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Simple Summary: Newcastle disease virus (NDV) is a highly contagious viral disease affecting a
wide range of avian species. The disease can be particularly virulent in chickens, resulting in high
mortality and morbidity. In this study, we characterized velogenic NDV sub-genotype VII.1.1 from
wild birds and assessed its pathogenicity in susceptible chickens. One hundred wild birds from the
vicinity of poultry farms with a history of NDV infection were examined clinically. Pooled samples
from the spleen, lung, and brain were screened using real-time reverse transcriptase polymerase
chain reaction (RRT-PCR) and reverse transcriptase polymerase chain reaction (RT-PCR) to detect
the NDV F gene fragment, and phylogenetic analysis was carried out for identification of the
genetic relatedness of the virus. Chickens were infected with the strains identified, and the major
histopathological changes were assessed. Interestingly, NDV was detected in 44% of cattle egret
samples and 26% of house sparrow samples by RRT-PCR, while RT-PCR detected NDV in 36% of
cattle egrets examined and 20% of house sparrow samples. Phylogenetic analysis revealed close
identity, of 99.7–98.5% (0.3–1.5% pairwise distance), between the isolates used in our study and other
Egyptian class II, sub-genotype VII.1.1 NDV strains. Histopathological examination identified marked
histopathological changes that are consistent with NDV. These findings provide interesting data in
relation to the detection of NDV sub-genotype VII.1.1 in wild birds and reveal the major advantages
of the combined use of molecular and histopathological methods in the detection and characterization
of the virus. More research is needed to determine the characteristics of this contagious disease in the
Egyptian environment.

Abstract: Newcastle disease (ND) is considered to be one of the most economically significant avian
viral diseases. It has a worldwide distribution and a continuous diversity of genotypes. Despite
its limited zoonotic potential, Newcastle disease virus (NDV) outbreaks in Egypt occur frequently
and result in serious economic losses in the poultry industry. In this study, we investigated and
characterized NDV in wild cattle egrets and house sparrows. Fifty cattle egrets and fifty house
sparrows were collected from the vicinity of chicken farms in Kafrelsheikh Governorate, Egypt,
which has a history of NDV infection. Lung, spleen, and brain tissue samples were pooled from each
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bird and screened for NDV by real-time reverse transcriptase polymerase chain reaction (RRT-PCR)
and reverse transcriptase polymerase chain reaction (RT-PCR) to amplify the 370 bp NDV F gene
fragment. NDV was detected by RRT-PCR in 22 of 50 (44%) cattle egrets and 13 of 50 (26%) house
sparrows, while the conventional RT-PCR detected NDV in 18 of 50 (36%) cattle egrets and 10 of
50 (20%) of house sparrows. Phylogenic analysis revealed that the NDV strains identified in the
present study are closely related to other Egyptian class II, sub-genotype VII.1.1 NDV strains from
GenBank, having 99.7–98.5% identity. The pathogenicity of the wild-bird-origin NDV sub-genotype
VII.1.1 NDV strains were assessed by experimental inoculation of identified strains (KFS-Motobas-2,
KFS-Elhamoul-1, and KFS-Elhamoul-3) in 28-day-old specific-pathogen-free (SPF) Cobb chickens.
The clinical signs and post-mortem changes of velogenic NDV genotype VII (GVII) were observed in
inoculated chickens 3 to 7 days post-inoculation, with 67.5–70% mortality rates. NDV was detected
in all NDV-inoculated chickens by RRT-PCR and RT-PCR at 3, 7, and 10 days post-inoculation.
The histopathological findings of the experimentally infected chickens showed marked pulmonary
congestion and pneumonia associated with complete bronchial stenosis. The spleen showed histocytic
cell proliferation with marked lymphoid depletion, while the brain had malacia and diffuse gliosis.
These findings provide interesting data about the characterization of NDV in wild birds from Egypt
and add to our understanding of their possible role in the transmission dynamics of the disease in
Egypt. Further research is needed to explore the role of other species of wild birds in the epidemiology
of this disease and to compare the strains circulating in wild birds with those found in poultry.

Keywords: wild birds; NDV sub-genotype VII.1.1; RT-PCR; phylogenetic analysis; Egypt

1. Introduction

Newcastle disease (ND) is a highly contagious disease caused by Newcastle disease
virus (NDV) [1]. This disease is ranked the third-most-significant poultry disease, having
been reported in 109 member countries of the World Organization for Animal Health
(OIE) [2,3]. The disease has attracted the attention of several researchers over the past
decades due to its global impact on the poultry industry [1–4]. The frequent incidence of
NDV infection, even in vaccinated birds, is due to improper vaccination and may also be
associated with mutations of the virus that alter its biological properties and virulence [5–7].
According to the OIE, the most virulent strains of the virus are fatal and their intracerebral
pathogenicity index is around 0.7 or higher [8].

