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Molecular characterization of avian influenza viruses (H5N2, H5N8, 
H5Nx and H9N2) isolated from chickens and ducks in the South of 
Egypt 2020 – 2021

Introduction

Influenza viruses belong to the family Orthomyxoviridae which is 
composed of Influenzavirus A, Influenzavirus B, Influenzavirus C, and 
Influenzavirus D genera (Nuñez and Ross, 2019). Its genome comprises 
eight segments, single-stranded, negative-sense RNA encoding over 11 
proteins. These proteins are hemagglutinin (HA) and neuraminidase (NA), 
which formed surface glycoproteins, transcriptase proteins (PB2, PB1, and 
PA), matrix proteins (M1 and M2), nucleoprotein (NP), and nonstructural 
(NS1 and NS2) proteins (Wright, 2007).

Influenza A viruses are classified according to the antigenic proper-
ties of the surface glycoproteins HA and NA into 16 HA and 9 NA sub-
types identified in poultry and wild birds (Wang et al., 2022). All avian 
influenza virus subtypes have been reported in wild birds, the natural 
reservoir, which usually shows asymptomatic infections, with few report-
ed cases suffering from clinical signs (Alexander, 2007). 

Avian influenza (AI) is a significant risk factor for poultry investment 
in Egypt because many AI virus subtypes are circulated among poultry on 
the same farms. High-pathogenic (HP) AI viruses of subtype H5N1 (clade 
2.2) and low-pathogenic (LP) AI H9N2 have been circulating in poultry 
farms since their detection in 2006 and 2010, respectively (El-Zoghby et 
al., 2012). The emergent chicken H9N2 reassortant containing viral genes 
from quail H9N2 (HA, NP, and NA segments) and pigeon H9N2 (PB2, PB1, 
PA, and M segments) isolated in 2014 has been reported as the paren-
tal donor of seven gene segments for the novel HPAIVH5N2 reassortant 
from broiler chicken flocks in Beheira and Fayoum in 2019 (Hagag et al., 
2019; Hassan et al., 2020). Continuous evolution of H5N2 clades 2.3.2.1a 
and 2.3.4.4c through genetic reassortment with other AIV HA subtypes 

has been recorded in many Asian countries such as Chian and Bangla-
desh (Cui et al., 2020; El-Shesheny et al., 2020; Li et al., 2020). Since 2016, 
HPAIVH5N8 has become endemic with repeated virus detection among 
poultry flocks in Egypt (Selim et al., 2017; Yehia et al., 2018; Sultan et al., 
2022) and several genotypes, about 7 genotypes, have been demonstrat-
ed for clade 2.3.4.4b H5Nx among birds in Egypt since 2016. Also, wild 
birds have contributed to internal genes of H5Nx and H9N2 circulating 
in Egypt (Hassan et al., 2020). In addition to that, LPAIVH7N3 has been 
detected in wild birds donating gene segments to HPAIVH5N8 circulating 
among chicken farms (Naguib et al., 2019). Because of HPAIVH5N8, 2,782 
outbreaks resulted in the death of approximately 38 million birds in over 
25 countries (Cui et al., 2022). Since 2014 AI H5N8 viruses have been 
reported as the prevalent H5 subtype among avian species worldwide 
(Lycett et al.,2020). Although HPAI H5N8 viruses were repeatedly detect-
ed in wild and domesticated birds during 2020 – 2021 all over the world 
(Lewis, et al.,2020), they were isolated from workers in an infected poultry 
farm in Russia (WHO,2021). Some LPAIV subtypes, particularly H5 and H7, 
can evolve into HPAIVs by recombination and mutation (Alexander, 2000; 
Tang et al., 2021).

The current study was designed to investigate the AIV subtypes’ ep-
idemiological status among chickens and ducks in the south of Egypt 
during 2020-2021 through isolation, molecular characterization, subtyp-
ing and genetic analysis of circulating AIV isolates. 

