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Abstract: Avian Influenza infection is an important devastating disease among domesticated birds so our goal 

is to evaluate the prevalence of influenza A virus (H5N1) among backyard ducks as well as the genetic changes 

will be happened among the H5 gene using sequence analysis. Fifty samples of cloacal swabs were gathered 

from backyard ducks in Asyut Province, Egypt exposed to RNA extraction followed by H5 and N1 identification 

using realtime-RT-PCR and one-step RT-PCR respectively finalizing by complete sequence analysis of H5 gene 

for 5 isolates. 

14 samples out of 50 examined samples were positive for H5N1 subtype. The deduced amino acids of the 

sequenced hemagglutinin (HA) genes seen that the examined isolates have two molecular characteristics of 

HPAIV in the polybasic amino acids of the cleavage site, including EKRRK/KR*GLF) which is a common shape 

for multicleavage site in Egypt since 2013. Several amino acid substitutions were observed, especially at D43N, 

S120D, I151T and R162K which is suggestive the examined viruses belonged to 2.2.1.2 clade. Phylogenetic 

analyses of the HA revealed that the examined strains were genetically belonged to 2.2.1.2 clade. Homology 

percentages revealed a distant of the examined strains from the vaccinal strains that commonly used in Egypt, 

which the lowest homology was recorded with A/chicken/Mexico/232/94 vaccinal strain. 

This study affirmed the potential role of backyard ducks as a reservoir for AI/H5N1 clade 2.2.1.2 in Asyut-Egypt 

which may help in continuation and adaptation of AI/H5N1 virus in the target area and represent a potential 

danger to both poultry and humans. So, a regular survey to illuminate the spread of HPAIV H5N1 among 

commercial poultry and backyard birds should be applied. 

Keywords: AI H5N1 . Ducks . Haemagglutinin gene . Sequence . phylogenetic analysis

 

1. BACKGROUND 

Avian influenza (AI) is a greatly transmittable respiratory disease affecting poultry caused by 

influenza A virus that belonged to family Orthomyxoviridae, and represents a major threat to the 

poultry industry worldwide[1].Influenza A virus are divided into 16 haemagglutinin (HA) subtypes 

and 9 neuraminidase subtypes infect wild and domestic birds with the exclusion of the newly 

characterized H17N10influenza virus that was isolated from bats [2]. 

There has been an increase in the population of birds infected by highly pathogenic (HP) avian 

influenza (AI) since the 1990s [3]. The most recent HPAI outbreaks of H5N1 begin in China and 

Hong Kong since 1996 then spread in 2003 to different localities in the world including South-East 

Asia, the Middle East, Europe and in 2006 transmitted rapidly to Africa [4].Egypt formally reported 

its first outbreak in poultry in February2006 (http://www.oie.int/eng/info_ev/en_AI_factoids_ 

H5N1_Timeline.htm). After that, clade 2.2 viruses have spread between domesticated birds all over 

the country and the HPAI H5N1 virus was stated endemic in Egypt inJuly 2008 

(http://www.oie.int/animal-health-in-the-world/web-portal-on-avian-fluenza/about-ai/h5n1-timeline/). 

Domestic ducks play a significant role in the epidemiology of HPAI H5N1 viruses which are the 

usual reservoir of avian influenza viruses[5,6] and are a threat to the presence of H5N1 virus 

infections among domestic poultry[7,8]. The replication of the majority AIV is generally constrained 

to the intestinal duct of wild aquatic birds, resulting in no obvious clinical signs. However, certain H5 

and H7 strains may cause noticeable signs and death[3]. 

http://www.oie.int/eng/info_ev/en_AI_factoids_
http://www.oie.int/animal-health-in-the-world/web-portal-on-avian-
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It has been evaluated that more than 35 million ducks yearly are raised in the backyard division, and 

an additional five millions are reared in the commercial sector in Egypt[9].In the backyard 

region(chickens, ducks, geese, turkeys and infrequently pigeons) are usually raised in contact within 

the same house[10]. As well as. The Egyptian live poultry markets, where birds of several species and 

ages from different places are present for trade and slaughter, giving a chance for viral transmission 

between poultry species that permit a possibility for AIV genome to changed[11]. 

The control plans have been concentrated on vaccination programs with inactivated H5N1 or H5N2 

viruses in the contaminated countries in addition to virus investigation in the poultry sector, as well as 

the elimination of infected birds[12]. These plans have extensively reduced outbreaks. However, 

survey statistics disclose continuous circulation of the virus in spite of immune stress formed from 

vaccination in commercial farms, family backyards and live poultry markets[13]which may lead to its 

development into multiple new genotypes.  