Avian paramyxoviruses 1 and ND viruses were classified by the International Com-
mittee on Taxonomy of Viruses as Avian orthoavula virus serotype 1 (formerly Avian
avulavirus 1) in the new subfamily Avulavirinae and family Paramyxoviridae [9]. To the
best of the author’s knowledge, three strains of the NDV are known: lentogenic, mesogenic,
and velogenic. Among these, the velogenic strain is considered to be the most virulent, pro-
ducing high mortality and severe respiratory and nervous symptoms [10]. NDV is divided
into class I NDV strains, grouped into a single genotype and 3 sub-genotypes, and class II
NDV strains, divided into at least 20 distinct genotypes (I–XXI) made up of several sub-
genotypes [11]. Genotype VII is subdivided into three sub-genotypes [12], while genotypes
I, V, VI, VII, XII, XIII, XIV, and XVIII are each divided into several sub-genotypes [11,13–15].
The fourth NDV panzootic was caused by viruses of a single genotype (VII.1.1) that includes
former sub-genotypes VIIb, VIId, VIIe, VIIj, and VIIl; sub-genotype VIIf is considered to
be a separate sub-genotype, VII.1.2 [11]. The groups of viruses involved in the fifth NDV
panzootic that affected Africa, Asia, the Middle East, and Europe [16–21], were merged into
a single sub-genotype, VII.2, together with five other sequences identified as sub-genotype
VIIk and then also assigned to VII.2 [22]. The predominant NDV sub-genotype in Egypt is
VIId (VII.1.1), which has led to several outbreaks in poultry [23]. The disease is a significant
biosecurity risk in NDV-free zones, where sporadic outbreaks might have significant im-
pacts on trade. NDV remains one of the major causes of huge economic losses, is a harmful
pathogen for poultry breeding, and possesses limited zoonotic importance [24].
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ND is highly contagious, affecting more than 250 domestic and wild bird species, as
well as reptiles and humans [1,25,26]. The infection is transmitted through exposure to
fecal matter and other excretions of infected birds, as well as direct and indirect contact
with contaminated food, water, and utensils [27]. The main reservoirs of virulent strains
are poultry, while wild birds, such as house sparrows, crows, hawks, and waterfowls,
could harbor the low-virulent strains [28–30]. However, virus exchange among wild birds
produces high risk for both bird populations [30,31], as some viruses pose threats when
introduced into new geographic locations and new host species [30–32].

As mentioned above, a wide range of wild bird species can contract the infection by
NDV strains with varying degrees of pathogenicity and genetic diversity [21,24,33]. Cattle
egrets are susceptible to infection with velogenic viscerotropic NDV (VVNDV) and act
as potential carriers in the transmission of VVNDV among poultry flocks [34]. However,
the vast majority of the NDV genotypes reported in wild birds rarely result in severe or
clinically significant lesions in infected birds [35]. Despite this fact, understanding the
extent of the viral burden and the pathotypic and genotypic characteristics is valuable for
assessing the possible risks of emerging disease and consequently developing appropriate
control measures for combating the disease [36].

The present study was initially undertaken to assess the molecular nature of the NDV
genotype circulating in cattle egrets and house sparrows associated with recent outbreaks
in poultry flocks in Kafrelsheikh Governorate, Egypt.

2. Material and Methods
2.1. Ethical Considerations

Ethical approval was obtained from the Research, Publication and Ethics Committee
of the Faculty of Veterinary Medicine, Kafrelsheikh University, Egypt. The research com-
plied with all relevant Egyptian legislation. The ethical approval number is KFS 2017/3.
Research and all experimental procedures were performed in accordance with the pertinent
guidelines concerning animal handling, following international and national guidelines for
animal care and welfare.

2.2. Study Area, Sample Collection, and Sample Preparation

The study was conducted from October 2017 to October 2019 (Table 1). Fifty cattle
egrets and fifty house sparrows (total N = 100) were sampled from the vicinity of poultry
farms with a history of NDV infection in El-Hamoul, Kafrelsheikh, Balteem, and Motobas
cities, Kafrelsheikh Governorate, Egypt. The birds were trapped alive overnight, using nets,
from the trees around poultry farms suspected to be infected with velogenic NDV. The wild
birds were euthanized and slaughtered humanely after intravenous injection of diazepam
tranquilizer (2.5 mg/kg) to reduce stress, as previously described [37]. Birds were clinically
examined, and clinical signs and post-mortem changes were recorded. Lung, spleen, and
brain tissue samples were aseptically collected and pooled from each bird. Tissue samples
from the lung, spleen, and brain were also pooled from three healthy chickens, confirmed
to be NDV-free by RT-PCR, as negative control samples. Samples from the wild birds and
negative control samples were homogenized in phosphate-buffered saline (pH 7.2) with
an antibiotic mixture (50 IU/mL penicillin and 50 µg/mL streptomycin) and mycostatin
as an antifungal (50 mg/mL). Tissue homogenates were then centrifuged at 2000 rpm for
10 min, and the clarified supernatants were collected and stored at −80 ◦C until further
use in virus isolation and viral RNA extraction [38]. The wild birds were confirmed using
real-time reverse transcriptase polymerase chain reaction (RRT-PCR) to be free from other
infectious agents causing diarrhea, such as avian influenza, infectious bursal disease virus,
and salmonellosis.
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Table 1. Details of collected samples, including chicken flock size, type of poultry farm, location of farms, collection date,
and number of collected wild birds.

Chicken Farm No. Chicken Flock
Size

Type of Poultry
Farms Farm Location Collection Date

(Month/Year)
Number of Collected

Wild Birds

1 3000 Broiler El-Hamoul 10/2017

Five cattle egrets and
five house sparrows
were collected from
the vicinity of each

farm.

2 2000 Broiler El-Hamoul 12/2017

3 4000 Layer Kafrelsheikh 3/2018

4 2500 Broiler Balteem 5/2018

5 5000 Broiler Motobas 6/2018

6 3200 Layer El-Hamoul 11/2018

7 4500 Broiler Kafrelsheikh 1/2019

8 5000 Broiler Motobas 3/2019

9 2700 Broiler Kafrelsheikh 5/2019

10 5000 Layer Balteem 10/2019

2.3. Standard NDV

The standard velogenic mans1 NDV strain (GenBank accession no. MN537832) from
a previous study was used as a positive control sample in RRT-PCR and RT-PCR [39]. This
velogenic mans1 NDV strain was a field strain isolated from 45-day-old broiler chickens
from the Dakahalia Governorate, Egypt [39].

2.4. Molecular Characterization of NDV
2.4.1. Viral RNA Extraction

Viral RNA was extracted from the supernatant fluids of homogenized pooled lung,
spleen, and brain samples collected from cattle egrets and house sparrows and positive
and negative control samples using commercial kits (QIAamp® MinElut® Virus Spin Kit;
QIAGEN GmbH, Hilden, Germany) in accordance with the manufacturer’s guidelines.
The extracted RNA was then stored at −80 ◦C until further use.