Materials and methods

Collection of samples 

 A total of 143 samples were collected from broiler chicken (n=99) 
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and duck (n=44) flocks at different localities in Qena (n=105) and Luxor 
(n=38) governorates during 2020. The tracheal swabs were collected from 
alive broiler chickens of 7 - 35 days old showing respiratory and nervous 
manifestations, while organs (proventriculus, liver, trachea, spleen, lung, 
intestine, and cecal tonsils) were collected from diseased freshly dead 
birds showing cyanosis in comb and wattles with facial edema, and hem-
orrhage in the hock and shank (Fig. 1). Intestinal congestion, congestion 
in the bursa and petechial hemorrhage in proventriculus were observed 
during the postmortem (PM) examination (Fig. 1). Cloacal swab samples 
were collected from apparently healthy ducks (Muscovy and French) of 
2 - 3 months old. The swabs were mixed with phosphate buffer saline 
(PBS) containing antibiotics and antifungals. The collected samples were 
transferred on ice to the laboratory of Virology, Microbiology depart-
ment, Faculty of Veterinary Medicine, South Valley University, and kept at 
-08°C until processing.

Preparation of sample and isolation of AIV into embryonated chicken eggs 
(ECEs)

To isolate the virus from organs, 1 g of the target organ was cut into 
small pieces, grinded in a porcelain mortar, and suspended in PBS con-
taining an antibiotic and antifungal mixture in a 1:9 ratio. After incubation 
overnight in the refrigerator the mixture was centrifuged at 3000 rpm/10 
min. the isolation of the virus from tracheal and cloacal swabs was pre-
pared by dissolving the swab content in 1 ml PBS containing an antibiotic 
and antifungal mixture and debris was precipitated by centrifugation at 
3000 rpm / 10 min. A total of 0.2 ml of the prepared sample supernatant 
was inoculated in 10-day-old embryonated chicken eggs via the allantoic 
cavity. The inoculated ECEs were incubated at 37°C for 4 days with daily 

observing of the embryo viability. The allantoic fluids (AFs) were collected 
from dead or alive ECEs after overnight chilling and used for virus confir-
mation by hemagglutination test. The dead embryos before 24 hr. were 
considered non-specific death.

Detection of AIV propagated in embryonated chicken eggs using HA test

The collected allantoic fluids were subjected to an HA test according 
to WOAH (2021). The HA-negative samples were re-inoculated in ECEs to 
confirm the presence or absence of the virus. The HA-positive samples 
were stored at -80°C for molecular study.

Molecular detection of AIV using of RT-PCR

Extraction of Nucleic acid: The RNA was extracted from the allantoic 
fluids showing HA activity using EasyPure Viral DNA/RNA kit (TransGen 
biotech, China) according to manufacturer instructions. The obtained 
RNA was used as a template for reverse transcription polymerase chain 
reaction (RT-PCR). To detect the presence of AIV one one-step RT-PCR 
was conducted using a OneStep RT-PCR kit (GeneDirex Inc., Korea) and 
specific primers for the M gene of AIV (Table 1). The reaction mixture was 
adjusted for 25ul containing; 12.5ul 2x reaction mix, 1ul of each primer 
(10uM), 1ul RT/HotStar Taq mix, 5ul from extracted RNA, and 4.5ul RNase-
free water. The thermal profile was carried out according to Starick et al. 
(2000).

Molecular, genetic identification, subtyping of AIV M gene of positive sam-
ples

The positive AIV isolates were subtyped by RT-PCR using specific 
primers (Table 1) detecting N2, H5, H9, and N8 subtypes following the 
same RT-PCR reaction master mix and thermal profiles described by 
Wright et al. (1995); Starick et al., (2000); Chaharaein et al. (2006) and Qiu 
et al. (2009).

Molecular identification, sequencing and phylogenetic analysis of AIV

QIAquick Gel Extraction Kit (Qiagen, USA) was used to purify posi-
tive amplicons of H5, N2, and N8 from the gel as per the manufacturer 
manual. BigDye Terminators v3.1Cycle Sequencing Kit (Applied Biosys-
tems, Foster City, CA, USA) was used to directly sequence the purified 
PCR products using ABI PRISM3500 genetic analyzer (Applied Biosys-
tems, USA) used to sequence the purified products directly. To identify 
the sequence identity BioEdit software and Clustal W version 7.2 were 
used, and connected sequence data were aligned with reference strains 
obtained from GenBank. The phylogenetic tree was constructed using 
the maximum likelihood (ML) method, the general likelihood reversible 
substitution model, and performed with bootstrap test (1000 replication) 
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Target gene Primer name Primer Sequence (5´- 3´) RT-PCRproduct (bp) References

