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Abstract

Newcastle disease is an acute, contagious viral disease of birds. It is one of the most important diseases which
cause great economic loss in poultry industry. The virus that cause Newcastle disease is grouped under family
Paramyxoviridae in the genus Avulavirus and species avian paramyxovirus type 1 (APMV-1) or Newcastle disease
virus. Based on their virulence Newcastle disease virus can be divided in to viscerotropic, neurotropic, mesogenic
and lentogenic strain. Although avian paramyxovirus type 1(APMV-1) can affect many species of birds including wild
birds, Chickens are highly susceptible to the disease. The objectives of this paper were to highlight the epidemiology,
diagnostic technique and control measures involved in Newcastle disease. Newcastle disease is currently distributed
throughout the world including Central and South America, Asia, Middle East and Africa. APMV-1 can be transmitted
by inhalation or ingestion, and birds shed these viruses in both feces and respiratory secretions. The virus can
also be transmitted through direct contact with infected flock and indirect contact with contaminated materials. This
disease can be diagnosed based history of disease outbreak, some pathognomic sign and laboratory test such as
virus isolation, serological test and molecular technique. The latter has more important being its sensitive and rapid
for diagnosis of the disease. Currently both live and killed vaccines are used in many countries to control and prevent
the disease in chickens. Furthermore, strict biosecurity and separation infected once from health flock are also
important to control and prevent spread of disease. Generally to make poultry free of this disease, good biosecurity

and continual vaccination should be maintained.
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Introduction

Newcastle disease is a highly contagious economically devastating
viral disease of poultry [1]. The virus that cause Newcastle disease is
grouped under family paramyxoviridae, genus Avulavirus and species
Newcastle disease virus or avian paramyxovirus type 1 (APMV-1) [2,3].
The genus of this virus has RNA nucleotide, enveloped, single-stranded
(SS) and has negative sense [4]. The avian paramyxovirus contain six
structural protein matrix(M), RNA polymerase(L), phosphoprotin(P),
nucleoprotein(NP), hemagglutinin neuraminidase(NH) and fusion(F)
[5,6]. Protein V and W are additionally encoded by RNA editing of P
protein [5]. Paramyxovirus type 1 can cause disease in birds of all types,
sex and age [1].

Based on their virulence avia paramyxovirus (APMV-1) has been
divided in to three or more pathotypes. Velogenic neurotropic strain
typically associated with neurological and respiratory sign. Velogenic
viscerotropic strain typically associated with gastrointestinal lesion.
These two strains are more virulent. Mesogenic strain is moderate
virulence while, lantogenic strains is the least virulence and used for
vaccine preparation [3].

The disease was first observed in 1926 on the Indonesia island of
Java then, later, it was found in various parts of the world [7]. Newcastle
disease is endemic much of Asia, Africa and the Middle East, and some
countries in Central and South America [3]. Newcastle disease can infect
many species of birds, but the effects of the disease vary with different
species. For example, ducks and gees are least sensitive and chickens are
more sensitive [8]. Newcastle disease virus can be transmitted through
direct contact with infected birds and secretion from mouth, noise
and eyes of infected bird. Contaminated materials, feed and water can
spread disease [9]. NCD can be diagnosed based on history of disease,
sign and laboratory examination [10].

Only diagnosis based on clinical sign have not accurate because it

resemble highly pathogenic avian flue [11]. Laboratory diagnosis for
Newcastle disease includes virus isolation, serological and molecular
test. Enzyme linked immune-sorbent assay(ELISA), virus neutralization
test, and hemagglutination inhibition test, reverse-transcriptase
polymerase chain reaction (RTPCR) and plaque neutralization test
can be used for confirmation of the ND virus [10]. The clinical sign of
Newecastle disease depends on strain of virus. Some virus strain attack
respiratory system other affect nerve system or digestive system. The
major clinical sign observed are loss of appetite, depression, weakness,
greenish diarrhea, gasping, coughing, paralysis of wings and legs,
corticoids and cyanosis of comb and wattle [12]. The effective way of
controlling and preventing Newcastle disease is continual vaccination
program using currently available vaccine. Implementing the effective
biosecurity procedures is also very important to prevent the disease [13].
Despite, the huge economic impact of this disease there is scarcity of
information. Therefore, the main objective of this review is to highlight
the epidemiology, diagnostic technique and control measures involved
in Newcastle disease.

