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Abstract | Velogenic strains of Newcastle disease virus (NDV) cause Newcastle disease (ND), a devastating 
disease of poultry and wild birds. Phylogenetic analysis of recent Egyptian isolates in Menofia governorate, 
Egypt was constructed, and showed to be of genotype VII. Eight NDV viruses were isolated from vaccinated 
commercial broiler flocks showing respiratory manifestation in Menofia governorate, Egypt during 2019. 
Those viruses showing deaths and haemorages of inoculated SPF ECE eggs, harvested allantoic fluids 
showed haemagglutination activity by using 1% RBCs and also haemagglutination inhibition in case of using 
NDV reference antiserum, As well as realtime polymerase chain reaction by using standardized NDV specific 
primers and finally eight viruses were selected for further sequencing for the partial fusion protein, The eight 
NDVs isolates of velogenic genotype VII and contain the unique cleavage site motif 112RRQKRF117 with 
high relation to very virulent NDV Chinese strain Chicken /China/SDWF07/2011 strain with nucleotide 
identity percentage (99.3% -100%). The main causative agent of recent ND outbreaks in vaccinated broiler 
flocks in Menofia governorate, Egypt was found to belong to very virulent genotype VII. This strain was 
genetically identical to Egyptian genotype VII isolates isolated in the last period.
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Introduction

Newcastle disease (ND), caused by the virulent 
Newcastle disease virus (NDV), is a highly 

contagious disease that can cause significant losses in 
poultry worldwide. NDV is a member of the genus 
Avulavirus of the family Paramyxoviridae (Mayo, 
2002). NDVs are single-stranded, negative sense RNA 
genome of 15,186, 15,192, or 15,198 nucleotides (nt) 
in length (Czeglédi et al., 2006; Kim et al., 2012). 
NDV strains divided into two clusters based on 
Phylogenetic analysis of the fusion gene (Liu et al., 

2011). Class I and class II viruses have been recently 
classified into 1 and 15 genotypes, respectively (Diel 
et al., 2012). Four ND panzootics were existed since 
the first recognition of the disease in 1926. Genotype 
VII NDV strains represent the predominant genotype 
involved during the fourth panzootic since the late 
1980s (Liu et al., 2008). Genotype VII NDV strains 
represent the predominant genotype in Egypt (Saad 
et al., 2017; Selim et al., 2018; Zanaty et al., 2019; 
Mahmoud et al., 2019). Complete sequences of the 
F genes of eight isolates from Egypt Menofia district 
were determined by reverse transcription (RT)-PCR 
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and direct sequencing. 139 amino acid sequence 
identities of F fusion protein including cleavage 
site among these eight isolates ranged from 98.6 to 
100% and 99.1% to 99.6% respectively. The predicted 
amino acid sequences surrounding the cleavage site 
of F protein in all 8 isolates displayed the motif 
112RRQKR*F117, which is typical of virulent NDV 
isolates. Phylogenetic analysis based on 139 amino 
acid sequences of the F genes classified these isolates 
into genotype XII, together with strains isolated 
from Egypt in 2010 till 2019, which becoming the 
predominant genotype responsible for most outbreaks 
of ND in Egypt during recent years. Although these 
strains belonged to the same genotype as the Egyptian 
strains. In the current work, we aimed to determine 
the circulating NDV genotypes that causing severe 
outbreaks in poultry flocks.

Materials and Methods

Samples
 Tracheal swabs were collected from 20 vaccinated 
broiler flocks with severe respiratory signs and PM 
suspected Newcastle disease (ND), located in Menofia 
governorates (Table 1). Swabs were collected from 
twenty birds per flock and pooled, as one sample for 
each flock, in buffered saline solution with antibiotic 
(10,000IU/ml.penicillin, 10mg/ml streptomycin, 0.25 
mg/ml gentamicin and 5,000 IU/ ml nystatin), adjusted 
to pH 7.0-7.4 OIE (2012). All samples stored in 
Reference Laboratory of Veterinary Quality Control on 
Poultry Production (RLQP), Animal Health Research 
Institute (AHRI). All tests applied in (RLQP).

Virus propagation
The viruses were propagated in 10 days old specific 
pathogen free (SPF) embryonated chicken eggs 
(SPF farm, Koam Osheim, El-Fayoum, Egypt). 
Centrifuged supernatant of the swab pools (100 ul/
egg) was inoculated intra allantoic in 10 days old 
embryonated eggs (SPF). Eggs were incubated at 
37oC and examined daily for 5 days. Allantoic fluid 
was collected from dead embryos after the first 24 
hours and examined for hemagglutination (HA) and 
hemagglutination inhibition (HI) activity using four 
HA units, according to OIE guidelines OIE (2012).

