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Abstract

In Egypt, ostrich farming has had a great increase during the last few years. The most common problems
facing ostrich farmers are a high percentage of late embryonic mortality and low hatchability. This study was
designed to survey the main causes of late in-shell ostrich embryonic death. A total of 100 freshly dead in-
shell ostrich embryos, all of them were in the second half of the incubation period with different ages ranging
from 25 to 39 days old, were received during the breeding seasons of the period from October 2018- October
2021, from different ostrich farms in Egypt, suffered from late-stage embryonic death during artificial incu-
bation, respiratory signs and diarrhea in breeders, moreover, the surveyed ostrich farms were near to chicken
farms suffered from Newcastle Disease outbreaks. Gross findings in all embryos were recorded as anasarca,
severe general congestion, and hemorrhages. In this study, 66 dead shell ostrich embryos out of 100 (66%)
were immunohistochemically positive for Newcastle Disease Virus. Four Velogenic Newcastle Disease Virus
strains (genotype VIIb) were molecularly characterized in 4 immune-positive ND embryos (from 4 differ-
ent ostrich farms in 4 different Egyptian governorates) by RT-PCR and F gene sequencing. In addition, all
embryos were negative for bacterial isolation except for one VNDV positive embryo (1%) (25 days old) that
was superinfected by Citrobacter spp. The main histopathological lesions of vVNDV-positive ostrich embryos
were general edema, extensive congested blood vessels, hemorrhages, necrosis, syncytial cells formation in
the upper respiratory tract, and leukocytic cells infiltrations. To the best of our knowledge, this study is the
first report of the Velogenic Newcastle Disease Virus that immunohistochemically and molecularly character-
ized in dead ostrich embryos in Egypt, therefore, Newcastle Disease Virus vaccination of ostrich breeders is
strongly recommended.
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INTRODUCTION

Ostrich (Struthio camelus), was described as the largest flight-
less bird that can run rapidly at a speed of 55 km/h. The females
were found to lay the largest eggs over land (Huchzermeyer,
1996; Davies, 2003). In Egypt, ostrich farming has had a marked
flourishment over the last few years. The most common prob-
lems facing ostrich farmers are low hatchability, the high em-
bryonic mortality rate (over 30%) in the last 10-14 days of incu-
bation, and the death of newly hatched chicks which resulted in
high economic losses (Amer, 2012).

Newcastle disease (ND) was defined as a highly contagious
viral disease caused by avian paramyxovirus serotype 1 (APMV-
1) viruses, genus Avulavirus, subfamily Paramyxovirinae, family
Paramyxoviridae (Rima et al., 1995). ND could cause high mortal-
ity of all ages in different poultry species besides young ostriches.
It was reported to occur worldwide causing massive economic
losses due to deaths, cost of vaccination, and laboratory investi-
gations (Elboraay et al., 2013). NDV was first reported in ostriches
in Egypt in 2010 as there were high deaths in affected birds that
suffered from neck edema, facial hemorrhage, and abdominal
enlargement. The internal examination revealed congestion in
the respiratory tract with air sacculitis. Proventriculus and gizzard

Ostrich, vNDV, Late embryonic death, IHC, Histopathology, F gene sequencing, Vertical transmission.

showed hemorrhagic spots. Kidneys showed severe enlargement
and the ureters filled with urates (Elboraay et al., 2013). Moreover,
hemorrhagic tracheitis, and spleen enlargement were reported
by other authors (Abbas and Abbas, 2018). Microscopically, peri-
vascular lymphocytic cuffing in the brain was noted (Huchzer-
meyer, 1998; Verwoerd, 2000; Ghiamirad et al., 2010; Abbas and
Abbas, 2018).This study aimed to survey the main causes of late
in shell ostrich embryonic death.

MATERIALS AND METHODS
Birds

A total of 100 freshly dead in shell ostrich embryos, all of
them were in the second half of the incubation period with dif-
ferent ages ranging from 25 to 39 days old, were received during
the breeding seasons during the period of October 2018-Octo-
ber 2021, from 4 different ostrich farms, in Ismailia, Damietta,
Menofia and Al- Behera Governorates, which suffered from low
egg hatchability due to late-stage embryonic death during arti-
ficial incubation period. All affected ostrich farms were near to
chicken houses that suffered from ND outbreaks. The embryos
were then aseptically transported to the Mansoura Laboratory
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of Animal Health Research Institute (AHRI) for further laboratory
examination.

