 d
old. In commercial layers (n = 11), the clinical disease
was more severe and mortality rates ranged between 2.4
and 30%, and were mainly observed at the young age
(18 to 70 d old) (Supplementary Table S1).

Detection of Avian Respiratory Viruses

As shown in Table 2, out of 39 commercial broiler
flocks, 25 (64.1%) flocks suffered from single viral res-
piratory infection while the mixed infection was re-
ported in 8 flocks (20.5%). None of the tested viruses
was detected in 6 flocks (15.4%). The incidence of sin-
gle infections in commercial broilers with ND, H9N2,
H5N1, and H5N8 were 13/39 (33.3%), 8/39 (20.5%),
3/39 (7.7%), and 1/39 (2.6%), respectively. Notably,
none of the tested farms showed a single IB infec-
tion. Meanwhile, H9N2 and ND mixed infections were
the most observed cases [3/39 (7.7%)]. Other mixed
infections reported in commercial broilers included
H5N1/ND, H5N1/H9N2/ND, H5N1/H9N2/ND/IB,
H9N2/IB, H9N2/ILT, [1/39 (2.6%) each]. H5N8 was
not detected in mixed infections in any of the tested
commercial broiler farms.

In commercial layers, out of 11 commercial layer
flocks, 4 (36.4%) flocks were suffered from single vi-
ral respiratory infection while mixed infections were
predominant in most of the tested farms [6 flocks
(54.5%)]. H5N1 and ILT were the only detected sin-
gle infections in commercial layers [1/11 (18.1%) each].
Double mixed infections with H9N2/ND and H9N2/IB
were reported in (3/11) and 1/11 farms, respectively.
Triple infection was observed also in 2 separate layer
farms (H5N1/H5N8/H9N2 and H9N2/ND/IB infec-
tion), 9.1% each. Of samples collected during 2016,
H5N8 virus was detected in wild birds only [quail (1/4),
bluebird (1/1) and Greenfinch (1/2)], but in 2017 the
virus was detected in both broiler and layer farms.

Virus Isolation and Identification from
Single Infection Samples

Virus isolation was only attempted from single in-
fection samples and resulted in the recovery of the fol-
lowing viruses; H5N1 (N = 3), H5N8 (N = 4), H9N2
(N = 8), ILTV (N = 2), and NDV (N = 13). The
identity and purity of the isolated viruses were con-
firmed using PCR. The sequence of 3 selected H9N2 T
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viruses exhibited an ancestor relationship to the low
pathogenic H9N2 Quail/HK/G1/1997 prototype with-
out significant genetic changes (Data not shown). Also,
partial genetic analysis of NDV isolates revealed that
all isolates (N = 13) belonged to genotype VIId (data
not shown).

Molecular Characterization of HA Genes of
Isolated H5N1 and H5N8 Strains

Avian influenza viruses H5N1 (N = 3) and H9N2
(N = 3) were further characterized by partial HA
gene sequence analysis. The isolated H5N1 viruses; A/
chicken/Sharkia/MEVACF3/2016, A/chicken/Behaira
/MEVACF35.5/2017, and A/chicken/Behaira/MEVA
CF35.17/2017 (acc. No. MH349009- MH349011) belon-
ged to the predominant 2.2.1.2 clade in Egypt
(Figure 1). Sequence analysis of H5N8 viruses revealed
that the A/chicken/Behaira/MEVACF35.2/2017 and
A/Greenfinch/Damietta/MEVACF26/2016 A/chicken
/Qalubia/MEVACF33/2017, A/Quail/Sharkia/MEVA
CF25/2016, A/Bluebird/Aswan/MEVACF24/2017,
(access. no. MH349012- MH349016) had clustered
within the 2.3.4.4 clade.

