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Abstract

The highly pathogenic avian influenza (HPAI)-H5N1 virus is a highly contagious evolving pathogen that spreads rapidly among poultry sectors causes a 
threat to the poultry industry globally. H5N1 viruses of clade 2.3.4.4b have been widely circulating in wild-domestic birds and detected in Europe, Africa, 
North America, and Asia since October 2020. In this study, 40 tissue and swabs specimens were collected from 25 poultry flocks of different localities in 
New Valley Governorate, Egypt during 2023-2025. The collected samples were tested for H5N1, H9N2, H5N8, and H6N2 AIV subtypes as well as other 
pathogens such as NDV, IBV, ILT, and IBDV. To the best of our knowledge, this is first detection of HPAI-H5N1 of clade 2.3.4.4b viruses in broilers in New Valley 
Governorate, Egypt. Five positive H5N1 specimens were isolated in specific-pathogen-free-embryonated chicken eggs (SPF-ECE) with positive HA titers of 7–8 
HA units. Using real-time reverse transcriptase polymerase chain reaction (RT-qPCR) assay targeting the M gene, only 4 samples were considered positive. 
Collectively, four samples were identified as positive for AIV of the H5N1 subtype through a one-step PCR assay, whereas the other samples were negative for 
other tested pathogens. Partial sequencing and the phylogenetic analysis of HA gene segment confirmed that the NewValley-1-H5N1-2023, and NewValley-
2-H5N1-2024 isolates belonged to the H5N1 subtype of clade 2.3.4.4b. Our HPAI-H5N1 strains shared genetic similarity with the HPAI-H5N1 strains that 
reported in Europe, Asia, and Africa during 2021–2022. Currently, our H5N1 strains shows a genetic similarity to HPAIV-H5N1of clade 2.3.4.4b Egyptian 
isolates with nucleotide and amino acid identities percentage (96%-99%) meanwhile, they shared a low genomic relatedness (72%-84%) with commonly 
available vaccine. Genetically, the current H5N1 strains had R72S in the receptor binding sites of the HA protein of Egyptian H5N1 and had amino acid 
mutations in the HA immunogenic epitopes (A83D, T140A). Continuous monitoring and early determination of HPAI-H5N1 viruses in New Valley Governorate, 
Egypt as well as potentially updating the vaccine seed in a timely manner is essential to ensure the effectiveness of the vaccine as a control strategy of HPAI-H5 
virus in the poultry industry.

INTRODUCTION

Avian Influenza Viruses (AIVs), particularly highly 
pathogenic H5 subtypes, pose severe threats to global 
poultry production and public health due to their genetic 
variability and pandemic potential [1]. AIVs are classified 
into 16 HA and 9 NA subtypes, with wild birds serving as 
reservoirs for their global spread [2,3]. While most AIVs are 
low pathogenic (LP), H5 and H7 subtypes often evolve into 
highly pathogenic (HP) strains, causing high mortality and 
economic losses [5]. Since the 1990s, HPAI H5 viruses have 
diversified into multiple clades (0-9) through mutation 
and reassortment. Notably, clade 2.3.4.4b H5N1 emerged 
in 2020, replacing earlier clades and spreading across 
continents via wild birds [6-8]. This clade exhibits broad 

host tropism, including mammals, raising concerns about 
zoonotic transmission. Egypt, situated on major migratory 
bird flyways, has faced endemic HPAI H5N1 (clade 2.2.1) 
since 2006 [9-12]. By 2016–2018, H5N8 (clade 2.3.4.4b) 
replaced H5N1 as the dominant subtype, challenging 
existing vaccines [13-15]. Egypt also reports the highest 
human H5N1 cases globally, underscoring ongoing zoonotic 
risks [16,17]. Despite vaccination campaigns, persistent 
outbreaks suggest antigenic mismatch between vaccines 
and circulating strains [18,19]. Genetic surveillance in 
understudied regions like Egypt’s New Valley Governorate 
is critical for outbreak control. This study reports the 
first detection of HPAI H5N1 clade 2.3.4.4b in New Valley 
broilers (2023–2025), analyzing its genetic divergence 
from vaccine strains and evolutionary trends.
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MATERIALS AND METHODS

Ethical Approval

This study was approved by the New Valley Research 
Ethics Committee, Faculty of Veterinary Medicine, New 
Valley University (Approval No. 04-2024-100313), in 
compliance with animal experimentation guidelines 
AAIVE ver.2 2022.

Sample Collection

Source: Between 2023 and 2025, 40 pooled samples 
(tracheal/cloacal swabs and tissues) were collected 
from 25 broiler flocks (20–35 days old) in New Valley 
Governorate, Egypt. Flocks exhibited high mortality/
morbidity with respiratory/neurological signs.