2.4.2. Real-Time Reverse Transcriptase Polymerase Chain Reaction

QuantiTect Probe RT-PCR Master Mix (QIAGEN, Qiagen Str. 1, 40,724 Hilden, Ger-
many) was used for RRT-PCR amplifications of the NDV F gene fragment (101 bp) from
extracted RNA in accordance with kit guidelines. RRT-PCR amplification of velogenic
and mesogenic strains of the NDV F gene fragment was conducted using a previously
reported set of primers, as shown in Table 2 [40]. RT-PCR amplification was performed in a
final volume of 25 µL, containing 7 µL of RNA template, 12.5 µL of 2× QuantiTect Probe
RT-PCR Master Mix, 3.625 µL of PCR-grade water, 0.25 µL (50 pmol conc.) of each primer
(F+4839 and F-4939), 0.125 µL (30 pmol conc.) of the probe (F+4894 (VFP-1)), and 0.25 µL
of QuantiTect RT Mix. A Stratagene MX3005P real-time PCR machine was adjusted to
50 ◦C for 30 min (reverse transcription) and then 94 ◦C for 15 min (primary denaturation),
followed by 40 cycles of denaturation at 94 ◦C for 15 s, annealing at 52 ◦C for 30 s, and
extension at 72 ◦C for 10 s.
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Table 2. Details of the two sets of primers and probes used for amplification of the NDV gene fragment in real-time reverse
transcriptase polymerase chain reaction (RRT-PCR) and RT-PCR.

Primer Sequence (5’–3’) Direction Product Size (bp) Reference

F+4839 TCCGGAGGATACAAGGGTCT
101 [41]F+4894 (VFP-1) [FAM]AAGCGTTTCTGTCTCCTTCCTCCA[TAMRA]

F-4939 AGCTGTTGCAACCCCAAG

NDV-F330 forward AGGAAGGAGACAAAAACGTTTTATAGG
370 [42]

NDV-R700 reverse TCAGCTGAGTTAATGCAGGGGAGG

2.4.3. Reverse-Transcriptase Polymerase Chain Reaction

QIAGEN OneStep RT-PCR Kits (QIAGEN, Qiagen Str. 1, 40,724 Hilden, Germany)
were used for RT-PCR amplification of the virulent NDV F gene fragment (400 bp) from
the extracted RNA in accordance with kit guidelines. RT-PCR amplification of the virulent
NDV F gene fragment was conducted using a previously reported set of primers (Figure 1
and Table 2) [41]. The 50 µL reaction mixture consisted of 10.0 µL of 5x QIAGEN OneStep
RT-PCR Buffer, 1 µL (10 pmol) of each primer (NDV-F330 and NDV-R700), 2 µL of deoxyri-
bonucleotides tri-phosphate (dNTPs) mix (10 mM of each dNTP), 2 µL of QIAGEN OneStep
RT-PCR Enzyme Mix, 5 µL of extracted RNA, and RNase-free water up to 50 µL. The PCR
protocol was performed on a T3 Biometra thermal cycler (Germany) as follows: a single
cycle of initial denaturation at 94 ◦C for 2 min, followed by 40 cycles of denaturation
at 95 ◦C for 30 s, and annealing at 50 ◦C for 45 s, and the reaction was completed by a
final extension at 72 ◦C for 1 min, with a final incubation step at 72 ◦C for 10 min. After
amplification, 5 µL of PCR products were analyzed by gel electrophoresis (100 volts for
40 min) in 1.5% agarose gel in 0.5 X Tris-Borate Ethylenediaminetetraacetic acid (EDTA)
buffer with 0.5 µg/mL of ethidium bromide, against a 100 bp DNA ladder (Jena Bioscience,
Germany), after which the DNA bands were visualized with a UV transilluminator.
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characteristic virulent Newcastle disease virus (NDV) F gene cleavage site (nt no. 334–351). The low-virulent NDV cleavage
site showed seven nucleotide substitutions (guanine instead of adenine at positions 334, 342, 343, 344, and 345 and cytosine
instead of thiamine at positions 348 and 349) when compared to the forward primer nucleotide sequence, making it difficult
to amplify the target fragment from low-virulent NDV.
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2.4.4. Sequencing and Phylogenetic Analysis of the Selected Samples

The RT-PCR products of three selected samples (sharp bands) were excised from
the gel, and their DNA was purified with QIAquick PCR gel purification kits (QIAGEN,
Valencia, CA, USA) in accordance with the manufacturer’s guidelines. The purified DNA
from PCR products of the selected samples was sequenced using the Sanger method, using
Seqscape® software for raw data analysis. The nucleotide sequences were then placed
in GenBank (http://www.ncbi.nlm.nih.gov/Genbank accessed on 12 December 2020)
with accession numbers MT878465 (KFS-Elhamoul-1 strain), MT878466 (KFS-Motobas-2
strain), and MT878467 (KFS-Elhamoul-3 strain), as shown in Table 3. ClustalW2 (https:
//www.ebi.ac.uk/Tools/msa/clustalw2/ accessed on 12 December 2020) was used for the
analysis of the sequences. The output alignment files were used for phylogenic maximum-
likelihood analysis, with 1000 repeat bootstrap tests in MEGA X software [42]. The obtained
nucleotide and deduced amino acid sequences were aligned with other sequences from
GenBank using the Clustal W algorithm of BioEdit software Version 7.1, with the Damietta6
strain as a reference strain [43].

Table 3. Details of collected samples, including the number of collected wild birds; clinical signs; postmortem lesions; and
results of RRT-PCR, RT-PCR, and sequencing.

