
SHORT COMMUNICATION

Newcastle Disease Virus in Pakistan: Genetic Characterization
and Implication in Molecular Diagnosis

M. Munir • S. Zohari • M. Berg

Received: 28 November 2011 / Accepted: 28 May 2012 / Published online: 4 July 2012

� Indian Virological Society 2012

Abstract Newcastle disease (ND) is a fatal and conta-

gious disease that poses a constant threat to the poultry

industry around the globe. Due to the complex clinico-

pathological picture and high genetic variability, the effi-

cient diagnosis of NDV strains is a challenge. In an

emerging wave of ND in the north of Pakistan, samples

from six outbreaks in commercial poultry and two from

healthy backyard poultry flocks were screened for NDV. A

real-time PCR based on the fusion and polymerase genes of

NDV detected all six isolates whereas a validated real-time

PCR based on the matrix gene failed to detect any of these

isolates, most likely due to substantial mismatches in the

probe-binding site. All isolates have shown ICPI and MDT

values similar to the velogenic form of NDV strains.

The cleavage site in the F protein was found to be
112RRQKR;F117, typical of virulent NDV. Phylogenetic

reconstruction, based on fusion and matrix genes, provided

enough evidences to consider these isolates as a new sub-

genotype within genotype VII. This study raised concerns

about the genetic variability of NDV circulating in

Pakistan, and sensitivity of the assays for the detection of

the NDV isolates in clinical samples.
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Newcastle disease (ND) is a highly contagious and fatal dis-

ease, which can infect a broad rage of domestic and wild host

species [1, 8]. However, the severity of the disease varies from

undetectable to rapidly fatal, and in clinical cases is charac-

terized by sneezing, respiratory distress, green diarrhoea and

oedema of several of the body regions [1]. In some cases, the

nervous system signs such as circling, backward progression

and convulsive somersaulting, head tremor, wing and leg

paralysis may develop. With such a variable expression of the

disease, definitive diagnosis of ND as a single clinico-patho-

logical entity is impossible. Therefore, for simplicity, ND is

divided into lentogenic, mesogenic and velogenic, which

represent avirulent, mild virulent and highly virulent forms of

the disease, respectively. Several laboratories assess the

pathogenicity of ND based on MDT (mean death time), IVPI

(intravenous pathogenicity index) and ICPI (intracerebral

pathogenicity index) as numerical evaluation criteria. In

addition to these, OIE has established a general standard to

distinguish virulent from avirulent NDV strains. The presence

of one basic amino acid at residues 116 and 115 of the F

protein cleavage site as well as a phenylalanine at residue 117

along with a basic amino acid (R) at amino acid position 113

are considered markers of a virulent pathotype and such iso-

lates are notifiable to OIE [17].

There is extensive genetic variability among ND strains,

despite the fact that all belong to same serotype (APMV-1).

Based on F gene phylogenetic reconstruction, NDV has

been divided into two classes: Class I and II. Class II is

comprised of pathogenic strains and is divided into 11

genotypes (I–XI), with those arising from the period

between 1930 and 1960 (I, II, III, IV, IX) being considered
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as ‘‘early’’ or ‘‘old’’ and those appearing after 1960 (V,

VI, VII, VIII, X, XI) as ‘‘late’’ or ‘‘recent’’ [10, 12]. The

genotypes VI and VII are subdivided into eight (a–h) and

five (a–e) subgenotypes, respectively. Class I consists of

viruses that have the largest genome (1,5198 nt), are

avirulent for chickens except for one strain, and are usually

isolated from waterfowl and shore birds [6, 9, 12].

Since the clinical picture of the disease is complicated,

the NDV diagnosis historically relies on virus isolation,

which is a mandatory assay for international trade and is

regarded as the ‘‘gold standard’’ to validate new assays

[16]. Molecular techniques are predominantly described

not only for characterization but also for pathotyping of

NDV [18, 21]. It is generally believed that the replication

machinery of NDV introduces errors when it copies the

genome during replication, in common with other RNA

viruses. As a consequence, the viruses evolve very rapidly

and quickly adapt to different environmental pressures.

Such a phenomenon may have implications in disease

severity and diagnosis, which has recently been reviewed

for NDV [5]. In an effort to characterize NDV isolates from

emerging outbreaks of NDV in commercial poultry farms

in the north of Pakistan, the efficacy of two validated real-

time PCRs was determined in order to facilitate prompt

detection of ND in Pakistan.

