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Simple Summary: Avian influenza virus (H5) remains one of the challenging zoonotic viruses in Egypt.
Our study investigated the occurrence of this virus among chickens from Dakhalia governorate, Egypt
over ten years through histopathological examination and molecular characterization of the virus.
The molecular characterization was followed by sequencing and phylogenetic analysis of the positive
samples. Importantly, we have reported several interesting pathological changes and high occurrence
of the H5 avian influenza virus, the phylogenetic analysis revealed that positive samples were aligned
with several Egyptian sub clades. Clearly, our study concludes the widespread of the virus among
poultry flocks in Egypt and suggests further future research aims to develop an efficient surveillance
program with investigation into the effectiveness of the implemented control measures for controlling
this disease of public health concern.

Abstract: Avian influenza virus (AIV) remains one of the enzootic zoonotic diseases that challenges
the poultry industry in Egypt. In the present study, a total of 500 tissue samples were collected from
100 chicken farms (broilers and layers) suspected to be infected with AIV through the period from
2009 to 2019 from Dakahlia governorate, Egypt. These samples were pooled in 100 working samples
and screened for AIV then the positive samples were subjected to histopathological examination
combined with real time-polymerase chain reaction (RRT-PCR). RRT-PCR positive samples were also
subjected to conventional reverse transcriptase-polymerase chain reaction (RT-PCR) for detection of
H5 AIV and some of these resulting positive samples were sequenced for detection of the molecular
nature of the studied virus. Interestingly, the histopathological examination revealed necrotic liver
with leukocytic infiltration with degenerative changes with necrotic pancreatitis, edema, and intense
lymphoid depletion of splenic tissue and hyperplastic tracheal epithelium. Likewise, edema and
congested sub mucosal blood vessels and intense bronchial necrosis with hyalinized wall vascular
wall and heterophils infiltration were reported. Pneumonic areas with intense leukocytic aggregation
mainly and vasculitis of the pulmonary blood vessels were also detected in lung. Collectively, these
significant pathological changes in examined tissues cohered with AIV infection. Regarding the
molecular characterization, 66 samples were positive for AIV by RRT-PCR and 52 of them were
positive for H5 AIV by RT-PCR. The phylogenetic analysis revealed that the H5 viruses identified in
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this study were aligned with other Egyptian H5N1 AIVs in the Egyptian sub clade 2.2.1, while some
of the identified strains were aligned with other Egyptian H5N8 strains in the new Egyptian sub clade
2.3.4.4. Taken together, our present findings emphasize the wide spread of AIV in Egypt and the
importance of developing an efficient surveillance and periodical screening program for controlling
such disease of public health concern.
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1. Introduction

Avian influenza (AI) is a highly contagious zoonotic disease caused by the avian influenza
virus which is an enveloped single-stranded negative sense RNA virus belonging to the family
Orthomyxoviridae and genus influenza virus type A [1]. Influenza A viruses encodes at least 10 known
proteins; two of these proteins represent the surface glycoprotein spikes; the haemagglutinin (HA)
and neuraminidase (NA) which determine virus virulence. Based on the combination of glycoprotein
spikes HA and NA found on the virus envelope (18 HA and 11 NA subtypes), influenza A viruses
divide into many subtypes [2–4]. To our knowledge, all influenza A viruses can infect birds, except
subtypes H17N10 and H18N11 which have been found in bats. Based on virus pathogenicity in
chickens, avian influenza A viruses are divided into highly pathogenic avian influenza (HPAI) and low
pathogenic avian influenza (LPAI). Most identified H5 viruses in poultry and wild birds worldwide
are LPAI, but sometimes HPAI have been detected. However, the species barrier can be broken by
some AIV subtypes which can infect humans [5,6]. At least eight AIV subtypes have been reported to
infect humans, resulting in human influenza pandemics (H1, H2, H3, H5, H6, H7, H9, and H10) [7,8].
Prior to 2013, H5N1, H5N2, H7N2, H7N3, H7N7, H9N2, and H10N7 AIVs were known to cause human
infection, then H7N9, H6N1, H10N8, and H5N6 AIVs were also detected in humans [9–12]. In 2017,
H7N9 AIV, which has low pathogenicity in chickens, mutated into a highly pathogenic strain for
chickens and caused hundreds of cases of human infections in China [13–16]. Among others, humans
contract the zoonotic strains of the virus through direct contact with infected poultry, implicating the
importance of strict hygienic measures to control the disease [10,17]. In accordance with its evolution,
the first highly pathogenic H5N1 wave occurred in South East Asia and began with isolation of HPAI
H5 from sick geese in Guangdong, China in 1996 [18,19]. Since then, the HPAI H5N1 virus has
succeeded to preserve itself in several countries, causing an endemic state with regular outbreaks of
the disease [20]. Nowadays, Egypt has been considered the epicenter of the H5N1 outside Asia and
hotspot for new subtypes and genotypes evolution [17,21,22]. On the other hand, the HPAI H5N8 was
detected for the first time in 2010 in live bird markets in China, then the virus got spread by migratory
birds to various areas worldwide including Europe, North America, East Asia, and then in Egypt by
December 2016 [23–25]. It should be stressed that the Egyptian H5N8 viruses preferentially bound to
avian-like receptors rather than human-like receptors [23]. Besides its enormous economic losses, HPAI
H5 viruses target public health. The zoonotic impact of the this genotype has been revealed in which
18 humans cases from within Hong Kong were found infected with H5N1 HPAI in 1997, then six of
these cases died [26]. The World Health Organization (WHO) reported that 861 humans in 16 countries
were infected with H5N1 HPAI and 455 of these cases died by 24 February 2020 [27,28]. Out of these
861 reported human cases, 200 cases were reported from Egypt and 168 of them died [27,28].

Given the above information, the zoonotic importance of the HPAI H5 received worldwide attention
and the fear of many international organizations from the risk of continued genetic recombination and
production of a pandemic strain of AIV [29–31]. Clearly, development of surveillance strategies and
investigation into the antigenic shift and phylogenetic analysis in various subtypes of AIV circulating
in an endemic area and the continuous screening seem mandatory steps for eradication and control of
the disease [32]. In this concern, the present study was undertaken to assess the occurrence of H5 HPAI
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in commercial chicken flocks in Dakahlia governorate, Egypt through the combined use of pathological
identification and molecular characterization of the H5 gene in the studied area.

2. Materials and Methods

2.1. Ethical Consideration

Ethical approval was obtained from the guidance of Research, Publication, and Ethics of the
Faculty of Veterinary Medicine, Mansoura University, Egypt, which complies with all relevant Egyptian
legislations. All procedures of collection, handling, preservation, and laboratory analysis of the samples
from the birds followed WHO recommended guidelines [33].

2.2. Samples and Study Area

A total number of 500 samples (n = 100 liver, n = 100 pancreas, n = 100 spleen, n = 100 trachea, and
n = 100 lung samples) were routinely collected between 2009 and 2019 during several outbreaks from 100
poultry farms (72 Broiler and 28 layer farms) in Dakahlia governorate, Egypt. Liver, pancreas, spleen,
trachea, and lung samples from each bird were pooled together to get 100 working samples (the rate
was 10 working samples per year from 10 farms, which means one sample/farm). These samples were
collected with appropriate precautions following WHO recommendations from chickens suspected to
be infected with avian influenza virus [33]. Each specimen was separated into two halves: one-half
was preserved in 10% formalin and transferred to the Animal Health Research Institute (AHRI), Dokki,
Giza, Egypt for histopathology, while the other half was stored at −20 ◦C until use in RRT-PCR and
conventional RT-PCR.