Necropsy findings such as cyanotic combs/wattles, 
facial edema, intestinal/bursal congestion, and 
proventricular petechiae were documented.

Vaccination Status: Some flocks received inactivated 
H5N1 vaccines (Table 1).

Sample Processing

Tissue samples from brain, pancreas, kidney, lung, 
and trachea were homogenized in PBS (pH 7.4) with 
10% antibiotics, centrifuged (3,000 rpm, 15 min), and 
supernatants stored at -80°C for analysis.

Virus Isolation and HA/HI Assays

Embryonated Eggs: Supernatants (0.2 mL) inoculated 

into 9-11day old SPF eggs (Nile SPF, Egypt) via allantoic 
cavity, incubated at 37°C for 4 days. HA Test: Allantoic fluid 
tested with 1% chicken RBCs. HA-positive samples stored 
at -80°C. HI Test: Confirmed H5N1 using monospecific 
antisera (H5N1, H5N8, NDV).

Molecular Detection

RT-qPCR: HA-positive samples screened for H5/H6/H9 
and N1/N2/N8 subtypes (Verso 1-step™ Kit, Thermo Fisher) 
using primers/probes (Table 2). Co-infection Screening: 
Tested for IBV, NDV, ILTV, and IBDV.

Sequencing and Phylogenetics

HA Gene Amplification: RT-PCR (Easyscript Kit) 
with primers KH1-Forward/KH3-Reverse (400 bp 
product). Sequencing: Purified PCR products (QIAquick 
Kit) sequenced (BigDye Terminator v3.1, ABI 3500xL). 
GenBank accessions: PV017774-PV017775. Phylogenetic 
Analysis: Aligned (Clustal W) and analyzed (MEGA 7.0, 
BioEdit) with reference strains (maximum likelihood, 
1,000 bootstrap replicates).

RESULTS

Clinical and Pathological Findings

Prevalence: Avian influenza virus (AIV) was detected 
in 4 out of 25 examined broiler farms (16%) in New Valley 
Governorate during the period from 2023 to 2025.

Clinical Signs: Affected flocks showed respiratory 
signs including nasal discharge, coughing, and dyspnea; 
neurological signs including paresis, tremors, and 
opisthotonos; and digestive signs including greenish 
diarrhea. Morbidity reached 80%, and mortality ranged 
from 25% to 50%.

Gross Lesions: Postmortem findings included facial 
edema, pulmonary/intestinal congestion, proventricular 

Table 1: Epidemiological Data of Examined Flocks

Parameter Details
Governorate New Valley, Egypt
Flock Type Broilers (20–35 days)
Vaccination Inactivated H5N1 (mixed coverage)

Samples Collected Tracheal/cloacal swabs, tissues (n=40)

Table 2: Primer and probe sets used for virus identification, subtyping, and sequencing in collected samples

ID Forward Primer (F) Reverse Primer (R) Probe Sequence
AIV-M-gene AGATGAGTCTTCTAACCGAGGTCG (sep1) TGCAAAAACATCTTCAAGTCTCTG (sep2) FAM-TCAGGCCCCCTCAAAGCCGA-TAMRA

AIV-H5 subtype ACATATGACTACCCACARTATTCAG (H5LH1) AGACCAGCTAYCATGATTGC (H5RH1) FAM-TCWACAGTGGCGAGTTCCCTAGCA-TAMRA

AIV-H6 subtype CTTGGTGTGTATCAAATYCTTGC (IAV-H6-1666F) CATTGARCCATTTGARCACATCCA (IAV-
H6-1776R) FAM-TATAGTACGGTATCGAGCAGYCT-MGB

AIV-H9 subtype GGAAGAATTAATTATTATTGGTCGGTAC (For) GCCACCTTTTTCAGTCTGACATT (Rev) FAM-AACCAGGCCAGACATTGCGAGTAAGATCC-TAMRA

AIV-N1 subtype TAYAACTCAAGGTTTGAGTCTGTYGCTTG (N1 
forward)

ATGTTRTTCCTCCAACTCTTGATRGTGTC 
(N1 reverse) FAM-TCAGCRAGTGCYTGCCATGATGGCA-TAMRA

AIV-N2 subtype TGGACAGGGAACAACACTAAA (FN2) ACAAGCCTCCCATCGTAAAT (CN2) TXRED-CAAATGAAATGGAACACCCAACTCAT-BHQ23
AIV-N8 subtype TCCATGYTTTGGGTTGARATGAT (N8-1296F) GCTCCATCRTGCCAYGACCA (N8-1423R) FAM-TCHAGYAGCTCCATTGTRATGTGTGGAGT-TAMRA