General Information on Newcastle Disease

Newcastle disease is acute viral disease of many species of birds. NCD
is economically the most important and cause loss in poultry industries
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[14]. The virus that cause Newcastle disease is grouped under family
paramyxoviridae, genus Avulavirus and species Newcastle disease virus
or avian paramyxovirus type 1 (APMV-1) [2]. Although APMV-1 to
APMV-12 serotype are there; APMV-1 is the most pathogenic serotype
and is also referred to as Newcastle disease virus (NDV) [3]. Newcastle
virus affect both wild and domestic avian species but their severity vary
between different strains [15]. Newcastle disease found all over the
world. Depending on its strain and clinical sign it causes NCD virus
grouped in to four phenotypes [16,17]. Those are velogenic neurotropic
NDYV affects nerves and velogenic viscerotropic affect visceral organ,
mesogenic cause moderate sever and lantogenic wich is the least sever
of new castle virus [18].

Newcastle disease was first observed in 1926 in island of Java by
Kranveld [19,20]. The disease has got its name from town Tyne, England
and was named Ranikhet disease in Asia and India [21,22]. As studied
by Spradbrow [23] and Alexander [24] the disease was observed in the
same and subsequent year in other parts of Asia (India, Philippines,
Korea). In 1930 it was also identified as the same virus cause different
severity or cause different clinical sign [16].

Epidemiology
Distribution and transmission

Newcastle disease was distributed throughout the world. Newcastle
disease is epizootics in Central and South America, Asia, and Africa
while sporadic epizootics occur in Europe [25]. In in Europe Newcastle
disease was reached in 1981 then spread rapidly throughout the world
[26]. It is endemic in south East Asia and cause high economic loss in
commercial poultry farm [27]. Newcastle disease can infect over 240
species of birds. When infected birds are introduced into susceptible
flocks all birds will be infected within two to six days. The disease is
transmitted through direct contact with infected or carriers birds.
Transmission can also occur through contact with secretion and
excretion of infected birds and contact with contaminated materials
(Figure 1). Another important route of transmission is through air [9,8].
Fleas, rodent, insect and dog can also transmit NCD virus mechanical
from infected faeces [28,29].

Figure 1: Newcastle disease can be transmitted from one village to another
via people, vehicles, animals, baskets, hoes, cages and infected produce egg
shells, feathers, bones, intestines, etc. [29].

Risk factor

Host risk factor: Newcastle disease can affect many species of birds.
In addition to poultry, more than 230 species from more than one-half
of the 50 orders of birds have been found to be susceptible to natural
or experimental infections with avian paramyxoviruses. Chickens
are mainly affected by Newcastle disease. Turkeys and pigeons,
ducks [30,31], geese, as well as parrots and wild cormorants may also
develop generalized disease, but clinical signs are rarely reported in
geese and ducks [32,33]. In humans and rodents natural infection
has been reported. NCD has less zoonotic importance and can cause
conjunctivitis [33]. In all types of domestic poultry virulent strains of
NCD virus have been found. High virulent serotype of NCD virus is not
common for migratory wild birds [8].

In chicken mortality rate can reach 100%. The clinical sign observed
during outbreak of NCD includes, depression, diarrhea, respiratory
distress, cessation of egg production, nervous sign and death [16].

Pathogen risk factor: One of the major factors that determine
pathogenicity of NCD virus is that it has ability to attach and penetrate
host cells. To initiate viral infection two glycoproteins haemagglutinin
neuraminidase (HN) and fusion protein (F) are required to expose
as protrusions on the surface of the virion envelope [34]. Virus can
survive for some weeks in all carcass of acutely infected bird or in egg
and relatively stable and can be transmitted mechanically from infected
material through movement of equipment and personnel. Virus is
shade in all excretion and secretion. NCD virus is readily transmitted
on fomites. This virus can survive for long period of time on eggshells
and especially in feces, compared to an inorganic surface (filter paper)
[3]. Isolate of NCD virus differs in there virulence strain and their tissue
tropism in chickens [35] (Table 1).

Environmental risk factor: The environmental persistence of these
viruses is highly variable, because it can be affected by many factors such
as temperature, humidity, the suspending agent and exposure to light,
as well as the technique used to detect the viruses. One study reported
that APMV-1 survived for up to 7 days in summer in contaminated,
uncleaned poultry houses, as long as 14 days in the spring, and 30 days
during the winter. Another group reported virus isolation up to 16
days after depopulation of an unvaccinated flock. However, one study
found that APMV-1 remained viable for up to 255 days in a henhouse,
at ambient temperatures of -11°C (12°F) to 36°C (97°F). At 23-29°C
(73-84°F), APMV-1 is reported to survive in contaminated litter for 10
to 14 days, and at 20°C (68°F) in soil for 22 days. Virus has also been
recovered from earthworms for 4 to 18 days and from experimentally
contaminated lake water for 11 to 19 days [3].