2.3. Clinical Signs, Postmortem Lesions, and Histopathological Examination

The clinical signs observed on the poultry flocks and postmortem lesions were recorded.
Furthermore, for verification of our results, the conventional RT-PCR H5 positive samples (10%
buffered neutral formalin fixed part) were used in histopathological examination. In this concern, liver,
pancreas, spleen, trachea, and lung tissues were then processed and embedded in paraffin, sectioned at
7 µm thickness, and stained with hematoxylin and eosin (H and E), according to Perkins and Swayne
(2003) [34].

2.4. Laboratory Testing

2.4.1. Primers Design

Table 1 shows the primer sets used for both RRT-PCR and conventional RT-PCR, aiming at
amplification of both avian influenza virus (M gene) with the control (bird β-actin) and H5 gene,
respectively, using some protocols described elsewhere [35,36].

Table 1. Detailed primer sets and probes sequences used in RRT-PCR and RT-PCR.

Target Gene Primer Sequence (5′–3′) Reference

Influenza A virus M

M + 25 AGATGAGTCTTCTAACCGAGGTCG

[36]

M − 124 TGCAAAAACATCTTCAAGTCTCTG

M + 64FB FAM-TCAGGCCCCCTCAAAGCCGA-BHQTM1

Bird Actin β-Actin

β + 632 CCTCATGAAGATCCTGACAGA

β − 747 TCTCCTGCTCYAAYTCCA

β + 696FB FAM-CGTGACATCAAGGAGAAGCTGTG-BHQTM1

Avian Influenza virus H5
H5-F GTACCACCATAGCAATGAGCAG

[35]
H5-R AGTCCAGACATCTAGGAATCCGT
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2.4.2. RNA Extraction, cDNA Synthesis, Real Time and Conventional RT-PCR

RNA Extraction

Tissue samples (liver, pancreas, spleen, trachea, and lung) from each bird were pooled together and
homogenized in sterile mortar and pestle with PBS to get 10% concentration (w/v). These homogenates
were then centrifuged and their supernatant fluids were used in viral RNA extraction using the RNeasy
mini kit (Qiagen Inc., Valencia, CA, USA) following the manufacturer’s instructions. The concentration
and purity of the extracted total RNA was determined by measuring the absorbance ratio at a
wavelength of 260 nm over 280 nm using a NanoDrop 2000c spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA).

cDNA Synthesis

Invitrogen™ SuperScript™ III Reverse Transcriptase Kit (Thermo Fisher Scientific, Waltham, MA,
USA) was used to convert the extracted viral RNAs to cDNA according to the kit instructions. Reaction
mixture (20 µL) was composed in a sterile nuclease free tube on ice by the addition of viral RNA (5 µg),
1.0 µL of specific primer 5′-AGCAAAAGCAGG-3′ (50 mmol/L), 1 µL 10 mM dNTP Mix (10 mM each
dATP, dGTP, dCTP, and dTTP at neutral pH), and nucleases free water up to 13 µL. The mixture was
then heated to 65 ◦C for 5 min then incubated on ice for 2 min. Then, 4 µL 5X first-strand buffer, 1 µL
0.1 M DTT, 1 µL RNaseOUT™ (Thermo Scientific, Waltham, MA, USA) Recombinant RNase Inhibitor,
and 1 µL of SuperScript™ (Thermo Scientific, Waltham, MA, USA) III RT (200 units/µL) were added.
The mixture was then gently mixed by pipetting and incubated at 55 ◦C for 30 min, then reaction
inactivation by heating at 70 ◦C for 15 min. The cDNA was subsequently stored at −20 ◦C until use in
conventional RT-PCR.

Real-Time RT-PCR

Universal avian endogenous RRT-PCR with control (bird β-actin) was used to detect influenza A
virus as previously described elsewhere [36]. RRT-PCR was used for the co-amplification of both the
influenza M gene and bird β-Actin gene using Luna® Universal One-Step RT-qPCR kit (New England
BioLabs), according to the manufacturer’s instructions. The 20.0 µL reaction mixture composed of 10
µL Luna Universal One-Step reaction mix (2X), 1 µL Luna Warm Start RT enzyme mix (20X), and 0.8
µL of each primer (M + 25, M − 124, β + 632, and β − 747, Table 1). Taqman probes were used at final
concentration of 250 nM (M + 64 FB and β + 696 FB, Table 1), viral RNA (1 µg), and nuclease-free
water was added up to 20 µL. The Applied Biosystems Step One Plus™ real-time PCR instrument was
programmed as follows: initial denaturation at 95 ◦C for 10 min, and 40 amplification cycles of 95 ◦C
for 15 s, and 60 ◦C for 1 min. Fluorescent signals were obtained once per cycle upon the completion of
the extension step.

Conventional RT-PCR

RRT-PCR influenza A positive samples were used for amplification of the H5 gene in conventional
RT-PCR reaction. The 20 µL reaction mixture composed of 10 µL 2X Dream Taq Green PCR Master Mix
(Thermo Scientific, Waltham, MA, USA), 1 µL of each primer for H5 gene (H5-F and H5-R), 2 µL of
cDNA, and nuclease free water to a final volume of 20 µL. Amplification was performed in the thermal
cycler (Biometra T-Gradient, Goettingen, Germany) as follows: A single cycle of initial denaturation at
95 ◦C for 3 min, then 40 cycles of denaturation at 95 ◦C for 30 s, annealing at 54 ◦C for 30 s, and extension
at 72 ◦C for 40 s. After the last cycle, the reaction was completed by a final extension at 72 ◦C for 7 min.
The PCR products were electrophoresed on 1.5% agarose gel in Tris-acetate-EDTA buffer and 100 bp
DNA ladder was used as a molecular weight marker.
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2.4.3. Sequencing, GenBank Accession Numbers, and Phylogenetic Analysis of the Selected Samples

In this step, ten samples were selected from H5 gene positive samples (one sample from each
collection time) and their nucleotide sequences were determined to confirm the accuracy of the
amplified gene. In this regard, the amplified DNA bands of H5 gene PCR products were excised
then purified using the gel purification kit (Qiagen, Valencia, CA, USA). The purified PCR products
for the selected samples were submitted to the pathology laboratory, University of Liège (Belgium),
for bidirectional sequencing using the same primers used in the conventional RT-PCR. The obtained
nucleotide sequences were then analyzed and compared versus the other deposited AIV sequences
from GenBank (https://www.ncbi.nlm.nih.gov/). MEGA X software was used for sequence analysis
and alignments [37]. The nucleotide sequences of the AIV H5 gene fragment from ten selected samples
were then deposited in GenBank (NCBI) with accession numbers from MN818673 to MN818682.

3. Results

3.1. Clinical Signs and Postmortem Lesions

For diagnosis of HPAI, samples were collected from birds suffering from respiratory signs,
including coughing, dyspnea, swelling of the infra-orbital sinuses, nasal and ocular discharges, besides
high reduction in water and feed intake and diarrhea. Importantly, some birds also showed cyanosis
of the legs (Figure 1A), wattles and comb (Figure 1B), and nervous signs with drop in egg production
with poor quality eggs in laying birds. The most frequently recorded postmortem lesions included
dehydration, and congestion of muscles in some carcasses (Figure 2A) with hemorrhage in gizzard and
proventricular mucosae, pancreas (Figure 2A), intestinal tract (Figure 2B), and coronary fat (Figure 2C).
Furthermore, spleen was enlarged, congested, and mottled (Figure 2D) with hemorrhagic ovarian
follicles (Figure 2D).