Sampling

Tissue specimens were taken after external and internal gross
examinations of the freshly dead embryos. The tissue specimens
were collected and fixed in 10% neutral buffered formalin for
about one day before processing for histopathological and im-
munohistochemical examination. The collected formalin-fixed
tissue specimens from the affected dead embryos were the lar-
ynx, trachea, lung, heart, liver, kidneys, proventriculus, gizzard,
small intestine with the pancreas (duodenal loop), brain and leg,
also frozen tissue specimens (brain, trachea, Lung, kidneys, small
intestine) were taken for viral identification by RT-PCR. Additional
liver samples were taken under complete aseptic condition from
embryos for bacteriological examination.

Polymerase chain reaction (PCR) and agar gel electrophoresis for
Citrobacter spp

The primer used for the detection of Citrobacter spp. was
listed in Table 1 (Lin et al., 2007). All the PCR reactions were car-
ried out in a final 25 pL reaction volume using 2xPCR Master Mix
(Emerald Amp GT PCR Master Mix (Takara) Code No. RR310A).
12.5 pL, DNA template 6 pL, 20 pmol of primer 1 pL each, and
PCR grade water 4.5 pL. Cycling profiles used for the Citrobacter
spp-specific PCR consisted of primary denaturation at 94°C for
5 minutes, followed by second denaturation at 94°C for 30 sec-
onds, annealing at 55°C for 1 minute, extension at 72°C for 1 min-
ute, and a final extension at 72°C for 10 minutes. Electrophoresis
of the PCR products was done using 2.0% (w/v) agarose gel. After
electrophoresis, the DNA was stained for 10 minutes in Ethidium
bromide (at 0.5 pg/mL) and visualized using an ultraviolet cabi-
net. The gel was photographed by a gel documentation system
and the data was analyzed through computer software.

Reverse transcription Polymerase Chain Reaction (RT-PCR) of
vNDV

In brief, extraction of RNA from samples was done using the
QlAamp viral RNA Mini kit (Qiagen, Germany, GmbH) following
the manufacturer’s directions. In that way, 140 pl of the sample
suspension was incubated with 5.6 pl of carrier RNA and 560 pl
of AVL lysis buffer for 10 min at room temperature. After that,
560 ul of 100% ethanol was added to the mixture. Then, the sam-
ple was washed and centrifuged following the manufacturer's
instructions. Lastly, the nucleic acid was eluted with 60 pl of the
kit elution buffer.

Real-time PCR amplification of vNDV

Primers of vNDV were used in a 25 pl reaction containing
12.5 pl of Quantitect probe rt-PCR buffer (QIAgen, Gmbh), 1 pl of

Table 1. Primer sequences of vNDV F gene and amplicon size.

each primer of 20 pmol concentration, 0.25 pl of rt-enzyme 4.25
pl of water, and 6 pl of a template. The polymerase chain reac-
tions were completed in a Biometra thermal cycler. The reverse
transcription step was done at 50°C for 30 min, the principal de-
naturation step was completed at 95°C for 5 min, followed by 35
cycles of 94°C for 30 seconds, 50°C for 40 seconds, and 72°C for
45 seconds. The final extension step was finished at 72°C for 10
min. Oligonucleotide primer supplied from (Metabion Germany)
was put in Table 1.

Analysis of the PCR Products

PCR products were separated by electrophoresis on 1.5%
agarose gel (Applichem, Germany, GmbH) in 1x TBE buffer at
room temperature using gradients of 5V/cm. For gel analysis,
15 pl of the PCR products were loaded in each gel slot. A gene
ruler 100 bp DNA ladder (Fermentas, Germany) was used to de-
tect different fragment sizes. The gel was photographed by a gel
documentation system (Alpha Innotech, Biometra) and the data
analysis was done through computer software (Automatic Image
Capture Software, protein simple formly Cell Bioscience, USA).

Sequencing

Products of PCR were purified using a QlAquick PCR Product
extraction kit. (Qiagen, Valencia). Bigdye Terminator V3.1 cycle
sequencing kit (Perkinelmer) was utilized for the sequence re-
action and then after, it was purified using Centrisep spin col-
umn. DNA sequences were obtained by Applied Biosystems 3130
genetic analyzer (HITACHI, Japan), and a BLAST® analysis (Basic
Local Alignment Search Tool) (Altschul et al., 1990) was primarily
performed to establish sequence identity to GenBank reference
strains. The phylogenetic tree was formed by the Meg Align mod-
ule of Laser gene DNA Star version 12.1 (Thompson et al., 1994)
and Phylogenetic analyses were done using maximum likelihood,
neighbor-joining and maximum parsimony in MEGA6 with boot-
strap 500 phylogenetic tree (Tamura et al., 2013).

GenBank accession numbers

F gene nucleotide and the amino acid sequences of vNDV
ostrich strains were deposited in the GenBank online database
under the following accession numbers OM930810, OM930811,
OM930812, and OM930813.