Farm
No. Wild Bird No. Clinical Signs Post-mortem

Changes
RRT-PCR

(Positive/Total)
RT-PCR

(Positive/Total) Sequencing

1
5 cattle egrets Whitish-green

diarrhea (1/5) Enteritis (1/5) 3/5 2/5 KFS-Elhamoul-1
strain

5 house sparrows No signs No PM lesions 2/5 2/5

2

5 cattle egrets No signs No PM lesions 1/5 1/5

5 house sparrows Whitish-green
diarrhea (1/5) Enteritis (1/5) 2/5 1/5 KFS-Elhamoul-3

strain

3
5 cattle egrets Ruffled feathers

(1/5)
Air sac

cloudiness (1/5) 3/5 3/5

5 house sparrows No signs No PM lesions 1/5 1/5

4
5 cattle egrets No signs No PM lesions 2/5 1/5

5 house sparrows Ruffled feathers
(2/5) No PM lesions 1/5 1/5

5
5 cattle egrets Whitish-green

diarrhea (1/5) Enteritis (1/5) 2/5 2/5 KFS-Motobas-2
strain

5 house sparrows No signs No PM lesions 1/5 1/5

6
5 cattle egrets Ruffled feathers

(1/5) No PM lesions 2/5 2/5

5 house sparrows No signs No PM lesions 1/5 0/5

7
5 cattle egrets No signs No PM lesions 3/5 2/5

5 house sparrows Whitish-green
diarrhea (1/5) Enteritis (1/5) 2/5 1/5

8
5 cattle egrets Whitish-green

diarrhea (1/5) Enteritis (1/5) 3/5 3/5

5 house sparrows No signs No PM lesions 2/5 2/5

9
5 cattle egrets Ruffled feathers

(2/5) No PM lesions 2/5 2/5

5 house sparrows Ruffled feathers No PM lesions 1/5 1/5

10
5 cattle egrets No signs No PM lesions 1/5 0/5

5 house sparrows No signs No PM lesions 0/5 0/5

http://www.ncbi.nlm.nih.gov/Genbank
https://www.ebi.ac.uk/Tools/msa/clustalw2/
https://www.ebi.ac.uk/Tools/msa/clustalw2/
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2.5. Pathogenicity Testing of Wild Bird Sub-Genotype VII.1.1 NDV Strains in
Susceptible Chickens
2.5.1. Susceptible Chickens

One-day-old commercial Cobb 500® chicks (n = 160) were purchased from a certified
local commercial hatchery and housed in separate pens with all appropriate biosecurity
restrictions. Pens were physically separated from each other to avoid transmission of
the infection between groups. Water and food were provided ad libitum throughout
the experimental period. The chicks were kept for 28 days without any medication or
vaccination. All chicks were bred according to the experimental animal care and welfare
guidelines of the Animal Health Research Institute, Kafrelsheikh, Egypt. The 28-day-old
chickens were used for assessment of the pathogenicity of the strains with genotype VII.1.1
originating in wild birds.

2.5.2. NDV Strains

Three sub-genotype VII.1.1 NDV strains were identified, two strains from cattle egrets
(KFS-Motobas-2 and KFS-Elhamoul-1) and one strain from house sparrows (KFS-Elhamoul-3),
and were used in experimental infection of susceptible chickens.

2.5.3. Virus Propagation in Embryonated Chicken Eggs

Specific-pathogen-free 10-day-old embryonated chicken eggs were obtained from an
Egyptian SPF egg production farm (Nile SPF), Fayoum, Egypt. About 0.2 mL of supernatant
fluid from each sample (KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3 strains)
and a negative control sample from normal healthy chickens were inoculated into the
allantoic cavity of the SPF-ECEs (five ECEs per sample) for three successive passages.
Inoculated eggs were incubated at 37 ◦C for 5 days; dead embryos at 24 h post-inoculation
(PI) were eliminated. Eggs with dead embryos 2–5 days PI were collected and examined for
embryonic lesions, and their allantoic fluids were collected. Live embryos 5 days PI were
preserved at 4 ◦C for 12 h, and then the allantoic fluids from the dead embryos 2 to 6 days
PI were collected and used for further egg passage. The allantoic fluids collected from the
third egg passage were preserved at −80 ◦C until use in virus titration and experimental
infection of susceptible chickens [44].

2.5.4. Virus Titration

Three sub-genotype VII.1.1 NDV strains identified in the present study were titrated
in SPF-ECEs. Tenfold serial dilutions were prepared from each strain using allantoic fluids
collected from the third egg passage, and 0.2 mL from each dilution was inoculated into the
allantoic cavity of 10-day-old ECEs (five ECEs per sample). Five days PI, embryo infective
dose 50 (EID50) was calculated, as previously described [45]. The virus titers were 107,
108.6, and 107.3 EID50/mL for the KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3
strains, respectively.

2.5.5. Experimental Design

Chickens used for experimental design were divided into four groups (G1–G4) of
40 birds each at 28 days old. Each group was kept in a separate pen with strict biosecurity
measures to avoid cross infection. Taking into account that intramuscular inoculation
does not mimic the natural route of exposure, groups G1–G3 were experimentally infected
with KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3 sub-genotype VII.1.1 NDV
strains, respectively, by intramuscular inoculation (dose = 106 EID50/mL). Birds in G4 were
inoculated intramuscularly with negative control samples of allantoic fluid from the third
egg passage [8,46]. Infected chickens were observed daily for 10 days post-infection (dpi),
and mortality, clinical signs, and pathological lesions were recorded. At 3, 7, and 10 dpi,
three birds were randomly selected from each group and euthanized, and lung, spleen,
and brain tissue samples were aseptically collected for NDV detection using RRT-PCR and
RT-PCR, as previously described [40,41]. At the fifth dpi, lung, spleen, and brain tissue
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samples were aseptically collected from freshly dead and/or euthanized birds (three birds
per group) and fixed in 10% neutral formalin for histopathological examination.

2.5.6. Histopathological Examination

Formalin-fixed lung, spleen, and brain tissue samples from experimentally infected
chickens were dehydrated, and embedded in paraffin wax. Tissue sections (5 µm) were
then de-paraffinized, stained with hematoxylin and eosin stain, and microscopically exam-
ined [47].