Figure 1. Clinical signs of H5 Avian Influenza Virus (AIV) in tested chickens. (A) Cyanosis of legs and
(B) cyanosis of comb and wattles.

https://www.ncbi.nlm.nih.gov/
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Figure 2. Post mortem changes of H5 AIV in tested chickens. (A) Congested muscles (Red arrow)
and hemorrhagic pancreas (blue arrow). (B) Hemorrhages in intestinal tract. (C) Hemorrhages in
coronary fat. (D) Enlarged, congested, and mottled spleen (red arrow) and hemorrhagic ovarian
follicles (blue arrow).

3.2. Histopathological Examination

More importantly, the histopathological examination comprised a set of changes that cohere with
the infection by HPAI H5. In this concern, the histopathological examination revealed that the liver
showed focal necrotic areas randomly distributed with leukocytic infiltration, mainly heterophophils
and lymphocytes (Figure 3A). The remaining hepatic parenchyma suffered from degenerative changes,
mainly microsteatosis, with intense portal leukocytic aggregations (Figure 3B). Congested blood vessels
and hepatic sinusoids with or without recent thrombi were encountered. Furthermore, the pancreatic
tissue showed necrotic pancreatitis represented by multiple necrotic areas with or without heterophils
infiltration (Figure 3C). Minute recent thrombi disseminated inside some blood vessels admixed with
intense heterophils with various degenerative and necrotic changes in the adjacent acini were common
(Figure 3D) and sometimes, perivascular hemorrhages could be seen. Likewise, the splenic tissue
suffered from intense lymphoid depletion and minute necrotic areas were common (Figure 3E), together
with edema with heterophils infiltration could be seen in the capsule, septa, and parenchyma. Trachea
showed thickened mucosa by hyperplastic mucus glands and tracheal epithelium besides edema
and a few leukocytes, mainly heterophils and lymphocytes, were common (Figure 3F). Sub mucosa
had congested blood vessels with or without leukocytosis and edema. Sometimes, mucus exudate
could be seen inside the tracheal lumen. The bronchial lumina contained mucus casts mixed with
heterophils and erythrocytes beside intense necrosis of bronchial mucosa (Figure 3G). The wall of
bronchi had hyalinized vascular wall infiltrated with heterophils with congested blood vessels and
edema (Figure 3H). Pneumonic areas represented by intense leukocytic aggregation, mainly heterophils
and lymphocytes, beside expanded septae by serofibrinous exudate containing a few erythrocytes were
common. Vasculitis of the pulmonary blood vessels with or without endotheliosis and thrombosis
could be seen.
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Figure 3. Histopathological changes of H5 AIV in infected chickens: (A) liver showing focal necrotic
area encircled by a few heterophils and lymphocytes (arrow); (B) liver showing portal lymphocytic and
heterophilic aggregation (arrow) with necrotic and degenerated hepatic cells (arrow head); (C) pancreas
showing multiple necrotic areas (arrow); (D) pancreas showing minute thrombus admixed with intense
heterophils (arrow) besides degenerated and necrotic acini (arrow head); (E) spleen showing severe
lymphoid depletion of white pulps and minute necrotic areas (arrow head); (F) trachea showing
hyperplastic mucus glands and mucosal epithelium (arrow) and leukocytosis of sub mucosal B.V.S.
(arrow head); (G) lung showing disseminated mucus casts containing erythrocytes inside bronchi
(arrow); (H) lung showing intense perivascular leukocytic aggregation (arrow) and hyalinized vascular
wall with endotheliosis (arrow head).

3.3. Real Time PCR and Conventional PCR

Out of 100 RRT-PCR tested samples, 66 samples (66%) were positive for AIV, while out of these 66
tested samples, 52 samples (78.8%) confirmed to be positive for H5 genes by conventional RT-PCR and
the remaining 14 samples (21.2%) were negative.

3.4. Sequencing and Phylogenetic Analysis of the AIV H5 Gene Fragment

As mentioned above, ten samples were selected (sharp bands) for DNA sequencing (one sample
from each collection time) as following mans9/20-Feb-2009, mans11/17-Dec-2011, mans12/3-Dec-2012,
mans13/1Mar-2013, mans14/26-Dec-2014, mans15a/7-Jan-2015, mans15b/19-Dec-2015,
mans16/2-Mar-2016, mans18/24-Jan-2018, and mans19/2-Feb-2019. The obtained sequences
were submitted to GenBank and analyzed in comparison with reference H5 gene sequences in GenBank
which are shown in Figure 4. In the present work, the identified H5 AIV showed a close genetic
relationship between mans09 strain and both NAMRU/2007 and NAMRU/2008 H5N1 AIV isolated
from human in Egypt with identity of 99.48% and 98.97%, respectively. Furthermore, our present data
showed 100% identity of mans09 strain with turkey-1/2005 H5N1 strain isolated from turkey poults in
turkey and the isolate 244/2005 H5N1 isolated from the whoosper swan from Monogolia. On the other
hand, the strains mans11, mans12, and mans13 were closely related to N03072/2010 H5N1 isolated
from human in Egypt. In this concern, the identity between mans11 strain and N03072/2010 H5N1
isolated from human in Egypt was 97.42%, while the identity was 96.91% between mans12 and mans13
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strains and N03072/2010 H5N1 isolated from human in Egypt. In accordance with mans14, mans15a,
mans15b, and mans16, they were closely related to each other to 091317s/2009 H5N1 and 1021L/2010
H5N1 isolated from chickens in Egypt with 100% identity. In addition, the strain mans18 was closely
related to FM36/2018 H5N8 AIV isolated from ducks and F111/2019 H5N8 AIV isolated from turkey
poults in Egypt with 100% identity for both. In accordance with mans19, it was closely related to
AL1/2019 H5N8 AIV isolated from chickens in Egypt with 99.48% identity and A3/2019 H5N8 AIV
isolated from ducks in Egypt with 98.97%. Taken together, the H5 strains (mans9, mans11, mans12,
mans13, mans14, mans15a, mans15b, and mans16) identified in the present study were aligned in the
Egyptian sub clade 2.2.1 containing H5N1 AIVs isolated from human and chickens in Egypt, but the
strains mans18 and mans19 were aligned in the new Egyptian sub clade 2.3.4.4, together with other
Egyptian H5N8 strains isolated from chicken, duck, and turkey in Egypt (Figure 4).

Figure 4. The phylogenetic neighbor-joining tree of 9 AIV clades designed by MEGAX software.
The alignment of obtained nucleotides sequences of 10 selected samples shows that the strains mans9,
mans11, mans12, mans13, mans14, mans15a, mans15b, and mans16 (red triangles) identified in the
present study are closely related to other Egyptian H5N1 viruses as they were aligned in the Egyptian
sub clade 2.2.1 containing H5N1 AIVs. The strains mans18 and mans19 (blue triangles) are aligned in
the new Egyptian sub clade 2.3.4.4, together with other Egyptian H5N8.

4. Discussion

To the author’s knowledge, Egypt has been considered an endemic country with AIVs since
February 2006 [17,21,31,38]. The present findings provide interesting data about the occurrence of the
HPAI H5 gene in poultry isolated during several outbreaks from 100 farms in Dakahlia governorate,
Egypt over ten years. Interestingly, our study reports several clinical signs, post mortem lesions,
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and histopathological findings that are compatible with the previous data in the literature in relation
to the high pathogenicity of AIV in chickens (HPAI) [39–41]. As depicted in our results, the birds
experienced some respiratory manifestations and clinical signs including coughing and dyspnea,
swelling of the infra-orbital sinuses and nasal discharges, besides some birds showed cyanosis of
the legs, wattles, and comb and nervous signs with drop in egg production with poor quality eggs
in layers. These current results are in harmony with previous reports where the affected chickens
showed similar signs of low feed intake, depression, severe respiratory distress, facial edema with
cyanosis of the comb, wattles, shanks, and feet [42–44]. However, it should be stressed that some
outbreaks did not follow this classical pattern of the gross lesions and some birds may have few or no
lesions [45]. In addition to these major reported clinical signs in the present work, the post mortem
examination of infected birds showed dehydration and congestion of muscles with hemorrhage in
different internal organs, particularly gizzard and proventricular mucosae, pancreas, intestinal tract,
and coronary fat. In addition, the spleen was enlarged, congested, and mottled with hemorrhagic
ovarian follicles. These reported lesions are consistent with some previous reports with HPAI, where
the spleen was found congested, swollen with white necrotic foci, together with petechial hemorrhage
in the mucosa of proventriculus and multifocal white necrotic foci in pancreas [40,44,46–48].