M 
AIV-M1-F  AGCGTTAGACGCTTTGTC

601

Starick et al. (2000)
AIV-M1-R  GACGATCAATCCAC

H5
H5-F GGAACATCAACACTRAAYCAAGAG

456
H5-R TACACATTGGGTGATTG

H9
H9-F ATCGGCTGTTAATGGAATGTGTT

221 Chaharaein et al. (2006)
H9-R TGGGCGTCTTGAATAGGGTAA

N2
N2-F ATGGTCCAGCTCAAGTTGTCA

434 Wright et al. (1995)
N2-R TCCAGTTATGTGTTGCTCAGG

N8
N8-F ACAGTCRTTAGGGAATAC

362 Qiu et al. (2009)
N8-R TACACATTGGGTGATTG

Table 1. Oligonucleotide primer sequences are used for the detection, subtyping, and sequencing of isolated AI viruses.

Fig.1. Showing the characteristic clinical signs and PM lesions (white arrow) of AIV ob-
served on alive or dead birds during sample collection. A) Cyanosis in the comb and wattles, 
and periorbital edema. B) Ecchymotic hemorrhage on the shank. C) Congestion in bursa. D) 
Hemorrhages at a tip of the proventriculus. E) Petechial hemorrhage in all proventriculus, 
and F) Congestion in blood vessels of duodenum.



using MEGA 6 software (Tamura et al., 2013).

Accession numbers of AIV

The sequences of the obtained isolates in this study have been depos-
ited in GenBank under the following accession numbers: OR262330 for A/
chicken/Egypt-Qena/47/2020 (H5), OR262331 for A/chicken/Egypt-Lux-
or/15/2020 (H5), OR262332 for A/chicken/Egypt-Luxor/18/2020 (H5), 
OR262333 for A/chicken/Egypt-Qena/32/2020 (H5), OR262338 for A/
chicken/Egypt-Qena/47/2020 (N2), OR262339 for A/chicken/Egypt-Qe-
na/32/2020 (N2), OR263457 for A/Muscovy-duck/Egypt-Qena/13D/2020 
(N8) and OR263458 for A/chicken/Egypt-Luxor/18/2020 (N8).

Results

Detection of AIV propagated in embryonated chicken eggs using HA test

The prevalence of AIV in broiler chickens and duck samples was re-
ported. Out of 143 samples collected from broiler chickens and ducks in 
Qena and Luxor governorates 15 samples could be propagated in ECEs 
and were positive by HA test. These samples were confirmed as AIV using 
RT-PCR and specific primers targeting the M gene with a PCR product 
size of 601 bp (Table 2 and Fig. 2). The AIV was detected in 12/99 (12.1%) 
samples from broiler chickens and 3/44 (6.8%) samples from ducks. In-
terestingly, HA titers were 25 – 210 for isolates obtained from chickens 
showing clinical signs characteristic of AIV while these titers were 210 for 
isolates from ducks with no clinical signs (Table 3). The AIV isolates were 
detected at a higher rate in samples collected from birds in Luxor 15.8% 
(6/38) than these samples collected from birds in Qena 8.6% (9/105).

Molecular detection, genetic identification, subtyping of AIV M gene, Se-
quencing and Phylogenetic Analysis of AIV subtypes in chicken and duck 
samples

The AIV M gene-positive isolates were identified for HA and NA gene 
subtypes using H5, H9, N2, and N8 specific primers to detect the most 
common subtypes circulating among chicks and ducks. Out of 15 AIV 
isolates assessed with H5 primers, 12 isolates were positive for H5 with 
RT-PCR product size of 456 bp (Table 3 and Fig. 3). The H9 subtypes were 
detected in 2 isolates and the other isolate was non-H5 or H9 (Table 3). 
The co-infection of both subtypes (H5 and H9) could not be detected 
(Table 3). Further subtyping of the NA gene revealed that 4 isolates were 
N2 with PCR products of 434 bp (Table 3 and Fig. 4) and 2 isolates were 
N8 subtypes producing PCR products of 362 bp as shown in Fig. 5 and 
Table 3.