RNA isolation and PCR amplification and sequencing
RNAs from each isolate were extracted from 
allantoic fluids using QiAmp Viral RNA Mini kit 
(Qiagen GmbH, Hilden, Germany) according to the 

manufacturer’s instructions, rRTPCR was carried 
out using Quantitect probe RTPCR kit (Qiagen, 
Inc. Valencia CA). Primers used were described by 
(Wise et al., 2004). rRT-PCR was conducted in the 
Stratagene3005P MXpro RealTime PCR System 
(Stratagene, USA) according to manufacturer 
instructions.

PCR amplification was performed by using Qiagen 
One-Step RT-kit according to the manufacturer’s 
instructions, using primer sets designed by (Selim et 
al., 2018). Gel containing DNA bands (1.5%) of the 
expected size (400 bp) was excised and purified with 
QIAquick Gel Extraction Kit (Qiagen) according 
to the manufacturer instruction. Purified RT-PCR 
products were sequenced using Bigdye Terminator 
V3.1 cycle sequencing kit (Perkin-Elmer, Foster City, 
CA) and Applied Biosystems 3130 genetic analyzer 
(ABI, USA). Sequences identities obtained in this 
study were compared with previously published NDV 
vaccine and references strains available in the public 
database (BLAST, NCBI, USA). 139 Amino acids 
phylogenetic relationship was constructed using 
MEGA version 6 (Tamura et al., 2013). A comparative 
analysis of 139 deduced amino acids and nucleotides 
sequences of the sequenced fusion gene was created 
using the CLUSTALW Multiple Sequence Alignment 
Program, version 1.83 of the MegAlign module of 
Lasergene DNAStar software. Sequences generated in 
the frame of this study were submitted to the GenBank 
database with accession numbers as showed in (Table 1).

Nucleotide sequence accession numbers: Partial 
fragment F gene sequences (n= 8) of virulent NDV 
obtained in this study were submitted to GenBank 
and are available under the accession numbers 
MW269675 to MW269682.

Results and Discussion

NDV detection
Eight samples, each representing one NDV farm, 
were positive for NDV by real-time PCR and were 
confirmed by HA and HI results (Table 1).

Phylogenetic analysis 
Sequence analysis of F gene protein cleavage site 
revealed that the eight NDV isolates contain the 
typical sequence of velogenic NDV strains where 
multiple basic amino acids were observed showing the 
pattern RRQKR*F (Table 1). 
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Table 1: History of samples No., Species, Governorate, Year, CPE Inoculated eggs, HI NDV, PCR , F- Protein 
cleavage site sequence, Virulence, Genotype, Isolate designation and Access number of GENBANK.
Sam-
ples

species Gover-
norate

Year PCR 
NDV

CPE 
eggs

HI 
NDV

F- protein 
cleavage site 
sequence

Viru-
lence

Geno-
type

Isolate designation Access num-
ber GEN-
BANK

1 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/1-019 MW269675
2 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/2-019 MW269676
3 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/3-019 MW269677
4 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/4-019 MW269678
5 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/5-019 MW269679
6 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/6-019 MW269680
7 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/7-019 MW269681
8 Chicken Menofia 2019 + + + RRQKR*F Viru. VII NDV-EG/MENO/8-019 MW269682

*: Point of cleavage (Alexander, 2003);Viru.: Virulent. +: CPE cytopathic effect, deaths, haemorages, and Haemagglutination positive.

Figure 1: Nucleotide Sequence alignment of NDV isolates for 416 nt of F-gene in comparison to Chinese VII strain APMV-CH-China-
SDWF07-011.
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Figure 2: Amino Acid Sequence alignment of NDV isolates (139 AA) from AA No. 1 till AA No. 139 from F- protein in comparison to 
Chinese VII strain APMV-CH-China-SDWF07-011.

Phylogenetic analysis results revealed that eight 
isolates were belong to class II genotype VII, the 
sequences of the eight isolates were investigated 
based on: the criteria for identification of NDV 
genotypes proposed by (Diel et al., 2012; Saad et al., 
2017; Selim et al., 2018; Mahmoud et al., 2019). The 
genetic characterization of virulent viruses circulating 
in west and central Africa investigated by (Snoeck et 
al., 2013).