To the authors’ knowledge, the widespread tissue and endothelial tropism have been considered
as marked features and major determinants of the high pathogenicity of HPAI in chickens [41,49,50].
Interestingly, as depicted in Figure 3, the histopathological examination revealed necrosis in liver
with infiltration of leukocytes combined with degenerative changes with necrotic pancreatitis, edema,
lymphoid depletion of splenic tissue, and hyperplastic tracheal epithelium. Pneumonic areas with
intense aggregation of leukocytes and vasculitis of the pulmonary blood vessels were also detected
in lung. These present histopathological findings are consistent with several previous pathological data
reported with HPAI in the literature [42,44,48,51–53]. In these previous studies [42,44,48,51–53], trachea
and lungs showed congestion, edema, thrombosis, diffuse hemorrhages, necrosis, and sloughing of
the epithelial lining of trachea and bronchi, extensive alveolar damage, together with inflammatory
cells infiltration including macrophages, lymphocytes, and heterophils. In addition, depletion of
the lymphoid follicles and heterophilic cells infiltration was observed in the spleen, together with
hemorrhagic foci and necrosis of the periellipsoid lymphocyte sheaths, which is consistent with several
previous studies [43,48,51]. Regarding the liver, it showed multiple necrotic foci with leukocytic
infiltration, which is in agreement with several previous reports where the liver showed severe
congestion, hemorrhage, multifocal hepatic necrosis with fragmented nuclei of the hepatocytes,
and infiltration of lymphocytes and macrophages in the periphery of portal triades [48,51,52,54].
Furthermore, the pancreas showed multifocal necrosis with vacuolation of acinar epithelium and
infiltration of the mononuclear cells in the parenchyma, as reported elsewhere [48,51,55]. Collectively,
our present histopathological data have coincided with several previous findings in lung, spleen,
liver, and pancreas HPAI as a result of infection [42,44,48,51,52]. Despite this similarity between the
reported pathological changes of AIV H5 infected birds versus previous reports, none of these signs
are considered pathognomonic for the disease [40,56–58].

Furthermore, the present results were verified by screening of the samples for AIV by RRT-PCR
and the resulting positive samples were then subjected to conventional RT-PCR for detection of the
H5 gene and were sequenced. In this concern, 66 samples (66%) out of 100 examined samples were
positive for AIV using RRT- PCR, while 52 samples (78.8%) out of those 66 samples tested positive
by RRT-PCR (confirmed to be positive for the H5 gene by conventional RT-PCR). In fact, several
molecular diagnostic methods based on PCR technology have been widely used for AIV detection
and genotyping AIV subtypes, such as RT-PCR and RRT-PCR [59–61]. Our present results are higher
than reported in previous studies in Egypt such as that carried by Elkersh et al. (2019) who reported
30 positive samples out of 89 (30.70%) examined samples for the H5 gene and Kasem et al. (2014)
who detected one H5 gene positive sample out of 25 (4%) examined samples [62–64]. Among others,
migratory and wild birds, variation in the biosecurity measures and hygiene practices of commercial
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farms, the predominance of live bird trading markets and transportation habits might represent the
potential factors that might contribute to this variation of our present results versus the previous
studies, favoring the continued endemicity of HPAI H5 [17,63,65–67].

Regarding the diversity of AIVs subtypes, several previous studies have described that HPAI
H5N1, HPAI H5N8, LPAI H9N2 viruses are the major circulating genotypes among domestic poultry
in Egypt [68,69]. Remarkably, the highest number of human cases with the HPAI H5N1 virus in
world have been reported in Egypt [28,68]. In fact, the multiple genetic lineages of the genotypes
diversity of AIV H5 circulating in the Egyptian poultry, using RT-PCR and partial sequences of HA,
offer many advantages for detecting the gene [70]. As shown in Figure 4, the phylogenetic analysis
of H5 viruses identified in the present study (mans9, mans11, mans12, mans13, mans14, mans15a,
mans15b, and mans16) were aligned in the Egyptian sub clade 2.2.1 containing H5N1 AIVs isolated
from human and chickens, but the strains mans18 and mans19 were aligned in the new Egyptian sub
clade 2.3.4.4, together with other Egyptian H5N8 strains isolated from ducks, chickens, and turkeys,
explaining the continued changes in the molecular nature of H5 AIVs circulating in Egypt. In this
concern, the Egyptian A/H5N1 AIV has been reported with at least two distinct genotypes and the
virus has mutations associated with increased binding affinity to human receptors, thus posing a public
health risk [71]. Clearly, the identity between the present study isolates and human isolates ranging
from 96.91% to 99.48% reveals the zoonotic nature of these strains. This close genetic relatedness of our
present results clades with the previously reported Egyptian clades and genotypes suggest the existence
of single source of infection besides the further spread of the strains that could be related to trade of
live birds, and as consequence, this enhances the reassortment activities of influenza subtypes [17,72].

5. Conclusions

In conclusion, our study reports interesting histopathological findings, which, together with
the molecular data, reveal the high overall prevalence of AIV in the poultry flocks from Dakahlia
governorate, Egypt. Clearly, our data provides novel information which requires the attention of local
authorities towards the application of more strict hygienic measures and implementation of effective
control strategies against this disease of public health importance. Our study also suggests future
investigation for the antigenic cartography representation of the Egyptian HPAI (H5) versus LPAI
which would be helpful for better understanding the epidemiological pattern of this zoonotic disease
in Egypt. Other alternative prophylactic strategies and periodical surveillance regimes may be also
essential for proper vaccination and to reduce the risk of infection.

Author Contributions: S.M.M., F.A.E.-G., H.S.A., H.E.-S. and E.K.E. involved in the conception of the research
idea and methodology design, performed data analysis and interpretation. S.M.M. and E.K.E. design of the
methodology, sampling, the laboratory work and data analysis and prepared the manuscript for publication. E.K.E.
and S.M.M. contributed their scientific advice, prepared the manuscript for publication and revision. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank Mutien Garigliany from University of Liège, Belgium for his
support and help during the molecular work and sequencing the samples. The authors also thank the veterinarians
and farm owners for their support in providing data and samples collection throughout the study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Engelhardt, O.; Fodor, E. Functional association between viral and cellular transcription during influenza
virus infection. Rev. Med. Virol. 2006, 16, 329–345. [CrossRef] [PubMed]

2. Röhm, C.; Zhou, N.; Süss, J.; Mackenzie, J.; Webster, R. Characterization of a Novel Influenza Hemagglutinin,
H15: Criteria for Determination of Influenza A Subtypes. Virology 1996, 217, 508–516. [CrossRef] [PubMed]

3. Hampson, A.W.; Mackenzie, J.S. The influenza viruses. Med. J. Aust. 2006, 185, S39–S43. [CrossRef] [PubMed]

http://dx.doi.org/10.1002/rmv.512
http://www.ncbi.nlm.nih.gov/pubmed/16933365
http://dx.doi.org/10.1006/viro.1996.0145
http://www.ncbi.nlm.nih.gov/pubmed/8610442
http://dx.doi.org/10.5694/j.1326-5377.2006.tb00705.x
http://www.ncbi.nlm.nih.gov/pubmed/17115950


