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ABSTRACT

Newcastle disease is an infectious disease of poultry caused by an avian Paramyxovirus type | that affects
more than two hundred avian species. It is an enzootic disease in parts of Asia, Africa, the Middle East and some
countries in South America. Isolated outbreaks of Newcastle disease occur sporadically in some European
countries and Central America. This review synthesizes available information on the virus and the disease it
causes. The disease is transmitted by direct contact with infected animals or by indirect contact through inanimate
carriers. The incubation period of the disease varied from 2 to 15 days. Five pathotypes were distinguished
according to the incidence and severity of the clinical signs. Velogenic strains, which are the most virulent, can
cause 100% mortality in unprotected herds. Control measures are based on mass vaccination of susceptible
animals and the application of biosecurity measures in poultry farms. Regulations are also put in place to prevent
the introduction of the virus into countries free of the disease.
© 2021 International Formulae Group. All rights reserved.
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INTRODUCTION

Newcastle Disease also known as
pseudo-fowl plague, refers to all infections of
poultry caused by avian paramyxovirus
serotype 1 (APMV-1). It is a highly contagious
viral disease that can affect a large number of
avian species and cause severe economic
losses. The Newcastle disease virus can infect
more than two handred different species of
birds (Rauw et al., 2009). This disease is
capable of causing 100% mortality in
unprotected bands. It is entered on the list of
diseases requiring notification to the World
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Organisation for Animal Health (OIE). It is
defined by the OIE as an infection disease of
poultry caused by an APMV-1, which has an
intracerebral pathogenicity index (ICPI) in
day-old chicks (Gallus gallus) of 0.7 or greater
and also has multiple basic amino acids at the
C-terminus of the F2 protein and phenylalanine
at residue 117, which is the N-terminus of the
F1 protein (OIE, 2018). The term multiple
basic amino acids refers to at least three
arginine or lysine residues between residues
113 and 116 (Swayne and King, 2003; Youn et
al., 2004; OIE, 2018). Newcastle disease has
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been identified as a major constraint to the
development of poultry farming. Its impact is
more disastrous in developing countries where
traditional poultry farming is dominant and
represents an important source of income and
animal protein for households. This review
synthesizes available information on the virus
and the disease it causes.

HISTORY OF THE DISEASE

The first outbreak of Newcastle disease
occurred in 1926 in Java, Indonesia
(Kraneveld, 1926) and in Newcastle on Tygne
in Great Britain, from which it takes its name
(Doyle, 1927). It was also described the same
year in Korea (Kraneveld, 1926). However,
there may have been previous manifestations
of the disease (Alexander et al., 2012).

Between 1926 and 1981, four
Newcastle disease panzooties occurred around
the world. The first panzootic outbreak of the
disease occurred 20 years after its discovery,
following numerous isolated outbreaks in
several countries around the world. The second
panzootic outbreak appeared to have started in
the Middle East in the late 1960s, and spread
faster than the first and affected almost every
continent. This episode of the disease was
facilitated by the major revolution in the
poultry sector in the aftermath of the Second
World War, which transformed the poultry
industry into a commercial industry with an
international scope. During this episode, the
disease was introduced into some countries by
air transport of wild bird species (Francis,
1973; Walker et al., 1973; Lancaster, 1975).
The severity of the second panzootic disease
led to the development of vaccines that
provided significant protection for poultry
(Walker et al., 1973). The universal use of live
vaccines has facilitated the introduction of the
virus into disease-free areas. The viscerotropic
velogenic strain of the virus was responsible
for the third panzootic disease outbreak, which
lasted from 1968 to 1972. However, antigenic
and genetic data on the virus did not establish
the facts that led to the emergence of this third
pandemic. The fourth panzootic occurred from
1980 onwards and began in the Middle East. It
primarily affected racing pigeons and other
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domesticated pigeons, but later spread to wild
pigeons and other poultry. It spread easily and
was difficult to control because it affected
animals that were susceptible to Newcastle
disease virus and were not included in the
vaccination program.