Diagnosis

Newcastle disease can be diagnosed based on history, clinical
sign and laboratory test. Newcastle disease clinically resembles highly
pathogenic avian influenza so during outbreak rapid and accurate
diagnosis is important to control and prevent dissemination of disease
[11]. Laboratory diagnosis for NCD includes virus isolation, serological
(enzyme-linked immune sorbent assays (ELISA), immunodiffusion
test, agar gel precipitation and molecular test (Reverse transcription-
polymerase chain reaction (RT-PCR). Isolation of the NCD virus is
definitive diagnosis of NCD [38].

Diagnosis based on clinical sign and lesion

The clinical sign of NCD is depends on age, immune status of
the host, tissue tropism and virulence of virus strain. Sudden high
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Types of Virulence
Strain
Viscerotropic
velogenic isolates
Neurotropic
velogenic isolates

Characteristics
Cause severe fatal diseases characterized by hemorrhagic
intestinal lesions

Cause acute disease characterized by nervous and
Respiratory signs with high mortality

Mesogenic isolates | Cause mild disease with mortality confined to Young birds.

Cause mild or inapparent infection, coughing, gasping,

Lentogenic isolate sneezing and rales. Mortality is Negligible

Table 1: The four isolates group or pathotypes on the basis of virulence and tissue
tropism in chickens [36,37].

mortality in a flock in the absence of premonitory clinical signs
occurs when susceptible species are exposed to highly virulent strain.
In susceptible flocks the mortality rate in fully can reach 100% [35].
The incubation period of NCD is usually about five days. In chicken’s
nerve, respiratory and digestive sign may occur. The major clinical sign
observed in Newcastle disease are: greenish white diarrhea, with ruftled
feathers; depression in the birds and a state of prostration, a condition
known as torticollis (the head turned to one side (Figure 2) and other
neurological sign like paralysis of leg and wing. NCD is acute disease
can cause death within 2 to 3 days [39,40].

Necropsy lesions caused by velogenic APMV-1 viruses have mainly
been characterized in poultry, especially chickens [3]. Viscerotropic
velogenic and neurotropic velogenic strain cause hemorrhagic lesion
particularly in mucosa of the proventriculus, small intestine and ceca.
In respiratory tract gross lesions are not observed. Although less likely
in older birds, haemorrhages of the thymus and bursa of fabriceus may
also occur [41].

Laboratory diagnosis

Sample for laboratory diagnosis: The appropriate sample for
diagnosis in Newcastle disease includes: tissue sample (trachea, lung,
spleen, soft palate, colon, bursa and brain) witch are important for
hisopathology and cloacal swabs, oro-nasal swabs and Serum sample
[29]. Blood sample is usually collected from wing vein. When fresh
sample is collected lung and spleen it should be wrapped in plastic
and placed into cold box with ice. To do serological test haemolysed
or contaminated samples should not be used because it will give unreal
result [29].

Virus isolation: Virus is obligate intracellular parasite that requires
living cell in order to replicate. Cultured cells, eggs and laboratory
animals may be used for virus isolation. To diagnosis APM-1 infection
virus isolation in embryonated eggs or cell cultures serves as important
for viral isolation [42]. Cloacal and Tracheal swabs are a good sample
for viral isolation of NCDV. Sample from fresh faeces may also used as
an alternative. Collected sample should be transported at pH 7.0-7.4
in isotonic phosphate buffered saline (PBS), containing antimicrobial
drugs and media protein. Higher concentrations of antibiotic should be
used when collected sample is from feaces of suspected chickens [43].

Virus isolation in culture: centrifugation of sample from feces
or tissue for 10 minute at temperature 25°C to obtain supernatanted
sample and measure 0.2 ml of sample and inoculate in to allantoic cavity
of embryonated SPF fowl egg of 9 -11 days’ incubation then incubate
for 4-7 days at 35-37°C. If the tests give positive result embroynated
eggs will die. Finally all eggs remained of incubation should child to
4°C and do for haemagglutination test (HA) [43].