Animals 2020, 10, 1010 11 of 14

4. Alvarez, A.C.; Brunck, M.E.; Boyd, V.; Lai, R.; Virtue, E.; Chen, W.; Bletchly, C.; Heine, H.G.; Barnard, R.
A broad spectrum, one-step reverse-transcription PCR amplification of the neuraminidase gene from multiple
subtypes of influenza A virus. Virol. J. 2008, 5, 77. [CrossRef]

5. Medina, R.A.; Garcia-Sastre, A. Influenza A viruses: New research developments. Nat. Rev. Microbiol.
2011, 9, 590–603. [CrossRef]

6. De Graaf, M.; Fouchier, R.A. Role of receptor binding specificity in influenza A virus transmission
and pathogenesis. EMBO J. 2014, 33, 823–841. [CrossRef]

7. Lloren, K.K.S.; Lee, T.; Kwon, J.J.; Song, M.S. Molecular Markers for Interspecies Transmission of Avian
Influenza Viruses in Mammalian Hosts. Int. J. Mol. Sci. 2017, 18, 2706. [CrossRef]

8. Zhang, W.; Shi, Y. Molecular mechanisms on interspecies transmission of avian influenza viruses. Chin. Bull.
Life Sci. 2015, 27, 539–548.

9. Guan, Y.; Smith, G.J. The emergence and diversification of panzootic H5N1 influenza viruses. Virus Res.
2013, 178, 35–43. [CrossRef]

10. Arzey, G.G.; Kirkland, P.D.; Arzey, K.E.; Frost, M.; Maywood, P.; Conaty, S.; Hurt, A.C.; Deng, Y.M.;
Iannello, P.; Barr, I.; et al. Influenza virus A (H10N7) in chickens and poultry abattoir workers, Australia.
Emerg. Infect. Dis. 2012, 18, 814–816. [CrossRef]

11. Cheng, V.C.; Chan, J.F.; Wen, X.; Wu, W.L.; Que, T.L.; Chen, H.; Chan, K.H.; Yuen, K.Y. Infection of
immunocompromised patients by avian H9N2 influenza A virus. J. Infect. 2011, 62, 394–399. [CrossRef]
[PubMed]

12. Fouchier, R.A.; Schneeberger, P.M.; Rozendaal, F.W.; Broekman, J.M.; Kemink, S.A.; Munster, V.; Kuiken, T.;
Rimmelzwaan, G.F.; Schutten, M.; Van Doornum, G.J.; et al. Avian influenza A virus (H7N7) associated with
human conjunctivitis and a fatal case of acute respiratory distress syndrome. Proc. Natl. Acad. Sci. USA
2004, 101, 1356–1361. [CrossRef] [PubMed]

13. Yuan, J.; Zhang, L.; Kan, X.; Jiang, L.; Yang, J.; Guo, Z.; Ren, Q. Origin and Molecular Characteristics
of a Novel 2013 Avian Influenza A(H6N1) Virus Causing Human Infection in Taiwan. Clin. Infect. Dis.
2013, 57, 1367–1368. [CrossRef] [PubMed]

14. Yu, H.; Cowling, B.J.; Feng, L.; Lau, E.H.; Liao, Q.; Tsang, T.K.; Peng, Z.; Wu, P.; Liu, F.; Fang, V.J.; et al. Human
infection with avian influenza A H7N9 virus: An assessment of clinical severity. Lancet 2013, 382, 138–145.
[CrossRef]

15. Xu, Y.; Cao, H.; Liu, H.; Sun, H.; Martin, B.; Zhao, Y.; Wang, Q.; Deng, G.; Xue, J.; Zong, Y.; et al. Identification
of the source of A (H10N8) virus causing human infection. Infect. Genet. Evol. 2015, 30, 159–163. [CrossRef]

16. Zhou, L.; Tan, Y.; Kang, M.; Liu, F.; Ren, R.; Wang, Y.; Chen, T.; Yang, Y.; Li, C.; Wu, J.; et al. Preliminary
Epidemiology of Human Infections with Highly Pathogenic Avian Influenza A(H7N9) Virus, China, 2017.
Emerg. Infect. Dis. 2017, 23, 1355–1359. [CrossRef]

17. Abdelwhab, E.M.; Abdel-Moneim, A.S. Epidemiology, ecology and gene pool of influenza A virus in Egypt:
Will Egypt be the epicentre of the next influenza pandemic? Virulence 2015, 6, 6–18. [CrossRef]

18. Kruy, S.L.; Buisson, Y.; Buchy, P. Asia: Avian influenza H5N1. Bull. Soc. Pathol. Exot. 2008, 101, 238–242.
19. Li, Z.; Jiang, Y.; Jiao, P.; Wang, A.; Zhao, F.; Tian, G.; Wang, X.; Yu, K.; Bu, Z.; Chen, H. The NS1 gene

contributes to the virulence of H5N1 avian influenza viruses. J. Virol. 2006, 80, 11115–11123. [CrossRef]
20. Gutierrez, R.A.; Naughtin, M.J.; Horm, S.V.; San, S.; Buchy, P. A (H5N1) Virus Evolution in South East Asia.

Viruses 2009, 1, 335–361. [CrossRef]
21. Tolba, H.M.N.; Abou Elez, R.M.M.; Elsohaby, I.; Ahmed, H.A. Molecular identification of avian influenza

virus subtypes H5N1 and H9N2 in birds from farms and live bird markets and in respiratory patients. PeerJ
2018, 6, e5473. [CrossRef] [PubMed]

22. Kandeil, A.; Hicks, J.T.; Young, S.G.; El Taweel, A.N.; Kayed, A.S.; Moatasim, Y.; Kutkat, O.; Bagato, O.;
McKenzie, P.P.; Cai, Z.; et al. Active surveillance and genetic evolution of avian influenza viruses in Egypt,
2016-2018. Emerg. Microbes Infect. 2019, 8, 1370–1382. [CrossRef] [PubMed]

23. Kandeil, A.; Kayed, A.; Moatasim, Y.; Webby, R.J.; McKenzie, P.P.; Kayali, G.; Ali, M.A. Genetic characterization
of highly pathogenic avian influenza A H5N8 viruses isolated from wild birds in Egypt. J. Gen. Virol.
2017, 98, 1573–1586. [CrossRef] [PubMed]

24. Moatasim, Y.; Kandeil, A.; Aboulhoda, B.E.; El-Shesheny, R.; Alkhazindar, M.; AbdElSalam, E.T.; Kutkat, O.;
Kamel, M.N.; El Taweel, A.N.; Mostafa, A.; et al. Comparative Virological and Pathogenic Characteristics of

http://dx.doi.org/10.1186/1743-422X-5-77
http://dx.doi.org/10.1038/nrmicro2613
http://dx.doi.org/10.1002/embj.201387442
http://dx.doi.org/10.3390/ijms18122706
http://dx.doi.org/10.1016/j.virusres.2013.05.012
http://dx.doi.org/10.3201/eid1805.111852
http://dx.doi.org/10.1016/j.jinf.2011.02.007
http://www.ncbi.nlm.nih.gov/pubmed/21356238
http://dx.doi.org/10.1073/pnas.0308352100
http://www.ncbi.nlm.nih.gov/pubmed/14745020
http://dx.doi.org/10.1093/cid/cit479
http://www.ncbi.nlm.nih.gov/pubmed/23881153
http://dx.doi.org/10.1016/S0140-6736(13)61207-6
http://dx.doi.org/10.1016/j.meegid.2014.12.026
http://dx.doi.org/10.3201/eid2308.170640
http://dx.doi.org/10.4161/21505594.2014.992662
http://dx.doi.org/10.1128/JVI.00993-06
http://dx.doi.org/10.3390/v1030335
http://dx.doi.org/10.7717/peerj.5473
http://www.ncbi.nlm.nih.gov/pubmed/30202644
http://dx.doi.org/10.1080/22221751.2019.1663712
http://www.ncbi.nlm.nih.gov/pubmed/31526249
http://dx.doi.org/10.1099/jgv.0.000847
http://www.ncbi.nlm.nih.gov/pubmed/28721841