The subtyping results of HA and NA revealed that 2 H5N8 isolates 
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No. of samples Type of sample Avian species Vaccination status for AIV No. of AIV positive sample

10 Tracheal swab Broiler chickens Non vaccinated 2

44 Cloacal swab Ducks Non vaccinated 3

25 Liver Broiler chickens Non vaccinated 4

14 Lung Broiler chickens Non vaccinated 2

15 proventriculus Broiler chickens Non vaccinated 2

25 Intestine Broiler chickens Non vaccinated 1

10 Duodenum Broiler chickens Non vaccinated 1

Table 2. The prevalence of AIV isolates obtained from collected samples.

Sample ID Species Governorate HA RT-PCR
AIV-M gene H5 H9 N2 N8

18 Chicken broilers Luxor 27 601bp + ve *NS NS + ve

32 Chicken broilers Qena 29 601bp + ve NS + ve NS

47 Chicken broilers Qena 27 601bp + ve NS + ve NS

12 Chicken broilers Qena 25 601bp + ve NS NS NS

15 Chicken broilers Luxor 26 601bp + ve NS NS NS

22 Chicken broilers Luxor 26 601bp + ve NS NS NS

23 Chicken broilers Luxor 26 601bp + ve NS NS NS

28 Chicken broilers Luxor 29 601bp + ve NS NS NS

39 Chicken broilers Qena 210 601bp + ve NS NS NS

45 Chicken broilers Qena 210 601bp + ve NS NS NS

48 Chicken broilers Qena 210 601bp + ve NS NS NS

79 Chicken broilers Qena 26 601bp NS NS NS NS

12D Ducks Qena 210 601bp NS + ve + ve NS

39D Ducks Luxor 210 601bp NS + ve + ve NS

13D Ducks Qena 210 601bp + ve NS NS + ve

Table 3. Serological and molecular identification of the isolated AI viruses from broiler chickens and ducks.

Fig. 2. RT-PCR results of extracted nucleic acid from HA-positive isolates using M gene 
primers for AIV showing amplicon size of 601 bp. (A) Lanes 1 and 6: negative samples, 
lanes 2 – 5 and 7 - 9: positive AIV isolates (12, 39D, 28, 22, 45, 48, and 15, respectively). 
B) Lanes 10 - 11, and 13: positive AIV isolates (13D, 32, and 79), Lanes 12 and 14: negative 
samples; Lane M: 50 bp DNA Ladder.

*NS means not subtyped using current primers of H5, H9, N2 and/or N8



were identified from a chicken and a duck origin while 2 H5N2 subtype 
isolates were detected from chickens only and 2 H9N2 isolates were ob-
tained from ducks only. H5Nx (non-N2 or N8) subtypes were identified 
from 8 chicken samples (Table 3). One isolate from chicken could not be 
subtyped for HA and NA subtype by these primers (Table 3). 

Phylogenetic Analysis 

The nucleotide sequences of the 4 H5 (456 nt), 2 N2 (434 nt), and 2 
N8 (362 nt) viruses from this investigation were aligned with other iso-
lates from Egypt and worldwide and deposited in GenBank. The evolu-

tionary phylogenetic trees were constructed based on these sequences.
H5 tree

Fig. 6 showed that the phylogenetic tree based on sequence anal-
ysis of nucleotide sequences of 4 H5 isolates; A/chicken/Egypt-Lux-
or/15/2020(H5), A/chicken/Egypt-Luxor/18/2020(H5), A/chicken/
Egypt-Qena/32/2020(H5) and A/chicken/Egypt-Qena/47/2020(H5) in 
comparison with the represented sequences obtained from the GenBank. 
They found nearby these isolates from duck, chicken, turkey, and pigeon 
that isolated in Egypt (2017, 2019, 2020, and 2021 as well as Spain (2022) 
and Kazakhstan (2020) isolates (Fig. 6). The isolates were clustered into 
two groups; one group contains A/chicken/Egypt-Qena/47/2020(H5), 
and the second group contains the other three isolates located near-
by the A/chicken/Kazakhstan/23/2020/H5N8 isolate. The isolates A/
chicken/Egypt-Luxor/15/2020 (H5), A/chicken/Egypt-Qena/32/2020(H5), 
and A/chicken/Egypt-Qena/47/2020(H5) are closely related to the iso-
late A/chicken/Kazakhstan/23/2020(H5N8) with nucleotides identities 
of 99.56%, 98.9% and 99.24%, respectively, (Table 4). In the other hand, 
the isolate A/chicken/Egypt-Luxor/18/2020 (H5) was nearby the isolate 
A/Duck/Egypt/BEH2/2020(H5N8) and showed a nucleotide identity of 
98.69 %.