Ethical committee code: (Ph. D/2).
Bacteriological examination

Firstly, the enrichment of bacteria was done by inoculated
swabs, taken from the deep tissues of affected livers after steriliz-
ing their surfaces with hot scalpels, onto nutrient broth which was
incubated at 37°C for 24 hours under aerobic conditions. Subcul-
turing was done on 10 % defibrinated sheep blood agar, Mac-

Virus Gene Primer/ probe sequence 5°-3’ Amplified Segment (bp) Reference
F+4839 TCCGGAGGATACAAGGGTCT

vNDV F F-4939 AGCTGTTGCAACCCCAAG 101 Wise et al. (2004)
F+4894 [FAM]AAGCGTTTCTGTCTCCTTCCTCCA[TAMRA]

Citrobacter viaB TGTCGAGCAGATGGATGAGCAT 516 Lin et al. (2007)

ACGGCTGAAGGTTACGGACCGA
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Conkey's agar, Nutrient agar, and Eosin Methylene Blue (EMB)
agar plates which were incubated at 37°C for 24 hours, then col-
onies were checked for their morphological characters (non- he-
molytic, grayish whitish colonies on blood agar, white colonies
on nutrient agar and Muller-Hinton agar, deep purple or pink
colonies on EMB and pink colonies on MacConkey's agar). Bio-
chemical identification of Citrobacter spp. was done using some
biochemical tests (catalase, urease, citrate utilization, indole pro-
duction, motility, sugar fermentation, ornithine decarboxylation,
and lysine decarboxylation) as described by (Holt et al., 1994).

Histopathological examination

Tissues from internal organs like the trachea, larynx, lung,
heart, liver, kidney, proventriculus, gizzard, intestine, brain, and
edematous leg were collected in 10% neutral buffered formalin
and processed by paraffin embedding technique for histopatho-
logical examination. 5p thickness sections were stained with he-
matoxylin and eosin (H&E) as described by Kiernan (2015). H&E-
stained sections were examined under the optical microscope,
and lesions were documented.

Immunohistochemistry (IHC)

The laboratory method was performed at the Pathology De-
partment, Faculty of Medicine, Mansoura University (Carrasco et
al., 2015) protocol for Immunohistochemistry was applied. The
primary NDV polyclonal anti-HN protein antibody, which was
prepared in chickens at Animal Health Research Institute, Cairo,
Egypt, was used at the optimal dilution (1:800). After being depa-
raffinized, hydrogen peroxide (3%) was added to the sections for
5 minutes to block endogenous peroxidase. Antigen retrieval was
done using the wet method by incubating slides in a wet cham-
ber for 2 hours. The slides were then immuno-stained with the
primary NDV antibody at 25°C for 60 minutes, then, the second-
ary antibody, rabbit anti-chicken antibody with dilution (1:1000),

was added to the sections and incubated for an hour. The IHC
reactions were established using 3, 3-diaminobenzidine DAB
(from DAKO Carpenteria, CA) for 5-10 minutes. The slides were
counterstained with Mayer’s hematoxylin, then they were exam-
ined under the light microscope. Control positive and negative
samples were used.

RESULTS

History and clinical signs

Four different ostrich farms in four different governorates,
Ismailia, Damietta, Menofia, and Al- Behera Governorates, had
a history of smaller egg size than the previous breeding sea-
sons, low egg hatchability (about 50%) due to late in-shell em-
bryonic death during the artificial incubation period. There was
no decrease in egg production. The eggs were rapidly collected
after being laid and immediately were disinfected with diluted
common approved disinfectants (Povidone-iodine or quaternary
ammonium compounds), also the incubators and hatchers were
cleaned and disinfected. All farms did not apply for any vaccina-
tion programs. There was a history of respiratory manifestations
(lacrimation, discharges from nostrils, and beaks) and diarrhea
with low feed intake appeared on a few breeders who were given
different types of antibiotics. There were no deaths in the affect-
ed breeders.