The history of the origin and
distribution of the disease in Africa remains
poorly documented. The first description of the
disease in Africa dates back to the end of World
War 1l in 1945 when it decimated several
poultry flocks in South Africa and spread
throughout this country (Gear, 1986). It then
appeared in Madagascar a year later around a
rail transport network where several outbreaks
occurred. The importation of fighting cocks
and other poultry birds from South Africa was
blamed for the introduction of the disease into
Madagascar (Rajaonarison, 1991; Maminiaina,
2011). In Ethiopia, it was believed to have
appeared in 1971 and was caused by a
velogenic strain (Lefevre and Martel, 1975).
The first appearances of the disease in West,
North and East Africa remain unknown. It is
likely that it appeared in this region at the end
of and after the Second World War through
wild birds, transport and trade in poultry but
this remains to be proven. However, years after
the first description in South Africa, several
serological studies carried out confirmed the
presence of the disease in several countries on
the continent: Nigeria (Ezeokoli et al., 1984);
Niger (Courtecuisse et al., 1990); Tanzania
(Minga et al., 1989) ; Cameroon (Agbede et al.,
1992); Benin (Spradbrow, 1992); Togo
(Grundler et al., 1988). Outbreaks have also
been reported in many countries throughout the
continent. These include Sudan, Morocco,
Burundi, Uganda, Burkina Faso, Céte d'lvoire,
Mauritania and Mozambique (Kim et al.,
2012). In 1955, the virus was classified in the
family Paramyxoviridae, genus Avulavirus. It
has become an OIE notifiable disease since
then. Thirty-one (31) African countries
covering West, East, Southern and Northern
Africa have reported Newcastle disease to the
Inter-African Bureau for Animal Resources of
the African Union in 2011 (Pan African
Animal Resources, 2013) and to date, the
disease is enzootic in 33 African countries. In
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2019, the OIE recorded 25 notifications of new
outbreaks of Newcastle disease in 25 African
countries (OIE, 2020).

ETIOLOGY

The pathogen responsible for the
disease is called Newcastle Disease Virus or
avian paramyxovirus type-1 (APMV-I). It is a
virus belonging to the order Mononegavirales,
subfamily Paramyxovirinae, family
Paramyxoviridae and genus Avulavirus.
(Alexander, 1988; Abdisa and Tagesu, 2017).
This family of Paramyxoviridae contains 9
serotypes (Rauw et al., 2009) and Newcastle
disease virus belongs to serotype 1. Serotypes
2, 3,6 and 7 (APMV-2; APMV-3; APMV-6
and APMV-7) are also known to cause diseases
in poultry. Depending on the incidence and
severity of clinical signs, 5 pathotypes or
strains are distinguished: (i) apathogenic
strains, (ii) lentogenic strains, (iii) mesogenic
strains, (iv) viscerotropic velogenic strains and
(v) neurotropic velogenic strains (Alexander
and Senne, 2008). Although all Newcastle
diseases are members of APMV-1 and belong
to the same serotype, antigenic and genetic
diversity is observed between the different
genotypes (Miller and Koch, 2013). A
complete analysis of the Newcastle disease
virus genome revealed three genome sizes
divided into two classes | and Il (Courtney et
al., 2012; Diel et al., 2012; Miller and Koch,
2013). Class | contains avirulent strains of the
virus with a genome size of 1598 nucleotides,
while Class Il contains both virulent and
avirulent strains with genomes size of 1586 or
1592 nucleotides. There were 9 genotypes
within class | (Diel et al., 2012) and 18
genotypes within class Il (Kim et al., 2012). In
addition, sequencing of the fusion protein F
gene identified six (6) distinct lines of
Newcastle disease virus (Aldous et al., 2003).
Epidemiological studies have revealed that
genotypes V, VI and VII of Newcastle disease
virus class Il strains are the most widespread
genotypes currently circulating in the world.
Among these, genotype VII has been
associated with many recent epidemics in Asia,
Africa, the Middle East and South America
(Kim et al., 2012; Miller and Koch, 2013).
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Genotypes Il and IV have been identified in
North America (Czeglédi et al., 2006) and
Europe (Locke et al., 2000).