The clinical material, including tracheal and cloacal

swabs, was collected from dead birds while blood samples

were collected from alive but sick birds. Samples were

collected from ND outbreaks in six commercial poultry

farms. Additionally, samples from two domestic healthy

backyard poultry flocks were also collected to screen for

the presence of subclinical ND infection (Table 1). It is

worth mentioning that commercial farm attendants have

frequent contact with these backyard poultry flocks. The

samples were passaged in 10 day old specific pathogen free

(SPF) embryonated eggs. The allantoic fluids were used for

the assessment of pathogenicity (ICPI, MDT), detection

efficacy for validated real-time PCRs and for sequence

analysis. For the latter two purposes, QIAcard FTA

Indicator Four Spots (Qiagen, Hilden, Germany) were

impregnated with allantoic fluids and brought to the

Swedish University of Agricultural Sciences, Uppsala,

Sweden, for processing. The eluted RNA was used for both

real-time PCR and for the amplification of the M and F

genes of each isolate, as described previously [15]. Six

isolates from commercial as well as two isolates from

backyard poultry were phylogenetically characterized and

analyzed. The trees were constructed using the Neighbor-

joining method (Kimura 2 parameter) with 2,000 bootstrap

replicates in Molecular Evolutionary Genetics Analysis

(MEGA) version 5 (http://www.megasoftware.net/).

Initially, a USDA-validated real-time PCR, based on the

F gene (F-based assay) of NDV, was employed as rec-

ommended [21]. This assay is commonly used for the

detection and differentiation of lentogenic, mesogenic and

velogenic strains of NDV based on changes in the F protein

cleavage site, which is a well-recognized marker for

pathogenicity. All the Pakistani isolates used in this study

were detected positive by the F-based assay. Additionally,

both lentogenic and mesogenic Swedish NDV strains were

also detected as positive (Fig. 1a). This assay has previ-

ously been described to be less sensitive since it appeared

to give false-negative results due to a significant variability

in the probe binding site [9, 11, 16, 18], raising a concern to

develop assays that do not require probes such as ligase

chain reaction. There are reports that modified primers and

Table 1 Information of the samples included in this study

Sample name Age of

birds

Number of birds

at farm

Location Country Cleavage site Accession number

(M gene)

Accession number

(F gene)

Chicken/CP/Attock/

2010

18 days 3,000 Attock Pakistan 112RRQKR;F117 JN682192 JN682188

Chicken/CP/

Islamabad1/2010

16 days 17,000 Islamabad Pakistan 112RRQKR;F117 JN682196 JN682186

Chicken/CP/

Rawalpindi1/2010

22 days 28,000 Rawalpindi Pakistan 112RRQKR;F117 JN682199 JN682185

Chicken/CP/

Islamabad2/2010

1 year 5,000 Islamabad Pakistan 112RRQKR;F117 JN682195 JN682190

Chicken/CP/

Islamabad3/2010

100 weeks 4,000 Islamabad Pakistan 112RRQKR;F117 JN682193 JN682191

Chicken/BYP/

Rawalpindi/2010

3 months 07 Rawalpindi Pakistan 112RRQKR;F117 JN682197 JN682187

Chicken/BYP/

Lahore/2010

6 months 18 Lahore Pakistan 112RRQKR;F117 JN682198 JN682184

Chicken/CP/

Rawalpindi2/2010

9 weeks 3,350 Rawalpindi Pakistan 112RRQKR;F117 JN682194 JN682189
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probes in this already existing USDA-validated protocol

can improve the screening of the genetically divergent

NDV strains [18].

Due to the great wealth of concerns regarding the suit-

ability of F-based assays, efforts have been made to target a

relatively conserved region near the 50 end of the M gene

[19]. In parallel, each of the isolates were also screened for

this USDA-validated assay based on the M gene of NDV

(M-based assay) [21]. This assay has been validated for

efficient detection of all the genotypes within class II in

clinical samples. Interestingly, none of the Pakistani NDV

isolates were detected positive in this assay but all of the

Swedish isolates were found positive, in contrast to the

F-based assay (Fig. 1b). Notably, the NDV strains isolated

from healthy backyard poultry flocks were also negative.

The consequences of this escaped diagnosis can’t be real-

ized in case this assay would have been applied to screen

the healthy birds populations (domestic or wild) for ND.

The gel picture from the real-time PCR demonstrated

adequate performance of the primers and tolerance of the

mismatches (Fig. 1c). Since this assay is meant for clinical

diagnosis of ND, failure in the assays has an unacceptable

implication in the disease diagnosis. This assay has been

reported to show false-negative results for class I strains of

NDV (note that the isolates in the current study belong to

class II) [9]. There are few reports of this failure for class II

strains, which warrants revisiting this assay’s design and

validation. Moreover, it is not realistic to rely on a single

test to detect such a diverse group of viruses. Recently, a

real-time PCR targeting the polymerase gene (L) of NDV

has been demonstrated [7]. With an aim to detect all

genotypes within class I and II, a single primer set and 2

different hydrolysis probes were included in this assay.

Testing demonstrated that all the Pakistani isolates and

Swedish isolates in the current study were positively

detected (Fig. 1d).

To further investigate the reasons for this failure, the

complete M genes of all the isolates were sequenced using

the primers and protocol we previously described [13, 14],

using One-Step RT-PCR kit (Qiagen, Hilden, Germany).