Gross pathology

About twenty (20%) out of one hundred unhatched ostrich
embryonated eggs were smaller than normal. All dead in-shell
ostrich embryos could not do internal piping. The internal ex-
amination of eggs revealed abnormally colored watery albumin
and dead embryos of different ages (25 to 39 days old) suffered
from general edema which was prominent in the face, neck, and
legs, severe general congestion, and hemorrhages in all internal

Fhorvsosnce (dRn}

@ HS_764_O__ND

®ELG_338_O__ND

[ S MS_11380_HD F

@®AH 586 O_ND

MH899931.1_VIlb_2016_Egy-Beh_ck_NR723

1MHB99940 1_Viib_2016_Egy-Beh_NR734

1H899932 1_Viib_2016_Egy-Beh_ck_NR731
KU377784.1_Egy_2014_Genotype_Vil

KU377781.1_VIl_EGY-18-2015

KU377781.1_Eqy_2015_genotype_WIi

JXB35B68.1_Vild_ch/VRLCU138/Egy/2012

JX885868.1_Egy_2012_Genotype_Viid

KC542811.1_Vild/CH/China/Beijing_2012

KC8542914 1_VIa/ChiChina/Hebe:_2012

KC842909.1_VIl/Ch/China/Shandong2011

ABO70395 1_Genatype_ViI_Velogenic

AB070390.1_Genotype_Vi_Mesogenic

FJ939313.1_Egy_2005_Genotype_iil
ABO70383 1_Genotype_ll_velogenic
M24695_1_Hitchner_B1/47
M24696.7_LaSctaids
18898 1_Clone_30
HQ455811 2_Egy_2012_Genotype_lI
HQ455809 2_Egy_2012_Genotype_il

ey
[T=]

Fig. 1. A: A positively vNDYV ostrich embryo (39d) shows edema in the face and submandibular region. B: A positively vVNDV ostrich embryo (39d) shows edema
in the neck and legs with ascites. C: A positively vNDV ostrich embryo (39d) shows congested and hemorrhagic GIT with bloody content in the gizzard (arrow), and
edematous lacerated hemorrhagic liver. D: Agarose gel electrophoresis (1.4%) of cPCR (viaB) gene product of ostrich Citrobacter spp. isolate, lane 1: 100 bp DNA
ladder, lane 2: control positive, lane 3: positive ostrich isolate for Citrobacter spp., lane 4: control negative. E: amplification curves of RT-PCR for vNDV F gene of
ostrich samples indicate 4 positive ostrich isolates (no. 2, 4, 6, and 7) with CT values of [27(gray curve), 25 (orange curve), 24(green curve), 26 (deep blue curve)]
respectively, also, control positive curve (light blue) is appearing. F: Phylogenetic tree analysis based on the nucleotide sequence of VNDV F gene of the current
4 study ostrich isolates (HS 754 _O_ND, ELG 338 _O_ND, MS 1138 O_ND and AH 586_O_ ND) (indicted by compacted red circles) with other reference and

vaccinal NDV strains on GenBank.
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organs and yolk sacs (Fig. 1A-C).
Molecular identification of vND

Seven immune-positive ostrich embryos, from the surveyed 4
ostrich farms in the fore mentioned Egyptian governorates, were
selected, and tested for the presence vNDV using RT-PCR to de-
tect the F gene. Four embryos (one for each surveyed farm) out
of seven (57.1%) were positive for vNDV with CT (threshold cycle)
values 27, 25, 24, and 26 (Fig. 1E).

Sequence analysis of vNDV F gene in positive samples

The PCR products of the vND F gene of the 4 positive samples
were purified, cloned, and sequenced. Nucleotide and deduced
amino acid sequences of F genes in the positive samples were
aligned and compared with the same gene of 25 reference strains
on GenBank. The nucleotide and deduced amino acids sequences
of F protein in the 4 present study ostrich strains (HS 754 _O_ND,
ELG 338_O_ ND, MS 1138_O_ ND, and AH 586_0O_ ND) that had
accession numbers in the GenBank online database (OM930810,
OM930811, OM930812, OM930813) respectively, revealed that
all ostrich strains had the velogenic motif 111 G-R-R-Q-K_R-F117
at the cleavage site of the F protein. Moreover, the ostrich strains
were phylogenetically aligned and grouped in class Il genotype
VII, subgenotype Vlib (genotype Vlib subtype), which were found
closely related to Egyptian chicken field reference strains isolated
in 2016 with Nucleotide identity percent range (98.9-99.2%) and
(78.6% -79.7%) identity percent for Hitchner, Clone, LaSota and
Komarov vaccinal reference strains (Fig. 1F).

Biochemical and molecular identification of Citrobacter spp.

All embryos were negative for bacterial isolation except for
one +VNDV embryo (25 days old) (1%) that was superinfected
with Citrobacter spp. which was confirmed by successfully ampli-
fying via B gene at 516 bp (Fig.1D).