Further sequence analysis of HA1 of A/Bluebird/
Aswan/MEVACF24/2017, A/chicken/Qalubia/MEVA
CF33/2017, and A/Quail/Sharkia/MEVACF25/2016
strains revealed that these viruses had the typical multi-
basic PLREKRRK-R∗GLF cleavage site (aa 321–332,
H5 numbering). The receptor binding pocket of the
HA1 molecule had amino acid residues 222Q and 224 G,
according to H5 numbering, (Table 4). Analysis of po-
tential glycosylation sites (N-XT/S motif in which X
can be any amino acid except proline) of HA1 of cur-
rent H5N8 viruses revealed the presence of 4 poten-
tial N-linked glycosylation sites [positions 10 (NNST),
23 (NVTV), 165 (NNTN), and 286 (NSSM)]. The se-
quences of antigenic sites of H5N8 viruses were ana-
lyzed, site A contains A133, T140, and 141P, site B con-
tains N154, A156, A184, site E contains I71, A83, and
A86. Other antigenic sites are S94, 120S, 162Y, 227 D,
and 252Y. The A/chicken/Qalubia/MEVACF33/2017
isolated from chickens, possessed S56I, D88G, A134P,
N146K, M175L, and G342W different amino acids sub-
stitutions compared to the first isolated H5N8 viruses
from wild birds (Table 4). When predicted amino acid
sequences (aa 1–342) of H5N8 viruses were aligned with
H5N1, amino acid sequences of H5N8 were 79.6 to
83.3% identical to the analyzed H5N1 viruses. On the
other hand, amino acid identities among isolated H5N8
strains ranged between 97.9–99.1% (Table 5).

Antigenic Relatedness of the Isolated H5N8
to Different H5N1 Virus Clades

Six Egyptian H5N1 viruses representing different
clusters 2.2.1.1, 2.2.1.2, 2.2.1, and 3 H5N8 viruses (clade
2.3.4.4) were used in the antigenic analysis. Chicken

sera raised against inactivated H5N1 showed very low
HI titers with H5N8 viruses. While the antigenic re-
latedness among H5N1 strains ranged between 40 and
100%, the antigenic relatedness between H5N1 and
H5N8 strains varied from 22 to 40% (Table 3).

DISCUSSION

The epidemiology of avian respiratory pathogens
in Egypt has undergone substantial changes since
the emergence of HP H5N1 in 2006, vNDV and LP
H9N2 in 2011, and recently the HP H5N8 in late
2016 (Slomka et al., 2007; Hassan et al., 2016; Arafa
et al., 2016a; Kayali et al., 2016a). The current study
aimed to monitor the incidence of different respira-
tory viruses and mortality rates in sick commercial
broiler and layer chickens. Few samples were also col-
lected from wild migratory birds from northern Egypt
in 2016.

Variable mixed infections that mainly involved H9N2
virus were observed in commercial broilers and layers.
Therefore, farms that exhibited mixed infections mainly
showed higher mortality rates compared to those with
single infections. Respiratory co-infections, especially
those involving H9N2 and IBV, were reported to be
more common during the last decade in Egypt and
showed significant alterations in clinical signs, severity,
and mortality rates (Hassan et al., 2016; Young et al.,
2016; Hassan et al., 2017; Samy and Naguib, 2018). No-
tably, a triple H5N1, H9N2, and H5N8 avian influenza
co-infection was detected in a commercial layer flock
from Sharkia governorate. This unique epidemiological
situation in Egypt raises a concern about the potential
emergence of a new influenza A virus epidemic strains
(Kim, 2018).

Genetic analysis of the isolated H9N2 viruses showed
that they belong to the G1 lineage. It has been claimed
that co-infection of H9N2 with other respiratory viruses
complicates the clinical picture (Hassan et al., 2017),
possibly via the IBV trypsin-like proteases activate the
HA cleavage of H9N2 (Ng and Liu, 2000). The NDV was
detected in 13 commercial broiler flocks despite inten-
sive vaccination regimes. The widespread of the geno-
type VII NDV infection in commercial broilers might be
attributed to the short lifespan of broiler chickens that
does not allow full protective immunity by inactivated
or classical live vaccines (Ji et al. 2018). Additionally,
the retarded biosecurity, mixed infections, and/or the
difference between the circulating and vaccine strains
may count for such evidence (Hassan et al., 2016). All
isolated ND viruses confirmed that they belonged to
genotype VII, which is in consent with previous studies
(Mohamed et al., 2011; Radwan et al., 2013; Saad et al.,
2017).