The HPAI H5N1 viruses clade 2.2 spreading in Egypt since 2006 are highly pathogenic to chickens 

and can be fatal to ducks[14]. From the time when becoming endemic in Egypt, the virus has 

extended from farm to farm, even under the immune pressure of vaccination, which may lead to its 

mutation[15].  

To evaluate the suggestion that ducks responsible for the continuation and spreading of avian 

influenza  (H5N1)viruses, we conducted a research describing virus presence in backyard ducks that 

have contact with chickens in Asyut, Egypt with complete sequence characterization of the 

haemagglutionin gene. 

2. MATERIALS AND METHODS 

Samples 

Beginning in January 2015, ducks in backyards in Asyut Province, Egypt, suffered from ecchymosis 

on the bill and torticollis as suggestive signs for HPAIV infection, as shown in Fig. 1Aand1B.  

 
                                 A                                                                      B 

Fig. 1. Naturally infected ducks by HPAIV H5N1. (A) Nervous signs (B) Echymotic hemorrhages on the duck 

bill 

Cloacal swab samples were collected from 50 backyard ducks during 2015 in Asyut province-Egypt. 

The samples were placed in a transport medium contained phosphate-buffered saline (PBS), penicillin 

(2,000 IU/ml) and streptomycin (2,000ug/ml). Samples were right away transported to the laboratory 

at 4°C then kept at −70°C for the late examination[16]. 

AIVs detection and subtyping  

Viral RNAs extraction 

Cloacal swabs were vortexed at 3000 r/min for 15s then centrifuged at 3000r/min for10min. Viral 

RNAs from resultant supernatant were extracted by the use of Thermo Scientific GeneJET Viral RNA 

Purification Kit (Cat. No. K0821) of 50 reactions was used. 

Amplification 

In order to characterize the H5N1 virus causing this out break, the hemagglutinin (HA) gene of the 

virus in our samples was analyzed using sets of H5 HAprimers(LH1   

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427178/figure/pone.0120061.g001/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4427178/figure/pone.0120061.g001/
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ATATACGACTACCCACARTATTCAG, RH1   AGACCAGCTAYCATGATTGC)and probe with 

the following sequence FAM-TCW ACA GTG GCG AGT TCC CTA GCA-BHQ-1[17] with thermo 

scientific verso 1- step QRT- PCR kit plus Rox vial was used. 

For analysis of NA1subtype with a set of primers (TCARTCTGYATGRYAAYTGG, 

GGRCARAGAGAKGAATTGCC) and one step RT-PCR was used with the expected amplicon size 

245-bp for positive samples[18]. RT-PCR products of neuraminidase (NA) gene reactions were 

detected using electrophoresis in a 1.5% agarose gel. 

Genetic and phylogenetic analyses 

Full length amplification of the segment 4 of HA gene from the position 7 bp to position 1754 for the 

5 isolated viruses was done using Qiagen one-step RT-PCR Kit (Cat. No. 210212) of 100 reactions 

(Qiagen-USA) with the aid of the following primers 

(4FV2;AGCAGGGGTTCAATCTGTCAAAA,4RV2, 

AGTAGAAACAAGGGTGTTTTTAACTA)[19]. The reactions were done in a thermal cycler 

(Mastercycler, Eppendorf, USA). The RT reaction was carried out in three steps; firstly, 45°C for 30 

min followed by15-min at 95°C. Secondly, 35 cycles; each one consists of 94°C for 45Sec, 58°C for 

30 Sec and 72°C for 2 min. Thirdly; final extension for 10 minutes at 72°C. 

RT-PCR products were purified using a QIAquick PCR purification kit (Qiagen) then sequenced 

using the Big Dye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystem) on Applied 

Biosystems 3730xl DNA analyzer, according to the manufacturer’s instructions. 

The Phylogenetic examination was originated on the full gene sequences of the segment 4 of H5 gene. 

Sequences of the H5N1 isolates used for comparison were getting from GenBank. Phylogenetic trees 

were created using the MegAlign(DNA STAR Lasergene 8, Madison, WI) depending on the 

neighbor-joining method by means of bootstrap analysis with 1000 replications in[20].The nucleotide 

and deduced amino acids'alignment were carried out using BioEdit software version 7.1.9[21].  

3. RESULTS 

In total, 14 H5 positive samples were identified using rRT-PCR from 50 collected samples with a 

percentage of (28%) Fig 2.Conventional RT-PCR technique targeting the neuraminidase (NA) gene 

found that all the H5 identified strains were positive for NA1 subtype (Fig.3). 

 

Fig. 2. 

