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Abstract The complete genome sequence of a virulent

Newcastle disease virus (NDV) isolated from chickens in

Egypt was determined and compared to the sequence of

NDV strains isolated from different parts of the world. The

genome is 15,186 nucleotides (nt) long and consists of 6

genes in the order of 30-N-P-M-F-HN-L-50. The genome

contains a 55-nt leader region at the 30 end and a 114-nt

trailer region at the 50 end. Interestingly, the phylogenetic

analysis showed that strain Egypt is closely related with the

NDV strains isolated in China. In addition, the sequence of

the fusion protein cleavage site of strain Egypt was iden-

tical to that of the NDV strain recently isolated in Mali.

Determination of complete genome sequences of additional

NDV strains from Africa is necessary to understand the

epidemiology of currently circulating viruses in Africa.
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Newcastle disease (ND) is one of the most important dis-

eases of poultry worldwide. It is caused by Newcastle

disease virus (NDV), a member of the genus Avulavirus in

the family Paramyxoviridae. ND is endemic in many parts

of the world (East Asia, Africa, and South America), and

these may serve as sources of infection for sporadic

outbreaks in disease-free countries around the world [1].

The disease is particularly devastating to village farmers in

developing countries whose livelihood depends on chicken

farming [2]. The NDV isolates are characterized by their

pathogenicity in chickens and categorized into three main

pathotypes, depending on severity of the disease; lento-

genic isolates are of low virulence, mesogenic isolates are

of intermediate virulence, while virulent isolates that cause

high mortality are velogenic [3]. It is thought that conti-

nents having warm climates are reservoirs of virulent NDV

strains [1]. NDV is a well-studied paramyxovirus, and

complete genome sequences of many North American

NDV strains are available; however, very little is known

about the genome sequences of NDV strains isolated from

different parts of Africa.

This study deals with the analysis of a complete genome

sequence of an NDV isolated from an outbreak on a poultry

farm in Al-Sharkia province in Egypt and designated as

chicken/Egypt/1/2005. The infected birds showed severe

neurological and/or respiratory symptoms. The virus was

confirmed as NDV by hemagglutination inhibition assay

using a known NDV antiserum. The pathogenicity of NDV

strain Egypt was determined by mean death time (MDT),

intracerebral pathogenicity index (ICPI), and intravenous

pathogenicity index (IVPI) tests [4]. The results showed

that NDV strain Egypt was a velogenic strain with an MDT

value of 55 h, an ICPI value of 1.75, and an IVPI value of

2.5.

To understand the molecular characteristics of the virus,

the complete genome sequence of NDV strain Egypt was

determined. To our knowledge, this is the first complete

genome sequence of an NDV strain isolated in Africa. In

brief, the virus was grown in the allantoic cavities of 9-day-

old embryonated specific pathogen free chicken eggs by

standard procedures [4]. The viral genomic RNA was
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extracted from virus purified from infected allantoic fluid.

The 30 leader and 50 trailer sequences of the strain Egypt

were determined using 30-rapid amplification of cDNA

ends (30RACE) and the 50-RACE, respectively [5, 6]. The

primer sets designed from the available NDV genome

sequences (GenBank accession numbers NC_002617,

EF201805, AF077761, AY562988, M23407, X04719)

were used to determine the complete genome sequence of

strain Egypt. The PCR-amplified products and plasmid

DNAs (cloned PCR products) were sequenced using Big-

Dye terminator v 3.1 matrix standard kit and 3130xl

genetic analyzer data collection software v3.0 (both from

Applied Biosystems, California, USA). The entire genome

was sequenced at least three times, and at least once from

uncloned PCR product, to ensure a consensus sequence.

The genome of NDV strain Egypt is 15,186 nucleotides

(nt) (GenBank accession number FJ939313), a length that

is present in most NDV strains. Similar to other NDV

strains, the genome consists of six open reading frames

encoding six different proteins in the order of a nucleo-

protein (N), a phosphoprotein (P), a matrix protein (M), a

fusion protein (F), an attachment protein called the hem-

agglutinin–neuraminidase (HN), and a large polymerase

protein (L) (30-N-P-M-F-HN-L-50). The length, position,

and characteristics of the six genes and their intergenic

sequences (IGS) are summarized in Table 1a, and the

comparison of its proteins with other NDV strains in

Table 1b. NDV strain LaSota was isolated from an out-

break in 1946 (New Jersey), subsequently strain B1 (1948),

strain Beaudette C (BC) (1959), and strain Fontana (1972)

were isolated form different parts of United States [7–9].

The 30 leader sequence of strain Egypt consists of 55 nt,

a length present in all NDV strains [5]. The leader

sequence of strain Egypt showed 100% identity with the

leader sequence of strain BC, but there are 8 nt difference

between the leader sequence of strain Egypt and leader

sequences of strains LaSota, B1, and chicken/USA(CA)/

1083(Fontana)/72. The P gene contains a putative editing

site 477AAAAAGGG484 (mRNA sense) that is identical in

position to other NDV strains [10]. The 50 trailer sequence

of the strain Egypt was 114 nt long and showed a 4 nt

difference from the trailer sequence of strain BC. The

phylogenic analysis of the complete genome sequence of

strain Egypt with other strains of NDV showed that strain

Egypt clustered with the strains isolated from China

(Fig. 1).