Current isolate ID Closely Related Strain from GenBank Identity (%) Accession no.

A/chicken/Egypt-Luxor/15/2020 (H5) A/chicken/Kazakhstan/23/2020(H5N8) 99.56 ON943054

A/chicken/Egypt-Luxor/18/2020 (H5) A/Duck/Egypt/BEH2/2020(H5N8) 98.69 OL362014

A/chicken/Egypt-Qena/32/2020 (H5) A/chicken/Kazakhstan/23/2020(H5N8) 98.9 ON943054

A/chicken/Egypt-Qena/47/2020(H5) A/chicken/Kazakhstan/23/2020(H5N8) 99.24 ON943054

A/Muscovy duck/Egypt-Qena/13D/2020 (N8) A/reassort ant/IDCDC-RG71A (Astrakhan/3212/2020 Puerto Rico/8/1934) (N8) 98.87 OM403994

A/chicken/Egypt-Luxor/18/2020 (N8) A/reassort ant/IDCDC-RG71A (Astrakhan/3212/2020 Puerto Rico/8/1934) (N8) 98.87 OM403994

A/chicken/Egypt-Qena/47/2020 (N2) A/Arizona/4/2006(N2) 100 EU100495

A/chicken/Egypt-Qena/32/2020 (N2) A/Arizona/4/2006(N2) 100 EU100495

Table 4. The nucleotide identities between current isolated avian influenza viruses and closely related strains obtained from GenBank.

Fig. 3. Results of H5 subtyping by RT-PCR for AIV positive isolates using H5 primers, 456 
bp amplicon indicating H5 subtype. Lane M: 50 bp DNA Ladder. A) Lanes 3 - 4, and 7 -8: 
H5 positive isolates, lanes 1, 5, and 6: non-H5 subtype AIV isolates. B) Lanes 10 - 14: H5 
positive isolates, lane 9: non-H5 subtype AIV isolates. C) Lanes 16- 17: H5 positive isolates, 
lane 15: non-H5 subtype AIV isolates.

Fig. 4. RT-PCR subtyping of N2 for AIV positive isolates using N2-specific primers where 
positive N2 subtype isolates show 434 bp product size. Lane M: 50 bp DNA Ladder. Lanes 
4 – 5, and 10 -11: indicating N2 subtype AIV isolates. Lanes 1 -3, and 6 – 9: indicating 
non-N2 subtype AIV isolates.

Fig. 5. RT-PCR results of N8 subtyping for AIV positive samples showing positive isolates 
with an amplicon size of 362 bp. PC: positive control (H5N8 lab. isolate). Lane M: 50 pb 
DNA Ladder. Lanes 2 and 9: indicating subtype N8 AIV isolates (13D and 18). Lanes 1, 
3 - 8, and 10 – 11: non-N8 AIV subtype isolates. NC: negative control (master mix without 
template RNA).