3. Results
3.1. Clinical Signs and Post-Mortem Lesions

In the present study, most of the clinically examined cattle egrets and house sparrows
were apparently healthy with no clinical signs. However, four cattle egrets and three
house sparrows showed ruffled feathers, with three cattle egrets and two house sparrows
also showing whitish-green diarrhea. The post-mortem examination of euthanized birds
showed enteritis, whitish-green intestinal contents, and cloudiness of the air sacs in a
few birds.

3.2. Molecular Characterization of NDV
3.2.1. Real-Time Reverse Transcriptase Polymerase Chain Reaction

Of the 50 cattle egrets and 50 house sparrows subjected to RRT-PCR, 22 cattle egret
samples (44%) and 13 house sparrow samples (26%) were positive, with cycle threshold
(Ct) values ranging from 15.45 to 39.65 (Table 3).

3.2.2. Reverse Transcriptase Polymerase Chain Reaction

Conventional RT-PCR was used to amplify a 370 bp fragment of the NDV F gene
from 18 samples (36%) from cattle egrets, 10 samples (20%) from house sparrows, and a
positive control sample. The other 32 samples (64%) from cattle egrets, 40 samples (80%)
from house sparrows, and a negative control sample showed no band at 370 bp (Table 3).

3.2.3. Sequencing and Phylogenetic Analysis of NDV F Gene Fragment

Three samples (from two cattle egrets and one house sparrow) were selected from
the RT-PCR positive samples (sharp bands) for DNA sequencing. The sequences were
analyzed in comparison with reference class II GVII sub-genotypes (GVII.1 and GVII.2)
of NDV F gene sequences from GenBank (Figure 2). The three strains identified in the
present study (KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3) clustered with other
Egyptian strains in sub-genotype VII.1.1 (formerly GVIId). Our strains were closely related
to the Egyptian NDV sub-genotype VII.1.1 strains isolated from chickens from different
localities in Egypt, including the Dakahlia28, Damietta9, Qualyobia11, El-Arish15, and
Ismailia8 strains. The strains KFS-Elhamoul-1 and KFS-Elhamoul-3 were identical (100%
identity) and showed 99.1% identity with the KFS-Motobas-2 strain. The present strains
KFS-Elhamoul-1 and KFS-Elhamoul-3 showed 98.8% identity with the Damietta9, Qualy-
obia11, and Ismailia8 strains and 98.5% identity with the Dakahlia28 and El-Arish15 strains.
The KFS-Motobas-2 strain showed 99.1% identity with the Damietta9, Qualyobia11, and
Ismailia8 strains and 98.8% identity with the Dakahlia28 and El-Arish15 strains. Analysis
of the GVII sub-genotypes revealed that the GVII sub-genotypes are highly divergent,
with 10.7% pairwise distance between the Namibia-5620 (GVII.2) strain and the Egyp-
tian GVII.1.1 strains (KFS-Elhamoul-1, KFS-Elhamoul-3, MN51, and MR84) (Figure 2 and
Table S1).
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The BioEdit nucleotide and the deduced amino acid sequences aligned with the
Damietta6 strain as a reference strain revealed that the three strains identified in this
study had two common nucleotide substitutions (G609A and T675C). The KFS-Elhamoul-1
and KFS-Elhamoul-3 strains showed two nucleotide substitutions (T523C and A540G),
while KFS-Motobas-2 had a single nucleotide substitution (T634C). All of these nucleotide
substitutions were silent, without any amino acid substitutions (Figures 3 and 4).
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no amino acid substitution in our strains (KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3).

3.3. Pathogenicity Testing of Wild Birds’ NDV Sub-Genotype VII.1.1 Strains in
Susceptible Chickens
3.3.1. Virus Propagation in Embryonated Chicken Eggs

KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3 strains were propagated in
10-day-old ECEs. Inoculated embryos were dwarfed and congested, with sub-cutaneous
hemorrhages in the head, legs, and the back area and had edema, abnormal feathering, and
gelatinous material on the skin. The embryos’ mortality was recorded at 72 h PI (first and
second passages) and 48 h into the third passage (Figure 5).
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Figure 5. Results of NDV GVII.1.1 isolation in the allantoic cavities of 10-day-oldembryonated
chicken eggs. (A) NDV sub-genotype VII.1.1 KFS-Motobas-2-strain-inoculated embryo showing
dwarfism, abnormal feathering, and congestion, with sub-cutaneous hemorrhages on the head and
legs and (B) the negative control embryo inoculated with the negative control sample.

3.3.2. Clinical Signs and Post-Mortem Changes in Experimentally Infected Chickens

Twenty-eight-day-old Cobb chickens in groups G1 (KFS-Motobas-2), G2
(KFS-Elhamoul-1), and G3 (KFS-Elhamoul-3), together with G4 (negative control group)
were clinically examined daily for any clinical signs, mortality, or post-mortem changes in
dead birds. Clinical signs started to appear at the third dpi as ruffled feathers, depression,
and decrease in feed and water intake, with mortality in some birds. Severe depression
was observed during the fourth dpi, with anorexia, greenish diarrhea, a swollen head, and
respiratory signs, with a high mortality rate (Table 4). Nervous signs appeared at the fifth
dpi, with other, previously mentioned signs. These signs remained until the end of the
experiment (tenth dpi). Mortality rates were 80%, 67.5%, and 62.5% in groups G1, G2, and
G3, respectively, while group G4 showed no mortality. The post-mortem examination of
dead birds showed hemorrhagic tracheitis, lung congestion, enlarged hemorrhagic cecal
tonsils, enlarged spleen, hemorrhages on the periventricular gland tips with greenish
proventricular contents (Figure 6A), and hemorrhagic intestinal serosal surface with green-
ish intestinal contents (Figure 6B). NDV was successfully detected by RT-PCR in all tested
samples at 3, 7, and 10 dpi from groups G1, G2, and G3, while group G4 was negative
(Table 5).
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Table 4. Clinical signs appeared in susceptible chickens following pathogenicity testing of sub-genotype VII.1.1 NDV strains
originating in wild birds.