All the six major proteins of strain Egypt invariably

showed higher amino acid sequence identity with the

cognate proteins of other NDV strains that are well char-

acterized (Table 1b). The comparison of complete genome

sequences showed that strain Egypt is more related to strain

BC than to other NDV strains (Table 1b). Interestingly,

strain BC is a mesogenic strain, but strain Egypt is a vel-

ogenic strain; therefore, our results indicated that minimum

changes in the nucleotide sequence of an NDV strain can

have a profound effect on the pathogenicity of the virus.

The F protein cleavage site is a well-characterized

determinant of NDV pathogenicity in chickens [11–13].

Fig. 1 Phylogenic analysis of

the complete genome of NDV

strains chicken/Egypt/1/2005.

The phylogenetic trees were

constructed using a DNASTAR

software package (Lasergene8).

All the accession numbers

correspond to GenBank

submissions of different strains

of NDV. The values at the

branches represent the percent

nucleotide identity of NDV

strain chicken/Egypt/1/2005

with other NDV strains
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Virulent NDV strains typically contain a polybasic cleav-

age site (R-X-K/R-R;F), which is recognized by most cells.

The cleavage site of strain Egypt 112R-R-Q-K-R;F-I118

contained four basic amino acids at positions 112–116,

corresponding to those of virulent NDV strains. In addition,

the presence of the phenylalanine (F) residue at position

117 has been described as being a possible contributor to

the neurological effects [10, 14]. Interestingly, the F

cleavage site of strain Egypt is identical to that of NDV

strains isolated from chickens and guinea fowl in the Mopti

and Sikasso regions of Mali in 2008 [15]. Although the

complete genome sequences of the Malian isolates are not

available, based on F cleavage site sequence, our results

indicate that the same strain may be circulating in the

continent of Africa. Furthermore, the F cleavage site of

Egypt strain was identical to most NDV strains isolated in

different parts of China [16]. It is possible that several

species of birds, mostly waders, are known to migrate

between parts of Africa and their breeding grounds in

Siberia, through communal stopover grounds in the African

Rift Valley, the Middle East, and central Asia, where they

are likely to come into contact with birds from the Far East

[16, 17]. The phylogenetic analysis of complete genome

sequence showed that the strain Egypt is closely related to

the isolates from China, suggesting that the virus trans-

mission could have occurred through migratory water birds

from the Far East [16, 17].

Recently, it was shown that the L gene is also associated

with the virulence of NDV [18]. Amino acid sequence of L

gene of strain Egypt showed high degree of identity with

strain La Sota, B1, and BC (Table 1b). However, there was

lower amino acid identity with strain Fontana (94.6%).

Whether this lower identity of L protein plays any role in

the virulence of this virus needs to be explored.

This is the first report of a complete genome sequence of

an NDV strain isolated in the continent of Africa. Our

results demonstrated that high levels of nucleotide and

amino acid sequence identity exist between the African and

North American NDV strains. On the other hand, our

findings raise questions concerning the validity of

Table 1 Genomic features and protein characteristics of NDV strain chicken/Egypt/1/2005

(a)

Genes Hexamer phasing position

at gene-start

mRNA characteristics (nt) IGS (nt) Deduced protein characteristics

Total length 50UTR ORF 30UTR Size (aa) MW (kDa) pI

N 2 1746 66 1470 210 2 489 53.1 5.239

P 4 1451 83 1188 180 1 395 42.3 6.342

P/V 4 1452 83 720 649 – 239 25.5 6.200

P/W 4 1453 83 666 704 – 221 24.2 9.570

M 4 1241 34 1095 112 1 364 39.7 9.584

F 4 1792 46 1662 84 31 553 59.1 8.450

HN 3 2002 91 1734 177 47 577 63.3 6.841

L 6 6703 11 6615 77 – 2204 248.5 6.793

(b)

chicken/Egypt/1/2005 NDV strains��

La Sota B1 BC Fontana

Complete genome* 97.6 97.5 99.3 85.6

Nucleoprotein� 98.2 99.0 100 93.0

Phosphoprotein� 97.7 94.2 98.7 84.8

Matrix protein� 97.3 97.0 98.4 90.7

Fusion protein� 97.5 96.9 99.1 90.8

HN protein� 97.2 97.1 97.7 88.6

L protein� 97.7 97.9 98.1 94.6

(a) The table shows hexamer phasing positions along with individual genes, coding and non-coding, and IGS with their protein profiles. (b)

Percent sequence identity of the complete genome sequence and percent aa sequence identity of different proteins encoded by NDV strain

chicken/Egypt/1/2005 with other strains of NDV [LaSota, B1, BC, and chicken/USA (CA)/1083(Fontana)/72]
* Nucleotide level
� Amino acid level
�� References for NDV genome sequences are La Sota (AY845400), B1 (NC_002617), BC [5] and Fontana (AY562988)
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phylogenic analysis using only partial F gene sequences.

However, determination of the complete genome sequen-

ces of additional NDV strains isolated in different geo-

graphic regions of Africa is necessary to understand the

genetic relatedness among NDV strains circulating in dif-

ferent parts of the world.
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