Newcastle disease (ND) is one of the most respiratory 
viral serious diseases affecting poultry as well as highly 
pathogenic avian influenza, infectious bronchitis 
and especially in broiler production and infectious 
Laryngeotrachitis in layers (Alexander et al., 2003). 
Egypt is endemic for Newcastle disease virus (NDV) 
with continuous evoluting outbreaks causing great 
economic losses in broiler chicken industry due to 
high mortality which may reach 100% in velogenic 
strains of NDV, despite the intensive vaccination 
programs (Mohamed et al., 2009; Radwan et al., 
2013), therefore there is a need for updating vaccine 
strategies (Palya et al., 2012; Ehud et al., 2018; Ya-wen 
et al., 2019).

The eight NDVs isolates of velogenic genotype 
VII and contain the unique cleavage site motif 

112RRQKRF117 with high relation to very virulent 
NDV Chinese strain Chicken/China/SDWF07/2011 
strain with nucleotide identity percentage (99.3%-
100%) (Figures 1, 2 and 3).

Figure 3: Nucleotide identity and divergence of  NDV isolates in the 
study and reference VII Chinese strain and Lasota strain.

Results for deduced amino acid phylogeny (Figures 2 
and 4) express that the analyzed sequences grouped 
within genotype VII, which are one of the predominant 
virulent viruses circulating globally (Diel et al., 2012).

In this study, Eight Egyptian NDV isolates belonged 
to genotype VII by phylogenetic analysis of partial F 
protein amino acid sequence including cleavage site 
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sequence and according to classification system of 
NDV proposed by (Diel et al., 2012). Also, VII was 
previously described as the predominant genotype VII 
circulating with severe outbreaks in Egypt (Radwan et 
al., 2013; Abdel-Glil et al., 2014; Saad et al., 2017; 
Selim et al., 2018; Zanaty et al., 2019).

In conclusion, the main causative agent of recent 
ND outbreaks in vaccinated broiler flocks under field 
conditions have been reported in Menofia governorate, 
Egypt was found to belong to very virulent genotype 
VII. This strain was genetically identical to Egyptian 
genotype VII isolates isolated in the last decade, this 
indicating the limited efficacy of the current vaccines 
and the need for the vaccine strategies update.
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Figure 4: Phylogeny of 139 F protein amino acids NDV isolates.
Blue colour isolates of the study; Red colour live vaccine strains; Black 
colour genbank reference strains of different genotypes.

Acknowledgements

The authors would like to thank all the staff of 
National laboratory for veterinary quality control on 

poultry production, animal health research institute, 
Egypt for their help.

Author’s Contribution

All authors contribute equally in preparation of 
manuscript. 

Conflict of interest
The authors have declared no conflict of interest.
	
References

Abdel-Glil, Y. Mostafa, K.M. Sunil, Sharafeldin, 
A. Tamer, Porter, E. Robert and M.G. Sagar. 
2014. Detection and characterization of 
Newcastle disease. Virus in Formalin-Fixed, 
Paraffin-Embedded Tissues Comm. Broil. 
Egypt Avian Dis., 58(1): 118-123. https://doi.
org/10.1637/10616-071813-Reg.1

Alexander, D.J., Y.M. Saif, H.J. Barnes, A.M. Fadly, 
J.R. Glisson, L.R. McDougald and D.E. Swayne. 
2003. Diseases of poultry chapter (Newcastle 
Disease, Other Avian Paramyxoviruses, and 
Avian Metapneumovirus Infections). 14th ed. 
Iowa State University Press, Ames, Iowa. pp. 
63-92.

Czeglédi, A., D. Ujvári, E. Somogyi, E. Wehmann, 
O. Werner and B. Lomniczi. 2006. Third genome 
size category of avian paramyxovirus serotype 
1 (Newcastle disease virus) and evolutionary 
implications. Virus Res., 120: 36–48. https://
doi.org/10.1016/j.virusres.2005.11.009

Diel, D.G., L.H. da Silva, H. Liu, Z. Wang, P.J. 
Miller and C.L. Afonso. 2012. Genetic diversity 
of avian paramyxovirus type 1: Proposal for a 
unified nomenclature and classification system 
of Newcastle disease virus genotypes. Infect. 
Genet. Evol., 12: 1770 –1779. https://doi.
org/10.1016/j.meegid.2012.07.012

Ehud, S., R. Haddas, D. Goldenberg, A. Lublin, I. 
Bloch, N.B. Hinenzon and J. Pitcovski. 2018. 
Newcastle disease virus: is an updated attenuated 
vaccine needed? Avian Pathol., 47(5): 467-478. 
https://doi.org/10.1080/03079457.2018.14882
40