 

Results  of rRT - PCR: , ,   ,  ,   and    are positive samples  while   

and   are  positive and negative control respectively.  
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Fig. 3. Representative result of RT-PCR result for 12 positive NA1 subtype samples by partial amplification of 

coding region neuraminidase gene subtype1 

Sequence and phylogenetic analysis 

The selected H5 positive samples yield the expected HA gene amplicon approximately 1700bp. The 

coding sequence of those five H5 strains have been produced from the yielded amplicons then 

submitted to GenBank under the following accession numbers KU229976under name 

A/duck/Egypt/1/2015 (H5N1) and KU357036-KU357039 under the names from 

A/duck/Egypt/2/2015 (H5N1) to A/duck/Egypt/5/2015 (H5N1) respectively. 

Analysis of deduced amino acids 

Analysis of the deduced amino acids disclosed the presence of multiple basic amino acid motifs at the 

cleavage site of the HA molecule“
324

PQGEKRRKKR/GLF
333

” in four samples and 

PQREKRRK/KR*GLF in one isolate Fig.4 which indicated the highly pathogenic nature of the 

examined strains. Amino acids 222Q and 224G (H5 numbering) were found in the examined strains, 

which is indicative of the preference of examined isolates to avian α2,3 receptor binding (Fig. 4). 
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Fig. 4. Multiple amino acid sequence alignment of HA gene of our circulating strains in comparison with 

Egyptian A/chicken/Egypt/06207-NLQP/2006. The Dot (.) represents identity, whereas single alphabet 

represents the difference in the amino acid sequence. The underlined residues are potential glycosylation sites. 

The alignment was generated using the Bioedit program. 

The AI viruses have five antigenic sites in the HA gene and anymutationin these regions cause a 

significant role in the development of H5N1[22]. From the obtained results of sequencing, we have 

not seen changes in antigenic site A (S133, R140and S141). One change observed in the N154D that 

belonged to antigenic site B as well as conservation of amino acids sequences at antigenic site E was 

mentioned in the examined strains (L71, I83 andA86) that indicative their belonging to clade 2.2.1. 

Egyptian H5N1 strains having a character of conserved antigenic sites C and D especially in the 

following amino acid places (N94, S120, R162, E227, N252, T263 and I282, H5 numbering) as 

antibody-binding sites[23]. Our isolates revealed two mutations in the antigenic site C and D (S120D, 

R162K). 

The five examined viruses have four mutations that occurred at the same sites, S120D, I151T, D154N 

and R162K that were common with viruses belonging to 2.2.1.2. two of these mutations (154 and162) 

were distinguishing the new viruses from the earlier 2008–09 viruses (24) 

A new cluster was emerged from clade 2.2.1/C having several mutations that distinct from formerly 

circulating subclades(25). As shown in Fig. 4, all the 5 examined viruses are suggestive to be placed 

in this new cluster due toits having the following mutations incomparable to A/chicken/Egypt/06207-

NLQP/2006(H5N1) D43N, S120D, I151T, and R325K, which were seen previously in subclade 2.2.1 

but not subclade 2.2.1.1. In addition tomutations in N155D and G272S that were common in the new 

cluster and mentioned before in subclade 2.2.1.1, but not 2.2.1(25). 

Nucleotide similarity and Phylogenetic analysis 

The nucleotide sequences revealed the high relationship between the 5 examined strains with a 

percentage (>97.9%) (Table 1). Comparing the HA gene of  the 5 examined strains with the HA gene 

of some vaccinal strains that commonly used in Egypt (A/duck/Potsdam/1402/86, 

A/chicken/Mexico/232/94 and A/Duck/Anhui/1/06); the results revealed that the lowest homology 

percentages were mentioned with A/chicken/Mexico/232/94 and ranged from 76 to 79.3%, 90.8 to 

82.6% were noticed with A/ duck/Potsdam/1402/86 strainand from 94.2 to 91.8% were seen with 

A/Duck/Anhui/1/06 strain as shown in (table 1). 

Table 1. Nucleotide similarity (%) of HA gene of the isolated strains with Vaccinal strains.  

 

Phylogenetic tree construction revealed the clustering of 5 examined strains into 3 sublineages within 

clade 2.2.1 HPAI viruses that had been isolated from a chicken and ducks. Also, the examined strains 

were phylogenetic distant from Egyptian strains isolated in 2006, 2007, 2009, and 2010 (Figure 5). 
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Fig 5. Phylogenetic tree based on the sequence analysis of the entire segment encoding for the HA gene for 

viruses detected in this study as indicated with black stars using MegAlign (DNASTAR Lasergene 8). 