Fig. 6. Maximum-likelihood phylogenetic tree based on H5 nucleotide sequences of avian 
influenza isolates from Qena and Luxor governorates indicated by red color and triangle and 
reference strains of H5 subtypes available in the GenBank database. Numbers at each node 
indicated bootstrap values. Phylogenetic analysis was conducted using MEGA 6 software, 
the general likelihood reversible substitution model, and a bootstrap value of 1000 repeats. 
The scale bar indicates 0.005 nucleotide substitutions per site.
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N8 tree

The phylogenetic tree based on sequence analysis of 2 N8 nu-
cleotide sequences for A/Muscovy-duck/Egypt-Qena/13D/2020(N8) 
and A/chicken/Egypt-Luxor/18/2020(N8) in comparison with the rep-
resented sequences obtained from the GenBank (Fig. 7). The two iso-
lates were nearby A/spot-billed-duck/shanghai/JDS20867/2020(H5N8), 
A/Cygnus Columbians/Hubei/116/2020(H5N8), A/reassortant/ID-
CDC-RG71 (Astrakhan/3212/2020 XPuertoRico/8/1934(H5N8)), A/
Muleˍduck/France/20338/2020 (H5N8), A/Chicken/Nigeria/NRD21 
ˍ21VIR2288-5/2021 (H5N8), and A/chicken/Nigeria/VRD21 ˍ100 
ˍ21VIR2370-423/2021(H5N8). These isolates are in clade 3.3.4 group B. 
The isolates A/Muscovy-duck/Egypt-Qena/13D/2020(N8), and A/chick-
en/Egypt-Luxor/18/2020(N8) showed nucleotides identity of 98.87% to 
A/reassortant/IDCDC-RG71 (Astrakhan/3212/2020 XPuertoRico/8/1934 
(H5N8)) as shown in Table 4. 

N2 tree

The phylogenetic tree based on nucleotide sequence analysis 
of A/chicken/Egypt- Qena/47/2020(H5N2), and A/chicken/Egypt-
Qena/32/2020(H5N2) isolates in the current study in comparison with 
the represented sequences retrieved from the GenBank (Fig. 8) showed 
their close relation to A/Homosapiens/India/149/2017 (N2), A/Chicken/
Belgium/150/1999 (H5N2), A/Swine/Kansas/14-032899/2014 (H1N2), A/
Arizona/4/2006 (N2) and A/Michigan/16/2003 (N2). The two isolates A/
chicken/Egypt-Qena/47/2020 (N2) and A/chicken/Egypt-Qena/32/2020 
(N2) have nucleotides identity of 100% to A/Arizona/4/2006(N2) as 
shown in Table 4.

Discussion

Egypt has been considered an AIVs endemic country since February 
2006 (Mohamed et al., 2019). This study was conducted to evaluate the 

epidemiological status and elucidate the prevalence of different subtypes 
of AIV among chickens and ducks that have been reared in Qena and 
Luxor governorates in South Egypt during 2020. The RT-PCR targeting 
the M segment is widely used to estimate the prevalence of AIV and is 
sometimes used to screen samples for virus isolation and characterization 
(Ferro et al., 2008; 2010).

AIV isolates among non-vaccinated chickens were detected by RT-
PCR where 12/15 (80%) isolates were H5 (9 from chickens and 3 from 
ducks). H5 AI viruses are not only causing severe mortality among various 
avian species worldwide, but they can also spill over to infect mammals 
and humans (Kuiken, 2023).

Subtyping revealed that 2 isolates were H5N2, 2 isolates were H5N8, 
and 8 isolates H5Nx. The isolation of H5N2 from chickens in the current 
study is congruent with Hagag et al., (2019) and Hassan et al., (2020) who 
stated the presence of novel H5N2 reassortant among chickens in lower 
Egypt. 

HPAI H5N8 viruses exhibit asymptomatic disease in geese and ducks 
with prolonged virus shedding (Son et al., 2018) while adaptation of the 
virus in chickens may be the main cause of its high pathogenicity (Pan-
tin-Jackwood et al., 2017; Rohaim et al., 2021). It agrees with the current 
results of H5N8 isolation from a duck cloacal swab showing no clinical 
signs and chicken organs showed AIV clinical signs. Several outbreaks 
have been reported in backyards and commercial farms in various Egyp-
tian governorates attributed to H5N8 clade 2.3.4.4b which was closely 
related to Russian H5N8 (OIE, 2017; Hassan et al., 2020; Yehia et al., 2018; 
Yehia et al., 2020). This detection of H5N8 among chick flocks poses a 
public health concern where this virus could be transmitted to workers 
(Pyankova et al., 2021; WHO, 2021). 