Kim, S.H., S. Nayak, A. Paldurai, B. Nayak, A. 
Samuel, G.L. Aplogan, K.A. Awoume, R.J. 
Webby, M.F. Ducatez, P.L. Collins and S.K. 
Samal. 2012. Complete genome sequence of 
a novel Newcastle disease virus strain isolated 

https://doi.org/10.1637/10616-071813-Reg.1
https://doi.org/10.1637/10616-071813-Reg.1
https://doi.org/10.1016/j.virusres.2005.11.009
https://doi.org/10.1016/j.virusres.2005.11.009
https://doi.org/10.1016/j.meegid.2012.07.012
https://doi.org/10.1016/j.meegid.2012.07.012
https://doi.org/10.1080/03079457.2018.1488240
https://doi.org/10.1080/03079457.2018.1488240


February 2021 | Volume 8 | Issue 1 | Page 6

Hosts and Viruses

from a chicken in west Africa. J. Virol., 86: 
11394–11395. https://doi.org/10.1128/
JVI.01922-12

Liu, H., Y. Zhao, D. Zheng, Y. Lv, W. Zhang, T. 
Xu, J. Li and Z. Wang. 2011. Multiplex RT-
PCR for rapid detection and differentiation of 
class I and class II Newcastle disease viruses. 
J. Virol. Methods, 171: 149 –155. https://doi.
org/10.1016/j.jviromet.2010.10.017

Liu, H., Z. Wang, Y. Wu, Y. Wu, C. Sun, D. Zheng, 
T. Xu and J. Li. 2008. Molecular characterization 
and phylogenetic analysis of new Newcastle 
disease virus isolates from the mainland of 
China. Res. Vet. Sci., 85: 612–616. https://doi.
org/10.1016/j.rvsc.2008.02.013

Mahmoud, S., M.A. Soliman, S.A. Moussa, A. 
Arafa, H.A. Hussein, N. Amarin and E. 
Mundt. 2019. Efficacy of bivalent inactivated 
vaccine containing insect cell–expressed avian 
influenza H5 and egg-based Newcastle disease 
virus (NDV) against dual infection with highly 
pathogenic H5N1 and velogenic NDV in 
Chickens. Avian Dis., 63:474-480. https://doi.
org/10.1637/12017-122618-Reg.1

Mayo, M.A., 2002. Virus taxonomy-Houston 
2002. Arch. Virol., 147: 1071–1076. https://doi.
org/10.1007/s007050200036

Mohamed, M.H., S. Kumar, A. Paldurai, M.M. 
Megahed, I.A. Ghanem, M.A. Lebdah and S.K. 
Samal. 2009. Complete genome sequence of a 
virulent Newcastle disease virus isolated from 
an outbreak in chickens in Egypt. Virus Genes, 
39: 234–237. https://doi.org/10.1007/s11262-
009-0385-7

OIE, 2012. Newcastle disease, Chap. 2.3.14. In: OIE 
terrestrial manual 2012: Manual of diagnostic 
tests and vaccines for terrestrial animals (World 
Organisation for Animal Health, Paris), pp. 
576–589. 

Palya, V., I. Kiss, T. Tatar-Kis, T. Mato, B. Felfoldi and 
Y. Gardin. 2012. Advancement in vaccination 
against Newcastle disease: Recombinant 
HVT NDV provides high clinical protection 
and reduces challenge virus shedding with 
the absence of vaccine reactions. Avian Dis., 
56: 282–287. https://doi.org/10.1637/9935-
091511-Reg.1

Radwan, M., S. Darwish, I. El-Sabagh, A. ElSanousi 
and M. Shalaby. 2013. Isolation and molecular 
characterization of Newcastle disease virus 
genotypes II and VIId in Egypt between 2011 

and 2012. Virus Genes, 47: 311–316. https://
doi.org/10.1007/s11262-013-0950-y

Saad, A.M., A. Samy, M.A. Soliman, A. Arafa, 
A. Zanaty, M.K. Hassan, A.H. Sultan, A.I. 
Bazid and A.H. Hussein. 2017. Genotypic 
and pathogenic characterization of genotype 
VII Newcastle disease viruses isolated from 
commercial farms in Egypt and evaluation 
of heterologous antibody responses. Arch. 
Virol. Jul., 1; 162(7): 1985-1994. https://doi.
org/10.1007/s00705-017-3336-y

Selim, K.M., A. Selim, A. Arafa, H.A. Hussein and 
A.A. Elsanousi. 2018. Molecular characterization 
of full fusion protein (F) of Newcastle disease 
virus genotype VIId isolated from Egypt during 
2012-2016. Vet. World, 11(7): 930. https://doi.
org/10.14202/vetworld.2018.930-938