Animals 2020, 10, 1010 12 of 14

Avian Influenza H5N8 Viruses Detected in Wild Birds and Domestic Poultry in Egypt during the Winter
of 2016/2017. Viruses 2019, 11, 990. [CrossRef] [PubMed]

25. Zhao, K.; Gu, M.; Zhong, L.; Duan, Z.; Zhang, Y.; Zhu, Y.; Zhao, G.; Zhao, M.; Chen, Z.; Hu, Z.; et al.
Characterization of three H5N5 and one H5N8 highly pathogenic avian influenza viruses in China.
Vet. Microbiol. 2013, 163. [CrossRef] [PubMed]

26. Subbarao, K.; Klimov, A.; Katz, J.; Regnery, H.; Lim, W.; Hall, H.; Perdue, M.; Swayne, D.; Bender, C.;
Huang, J.; et al. Characterization of an avian influenza A (H5N1) virus isolated from a child with a fatal
respiratory illness. Science 1998, 279, 393–396. [CrossRef] [PubMed]

27. World Health Organization. Antigenic and Genetic Characteristics of Zoonotic Influenza Viruses and
Candidate Vaccine Viruses Developed for Potential Use in Human Vaccines. Development of Candidate
Vaccine Viruses for Pandemic Preparedness. February 2020, pp. 1–8. Available online: https://www.who.int/
influenza/vaccines/virus/characteristics_virus_vaccines/en/ (accessed on 19 April 2020).

28. World Health Organization. Cumulative Number of Confirmed Human Cases of Avian Influenza A
(H5N1) Reported to WHO. Available online: http://www.who.int/influenza/human_animal_interface/H5N1_
cumulative_table_archives/en/ (accessed on 15 April 2020).

29. Melidou, A.; Gioula, G.; Exindari, M.; Chatzidimitriou, D.; Diza, E. Influenza A (H5N1): An overview of the
current situation. Eur. Commun. Dis. Bull. 2009, 14. [CrossRef]

30. Riedel, S. Crossing the Species Barrier: The Threat of an Avian Influenza Pandemic.
Bayl. Univ. Med. Cent. Proc. 2006, 19, 16–20. [CrossRef]

31. Erfan, A. Endemic Status and Zoonotic Potential of Avian Influenza Viruses in Egypt, 2006–2019. Adv. Anim.
Vet. Sci. 2020, 7, 154–162.

32. Hagag, N.M.; Erfan, A.M.; El-Husseiny, M.; Shalaby, A.G.; Saif, M.A.; Tawakol, M.M.; Nour, A.A.; Selim, A.A.;
Arafa, A.S.; Hassan, M.K.; et al. Isolation of a Novel Reassortant Highly Pathogenic Avian Influenza (H5N2)
Virus in Egypt. Viruses 2019, 11, 565. [CrossRef]

33. World Health Organization. Collecting, Preserving and Shipping Specimens for the Diagnosis of Avian Influenza A
(H5N1) Virus Infection: Guide for Field Operations; World Health Organization: Geneva, Switzerland, 2006.

34. Perkins, L.E.; Swayne, D.E. Varied pathogenicity of a Hong Kong-origin H5N1 avian influenza virus in four
passerine species and budgerigars. Vet. Pathol. 2003, 40, 14–24. [CrossRef] [PubMed]

35. Liu, J.; Yao, L.; Zhai, F.; Chen, Y.; Lei, J.; Bi, Z.; Hu, J.; Xiao, Q.; Song, S.; Yan, L.; et al. Development and
application of a triplex real-time PCR assay for the simultaneous detection of avian influenza virus subtype
H5, H7 and H9. J. Virol. Methods 2018, 252, 49–56. [CrossRef] [PubMed]

36. Van Borm, S.; Steensels, M.; Ferreira, H.L.; Boschmans, M.; De Vriese, J.; Lambrecht, B.; van den Berg, T.
A universal avian endogenous real-time reverse transcriptase-polymerase chain reaction control and its
application to avian influenza diagnosis and quantification. Avian Dis. 2007, 51, 213–220. [CrossRef]

37. Kumar, S.; Stecher, G.; Li, M.; Knyaz, C.; Tamura, K. MEGA X: Molecular Evolutionary Genetics Analysis
across Computing Platforms. Mol. Biol. Evol. 2018, 35, 1547–1549. [CrossRef] [PubMed]

38. Rauw, F.; Palya, V.; Van Borm, S.; Welby, S.; Tatar-Kis, T.; Gardin, Y.; Dorsey, K.M.; Aly, M.M.; Hassan, M.K.;
Soliman, M.A.; et al. Further evidence of antigenic drift and protective efficacy afforded by a recombinant
HVT-H5 vaccine against challenge with two antigenically divergent Egyptian clade 2.2.1 HPAI H5N1 strains.
Vaccine 2011, 29, 2590–2600. [CrossRef] [PubMed]

39. Wibawa, H.; Bingham, J.; Nuradji, H.; Lowther, S.; Payne, J.; Harper, J.; Wong, F.; Lunt, R.; Junaidi, A.;
Middleton, D.; et al. The pathobiology of two Indonesian H5N1 avian influenza viruses representing
different clade 2.1 sublineages in chickens and ducks. Comp. Immunol. Microbiol. Infect. Dis 2013, 36, 175–191.
[CrossRef] [PubMed]

40. Perkins, L.E.; Swayne, D.E. Pathobiology of A/chicken/Hong Kong/220/97 (H5N1) avian influenza virus in
seven gallinaceous species. Vet. Pathol. 2001, 38, 149–164. [CrossRef]

41. Kobayashi, Y.; Horimoto, T.; Kawaoka, Y.; Alexander, D.J.; Itakura, C. Pathological studies of chickens
experimentally infected with two highly pathogenic avian influenza viruses. Avian Pathol. 1996, 25, 285–304.
[CrossRef]

42. Abou-Rawash, A.-R.; Abd EL-Hamed, S.; Abd-Ellatieff, H.A.; Elsamanoudy, S.M. Recent Outbreaks
of Highly Pathogenic Avian Influenza Virus in Chickens and Ducks in Egypt: Pathological Study.
Med. Biol. Eng. Comput. 2012, 6, 256–264. [CrossRef]

http://dx.doi.org/10.3390/v11110990
http://www.ncbi.nlm.nih.gov/pubmed/31717865
http://dx.doi.org/10.1016/j.vetmic.2012.12.025
http://www.ncbi.nlm.nih.gov/pubmed/23375651
http://dx.doi.org/10.1126/science.279.5349.393
http://www.ncbi.nlm.nih.gov/pubmed/9430591
https://www.who.int/influenza/vaccines/virus/characteristics_virus_vaccines/en/
https://www.who.int/influenza/vaccines/virus/characteristics_virus_vaccines/en/
http://www.who.int/influenza/human_animal_interface/H5N1_cumulative_table_archives/en/
http://www.who.int/influenza/human_animal_interface/H5N1_cumulative_table_archives/en/
http://dx.doi.org/10.2807/ese.14.20.19216-en
http://dx.doi.org/10.1080/08998280.2006.11928118
http://dx.doi.org/10.3390/v11060565
http://dx.doi.org/10.1354/vp.40-1-14
http://www.ncbi.nlm.nih.gov/pubmed/12627709
http://dx.doi.org/10.1016/j.jviromet.2017.11.005
http://www.ncbi.nlm.nih.gov/pubmed/29129489
http://dx.doi.org/10.1637/7552-033106R.1
http://dx.doi.org/10.1093/molbev/msy096
http://www.ncbi.nlm.nih.gov/pubmed/29722887
http://dx.doi.org/10.1016/j.vaccine.2011.01.048
http://www.ncbi.nlm.nih.gov/pubmed/21292007
http://dx.doi.org/10.1016/j.cimid.2012.12.001
http://www.ncbi.nlm.nih.gov/pubmed/23290928
http://dx.doi.org/10.1354/vp.38-2-149
http://dx.doi.org/10.1080/03079459608419142
http://dx.doi.org/10.5281/zenodo.1061487