IBV ATGCTCAACCTTGTCCCTAGCA (AIBV-fr) TCAAACTGCGGATCATCACGT (AIBV-as) FAM-TTGGAAGTAGAGTGACGCCCAAACTTCA-TAMRA
NDV TCCGGAGGATACAAGGGTCT (F+4839) AGCTGTTGCAACCCCAAG (F-4939) FAM-AAGCGTTTCTGTCTCCTTCCTCCA-TAMRA

ILTV CCTTGCGTTTGAATTTTTCTGT (ILTVgCU771) TTCGTGGGTTAGAGGTCTGT 
(ILTVgCL873) FAM-CAGCTCGGTGACCCCATTCTA-MGBNFQ

IBDV TCACCGTCCTCAGCTTACCCACATC (F/AUS GU) GGATTTGGGATCAGCTCGAAGTTGC (R/
AUS GL) Not provided
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hemorrhages, pancreatic necrosis, and subepicardial 
bleeding (Figure 1).

Virus Isolation and Serological Confirmation: Five 
H5N1 virus isolates were successfully recovered through 
inoculation into specific pathogen-free embryonated 
chicken eggs (SPF-ECE). The infected embryos exhibited 
characteristic pathological changes and died within 48 to 
72 hours post-inoculation. Hemagglutination (HA) titers of 
the harvested allantoic fluids ranged from 7 to 8, indicating 
a high viral load (Figure 2).

To confirm antigenic specificity, the isolates were 
subjected to the hemagglutination inhibition (HI) assay 
using homologous H5N1 antiserum. The allantoic fluids 
demonstrated HI titers ranging from 5 to 7 log₂, confirming 
the presence of H5-specific antibodies. No cross-reactivity 
was observed with H9 or Newcastle disease virus (NDV) 
antisera, indicating the absence of antigenic overlap and 
affirming the identity of the isolates as H5N1.

Figure 1 Gross lesions and clinical presentation of affected birds.

Figure 2 Characteristic embryonic lesions. A- Normal, B- AI infected.

Molecular Characterization

Screening by real-time quantitative reverse 
transcription PCR (RT-qPCR) revealed that 4 out of 40 
examined samples were positive for H5N1, as indicated 
by amplification of the matrix (M) gene. All positive 
samples were further tested for possible co-infections 
with Newcastle disease virus (NDV), infectious bronchitis 
virus (IBV), infectious laryngotracheitis virus (ILTV), and 
infectious bursal disease virus (IBDV), and all results were 
negative, confirming the absence of concurrent infections.

Subtyping of the positive samples using H5-
specific conventional RT-PCR produced amplicons of 
approximately 400 base pairs, further verifying the 
presence of H5 subtype avian influenza virus.

Genetic and Phylogenetic Analysis

Two H5N1 isolates, designated NewValley-1-
H5N1-2023 and NewValley-2-H5N1-2024, were subjected 
to sequencing of the hemagglutinin (HA) gene and 
subsequently submitted to GenBank under accession 
numbers PV017774 and PV017775, respectively. Analysis 
of the HA cleavage site revealed the presence of the 
multibasic motif PLREKRRKR/GLF (amino acid positions 
321–332), which is characteristic of highly pathogenic 
avian influenza viruses.

Several notable mutations were identified, including 
R72S within the receptor binding site and A83D and T140A 
within antigenic site A, suggesting potential implications 
for host adaptation and immune escape. Phylogenetic 
analysis showed that both isolates belonged to clade 
2.3.4.4b and exhibited high nucleotide identity (96–99%) 
with recent Egyptian strains from 2021 to 2022, such as A/
ibis/Egypt/RLQP-229S/2022. The isolates also clustered 
closely with contemporary H5N1 strains reported in 
Bangladesh, China, Lesotho, and the Czech Republic. In 
contrast, sequence homology with older Egyptian isolates 
(2010–2017) and currently used vaccinal strains was 
relatively low, ranging between 72% and 84%, indicating 
significant genetic divergence.

DISCUSSION

Highly Pathogenic Avian Influenza (HPAI) H5N1 virus 
was initially identified in 1996 in the Chinese poultry 
sector and subsequently disseminated globally through 
migratory birds, leading to devastating outbreaks in poultry 
and sporadic human infections [2-18]. Due to extensive 
circulation and accumulation of non-synonymous adaptive 
mutations in the viral surface proteins (antigenic drift), 
H5-type avian influenza viruses (AIVs) have evolved into 
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nine major clades with numerous subclades. Of particular 
concern are the H5Nx viruses of clade 2.3.4.4, which 
include several emerging subclades (a–h) and have been 
increasingly reported [20].

Since 2020, variants belonging to clade 2.3.4.4b have 
become the most predominant HPAI H5N1 strains, causing 
significant morbidity and mortality in wild and domestic 
bird populations, and posing considerable zoonotic risks 
[20-22]. In Egypt, multiple outbreaks of viral diseases, 
including AIV, have been documented [49–51]. Despite the 
implementation of routine vaccination programs, Egypt 
has remained an endemic region for AIVs since the virus 
was first reported in February 2006, with clade 2.2 HPAI 
H5N1 becoming endemic by 2008 [23,24].