Snoeck, C.J., A.A. Owoade, E. Couacy-Hymann, 
B.R. Alkali, M.P. Okwen, A.T. Adeyanju, 
G.F. Komoyo, E. Nakoune, A. Le Faou and 
C.P. Muller. 2013. High genetic diversity of 
Newcastle disease virus in poultry in West and 
Central Africa: cocirculation of genotype XIV 
and newly defined genotypes XVII and XVIII. 
J. Clin. Microbiol., 51: 2250–2260. https://doi.
org/10.1128/JCM.00684-13

Tamura, K., G. Stecher, D. Peterson, A. Filipski 
and S. Kumar. 2013. MEGA6: molecular 
evolutionary genetics analysis version 6.0. 
Mol. Biol. Evol., 30: 2725–2729. https://doi.
org/10.1093/molbev/mst197

Wise, M.G., D.L. Suarez, B.S. Seal, C. Janice, 
Pedersen, A. Dennis, Senne, J. Daniel, King, 
Darrell, R. Kapczynski and E. Spackman. 
2004. Development of a real-time reverse 
transcription PCR for detection of Newcastle 
disease virus RNA in clinical samples. J. 
Clin. Microbiol., pp. 329–338. https://doi.
org/10.1128/JCM.42.1.329-338.2004

Ya-wen, B., H-m.Y, J-h. Jin, J. Zhao, J. Xue and 
G. Zhang. 2019. Recombinant Newcastle 
disease virus (NDV) LaSota expressing the 
haemagglutinin–neuraminidase protein of 
genotype VII NDV shows improved protection 
efficacy against NDV challenge, Avian Pathol., 
48(2): 91-97. https://doi.org/10.1080/0307945
7.2018.1548754

Zanaty, A.M., N.M. Hagag, N. Rabie, M. Saied, K. 
Selim, S.A. Moussa, A.G. Shalaby, A-S. Arafa 
and M.K. Hassan. 2019. Epidemiological, 
phylogenetic analysis and pathogenicity of 

https://doi.org/10.1128/JVI.01922-12
https://doi.org/10.1128/JVI.01922-12
https://doi.org/10.1016/j.jviromet.2010.10.017
https://doi.org/10.1016/j.jviromet.2010.10.017
https://doi.org/10.1016/j.rvsc.2008.02.013
https://doi.org/10.1016/j.rvsc.2008.02.013
https://doi.org/10.1637/12017-122618-Reg.1
https://doi.org/10.1637/12017-122618-Reg.1
https://doi.org/10.1007/s007050200036
https://doi.org/10.1007/s007050200036
https://doi.org/10.1007/s11262-009-0385-7
https://doi.org/10.1007/s11262-009-0385-7
https://doi.org/10.1637/9935-091511-Reg.1
https://doi.org/10.1637/9935-091511-Reg.1
https://doi.org/10.1007/s11262-013-0950-y
https://doi.org/10.1007/s11262-013-0950-y
https://doi.org/10.1007/s00705-017-3336-y
https://doi.org/10.1007/s00705-017-3336-y
https://doi.org/10.14202/vetworld.2018.930-938
https://doi.org/10.14202/vetworld.2018.930-938
https://doi.org/10.1128/JCM.00684-13
https://doi.org/10.1128/JCM.00684-13
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1128/JCM.42.1.329-338.2004
https://doi.org/10.1128/JCM.42.1.329-338.2004
https://doi.org/10.1080/03079457.2018.1548754
https://doi.org/10.1080/03079457.2018.1548754


February 2021 | Volume 8 | Issue 1 | Page 7

Hosts and Viruses

newcastle disease virus circulating in poultry 
farms, Egypt during 2015-2018. Hosts Viruses 
6(3): 50-59. https://researcherslinks.com/base/

p?jid=6andaid=2337andacid=1andpath=pdfand
file=1563323008HV_6_3_50_59.pdf, https://
doi.org/10.17582/journal.hv/2019/6.3.50.59

https://researcherslinks.com/base/p?jid=6andaid=2337andacid=1andpath=pdfandfile=1563323008HV_6_3_50_59.pdf
https://researcherslinks.com/base/p?jid=6andaid=2337andacid=1andpath=pdfandfile=1563323008HV_6_3_50_59.pdf
https://researcherslinks.com/base/p?jid=6andaid=2337andacid=1andpath=pdfandfile=1563323008HV_6_3_50_59.pdf
https://doi.org/10.17582/journal.hv/2019/6.3.50.59
https://doi.org/10.17582/journal.hv/2019/6.3.50.59