Due to the continuous evolution of H5N1 virus un-
der vaccination pressure, subclades 2.2.1 and 2.2.1.1
emerged between 2008 and 2011 in association with
backyard and commercial poultry breeding (Grund
et al., 2011; Kayali et al., 2016b). In this study,
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Figure 1. Phylogenetic analysis of isolated H5N1 and H5N8. The tree was generated using neighbor-joining method, the Tamura-Nei model,
and 1000 bootstrap replicates implemented in MEGA7.0. H5N8 (circle) were clustered with 2.3.4.4 viruses however, new H5N1 isolates (square)
clustered with 2.2.1.2 clades. The viruses used for antigenic relatedness studies are indicated (triangle). The first isolated H5N8 virus is indicated
(Diamond).
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Table 3. Cross-reactivity (hemagglutination inhibition titers) and antigenic relatedness (%) between H5N8 and H5N1 of different
clades.

Viruses Subtype Clades Acc. No. 1 2 3 4 5 6 7 8 9

1. A/chicken/Egypt/086Q-NLQP/2008 H5N1 2.2.1.1 EU496398 40 77 71 82 93 40 33 27
2. A/chicken/Egypt/A10542E/2015 2.2.1.2 KU715949 5 67 88 72 47 29 29 29
3. A/chicken/Egypt/Q1995D/2010 2.2.1.1 CY099579 5 5 72 58 58 25 22 27
4. A/duck/Egypt/M2583D/2010 2.2.1 CY099580 3 6 6 65 50 25 31 31
5. A/chicken/Egypt/M7217B/2013 2.2.1 KF881625 4 5 6 6 72 29 24 24
6. A/chicken/083-NLQP/2008 2.2.1 JF746737 4 3 6 6 6 14 29 29
7. A/Bluebird/Aswan/MEVACF24/2017 H5N8 2.2.3.4 MH349015 3 2 5 4 2 2 100 94
8. A/Quail/Sharkia/MEVACF25/2016 2.2.3.4 MH349014 3 3 2 3 2 3 8 94
9. A/chicken/Qalubia/MEVACF33/2017 2.2.3.4 MH349012 2 3 3 3 2 3 7 7

Cross-HI antibody titers (log2) A
nt

ig
en

ic
re

la
te

dn
es

s
(%

)

Antigenic relatedness calculated using the Archetti and Horsfall formula (Archetti and Horsfall, 1950).

single and/or mixed HP H5N1 virus infections were
common in both poultry production sectors. All iso-
lated viruses belonged to clade 2.2.1.2. This clade has
been reported to represent the most predominant H5N1
viruses in Egypt compared to clades 2.2.1 and 2.2.1.1
(El-Shesheny et al., 2012; Arafa et al., 2016b).

In the current study, the HPAI H5N8 virus was only
detected in samples collected from bluebird, quail,
and greenfinch during 2016. However, by early 2017
the H5N8 virus was detected in both commercial
broiler and layer chickens (Salaheldin et al., 2018;
Yehia et al., 2018). Sequence analysis of the isolated
H5N8 revealed that it belongs to the 2.2.3.4b clade.
Though partial HA gene sequences were recovered,
different amino acid differences were noticed among

the isolated H5N8 viruses from domestic chickens
compared to their counterparts from wild birds
(93.8 to 98.2% amino acids identities). For instance,
the strain A/chicken/Qalubia/MEVACF33/2017
H5N8 possessed 6 amino acids substitutions (S56I,
D88G, A134P, N146K, M175L, G342W) compared
to the first detected H5N8 in Egypt (A/Common
coot/Egypt/CA285/2016). None of these amino acid
changes is in the previously reported important genetic
sites, however, their biological properties need to be
elucidated. Meanwhile, all the isolated H5N8 viruses
retain the preferential binding to α-2–3-Gal avian-like
receptors as indicated by aa 222Q and 224 G at the
receptor binding pocket of the HA1 molecule (Kandeil
et al., 2017). The differences between domestic and

Table 4. Predicted amino acids of the HA1 gene of the isolated H5N8 isolates compared to other H5N8 viruses.