STRUCTURE AND ORGANIZATION OF
THE VIRUS GENOME

The Newcastle Disease virus is an
enveloped RiboNucleic Acid (RNA) virus that
generally has a spherical shape that can vary
and present a filamentous form (Yusoff and
Wen Siang Tan, 2001). It has a diameter
ranging from 100 nm to 500 nm. Like viruses
of the order Mononegavirales, APMV-1 are
single-stranded non-segmented RNA viruses
of negative polarity with a capsid of helical
symmetry (Lamb and Kolakofsky, 1996). The
Newcastle disease virus genome consists of six
3'-NP-P-M-F-HN-L-5' organized structural
genes that code for six major polypeptides:
Nucleoprotein (N), Phosphoprotein (P), Matrix
protein (M), Fusion protein  (F),
Hemagglutinin-Neuraminidase  (HN) and
Large protein (L) (Chambers et al., 1986; Lamb
and Griffith, 2001; Czeglédi et al., 2006).
Protein F, HN and M are integral parts of the
viral envelope or peplos. Protein F and HF are
anchored in the lipid bilayer, which forms the
outer envelope of the virus. Just below the lipid
bilayer is the outer layer of the envelope, which
is formed by the M protein.

Nucleoprotein (N) is a polypeptide
consisting of 489 amino acids with a molecular
weight of 53 KDaltons. It is the most abundant
of the protein and protects the viral genome
against the nucleasic activities present in the
host cells (Kho et al., 2003).

Phosphoprotein (P) has a molecular
weight of 42 Kdaltons and is composed of 395
amino acids (Yusoff and Wen Siang Tan,
2001). It is part of the APMV-1 transcriptase
replicase complex and is a cofactor of the viral
polymerase. Together with RNA polymerase,
phosphoprotein plays a central role in genome
replication and transcription (Hamaguchi et al.,
1985) and in stabilizing the P-L complex. The
P gene can be transcribed into two other
nonstructural proteins, V and W. These are
involved in viral regulation and expression and
interfere with the antiviral cellular response
(Gotoh et al., 2001; Jang et al., 2010).
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The Matrix Protein (M) consists of 346
amino acids. It is a basic protein with several
conserved hydrophobic regions (Bellini and
al., 1986). It coats the inner surface of the viral
envelope membrane and binds to the N-
terminal region of the HN glycoprotein
(Garcia-Sastre et al., 1989). The M protein is
considered to be the central organiser of virion
morphology and assembly. It interacts with
both the nucleocapsid and cytoplasmic
domains of the HN and F glycoproteins. It is
involved in ribonucleoprotein compaction,
mainly in the viral assembly and budding
stages (lwasaki et al., 2009). The M protein
could thus block the export of messenger RNA
and inhibit the expression of host cell genes
(Kopecky and Lyles, 2003; Maminiaina,
2011).

The Fusion Protein (F) contains 553
amino acids with a molecular weight of 55
KDaltons (Chambers et al., 1986; Seal et al.,
2005). It is synthesized and glycolysed in the
endoplasmic reticulum as an inactive FO
precursor (Yusoff and Wen Siang Tan, 2001).
It becomes active after cleavage by specific cell
proteases within the Golgi apparatus (Nagai et
al., 1976; Ogasawara et al., 1992; Gotoh et al.,
2001). The activated protein F is composed of
2 cleaved F1 and F2 subunits linked by a
disulfide (-S-S-) bridge (Bossart et al., 2009).
It is this cleaved form that is capable of
initiating cell fusion. The cleavage site is
located between positions 112 and 117 of the
fusion protein precursor (Bossart et al., 2013).
This cleavage site forms the molecular basis for
the pathogenicity of APMV-1 (Rémer-
Oberdorfer et al., 2003). Velogenic and
mesogenic strains have a cleavage site formed
by at least 3 basic amino acids, arginine (R)
lysine (K) and phenylalanine (F) at position
117 (Peeters et al., 1999; Rémer-Oberddrfer et
al., 2003; de Leeuw et al., 2005). This type of
site is cleaved by furin-like enzymes that are
ubiquitous in the body, whereas the cleavage
sites at two basic amino acids are cleaved only
by trypsin-like enzymes located in the
digestive and respiratory mucosa (Tashiro et
al.,, 1992). This difference explains why
virulent strains are more invasive and cause
systemic disease in the infected organism. The
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role of the fusion protein (F) is to ensure the
fusion of the viral envelope with the cell
membrane when the virus penetrates the target
cell (Smith et al., 2009). This fusion takes place
after activation by the attachment of the HN
protein to cellular receptors. When activated,
the F protein also fuses contiguous cells during
the passage of virions from cells to syncytium-
forming cells (Hernandez et al., 1996; Seth et
al., 2007; Yamakawa et al., 2007).
Hemagglutinin-Neuramidase (HN) is a
type 1l transmembrane glycoprotein where the
N-terminus is fixed in the virus envelope
(Bossart et al., 2009). It has a molecular weight
of approximately 53 KDaltons (Yusoff and
Wen Siang Tan, 2001). The primary structure
of the HN oligopeptide contains 571; 577; 581
or 616 amino acids (Romer-Oberdorfer et al.,
2003). Hemagglutinin Neuramidase proteins
with 616 amino acids are found in avirulent
APMV-1, while the 581 and 577 amino acids
are present in both virulent and avirulent
strains. Peptides containing 571 amino acids
are only found in virulent strains of APMV-1
(RO6mer-Oberdorfer et al., 2003). The
hemagglutinin  neuramidase  protein  of
Newcastle disease virus is a multifunctional
protein (Huang et al., 2004). It is the major
antigenic determinant of the virus (Panda et al.,
2004). It possesses both Hemagglutinating
(HA) and Neuraminidase (NA) activity (Scheid
and Choppin, 1974; Kawano et al., 1990) and
ensures the attachment of the virus to receptors