Histopathological examination

Positively vVNDV ostrich embryos showed various severe mi-
croscopic lesions in different organs. Embryonic upper respiratory
tract showed lymphocytic laryngitis and tracheitis characterized
by necrosis, ballooning, and loss of epithelium lining with the
formation of syncytial cells by the viral fusion protein, moreover,
Laryngeal muscles showed necrosis, calcification, marked inter
muscular edema with Leukocytic cells infiltration (Fig. 2 A-C). Em-
bryonic heart showed hemorrhagic myocarditis characterized by
coagulative necrosis in the myocardium, leukocytic cells infiltra-
tions mainly lymphocytes and heterophile with hemorrhage and
hemosiderin pigment release. Myocadiac edema which caused
thinning and compression in myocadiac muscle fibers. Moreover,
hemorrhages were seen in coronary fat (Fig. 2 D-F). Embryonic
liver showed severe congestion of hepatic blood vessels, also,
aneurysms were seen in all positive vYND embryos which were
characterized by outward balloon-like bulge in a blood vessel
due to severe chronic congestion along with weakness in the
blood vessel wall (Fig. 3 A). Hepatocytes showed coagulative ne-
crosis and degeneration as vacuolation, fatty change, and indi-
vidualizations with the presence of lipofuscin pigment. (Fig. 3 B).
The embryonic kidney showed interstitial nephritis, edema, and
hemorrhage. renal tubules showed necrosis and degeneration,
whereas glomeruli showed congestion in the tuft of capillaries
and edema in Bowman'’s space (Fig. 3 C & D). Embryonic gizzard
showed hemorrhagic gastritis which characterized by necrosis in
gastric glands with loss of kaolin (cornified) layer, necrosis and
fragmentation in the muscular layer with inter muscular edema
and congested blood vessels, (Fig. 3 E & F). Embryonic Intes-
tine showed catarrhal enteritis characterized by degeneration of
intestinal epithelium and Goblet cell proliferation with accumu-
lation of mucus, thickening in mucosa due to dense submucosal
leukocytic cells infiltration and edema with fusion and stretching
in intestinal villi beside congested serosal blood vessels (Fig. 4
A&B). Embryonic brain showed congested cerebral blood vessel,
with diffuse cerebral edema which appeared as marked perivas-
cular edema with degeneration, vacuolation and necrosis in the

Fig. 2. A&B: Ostrich embryonic Larynx shows (A): necrosis and ballooning in epithelium lining, with the formation of syncytial cells by the virus (arrows) (H&E.
Bar, 50um). (B): laryngeal muscles show necrosis and calcification (arrows), with intermuscular edema (arrowhead) and Leukocytic cell infiltration, (H&E. Bar,
100um). (C): Ostrich embryonic trachea shows lymphocytic tracheitis characterized by diffuse lymphocytic infiltration in a tracheal wall (arrows), (H&E. Bar,
50um). D-F: Ostrich embryonic heart shows (D): hemorrhagic myocarditis characterized by myocardium hemorrhage with hemosiderin (arrowhead), inter myocar-
dial edema (asterisk) with leukocytic cells infiltrations mainly lymphocytes (thin arrow) and few heterophile (thick arrow) (H&E. Bar, 50um). (E): Marked intramyo-
cardial edema (astrix), with Zinker’s necrosis, thinning, and compression in the myocardium (arrows) (H&E. Bar, 50um). (F): Coronary fat shows hemorrhage (thin

arrows) (H&E. Bar, 50um).
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surrounded cerebral tissue (Fig. 4 C), moreover, focal gliosis was
seen. Embryonic leg showed marked diffuse edema in the skin
and leg muscles represented by hydropic degeneration of stra-
tum spinosa cells, cutaneous and subcutaneous edema, along
with marked intermuscular edema. Moreover, myositis was not-
ed represented by leukocytic cells infiltration in muscle fibers and
the surrounding connective tissue capsule mainly lymphocytes
and a few heterophiles (Fig. 4 D-F).

Immunohistochemistry (IHC) for NDV

Sixty-six dead in-shell ostrich embryos (66%) out of one
hundred showed positive brown immunolabelling for NDV in
different organs with variable degrees seen either intracellular-
ly or extracellularly in necrotic tissues as bright brown fine or
dense granules. The embryonic upper respiratory tract (trachea)
showed moderate positive brown immunolabelling reaction for

balloon-like bulge in the blood vessel due to severe chronic congestion and weakness in its wall (H&E. Bar, 100um). (B): Hepatocytes show Lipofuscin pigment
(thick arrows), coagulative necrosis, individualizations, and fatty change with marked congested sinusoids (arrowhead) (H&E. Bar, 50pm). C& D: Ostrich embryon-
ic kidney shows (C): interstitial edema (arrowhead), necrosis in renal tubules (thick arrows), with congested glomeruli and edema in Bowman’s space (thin arrows)
(H&E. Bar, 100um). (D): high power to show edema in Bowman’s space (thin arrows) and congestion in glomeruli, interstitial nephritis which is characterized by
interstitial edema and leukocytic cells infiltration (arrowhead), with necrosis in renal tubules (thick arrows) (H&E. Bar, 50um). E&F: Ostrich embryonic gizzard
shows (E): necrosis in gizzard glands with loss of kaolin layer (arrow) (H&E. Bar, 100um). (F): necrosis and fragmentation in the ventriculus muscles (thin arrows)
with intermuscular edema (arrowhead) and congested blood vessel (thick arrow) (H&E. Bar, 50pm).