The primers and probe in the USDA-validated real-time

PCR for the M gene were aligned and compared with

sequences of the lentogenic, mesogenic and velogenic
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Fig. 1 Results for the real-time PCR assay applied to detect

Newcastle disease virus. RNA from all eight isolates was used along

with two Swedish lentogenic and mesogenic/velogenic isolates named

here as BGH/Sweden/94 and Chicken/Sweden/95, respectively. A no

template control (NTC) was also included. a Results of real-time PCR

based on the fusion (F) gene and b matrix (M) gene of NDV. c The

real-time PCR products of the assay targeting the M gene. Only PCR

products from eight Pakistani isolates were run on a gel. d Normalized

fluorescent signals for the real-time PCR based on the large (L) gene

of NDV

c
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strains of NDV. Comparison indicated that there were two

and three nucleotide mismatches in the forward and reverse

primers, respectively (data not shown). The probe-binding

site shows four nucleotide mismatches, including three at

the 50-end, which is considered crucial for oligonucleotide

hybridization. This indicates that the lack of fluorescent

signals in real-time PCR was due to failure in probe

binding. This can further be justified by the fact that this

assay failed to detect class I NDV isolates carrying less

than four mismatches [9]. Apart from this, several other

isolates within class II have three mismatches and thus are

more likely to escape detection. Such scenarios will be

even complication if 1–2 more mismatches occur at this

binding site, which is not less likely in RNA viruses. This

protocol has been used for surveillance in the European

wild bird population [2] and for screening samples from

Europe, Africa and Asia [3–5]. Pakistan is a major exporter

of fancy birds to Europe, especially to Italy, Spain,

Portugal and Greece [20], and recently the NDV is iden-

tified in birds exported to Italy [20]. Such facts questioned

the application of this assay (M-based) for the detection of

NDV from all subgroups and emerging new genetic

groups.

Pathotyping indicated that all the NDV isolates were

velogenic based on their ICPI, MDT and the sequence of

the cleavage site in the F protein. The MDT and ICPI were

recorded to be\60 h and B1.5, respectively. The cleavage

site was found to be 112RRQKR;F117, identical to that of
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Fig. 2 Phylogenetic analysis of the fusion and matrix genes of

Pakistani isolates compared to previously characterized NDV strains.

The trees were constructed using the Neighbour-joining method

(Kimura 2 parameter) with 2,000 bootstrap replicates. a Phylogenetic

tree based on the complete open reading frame of the fusion (F) gene,

b and of the matrix (M) gene from corresponding isolates. A black
square indicates the isolates presented in this study

Newcastle Disease Virus in Pakistan 371

123



virulent strains of NDV. Notably, the NDV strains isolated

from healthy backyard poultry flocks also showed the

characteristics of pathogenicity, raising concern about of

contribution of domestic poultry in the epizootiology of

NDV especially in countries where control measures and

biosecurity levels are sub-optimal.

Six isolates from commercial as well as two isolates

from backyard poultry were phylogenetically character-

ized. The phylogenetic reconstruction was performed based

on the complete open reading frame of the F gene and was

compared to the available sequences in GenBank. All the

Pakistani isolates clustered with viruses of genotype VII.

However, all of these isolates were significantly different

from the rest of the isolates and can tentatively be regarded

as a distinct genetic group within genotype VII (Fig. 2a).

Phylogenetic analysis of the complete open reading frame

of the matrix gene has revealed a similar branching pattern

of NDV isolates. Similarly, the matrix gene-based analysis

showed that Pakistani isolates cluster in a separated group

(Fig. 2b). For exact comparative purposes, the matrix and

fusion gene sequences were phylogenetically analyzed

from the same isolates of which the complete genomes

(n = 54) are available in the GenBank.

Currently, there is great wealth of reports discussing the

error prone genome transcription during replication of RNA

viruses such as NDV. This process helps viruses escape host

immune defences, alter pathogenicity and host range,

and evade diagnostic tests. To properly understand these

mechanisms, it is of paramount importance to fully char-

acterize the viruses in order to study within-host dynamics

and genetic variation, relate dynamics and variation to

transmission, and to reconstruct transmission trees at high

resolution. The results in this report highlight similar

mechanisms in the NDV strains circulating in Pakistan.

A re-visited assay for the detection of novel strains of NDV

would not only help to detect these isolates within the

region but will also improve the diagnostic possibilities if

these viruses escape to other parts of the world. This is of

special concern with NDV, which has been described his-

torically as having great mobility and the strains of NDV

from European, American and Asian origin have gained

worldwide distribution [12]. This will further help to

understand the nature of viruses and to build a basis for

novel diagnostic tests and vaccine development. The

extensive genetic variability within avian paramyxoviruses

1 has placed deep interest in targeting more stable genes

such as the polymerase (L) or nucleoprotein (NP) genes for

diagnostic purposes [5].
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