Animals 2020, 10, 1010 13 of 14

43. Yamamoto, Y.; Nakamura, K.; Yamada, M.; Mase, M. Comparative Pathology of Chickens and Domestic
Ducks Experimentally Infected with Highly Pathogenic Avian Influenza Viruses (H5N1) Isolated in Japan in
2007 and 2008. Jpn. Agric. Res. Q. 2010, 44, 73–80. [CrossRef]

44. Bakeer, A.; Khattab, M.; Aly, M.; Arafa, A.; Amer, F.; Hafez, H.; Afify, M. Estimation of Pathological and
Molecular Findings in Vaccinated and Non-Vaccinated Chickens Challenged with Highly Pathogenic Avian
Influenza H5N1 Virus. Pak. Vet. J. 2019, 39, 31–36. [CrossRef]

45. Swayne, D.E. Overview of Avian Influenza. In The Merck Veterinary Manual; Aiello, S.E., Moses, M.A., Eds.;
Merck and Co.: Whitehouse Station, NJ, USA, 2014. Available online: http://www.merckmanuals.com/mvm/

poultry/avian_influenza/overview_of_avian_influenza.html (accessed on 26 May 2020).
46. Akanbi, O.B.; Taiwo, V.O. Mortality and Pathology Associated with Highly Pathogenic Avian Influenza H5N1

Outbreaks in Commercial Poultry Production Systems in Nigeria. Int. Sch. Res. Not. 2014, 2014, 415418.
[CrossRef] [PubMed]

47. Suba, S.; Nagarajan, S.S.; Saxena, V.; Kumar, M.; Pothukuchi, V.; Rajukumar, K.; Vasudevan, G.; Jain, V.;
Singh, D.; Dubey, S. Pathology of a H5N1, highly pathogenic avian influenza virus, in two Indian native
chicken breeds and a synthetic broiler line. Indian J. Exp. Biol. 2015, 53, 202–207. [PubMed]

48. Bae, Y.; Joh, S.; Park, S.; Kwon, H.; Lee, Y.; Lee, E.; Song, B.; Lee, Y.; Heo, G.; Lee, H.; et al. Pathological lesions
and antigen localization in chicken, ducks and Japanese quail naturally infected by novel highly pathogenic
avian influenza (H5N6), Korea, 2016. J. Prev. Vet. Med. 2018, 42, 91–98. [CrossRef]

49. Pantin-Jackwood, M.J.; Swayne, D.E. Pathogenesis and pathobiology of avian influenza virus infection
in birds. Rev. Sci. Tech. 2009, 28, 113–136. [CrossRef]

50. Luczo, J.M.; Tachedjian, M.; Harper, J.A.; Payne, J.S.; Butler, J.M.; Sapats, S.I.; Lowther, S.L.; Michalski, W.P.;
Stambas, J.; Bingham, J. Evolution of high pathogenicity of H5 avian influenza virus: Haemagglutinin
cleavage site selection of reverse-genetics mutants during passage in chickens. Sci. Rep. 2018, 8, 11518.
[CrossRef]

51. Rhyoo, M.Y.; Lee, K.H.; Moon, O.K.; Park, W.H.; Bae, Y.C.; Jung, J.Y.; Yoon, S.S.; Kim, H.R.; Lee, M.H.;
Lee, E.J.; et al. Analysis of signs and pathology of H5N1-infected ducks from the 2010-2011 Korean highly
pathogenic avian influenza outbreak suggests the influence of age and management practices on severity
of disease. Avian Pathol. 2015, 44, 175–181. [CrossRef]

52. Isihak, F.; Ismail, H.; Wahid, A. Diagnosis and histopathological study of avian influenza virus-H5 (AIV-H5)
in broiler farms. Iraqi J. Vet. Sci. 2020, 34, 101–107. [CrossRef]

53. Zulfikhar, Z.; Wasito, R.; Wuryastuti, H. Immunopathological immunohistochemical study of low
pathogenic avian influenza virus H5N1 infection in lovebirds (Agapornis spp.) in Indonesia. Vet. World
2019, 12, 1472–1477. [CrossRef]

54. Prokopyeva, E.A.; Zinserling, V.A.; Bae, Y.C.; Kwon, Y.; Kurskaya, O.G.; Sobolev, I.A.; Kozhin, P.M.;
Komissarov, A.; Fadeev, A.; Petrov, V.; et al. Pathology of A(H5N8) (Clade 2.3.4.4) Virus in Experimentally
Infected Chickens and Mice. Interdiscip. Perspect. Infect. Dis. 2019, 2019, 4124865. [CrossRef]

55. Vascellari, M.; Granato, A.; Trevisan, L.; Basilicata, L.; Toffan, A.; Milani, A.; Mutinelli, F. Pathologic findings
of highly pathogenic avian influenza virus A/Duck/Vietnam/12/05 (H5N1) in experimentally infected pekin
ducks, based on immunohistochemistry and in situ hybridization. Vet. Pathol. 2007, 44, 635–642. [CrossRef]
[PubMed]

56. World Organisation for Animal Health (OIE). Terrestrial Manual 2018; Chapter 3.3.4. Avian
Influenza—Infection with Avian Influenza Viruses; 2018; pp. 821–843. Available online: https://www.
oie.int/fileadmin/Home/eng/Health_standards/tahm/3.03.04_AI.pdf (accessed on 19 April 2020).

57. Lee, C.W.; Swayne, D.E.; Linares, J.A.; Senne, D.A.; Suarez, D.L. H5N2 avian influenza outbreak in Texas
in 2004: The first highly pathogenic strain in the United States in 20 years? J. Virol. 2005, 79, 11412–11421.
[CrossRef] [PubMed]

58. Brojer, C.; Agren, E.O.; Uhlhorn, H.; Bernodt, K.; Morner, T.; Jansson, D.S.; Mattsson, R.; Zohari, S.; Thoren, P.;
Berg, M.; et al. Pathology of natural highly pathogenic avian influenza H5N1 infection in wild tufted ducks
(Aythya fuligula). J. Vet. Diagn. Invest. 2009, 21, 579–587. [CrossRef]