Group Clinical Signs
Number of Affected Birds (Days Post-Inoculation) Total

% Mortality3rd 4th 5th 6th 7th 8th 9th 10th

Depression and
ruffled feathers 12/40 30/34 26/30 23/25 21/24 8/14 6/12 3/9

Decreased feed intake 12/40 25/34 26/30 23/25 21/24 8/14 6/12 3/9

G1
Greenish diarrhea 0/40 15/34 25/30 21/25 20/24 7/14 5/12 2/9

Swollen head 0/40 17/34 23/30 20/25 20/24 7/14 5/12 2/9

Respiratory signs 0/40 17/34 23/30 20/25 20/24 7/14 5/12 2/9

Nervous signs 0/40 0/34 9/30 18/25 17/24 10/14 9/12 6/9

Mortality 3/40 4/34 5/30 1/25 7/24 2/14 3/12 3/9 32/40 (80%)

Depression and
ruffled feathers 10/40 30/34 28/31 25/27 19/23 13/17 10/14 7/11

Decreased feed intake 10/40 27/34 29/31 25/27 19/23 13/17 10/14 7/11

G2
Greenish diarrhea 0/40 17/34 22/31 21/27 15/23 9/17 6/14 3/11

Swollen head 0/40 12/34 17/31 16/27 16/23 10/17 7/14 4/11

Respiratory signs 0/40 12/34 17/31 16/27 16/23 10/17 7/14 4/11

Nervous signs 0/40 0/34 8/31 19/27 16/23 12/17 9/14 6/11

Mortality 3/40 3/34 4/31 4/27 3/23 3/17 3/14 4/11 27/40 (67.5%)

Depression and
ruffled feathers 9/40 26/35 28/31 26/28 22/24 15/17 10/12 8/10

G3

Decreased feed intake 9/40 29/35 29/31 25/28 22/24 15/17 10/12 8/10

Greenish diarrhea 0/40 17/35 21/31 22/28 18/24 11/17 7/12 5/10

Swollen head 0/40 16/35 19/31 19/28 15/24 9/17 5/12 3/10

Respiratory signs 0/40 16/35 19/31 19/28 15/24 9/17 5/12 3/10

Nervous signs 0/40 0/35 7/31 12/28 13/24 10/17 5/12 6/10

Mortality 2/40 4/35 3/31 4/28 4/24 5/17 2/12 1/10 25/40 (62.5%)

G4
Clinical signs 0/40 0/40 0/40 0/40 0/40 0/40 0/40 0/40

Mortality 0/40 0/40 0/40 0/40 0/40 0/40 0/40 0/40 0/40 (0%)Animals 2021, 11, x 12 of 21 
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Figure 6. Post-mortem changes in experimentally infected chickens: (A) hemorrhages on the
tips of proventricular glands (white arrow) and greenish proventricular contents (yellow arrow);
(B) greenish intestinal contents (blue arrow) and hemorrhagic enteritis (green arrow).
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Table 5. Post-mortem changes reported in susceptible chickens following pathogenicity testing.

Group Post-Mortem Changes
Lesions in Dead Birds (Days Post-Inoculation)