The high prevalence of H5Nx viruses significantly harms poultry pro-
duction (Bertran et al., 2019) due to its ability to evolve the antigenic sites 
of the surface glycoprotein antigens HA and NA (Sautto et al., 2018). In 
the last decade, influenza A viruses of subtype (H5Nx) have continued 
to circulate in migratory birds and spread to infect domestic poultry in 
many countries worldwide (Pohlmann et al., 2022). AIV H5Nx viruses are 
a severe threat to poultry production (Bertran et al., 2019), as they can 
introduce mutations in the antigenic sites of the surface glycoprotein an-
tigens HA and NA (Sautto et al., 2018). According to a previous study, 
broilers were in high danger from AIVs by industry stakeholders. Their 
results revealed that although various AIV subtypes such as H5Nx and 
H9N2 were generating rare outbreaks, they are enabling AIV mutations 
(Shi et al., 2018). The high prevalence of H5 AIV may be attributed to the 
following; the lack of bio-security measures in the area of sample col-
lection, the low percentage of vaccinated flocks, vaccination inefficient, 
collection of samples either from outbreaks or individual cases and bird 

Fig. 7. Maximum-likelihood phylogenetic trees of the N8 nucleotide sequences of avian 
influenza isolates from Qena and Luxor governorates (red color and triangle) and reference 
strains of N8 subtypes retrieved from the GenBank database. Numbers at each node indicate 
bootstrap values. Phylogenetic analysis was conducted using MEGA 6 software, the general 
likelihood reversible substitution model, and a bootstrap value of 1000 repeats. The scale 
bar indicates 0.02 nucleotide substitutions per site.

Fig. 8. Maximum-likelihood phylogenetic trees of the N2 gene of avian influenza isolates 
in (Qena and Luxor) with reference strains of N2 subtypes available in the GenBank data-
base. The H5N2 strains isolated in 2020 are indicated by red color and triangle. Numbers at 
each node indicate bootstrap values. Phylogenetic analysis was conducted using MEGA 6 
software, the general likelihood reversible substitution model, and a bootstrap value of 1000 
repeats. The scale bar indicates 0.02 nucleotide substitutions per site.
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species (Suarez and Perdue, 1998; Hassan et al., 2020). 
Also, 2/15 samples were H9N2, and one sample was Hx (non-H5 or 

H9) Nx (non-N2 or N8) this result indicated that there may be another 
subtype circulating in the field other than H5 and H9 subtypes. The low 
prevalence of H9N2 in comparison with H5 subtypes agrees with the re-
sults reported by Osman et al. (2015) as H5 viruses were highly prevalent 
among avian species in Qena and Luxor governorates and H9 could be 
detected in chickens only in 2011. Interestingly, in this study, the H9N2 
isolates were detected in duck flocks. These results (HxNx) indicated the 
presence of new HA and NA subtypes of AIV circulated among chickens 
in South Egypt.

In this study, phylogenetic analysis of the partial H5 and N8 gene of 
the H5N8 viruses from chicken and duck indicated that they clustered 
together in group B of H5N8 viruses of clade 2.3.4.4 with close relation to 
these viruses from Egyptian governorates, Russia, and Nigeria. 

The H5N2 HPAIVs with clades 2.3.2.1a and 2.3.4.4c HA genes have 
still evolved via genetic reassortment with different AIV subtypes, espe-
cially in some Asian regions including China and Bangladeshi (Cui et al., 
2020; El-Shesheny et al., 2020; Li et al., 2020). The H5N2 evolutionary tree 
revealed that 2 isolates segregated in a distinct clade than other H5N2 
isolates which may indicate that further genetic evolution occurs and a 
novel reassortant may present. 

Conclusion

The isolation and molecular characterization of AIV among chickens 
and ducks in South Egypt during 2020-2021 revealed that AI-H5Nx (non 
H5N8, H5N2, or H9N2) viruses subtype are predominantly circulating 
among chickens. Also, AIV HxNx (non-H5 nor H9) was reported indicating 
dissemination of another HA subtype among chickens. The occurrence 
of the H5 subtype in high prevalence raises a public health concern and 
enhances the molecular investigation for AIV HA and NA subtyping other 
than H5N8, H5N2, and H9N2 subtypes.
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