h"‘»ég: “ ;, ¥ Faw W S ¥ 5
Fig. 4. A&B: Ostrich embryonic Intestine shows (A): Congested serosal blood vessel (arrow), mucosal and submucosal edema (arrowhead) (H&E. Bar, 100um). (B):
Catarrhal enteritis which is characterized by thickening in the mucosa due to dense focal leukocytic infiltration (thick arrow), degeneration of intestinal epithelium
(goblet cell proliferation), with an accumulation of mucus secretion (thin arrows) (H&E. Bar, 50pm). (C): Ostrich embryonic brain shows congested cerebral blood
vessel (arrow), with cerebral edema which appeared as marked perivascular edema (arrowhead) with degeneration, vacuolation, and necrosis in the surrounded ce-
rebral tissue (H&E. Bar, 50pum). D-F: Ostrich embryonic leg shows (D): skin of leg shows hydropic degeneration in cells of stratum spinosa (arrow), cutaneous and
subcutaneous edema (asterixis) (H&E. Bar, 100um). (E): leg muscles show myositis which is characterized by intermuscular edema with leukocytic cells infiltration
(arrows) (H&E. Bar, 100pum). (F): high power of the previous figure to show myositis which is characterized by intermuscular edema with leukocytic cells infiltration
in muscle fibers and connective tissue capsules mainly lymphocytes and few heterophiles (arrows) (H&E. Bar, 50um).
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ghe e
Fig. 5. A: Ostrich embryonic trachea shows moderate positive brown im

€

e and mucosa (arrow), (Immunoperoxidase

stain Bar, 50pum). B: Ostrich embryonic heart shows moderate positive brown immunolabelling reaction for NDV in myocardium (arrow), (Immunoperoxidase stain.
Bar, 50um). C: Ostrich embryonic liver shows moderate positive brown immunolabelling reactions for NDV in the hepatic parenchyma and inside hepatocytes (ar-
rows), (Immunoperoxidase stain. Bar, 50pum). D: Ostrich embryonic kidney shows strong positive brown immunolabelling reactions for NDV in renal parenchyma
(arrows), (Immunoperoxidase stain. Bar, 500um). E: Ostrich embryonic proventriculus shows moderate positive brown immunolabelling reaction for NDV in lining
glandular epithelium (arrows), (Immunoperoxidase stain. Bar, 50pum). F: Ostrich embryonic small intestine shows moderate positive brown immunolabelling reac-
tions for NDV in mucosal epithelium and submucosa (arrows), (Immunoperoxidase stain. Bar, 50pm).

NDV especially in the lining mucosa, serosa, and cartilage, (Fig.
5 A). Embryonic heart showed moderate positive brown immu-
nolabelling reaction for NDV in the myocardium and endocardi-
um (Fig. 5 B). Embryonic liver showed a moderate positive brown
immunolabelling reaction in the cytoplasm of some hepatocytes
and hepatic parenchyma (Fig. 5 C). Embryonic kidneys showed
a strong positive brown immunolabelling reaction inside renal
parenchyma (Fig. 5 D). The embryonic digestive tract (proven-
triculus and small intestine) showed a moderate positive brown
immunolabelling reaction in the glandular epithelium, mucosal
lining epithelium, and submucosa (Fig. 5 E & F).

DISCUSSION

Embryonic mortality was described as one of the most com-
mon problems facing ostrich farming causing great economic
losses (Deeming, 1996). Many microorganisms are related to os-
trich egg contaminations, which could result in embryonic death
(Jahantigh, 2010).

The present study surely suggested the vertical transmis-
sion of vNDV from infected ostrich breeders to their progeny, as
vNDV was immunohistochemically and molecularly characterized
in dead in-shell ostrich embryos, this was supported by Alexan-
der (1997); Davies (2003); Landry and Hsiung (2000); Chen and
Wang (2002); Roy and Venugopalan (2005) and Sa e Silva et al.
(2016). The mechanism of NDV vertical transmission from infect-
ed ostrich breeders to their embryos might need further studies
and follow-up.