59. Tsukamoto, K.; Panei, C.J.; Shishido, M.; Noguchi, D.; Pearce, J.; Kang, H.M.; Jeong, O.M.; Lee, Y.J.;
Nakanishi, K.; Ashizawa, T. SYBR green-based real-time reverse transcription-PCR for typing and subtyping
of all hemagglutinin and neuraminidase genes of avian influenza viruses and comparison to standard
serological subtyping tests. J. Clin. Microbiol. 2012, 50, 37–45. [CrossRef] [PubMed]

http://dx.doi.org/10.6090/jarq.44.73
http://dx.doi.org/10.29261/pakvetj/2018.112
http://www.merckmanuals.com/mvm/poultry/avian_influenza/overview_of_avian_influenza.html
http://www.merckmanuals.com/mvm/poultry/avian_influenza/overview_of_avian_influenza.html
http://dx.doi.org/10.1155/2014/415418
http://www.ncbi.nlm.nih.gov/pubmed/27379256
http://www.ncbi.nlm.nih.gov/pubmed/26011980
http://dx.doi.org/10.13041/jpvm.2018.42.3.91
http://dx.doi.org/10.20506/rst.28.1.1869
http://dx.doi.org/10.1038/s41598-018-29944-z
http://dx.doi.org/10.1080/03079457.2015.1021295
http://dx.doi.org/10.33899/ijvs.2019.125646.1120
http://dx.doi.org/10.14202/vetworld.2019.1472-1477
http://dx.doi.org/10.1155/2019/4124865
http://dx.doi.org/10.1354/vp.44-5-635
http://www.ncbi.nlm.nih.gov/pubmed/17846235
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.03.04_AI.pdf
https://www.oie.int/fileadmin/Home/eng/Health_standards/tahm/3.03.04_AI.pdf
http://dx.doi.org/10.1128/JVI.79.17.11412-11421.2005
http://www.ncbi.nlm.nih.gov/pubmed/16103192
http://dx.doi.org/10.1177/104063870902100501
http://dx.doi.org/10.1128/JCM.01195-11
http://www.ncbi.nlm.nih.gov/pubmed/22031706


Animals 2020, 10, 1010 14 of 14

60. Tsukamoto, K.; Ashizawa, T.; Nakanishi, K.; Kaji, N.; Suzuki, K.; Shishido, M.; Okamatsu, M.; Mase, M.
Use of reverse transcriptase PCR to subtype N1 to N9 neuraminidase genes of avian influenza viruses.
J. Clin. Microbiol. 2009, 47, 2301–2303. [CrossRef] [PubMed]

61. Elizalde, M.; Aguero, M.; Buitrago, D.; Yuste, M.; Arias, M.L.; Munoz, M.J.; Lelli, D.; Perez-Ramirez, E.;
Moreno-Martin, A.M.; Fernandez-Pinero, J. Rapid molecular haemagglutinin subtyping of avian influenza
isolates by specific real-time RT-PCR tests. J. Virol. Methods 2014, 196, 71–81. [CrossRef] [PubMed]

62. ElKersh, M.F.; Abdalla, F.M.; Farg, G.K.; Nasef, S.A.; Ali, A.A. Molecular Diagnosis of Avian Influenza Virus
from Different Avian Species. J. Virol. Sci. 2019, 6, 1–11.

63. Abdelwhab, E.-S.; Selim, A.; Arafa, A.; Galal, S.; Kilany, W.; Hassan, M.; Aly, M.; Hafez, H. Circulation of
Avian Influenza H5N1 in Live Bird Markets in Egypt. Avian Dis. 2010, 54, 911–914. [CrossRef]

64. Kasem, S.; El-Abasy, M.; El-Bagory, G.; Magoz, A. Molecular characterization and Phylogenetic analysis of
Avian influenza virus circulating in Kafrelsheikh Governorate, Egypt. Glob. Vet. 2014, 12, 532–540. [CrossRef]

65. Abdelwhab, E.M.; Arafa, A.S.; Stech, J.; Grund, C.; Stech, O.; Graeber-Gerberding, M.; Beer, M.; Hassan, M.K.;
Aly, M.M.; Harder, T.C.; et al. Diversifying evolution of highly pathogenic H5N1 avian influenza virus in
Egypt from 2006 to 2011. Virus Genes 2012, 45, 14–23. [CrossRef]

66. Wang, Y.; Jiang, Z.; Jin, Z.; Tan, H.; Xu, B. Risk factors for infectious diseases in backyard poultry farms in the
Poyang Lake area, China. PLoS ONE 2013, 8, e67366. [CrossRef]

67. Young, S.G.; Carrel, M.; Kitchen, A.; Malanson, G.P.; Tamerius, J.; Ali, M.; Kayali, G. How’s the Flu Getting
Through? Landscape genetics suggests both humans and birds spread H5N1 in Egypt. Infect. Genet. Evol.
2017, 49, 293–299. [CrossRef] [PubMed]

68. Naguib, M.M.; Harder, T. Endemic situation of multiple avian influenza strains in poultry in Egypt:
A continuing nightmare. Zoonoses Public Health 2018, 65, 908–910. [CrossRef] [PubMed]

69. Yehia, N.; Naguib, M.M.; Li, R.; Hagag, N.; El-Husseiny, M.; Mosaad, Z.; Nour, A.; Rabea, N.; Hasan, W.M.;
Hassan, M.K.; et al. Multiple introductions of reassorted highly pathogenic avian influenza viruses (H5N8)
clade 2.3.4.4b causing outbreaks in wild birds and poultry in Egypt. Infect. Genet. Evol. 2018, 58, 56–65.
[CrossRef]

70. Cai, Z.; Ducatez, M.F.; Yang, J.; Zhang, T.; Long, L.P.; Boon, A.C.; Webby, R.J.; Wan, X.F. Identifying
antigenicity-associated sites in highly pathogenic H5N1 influenza virus hemagglutinin by using
sparse learning. J. Mol. Biol. 2012, 422, 145–155. [CrossRef]

71. Arafa, A.; El-Masry, I.; Kholosy, S.; Hassan, M.K.; Dauphin, G.; Lubroth, J.; Makonnen, Y.J. Phylodynamics of
avian influenza clade 2.2.1 H5N1 viruses in Egypt. Virol. J. 2016, 13, 49. [CrossRef]

72. Bi, Y.; Chen, Q.; Wang, Q.; Chen, J.; Jin, T.; Wong, G.; Quan, C.; Liu, J.; Wu, J.; Yin, R.; et al. Genesis, Evolution
and Prevalence of H5N6 Avian Influenza Viruses in China. Cell Host Microbe 2016, 20, 810–821. [CrossRef]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1128/JCM.02366-08
http://www.ncbi.nlm.nih.gov/pubmed/19403772
http://dx.doi.org/10.1016/j.jviromet.2013.10.031
http://www.ncbi.nlm.nih.gov/pubmed/24184949
http://dx.doi.org/10.1637/9099-100809-RESNOTE.1
http://dx.doi.org/10.5829/idosi.gv.2014.12.04.83102
http://dx.doi.org/10.1007/s11262-012-0758-1
http://dx.doi.org/10.1371/journal.pone.0067366
http://dx.doi.org/10.1016/j.meegid.2017.02.005
http://www.ncbi.nlm.nih.gov/pubmed/28179143
http://dx.doi.org/10.1111/zph.12486
http://www.ncbi.nlm.nih.gov/pubmed/30369095
http://dx.doi.org/10.1016/j.meegid.2017.12.011
http://dx.doi.org/10.1016/j.jmb.2012.05.011
http://dx.doi.org/10.1186/s12985-016-0477-7
http://dx.doi.org/10.1016/j.chom.2016.10.022
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Ethical Consideration 
	Samples and Study Area 
	Clinical Signs, Postmortem Lesions, and Histopathological Examination 
	Laboratory Testing 
	Primers Design 
	RNA Extraction, cDNA Synthesis, Real Time and Conventional RT-PCR 
	Sequencing, GenBank Accession Numbers, and Phylogenetic Analysis of the Selected Samples 


	Results 
	Clinical Signs and Postmortem Lesions 
	Histopathological Examination 
	Real Time PCR and Conventional PCR 
	Sequencing and Phylogenetic Analysis of the AIV H5 Gene Fragment 

	Discussion 
	Conclusions 
	References