3rd 4th 5th 6th 7th 8th 9th 10th

No. of examined birds
Dead 3 4 5 1 7 2 3 3

Euthanized 3 0 0 0 3 0 0 3

Hemorrhagic tracheitis 0/6 3/4 3/5 0/1 9/10 2/2 2/3 6/6

G1
Lung congestion 0/6 3/4 3/5 0/1 8/10 1/2 2/3 6/6

Hemorrhagic cecal tonsils 1/6 2/4 3/5 0/1 6/10 1/2 3/3 5/6

Enlarged spleen 1/6 4/4 5/5 1/1 9/10 2/2 3/3 5/6

Hemorrhages on the periventricular gland tips 0/6 3/4 3/5 1/1 10/10 2/2 2/3 6/6

Greenish proventricular and intestinal contents 0/6 3/4 5/5 1/1 8/10 2/2 3/3 6/6

Hemorrhagic enteritis 0/6 3/4 3/5 1/1 6/10 1/2 2/3 5/6

No. of examined birds
Dead 3 3 4 4 3 3 3 4

Euthanized 3 0 0 0 3 0 0 3

G2

Hemorrhagic tracheitis 0/6 2/3 2/4 3/4 4/6 2/3 1/3 6/7

Lung congestion 0/6 3/3 3/4 2/4 4/6 1/3 0/3 5/7

Hemorrhagic cecal tonsils 2/6 2/3 1/4 3/4 3/6 1/3 2/3 3/7

Enlarged spleen 4/6 3/3 4/4 4/4 6/6 3/3 3/3 6/7

Hemorrhages on the periventricular gland tips 0/6 3/3 4/4 3/4 3/6 2/3 1/3 7/7

Greenish proventricular 0/6 3/3 4/4 4/4 4/6 3/3 3/3 7/7

Hemorrhagic enteritis 0/6 2/3 2/4 4/4 3/6 1/3 1/3 5/7

No. of examined birds
Dead 2 4 3 4 4 5 2 1

Euthanized 3 0 0 0 3 0 0 3

G3

Hemorrhagic tracheitis 0/5 3/4 1/3 1/4 5/7 2/5 0/2 3/4

Lung congestion 0/5 2/4 2/3 2/4 6/7 3/5 1/2 2/4

Hemorrhagic cecal tonsils 0/5 3/4 2/3 3/4 5/7 4/5 0/2 0/4

Enlarged spleen 2/5 4/4 3/3 3/4 7/7 4/5 1/2 4/4

Hemorrhages on the periventricular gland tips 0/5 2/4 3/3 2/4 7/7 2/5 2/2 3/4

Greenish proventricular and intestinal contents 0/5 3/4 3/3 4/4 7/7 5/5 2/2 4/4

Hemorrhagic enteritis 0/5 1/4 2/3 1/4 5/7 3/5 0/2 1/4

G4
No. of examined birds

Dead 0 0 0 0 0 0 0 0

Euthanized 3 0 0 0 3 0 0 3

PM lesions 0/3 0/0 0/0 0/0 0/3 0/0 0/0 0/3

3.3.3. Histopathological Examination

Histopathological examination of the lung, spleen, and brain tissue samples collected
at the fifth dpi from groups G1, G2, and G3 revealed that the affected lungs showed
congestion of blood capillaries and bronchial obstruction attributed to the infiltration of
peribronchial inflammatory cells (Figure 7B) with marked endodermal hyperplasia around
the parabronchi, associated with obvious inflammatory cell infiltration (Figure 7C). Focal
pneumonia associated with infiltration of inflammatory cells was also observed (Figure 7D),
with mild congestion and mostly patent bronchi and air capillaries (Figure 7E) and mild
endodermal hyperplasia with an increase in the functional respiratory spaces (Figure 7F).
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Figure 7. Histopathological lesions in the lungs of experimentally infected Cobb chickens 5 days
post-infection (dpi): (A) lung of the negative control bird (G4) showing normal parabronchi (arrow-
head) and normal air capillaries (arrow); (B) lung of an experimentally infected bird in G1 showing
congestion of blood capillaries and bronchial obstruction (arrowhead) attributed to peribronchial
inflammatory cells infiltration (arrows); (C) lung of an experimentally infected bird in G1 showing
marked endodermal hyperplasia around the parabronchi (arrows), associated with obvious inflam-
matory cells infiltration; (D) lung of an experimentally infected bird in G2 showing focal pneumonia
associated with inflammatory cell infiltration (arrow); (E) lung of an experimentally infected bird
in G2 showing mild congestion (arrowhead) and mostly patent bronchi and air capillaries; and (F)
lung of an experimentally infected bird in G3 showing mild endodermal hyperplasia (arrows) and
increase in the functional respiratory spaces stained by Hematoxylin and eosin (H&E X200).

The spleen of experimentally infected Cobb chickens 5 dpi showed marked lymphoid
depletion associated with marked histocytic cell proliferation in group G1 (Figure 8B) and
marked histocytic cell proliferation in group G2 (Figure 8C), and normal lymphoid nodules
were also observed (Figure 8D). Moreover, increased lymphoid cell proliferation within
the white pulp was also observed (Figure 8E,F). The brain of experimentally infected Cobb
chickens 5 dpi showed spongiosis of nerve fibers, with diffuse and focal conglomerate
aggregation of glia cells (Figure 9B) and gliosis associated with neuronophagia (Figure 9C).
Ischemic neuronal injury was also observed with marked neuronal tigrolysis (Figure 9D–F).
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Figure 8. Histopathological lesions in the brains of experimentally infected Cobb chickens 5 dpi:
(A) brain of the negative control bird (G4) showing normal neuronal cells (arrow); (B) brain of an
experimentally infected bird in G1 showing spongiosis of the nerve fibers (arrowhead) and focal
malacia associated with diffuse and focal conglomerate aggregation of glia cells (arrow); (C) brain
of an experimentally infected bird in G1 showing gliosis associated with neuronophagia (arrows);
(D) brain of an experimentally infected bird in G2 showing ischemic neuronal injury (arrows);
(E) brain of an experimentally infected bird in G3 showing mild to moderate degree of ischemic
neuronal injury associated with marked neuronal tigrolysis (arrow); and (F) brain of an experimentally
infected bird in G3 showing a mild degree of ischemic neuronal injury (arrow) (H&E, X200).
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4. Discussion 

ND is an economically devastating viral disease that affects the poultry industry 

[5,24]. The disease is considered to be endemic in various areas of the world, such as Cen-

tral and South America, Asia, the Middle East, and Africa [4]. Wild birds play a critical 

role in the evolution of NDV [48]. Clearly, surveillance of NDV in wild birds is important 

to reduce the risk of possible spreading of NDV to poultry flocks. 

The present work characterized NDV in wild cattle egrets and house sparrows. The 
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Figure 9. Histopathological lesions in the splenic tissues of experimentally infected Cobb chickens
5 dpi: (A) Scheme 4 showing a normal lymphoid follicle with normal lymphocytes around the
central arteriole (arrow); (B) spleen of an experimentally infected bird in G1 showing marked
lymphoid depletion associated with marked histocytic cell proliferation (arrows); (C) spleen of an
experimentally infected bird in G2 showing marked histocytic cell proliferation (arrows); (D) spleen
of an experimentally infected bird in G2 showing a normal lymphoid nodule (arrow); (E) spleen
of an experimentally infected bird in G3 showing an increase in lymphoid cell proliferation within
the white pulp (arrow); and (F) spleen of an experimentally infected bird in G3 showing increased
lymphoid cell proliferation (arrow) (H&E, X200).
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4. Discussion

ND is an economically devastating viral disease that affects the poultry industry [5,24].
The disease is considered to be endemic in various areas of the world, such as Central and
South America, Asia, the Middle East, and Africa [4]. Wild birds play a critical role in the
evolution of NDV [48]. Clearly, surveillance of NDV in wild birds is important to reduce
the risk of possible spreading of NDV to poultry flocks.

The present work characterized NDV in wild cattle egrets and house sparrows. The
work involved the molecular characterization and phylogenetic analysis of the NDV strains
circulating in wild birds collected from Kafrelsheikh Governorate, Egypt. The study also
included pathogenicity testing of isolates from chickens, followed by histopathological
examination and molecular identification of the identified virus for verification of the
results. It is noteworthy to state that several previous reports have documented the
role played by different species of wild birds, including cattle egrets (Bublicus ibis) and
house sparrows (Passer domesticus), migratory waterfowl, and other aquatic birds, in the
transmission of different strains of NDV [21,28,49–59]. A review of this literature identified
the possible release of highly virulent viruses into poultry or wild birds and the existence
of epidemiological links between field isolates [20,59,60]. At a national level, a previous
study reported and identified two velogenic viscerotropic and one mesogenic pathotype
in cattle egrets in the EL-Marg area in Cairo, Egypt [61]. NDV was also characterized in
sparrows in several previous reports [49,62,63].