Serological test: In the absence of vaccination, the presence of
specific antibodies against the ND virus is not necessarily that it was
suffering from the disease at the time of sampling, but indicates that

the bird has been infected by the virus at some time. In practice, a high
antibody titre is indicative of a recent infection. NDV may be employed
as an antigen in a wide range of serological tests. Although numerous
serological tests may be used to detect antibodies in serum they give
little information on the infecting NDV strain. Two methods are used to
measure antibody titres: the haemagglutination inhibition (HI) test, and
the enzyme-linked immunosorbent assay (ELISA). The most commenaly
used and show accurate result is haemagglutination inhibition (HI) test
[41]. For both tests, it is necessary to collect blood samples from the
chickens and should be taken from the wing veins [29].

Haemagglutination inhibition test: The haemagglutination
inhibition (HI) test is used most widely in ND serology; its usefulness
in diagnosis depends on the vaccinal immune status of the birds to
be tested and on prevailing disease conditions. HI is done based on
principle that the haemagglutinin on the viral envelope can bring about
the clumping of red blood cells chicken and that this can be inhibited
by specific antibodies [44]. Sera from species other than chicken red
blood cells can also cause clumping (agglutination), so it should be
removed by adsorption of the serum with chicken RBCs determining
these properties. This is done by adding 0.5 ml of antisera to 0.025 ml
of packed chicken RBCs, shaking gently and leaving for at least 30
minutes; the RBCs are then pelleted by centrifugation at 800 g for 2-5
minutes and the adsorbed sera are decanted. Any pretreatment of the
sera is unnecessary as Chicken sera can rarely give nonspecific positive
reactions in the HI test [37].

Enzyme linked immune sorbent assay: The ELISA works on the
principle of recognition of anti-NDV antibodies, attached to a plate coated
with viral antigen, by antibodies produced in another species against
chicken antibodies [45]. Based on different strategies for detection of NCD
antibodies, including, sandwich, indirect and blocking or competitive
ELISAs using MAbs there are different commercial available ELISA kites.
At least one kit uses a subunit antigen. Both ELISA and HI may measure
antibodies to different antigens. ELISA test; depending on system used
can detect antibodies to more than one antigen but, HI test is probably
restricted to those directed against the HN protein. ELISAs are reproducible
and have high specificity and sensitivity; they have been found to correlate
well with the HI test [45].

Molecular technique: Molecular techniques such as polymerase
chain reaction (PCR) and reverse transcription-polymerase chain
reaction (RT-PCR) have been used for rapid and sensitive detection for
Newcastle disease [46].

Polymerase chain reaction: The duplex PCR is done based on
principle that it has the ability to amplify and differentiate multiple

Figure 2: NDV infected layer chicken of 29 weeks of age showing nervous
signs (twisted neck and paralysis) [40].
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specific nucleic acids using polymerase enzymes [47,48]. However,
those techniques can detect only one specific pathogen at a time
[47]. PCR can detect virus following following the growth of virus
in embryos in the laboratory and clinical specimens [49]. It has the
potential to have high sensitivity and is now it is considered as the gold
standard for nucleic acid detection [50]. However, PCR requires DNA
as a template and the target viruses in this study have RNA as their
nucleic acid. Therefore, RNA viruses require a reverse transcription
step to produce single stranded complementary DNA (cDNA) through
reverse transcriptase using a specific oligonucleotide primer and viral
RNA as a template [50-52].

Reverse transcription-polymerase chain reaction: Molecular
techniques like reverse transcription polymerase chain reaction (RT-
PCR) have been frequently used all over the world to detect viruses
from the field samples. Reverse transcription polymerase chain
reaction (RT-PCR) is used to detect RNA virus which is negative and
single stranded RNA virus. There are two different configurations
of the RT-PCR assay. In the two step RT-PCR configuration, the
cDNA is synthesized in a different tube before performing PCR assay.
In contrast a one step RT-PCR firstly synthesises the cDNA. The
reverse transcriptase is inactivated and the polymerase is activated
simultaneously and the PCR reaction is carried out in a single tube [53].
This is rapidly becoming the assay of choice. Several important steps
need to be considered in developing an RT-PCR protocol. The first
aspect is the RNA extraction. This needs to be an efficient process that
can extract RNA from the samples even when it’s in low concentrations
and eliminate contaminants that will degrade the RNA [53]. Another
important aspect is the gene being targeted and the choice of primers.
This can have a profound effect on the efficacy of the assay [54]. Poorly
design primers can result in mispriming and the amplification of non-
specific products or the formation of primer dimer [55].