In this study, it was noted that some vNDV-positive eggs
(20%) were smaller than normal with watery albumin, this nearly
agreed with Alexander et al. (2004) and OIE (2009). All collected
ostrich embryos died in the last few days before hatching (36-
39 days old), this agreed with Deeming (1995) and Brown et al.
(1996). About (1%) of vNDV-positive embryos died earlier (25
days old) due to superinfection with a virulent strain of Citro-
bacter spp.

Clinical signs that appeared on ND-infected non-vaccinated
ostrich breeders were respiratory manifestations and diarrhea
without deaths or a decrease in eggs. These recorded clinical
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signs partially agreed with Elboraay et al. (2013), and Abbas and
Abbas (2018), as they reported a drop of egg production.

The main gross pathological lesions in positively vNDV os-
trich embryos were severe general edema, congestion, and
hemorrhage, these findings nearly came in contact with those of
Samberg et al. (1989); Huchzermeyer (1998); Verwoerd (2000); El-
boraay et al. (2013), and Abbas and Abbas (2018), also Khorajiya
et al. (2015) reported hemorrhage in artificially infected chick-
en embryos. On the opposite, the present study gross lesions
disagreed with former authors (Huchzermeyer, 1996; Allwright
(1996), who reported only head edema as the most constant le-
sion and no pathognomonic lesions were seen in positively yYNDV
ostrich chicks respectively.

To the best of the authors’ knowledge, the present study is
the first report that molecularly characterized vNDV infection as
the main cause of late-stage embryonic death in ostrich in Egypt
by RT-PCR and F gene sequencing. Four dead in-shell ostrich
embryos were molecularly positive with vNDV which revealed
velogenic motif 111 G-R-R-Q-K_R-F117 at the cleavage site of
the F protein. Also, the sequences of the current study ostrich
strains were closely related to Egyptian chicken reference strains
on GenBank (Genotype Vllb) in 2016 with identity percent 98.9-
99.2% which confirmed that ostrich caught up vNDV from the
near infected chicken houses, this agreed with Samberg et al.
(1989); Verwoerd (1995) and Ghiamirad et al. (2010), also Alex-
ander (2000) proved that ND poultry vaccines were found to be
protective in ostriches. On the other hand, the current findings
disagreed with Elboraay et al. (2013), who supposed the source of
vNDV infection in ostrich was unknown, moreover, they isolated
the NDV strain from ostrich with lentogenic motif 111G-R-N-Q-
G-R-L117 at the cleavage site of a fusion protein.

Publications about ostrich pathology are rare, but patholog-
ical studies on vNDV in other avian species were found to sup-
port the present study findings. Histopathological examination of
positively vNDV ostrich embryos showed different severe lesions
all over the organs as necrosis, general edema, and inflammation
ranging from catarrhal to hemorrhagic and congestion, similar
findings were reported in experimentally infected chicken em-
bryos with vNDV by Wicaksana et al. (2019), who proved that
vNDV (genotype VII) could cause a similar pathological lesion
in different avian hosts. On the other hand, the present study’s
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histopathological findings disagreed with Allwright (1996), and
Huchzermeyer (1996). The upper respiratory tract showed lym-
phocytic inflammation with necrosis and syncytial cells forma-
tion (cytopathic effect (CPE) in the respiratory mucosa, accord-
ing to Ravindra (2009), who documented syncytia formation as
vNDV cytopathic effect in cell culture. Foci of calcification were
recorded in necrotic laryngeal muscles which indicated the ear-
lier involvement and destruction of the respiratory tract during
incubation perhaps due to high viral tropism and affinity to the
respiratory tissues that still not functioned yet so death of the
embryos delayed to the end of incubation. Bello et al. (2017),
also documented mild mineralization and calcification in kid-
neys and proventricular mucosa of dead in-shell ostrich embryo.
Khorajiya et al. (2015), reported severe involvement of respiratory
tissues as edema and dense mononuclear cells infiltration with
desquamation of tracheal epithelium lining, whereas, Susta et al.
(2015) documented mild respiratory lesions in chickens artificially
infected with vNDV (genotypes XIV and XVII). Hemorrhagic myo-
carditis with mononuclear cells and heterophilic infiltration with
myocadiac edema were seen, former authors reported similar
lesions in VNDV artificially inoculated chicken embryos by Wi-
caksana et al. (2019), and vNDV artificially inoculated chickens
and quails by Anis et al. (2013); Brown et al. (1999) and Abd El
Aziem et al. (2020). Embryonic liver showed severe lesions rep-
resented by marked congestion of blood vessels and sinusoids,
diffuse coagulative necrosis, degeneration, and individualizations
of hepatocytes. Wicaksana et al. (2019) reported similar findings
in vNDV experimentally infected chicken embryos, whereas, Abd
El Aziem et al. (2020), recorded mild lesions in the liver of vYNDV
(genotype VIid) experimentally infected quail, also, hepatic an-
eurysms were seen due to weakness of the vessel wall along
with severe congestion of the vessels. Bello et al. (2017) docu-
mented aortic aneurysm in an adult ostrich female. Lipofuscin
pigment was seen might be due to an increase cell death rate
and hemorrhage which perhaps indicated a long course of infec-
tion. Embryonic kidneys showed interstitial nephritis, edema, and
necrosis in renal tubules. Anis et al. (2013), reported mild tubu-
lointerstitial nephritis in chickens and ducks. Embryonic gizzard
showed hemorrhagic gastritis with loss of cornified layer and ne-
crosis with intermuscular edema. Susta et al. (2015) and Ali and
Abd EL-Dayem (2019) documented similar lesions in artificially
and naturally infected chickens respectively. Embryonic intestine
showed catarrhal enteritis and submucosal edema with fusion
and stretching in intestinal villi. Etriwati et al. (2017); Ali and Abd
EL-Dayem (2019) and Abd El Aziem et al. (2020), also reported ca-
tarrhal enteritis in naturally and experimentally infected chickens
and quails. The embryonic brain showed diffuse cerebral edema,
marked congestion in cerebral blood vessels and focal gliosis,
the similar finding recorded by Brown et al. (1999); Khorajiya et
al. (2015); Ali and Abd EL-Dayem (2019) and Abd El Aziem et
al. (2020), in naturally and experimentally infected chickens and
quals. Embryonic leg showed myositis with marked edema on
skin and muscles. Wiercinska and Szczerbinska (2005) and Abbas
and Abbas (2018) reported grossly subcutaneous edema in the
head, neck, and legs.