RBS HA amino acid substitutions

Virus Cleavage site 222 224 72 104 150 162 180 191 293 285 358

A/Bluebird/Aswan/MEVACF24/2017 PLREKRRKRGLF Q G S D A N Y M K V G
A/Quail/Sharkia/MEVACF25/2016 PLREKRRKRGLF Q G S D A N Y M K M G
A/chicken/Qalubia/MEVACF33/2017∗ PLREKRRKRGLF Q G I G P K Y L K M W
A/Greenfinch/Egypt/MEVAC F26/2016∗ – – – – D A N F M K – –
A/Chicken/Egypt/MEVAC F35.2/2017∗ – – – – D A N Y M K – –
A/green-winged teal/Egypt/877/2016 PLREKRRKRGLF Q G S D A N Y M K V G
A/Common-coot/Egypt/CA285/2016∗∗ PLREKRRKRGLF Q G S D A N Y M K V G
A/duck/DRC/17RS882-5/2017 PLREKRRKRGLF Q G S D A N Y M R V G
A/chicken/Israel/881/2016 PLREKRRKRGLF Q G S D A N Y M K V G

∗Partial sequence analysis of HA1 (aa 92 to 204 according to H5 numbering).
∗∗First isolated H5N8 from wild birds in Egypt.

Table 5. Nucleotide and amino acid identities of the HA1 gene of the isolated H5N8 isolates compared to the first isolated H5N8
from Egypt and other isolates.

Virus 1 2 3 4 5 6 7 8 9

1. A/green-winged teal/Egypt/877/2016 96.5 99.4 99.1 98.8 97.3 100 99.4 99.7
2. A/Greenfinch/Egypt/MEVAC F26/2016 96.8 97.3 97.3 93.8 97.3 96.5 95.6 95.6
3. A/Bluebird/Aswan/MEVACF24/2017 98.5 98.5 99.7 98.2 98.2 99.4 98.8 99.1
4. A/Quail/Sharkia/Egypt/MEVACF25/2016 98.2 98.5 99.7 97.9 98.2 99.1 98.5 98.8
5. A/chicken/Qalubia/MEVACF33/2017 98.3 95.9 98.4 98.3 94.7 98.8 98.2 98.5
6. A/Chicken/Egypt/MEVAC F35.2/2017 97.4 98.8 98.5 98.5 96.5 97.3 96.5 96.5
7. A/chicken/Israel/881/2016 99.1 97.4 99.2 98.9 99.2 97.9 99.4 99.7
8. A/duck/DRC/17RS882-5/2017 99 96.5 98.7 98.4 98.5 97.1 99.3 99.1
9. A/chicken/Cameroon/17RS1661-1/2017 99.4 96.2 98.5 98.2 98.3 96.8 99.1 99 A
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Nucleotide identity (%)
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wild birds H5N8 isolates further support previous
reports of separate introductions of HPAI H5N8
viruses in domestic poultry in Egypt (Salaheldin et al.,
2018; Yehia et al., 2018).

In Egypt, licensed avian influenza commercial vac-
cines represent HPAI H5N1 of 2.2.1, 2.2.1.1, and 2.2.1.2
clades. Though the efficacy of some commercial vac-
cines against HP H5N8 viruses ranged between 80 to
90%, all these trials were under experimental conditions
(Kapczynski et al., 2017; Santos et al., 2017; Kandeil
et al., 2018). Nevertheless, field observations indicate
that both commercial broiler and layer chickens are
not protected by H5N1 vaccination. Thus, the cross-
reactivities of different H5N1 clades with the isolated
H5N8 viruses were analyzed. Antisera raised against in-
activated H5N1 viruses belonging to clades 2.2.1 and
2.2.1.2 showed minimal reactivity with H5N8 viruses
suggesting poor cross-protection. Though the heterol-
ogous protection of H5N1 vaccines against H5N8 chal-
lenge was attributed to the antibody-dependent cell-
mediated cytotoxicity (ADCC), it was not clear if the
increase of ADCC response would be adequate to pro-
tect vaccinated mice against H5N8 virus infection (Park
et al., 2016).

Though not included in the current study, the role
of other factors including immunosuppressive diseases,
potential viral interference conditions during mixed in-
fections (Aouini et al., 2018), and secondary bacterial
infections (Chu et al., 2017) in increased pathogenicity
of different viruses need to be taken in consideration.
To conclude, the high rate of mixed infections and poor
biosecurity measures are contributing to the increased
vulnerability to infection. Hence, modification of vacci-
nation strategies using H5N1 vaccines (e.g., double dose
regimes in broilers) accompanied with strict biosecurity
measures and/or the development of H5N8 specific vac-
cine were suggested.

SUPPLEMENTARY DATA

Supplementary data are available at Poultry Science
online.

Table (1): Prevalence of respiratory viruses in com-
mercial broiler farms.
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