In late 2021, clade 2.3.4.4b H5N1 strains were 
introduced into Egypt via migratory birds and are 
currently co-circulating with H5N8 strains of the same 
clade, contributing to the ongoing viral evolution and 
environmental contamination [9-16]. The present study 
aimed to isolate and genetically characterize HPAI H5N1 
viruses of clade 2.3.4.4b in New Valley Governorate, Egypt, 
during the period 2023–2025.

Our findings demonstrated a 16% prevalence rate 
of AIV among sampled flocks, which exhibited marked 
clinical signs and post-mortem lesions, with associated 
mortality rates ranging from 25% to 50%. These clinical 
outcomes are consistent with previous reports [17-25]. The 
persistence of H5N1 in vaccinated flocks may be attributed 
to various factors, including improper vaccination 
practices, suboptimal vaccine coverage, limitations related 
to the vaccine seed strain and antigen content, as well as 
host-related variables such as species, age, immune status, 
and co-infections [6-17].

Following inoculation of specific-pathogen-free 
embryonated chicken eggs (SPF-ECEs), embryos exhibited 
acute hemorrhagic and congestive lesions alongside 
positive HA titers, consistent with earlier findings [26,27]. 
RT-qPCR was employed as a rapid and sensitive tool for 
molecular detection, providing valuable epidemiological 
insights and phylogenetic data [28,29]. Among tested 
samples, only four were confirmed positive for HPAI H5N1, 
with no co-infections detected with NDV, IBV, ILT, or IBDV, 
in line with previous studies [7-30].

Genetic characterization revealed that the two isolates 
(NewValley-1-H5N1-2023 and NewValley-2-H5N1-2024) 
belong to HPAI H5N1 clade 2.3.4.4b and exhibit high 
nucleotide and amino acid sequence identity (97%) with 
strains circulating in Africa, Asia, and Europe during 
2021–2022. Phylogenetic analyses indicated strong 

genetic relatedness with strains from China, Lesotho, 
the Czech Republic, and Benin, suggesting a common 
introduction route via migratory birds along the Black 
Sea/Mediterranean flyway [31-34].

Mutational analysis of the HA gene identified key 
amino acid substitutions (R72S, A83D, T140A) within 
immunogenic epitopes, underscoring the necessity for 
continuous genetic surveillance and periodic updates of 
vaccine strains to maintain efficacy. The HA cleavage site 
motif (PLREKRRKRGLF) aligns with previously reported 
Egyptian strains, confirming the highly pathogenic nature 
of the isolates [35,36].

Historical data from 2014 to 2017 indicate the prior 
circulation of HPAI H5N1 clade 2.2.1.2 in New Valley and 
other Upper Egypt governorates [37], while the current 
isolates align more closely with clade 2.3.4.4b strains from 
2021–2022, with 96%–99% identity. Additionally, a 95%–
97% sequence similarity was observed with H5N8 strains 
(clade 2.3.4.4b) previously reported in Egypt between 
2018 and 2021.

Notably, sequence comparisons between the isolates 
and commonly used vaccine strains in Egypt revealed lower 
identity percentages (72%–84%), which may explain the 
suboptimal vaccine efficacy against emerging field strains. 
This observation aligns with prior studies reporting 
similar disparities (75.8%–90.7%) [9-16]. Overall, the 
divergence between circulating field strains and vaccine 
strains emphasizes the critical need for reformulation of 
vaccines to match the currently prevailing AIV genotypes.

CONCLUSIONS

This study provides the first report of the circulation 
of HPAI H5N1 viruses of clade 2.3.4.4b in New Valley 
Governorate, Egypt, during the period 2023–2025. 
The identified strains (NewValley-1-H5N1-2023 and 
NewValley-2-H5N1-2024) exhibited high genetic and 
phylogenetic similarity to contemporary H5N1 viruses 
reported in Europe, Asia, and Africa, indicating the 
probable role of migratory birds in their introduction 
and dissemination. These findings highlight the potential 
risk of further transmission to poultry populations across 
Egypt. Therefore, continuous surveillance, particularly at 
the interface between domestic and wild birds, is essential 
for early detection and prompt intervention before the 
virus becomes widely established or poses a zoonotic 
threat. The identified strains shared a high sequence 
identity (96%–99%) with recently circulating Egyptian 
H5N1 viruses of clade 2.3.4.4b but demonstrated limited 
homology (72%–84%) with commonly used vaccine 
strains. This genetic mismatch may contribute to vaccine 
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failure and underscores the urgent need to re-evaluate 
current vaccination strategies, including the periodic 
updating of seed strains to improve vaccine efficacy.
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