Multiplex polymerase chain reaction: Multiplex PCR tests have
been developed to allow simultaneous detection and differentiation of
several avian viruses including NDV. These techniques have also been
used experimentally to differentiate between velogenic, monogenic
and lentogenic strains from chickens. It is applied simultaneously
that required for avian infection including Newcastle disease for
amplification and quantification of the virus. The primers that are
specific for each virus are newly designated from the nucleoprotein gene
of Newcastle disease virus. This technique helps mass amplification of
the virus using common primers in the presence of fusion protein gene
which increased the markedly sensitivity of the tests. At present, it
should be noted that multiplexing RT-PCR assays aiming at broadening
the range of virus detection frequently result in reduced sensitivity of
the test compared with single target assays [56].

Control Techniques of New Castle Disease

Management strategies

The principal management procedures should include strict
biosecurity measures which help in preventing the spread of infective
material from house to house and from farm to farm [57]. Good
biosecurity can protect poultry flocks from Newcastle disease. Avoid
flocks not be to contact with domesticated poultry of unknown health
status, any pet birds (particularly psittacines), and wild or feral birds
(particularly cormorants, gulls and pigeons). Biosecurity measures
include well ventilated houses, clean water supplies, minimizing travel
on and off the facility, and disinfecting vehicles and equipment that
enter the farm. Separation of infected from health flocks and proper
disposal of died birds. Control of Pests such as insects and mice is also

important for control measures of NCD. All in/all out breeding (one
age group per farm), with disinfection between groups, is also advisable

(3].
Vaccination

Vaccination is the most important method of controls and
prevention of new castle disease. Currently, both inactivated and live
vaccines for NCD are available around the world [58,59]. There is also
thermo stable vaccine which was specifically developed to be used in
village chicken [60]. We can use varieties of route for administration of
live vaccine and schedules from hatching till grow-out [13]. Killed virus
oil emulsion vaccines are administered parentally prior to the onset of
egg production. Lentogenic virus vaccines are generally recommended
in drinking water, by eye drop, by aerosol or intranasally. A vaccine
using a heat-tolerant V4 strain has been developed for feeding to village
chickens in countries where these constitute a significant proportion
of poultry production [33]. Although proper vaccination protects the
birds from clinical disease but it does not prevent virus replication and
shedding, which results in a source of infection [61].

Live vaccine: Live vaccines are relatively cheap, sold as freeze dried,
easy to administer and can be used for mass vaccination. These have
been divided in to mesogenic and lentogenic groups with their preferred
mode of administration being eye drop, beak intranasal installation,
or dipping for lentogenic vaccines while mesogenic vaccine requires
intramuscular injection. Drinking water and aerosol administrations
can also be used [41].

In most countries, Hitchner B1 and La Sota vaccines are used and
are derived from the mesogenic strain of NDV [41]. Some mesogenic
vaccines may cause disease; particularly in young birds, especially if
there is a dual infection with exacerbating organisms. Because of
heat liable the live vaccines are also have disadvantage under village
management system where transport and cold storage facilities are
often inadequate [62].

Inactivated vaccine: Inactivated vaccine can be used situations
unsuited for live vaccine and induce high level of protective antibody
over long period of time. These vaccines are produced from infective
allantoic fluid of virulent NDV treated with B-propiolactone or
formalin to kill the virus and then mixed with adjuvant. The vaccine
can administered ether subcutaneous or intramuscular injection [41].

Vaccination program: Vaccination program affect the duration
of immunity. One of the most important considerations affecting
vaccination programs is the level of maternal immunity in young
chickens, which may vary considerably from batch to batch, farm to
farm, and among individual chickens. For this reason, one of several
strategies is employed. Either the birds are not vaccinated until 2-4
weeks of age when most of them will be susceptible, or 1-day-old birds
are vaccinated by conjunctival instillation or by the application of a
coarse spray. This will establish active infection in some birds that
will persist until maternal immunity has waned. Revaccination is then
carried out 2-4 weeks later [37].

Conclusion

Newcastle disease (NCD) is one of the most important viral diseases
in poultry industry which can affect several species of birds. NCD is
characterized by acute mortality marked by hemorrhagic lesions,
respiratory and apparent or unapparent. Today Newcastle disease virus
is found in most countries of the world and its transmission is through
air, direct contact with infected or carrier birds, contact with secretion
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and excretion of infected birds and infected materials. History,
observable clinical sign and laboratory examinations are the important
tools in diagnosis of NCD. Good biosecurity, separation of infected
ones from health and appropriate vaccination should be practiced as
control and prevention method of this disease.
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