Some of the above-mentioned microscopic lesions indicated
a long course of vNDV in ostrich embryos causing slow death, as
hemosiderin and lipofuscin pigments in the heart and liver re-
spectively, hepatic aneurysms and calcification in laryngeal mus-
cles. Verwoerd (1995), mentioned NDV duration in ostrich about
3-16 days, unlike other avian species as chicken embryos which
died within 3days post artificial infection as recorded by Khora-
jiya et al. (2015) and Wicaksana et al. (2019). Moreover, the se-
vere generalized edema in all positive ostrich embryos perhaps
related to hepato-renal and circulatory failure (diffuse necrosis,
degeneration, and hemorrhage). Bello et al. (2017) supposed the
main cause of late-stage ostrich embryonic death was circulatory
failure associated with generalized subcutaneous edema.

Based on the available research studies, the present study is
the first to detect NDV immunolabelling antigen in different or-
gans (trachea, heart, kidneys, liver, proventriculus, and intestine)

of freshly dead ostrich embryos by IHC in Egypt. It was clear out
that the presence of viral labeled antigen in different embryon-
ic tissues indicated pantropic features and high pathogenicity
of vNDV ostrich strains, agreed with Cattoli et al. (2011). Simi-
lar previous immunohistochemical findings in chickens affected
with NDV supported the current study findings (Anis et al., 2013;
Susta et al, 2015; Etriwati et al., 2017; Ali and Abd EL-Dayem,
2019). The kidneys of vNDV ostrich embryos showed the heavi-
est immunolabelling reaction for NDV antigen, this also indicates
intensive replication in renal tissue. Anis et al. (2013) recorded
immunolabelling of NDV in the chicken kidney. Additionally, El-
boraay et al. (2013), documented the renal gross lesion was the
most severe one.

CONCLUSION

This study the first that characterized vNDV (genotype VIlIb)
molecularly and immunohistochemically in late-stage dead in-
shell ostrich embryos, causing low hatchability and great eco-
nomic losses in Egypt. Moreover, the current study suggested
that vertical transmission of vNDV (genotype VIIb) from infected
ostrich breeders to their embryos through eggs causing embry-
onic death at the late stage of incubation. Ostrich perhaps caught
up VNDV from the beside-infected chickens, as there was a high
nucleotide identity percent between ostrich strains and chicken
reference field strains in Egypt on GenBank. The main pathologi-
cal lesions in vNDV positively ostrich embryos are severe general
edema, hemorrhages, and leukocytic infiltration with the exhibi-
tion of immuno-positive labeling reactions for NDV in different
organs. To the best of our knowledge, this study is the first report
of VNDV detection (molecularly and immunohistochemically) in
dead in-shell ostrich embryos in Egypt, therefore, ND vaccination
of ostrich breeders is strongly recommended.
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