Many efforts have been made over the past decades to develop efficient diagnostic
methods, such as virus isolation in embryonated chicken eggs and conventional serolog-
ical methods using enzyme-linked immunosorbent assay, hemagglutination (HA), and
hemagglutination inhibition (HI) tests [5,59,60,62–64], but a high incidence of false-positive
results and low sensitivity have been reported with these methods [5,64–66]. In addition,
virus isolates from oropharyngeal or cloacal swabs or tissues from infected birds have been
used, but the methods are tedious and time consuming [59,67]. PCR-based assays targeting
the amplification of a specific region of the genome of NDV offer many advantages for
identification of the virus, besides their important role in differentiation of the tremendous
number of virus strains [5,52,68]. Amplification of the NDV F gene using RT-PCR is usually
used for NDV detection, and the resulting PCR product can be used for assessment of the
virulence of NDV [69]. In the present study, RRT-PCR detected virulent NDV in 22 of 50
cattle egret samples (4%) and 13 of 50 house sparrows (26%), while conventional RT-PCR
amplified a 370 bp fragment of the NDV F gene from 18 samples (36%) of cattle egrets and
10 samples (20%) of house sparrows. A previous study in Egypt detected NDV by RT-PCR
in 3.6% (4/112) of tested tracheal and cloacal samples [70]. Schelling et al.[71] reported that
RT-PCR failed to amplify the NDV RNA extracted from cloacal swabs of 115 different wild
bird species.

NDV genotype VII has caused fatal infections in susceptible birds and is thought to
be responsible for the fourth major NDV panzootic worldwide [21]. Analysis of GVII sub-
types in the present study revealed that the GVII subtypes are highly divergent. We found
a 10.7% pairwise distance (89.3% identity) between the Namibia-5620 (GVII.2) strain and
the Egyptian GVII.1.1 strains (KFS-Elhamoul-1, KFS-Elhamoul-3, MN51, and MR84). These
results were supported by Xue et al. [72], who concluded that NDV genotype VII is the
most predominant genotype worldwide, with complex genetic diversity. The three strains
identified in the present study (KFS-Motobas-2, KFS-Elhamoul-1, and KFS-Elhamoul-3)
were clustered with other Egyptian strains in sub-genotype VII.1.1 (formerly GVIId). The
present findings are also consistent with those of Kim et al.[73], who mentioned that NDV
genotype VII is the prevalent genotype in the Middle East and that most NDV isolates
from wild birds are aligned to this genotype. Another previous study concluded that
sub-genotype VII.1.1 is the predominant NDV sub-genotype, causing several outbreaks in
Egypt [23]. Dimitrov et al. [11] reported that the viruses responsible for the fourth NDV
panzootic were grouped together into a single genotype (VII.1.1). Despite the geographical
separation of the hosts and taking into account that our study did not involve analysis of
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the genetic relatedness of identified strains to that of poultry, this closely related antigenic
and genetic analysis of the isolated strains of the NDV may reflect the possible role of wild
and migratory birds in maintaining the transmission cycle of the disease [24,28,74].

As mentioned above, NDV is an acute contagious disease affecting birds of all ages [3].
As shown in our work, wild birds were apparently healthy, but a few birds showed
ruffled feathers with whitish-green diarrhea, while post-mortem examination showed
enteritis, whitish-green intestinal contents, and cloudiness of the air sacs. The present
clinical findings are consistent with previous data reporting respiratory, gastrointestinal,
circulatory, and nervous signs in infected chickens [75,76]. The clinical signs might vary
depending on several factors, such as the pathogenicity of the virus; host factors such
as age, species, and immune status; infectious dose duration and extent; and concurrent
infections [77].

In the present work, the pathogenicity of sub-genotype VII 1.1 NDV strains from wild
birds was assessed through experimental inoculation of identified strains in 28-day-old
Cobb chickens. Specific clinical signs and post-mortem changes of velogenic NDV genotype
VII were observed in inoculated chickens 3 to 7 days PI, with 62.5–80% mortality rates. NDV
was successfully detected by RRT-PCR and RT-PCR in all NDV-inoculated chickens at 3, 7,
and 10 dpi. These results are consistent with those of a previous study in Egypt in which
NDV was detected in cloacal swabs from chickens challenged with cattle-egret-origin NDV
4–10 dpi [70]. In the same study [70], the authors revealed that the NDV signs that started to
appear on the fourth dpi in chickens challenged with cattle-egret-origin NDV were anorexia,
depression, mild respiratory sounds, ocular/nasal discharges, and severe neurological
disorders, with 100% mortality. Histopathological examination of experimentally infected
chickens in the present study revealed that the affected lungs showed severe congestion
and mostly patent bronchi and air capillaries. The spleen exhibited increased lymphoid cell
proliferation with severe ischemic neuronal injury. Similarly, several previous reports have
documented microscopic pictures of chickens challenged with cattle-egret-origin NDV
that have revealed severe histopathological changes in lungs, such as congested blood
vessels, pneumonia, focal pulmonary hemorrhage, and mononuclear infiltration of the air
capillaries [70,78]. The spleen showed marked depletion with fibrinoid and lymphocytic
necrosis, while the brain exhibited congested blood vessels, neuronal edema, and necrotic
neurons, with neuronophagia consistent with several previous reports [78,79].

5. Conclusions

The present study reinforced the importance of the combined use of molecular meth-
ods and pathogenicity testing for the characterization and identification of the major
circulating strains of NDV in wild birds and for calculating their genetic relatedness. Given
the economic importance of the poultry industry, the present findings reveal the necessity
of the application of more strict hygienic measures and management practices in the poul-
try industry to prevent contact between wild birds and poultry flocks in order to avoid
possible spreading of the infection. Our data suggest future research to compare NDV from
wild birds and poultry flocks. Obtaining this information would help better understand
the epidemiological pattern and transmission dynamics and consequently combat this
viral disease.
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