4. DISCUSSION 

Numerous studies have shown that domestic ducks have played a significant role in the ecology of 

AIV (26,27,28). However, its role in spreading of AIV is unclear in the Upper Egypt especially Asyut 

province. In this study, we carried out a trial to identify and characterize the avian influenza that 

spreads in backyard ducks.  

During the collection of samples, the most consistent finding from examining ducks was neurologic 

clinical signs which may prove its highly pathogenic nature. Neurotropism has been reported as the 

key finding in many wild Anseriformes experimentally and naturally infected with HPAI-H5N1 

viruses[29,30,31]. Bröjer et al. [32] traced these neurologic signs due to meningoencephalomyelitis 

with the abundant virus in the brain and spinal cord. 

Hemagglutinin (HA) is the chief antigen present on the viral surface. It is responsible for viral binding 

to host receptors, enabling entry into the host cell through endocytosis and consequent membrane 

fusion. The HA of influenza A virus is highly susceptible to mutations and hence it has a significant 

role in its pathogenic nature[33]. 

The Egyptian H5 isolates were classified as clade 2.2.1, which were additionally subdivided into two 

main groups; group A (classic subclade 2.2.1/C) and group B (variant subclade 2.2.1.1)[34,35,36]. 

In the present study haemagglutinin (HA) gene sequencing was conducted for five H5 isolates. Based 

on the existing OIE definition, the molecular mark at the HA cleavage site“ 
324

EKRRKKR/GLF
333

, 

when showed in the H5N1 isolated strains, defines these viruses as HPAIH5N1 viruses of clade 

2.2.1[37, 38,39]and was found in most Egyptian strains[40]. The deduced amino acids of the 5 

examined strains revealed the presence of 
324

EKRRKKR/GLF
333

 motif  which became leading 

from2013 and replaced the previous pattern which disappeared after 2012[24]. 
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Our findings saw the loss of PGS at 154 (fig. 4) in the examined strains that contributed to increased 

attraction to human type receptors[41,42].  

The H5N1 viruses that isolated from Egypt from 2012 to 2014exhibited four characteristic mutations 

(D43N, S120(D,N), (S,L)129Δ, and I151T). Our results displayed that 100 % of the HA sequenced 

genes had a triple mutation (129Δ, S120D, and I151T. These triple mutations are characteristic in 

2.2.1.2 clusters that isolated from diverse bird species such as chicken, duck, turkey, geese, ostrich, 

and quails[43]. In accordance with our results, the 2.2.1.2 viruses were detected previously in Fayoum 

(37 strains) and Giza (24strains) in Upper Egypt, and 32 strains in Menofia in Lower Egypt[24]. 

Two mutations of those (129Δ, I151T) had increased attachment and infectivity to the human lower 

respiratory tract [44]; that leads an increasing opportunity of human infections. 

Despite the applied vaccination programs, the current protocols have limitations and have 

unsuccessful in providing the expected level of guard against the circulating H5N1viruses belonged to 

clade 2.2.1 [45,46]. In comparison the sequence of the HA gene of the examined isolates with the 

sequences ofsome the vaccinal strains were commonly used in Egypt 

(A/duck/Potsdam/1402/86,A/chicken/Mexico/232/94 and A/Duck/Anhui/1/06); the results (table 1) 

revealed that the homology percentages were low which ranged from 76 to 79.3% with 

A/chicken/Mexico/232/94 strain, from 90.8 to 82.6% with A/duck/Potsdam/1402/86 strain and from 

94.2 to 91.8 with A/Duck/Anhui/1/06strain. 

Veits et al.,[47],de Vries et al.,[48]and Tian et al.,[49]established that the antigenic match between the 

used vaccines and the current field viruses is one of the most crucial factors in determining the H5 

vaccine efficacy to prevent multiplication and spreading of H5N1 virus. Kim et al.,[50]stated the 

malfunction of the vaccine having A/chicken/Mexico/232/94(H5N2)strain to give full protection, was 

due to antigenic farness of this strain to the HPAI H5N1clades.However, Swayne etal.[51] confirmed 

that similarity between H5 vaccine strains and confront viruses did not affect on the virus excretion 

and defense. Therefore, a yearly assessment of the vaccine efficiency in the face of antigenic change 

due to the immune stress result from vaccination has been recommended [52,53,54]. 

5. CONCLUSIONS 

To our awareness, this study affirmed the potential role of backyard ducks as a reservoir for AI/H5N1 

clade 2.2.1.2 in Asyut-Egypt which may help in continuation and adaptation of AI/H5N1 virus in the 

target area and represent a potential danger to both poultry and humans. So, a regular survey to 

illuminate the spread of HPAIV H5N1 among commercial poultry and household birds should be 

applied. 
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