on target cells. During the release of
neosynthetic viruses, the NA activity of the HN
protein allows the binding between

hemagglutinin and sialic acid in the host cell to
be cleaved (Von Itzstein et al., 1993; Gubareva
et al., 1995). Thus, viruses do not interact with
their receptors at the producer cell level and
can release it to begin their dissemination steps.

The Large Protein (L) is the largest and
least abundant of the APMV-1 structural
proteins composed of 2204 amino acids. It
weighs 249 KDaltons (Yusoff and Wen Siang
Tan, 2001). In association with the P and N
proteins, the L protein provides all the catalytic
activities of the viral polymerase associated
with transcription and replication (Hamaguchi
et al., 1985; Lamb and Griffith, 2001).
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VIRAL CYCLE

The spread of paramyxoviruses in the
organism of infected species follows the steps
in the following chronological order: the first
step is the penetration of the virus into the
target cells. Through the proteins of the outer
envelope, the virus enters the target cell. The
HN protein mediates cell attachment, while the
F protein is required for cell fusion (Smith et
al., 2009). The HN protein binds to the host cell
surface through sialic residues on the cell
surface (Suzuki et al., 1985; Maminiaina,
2011). After fusion of the virus envelope with
the host cell membrane, the viral nucleocapsid
is released into the cytoplasm. This is followed
by the transcription phase of the viral genome.
The RNA-dependent RNA  polymerase
transcribes the leader RNA and each of the
viral genes into individual 5'-capped and 3'-
polyadenylated mRNAs according to a
transcription gradient (Whelan et al., 2004).
This leads to the production of more mRNA
transcripts from the genes closest to the
promoter region compared to the genes closer
to the 5' end. The individual mMRNAs are then
translated into viral proteins. Once a sufficient
number of viral proteins are produced,
transcription stops and replication follows.
Replication produces a complete anti-genome
of negative-sense RNA in combination with
the N protein. Each of the N subunits is
associated with 6 nucleotides of genomic RNA
and thus adheres to the "rule of six" of most
paramyxoviruses (Peeters et al., 2000). This
characteristic is the reason why the genome
size of all Newcastle disease viruses is always
a multiple of six. After the replication phase of
the viral genome, the budding process begins.
The nucleocapsids assemble in the cytoplasm
of the host cell with initial binding of the N
protein to RNA to form a helix, followed by the
integration of the P and L proteins (Lamb and
Griffith, 2001). The nucleocapsids are then
transported to the plasma membrane and are
bound to the surface glycoproteins F and HN
via the M protein.

During this phase, the viral envelope is
also put in place. And finally the new viral
particles are released from the cells. During the
release of infectious viral particles, the HN
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protein intervenes to eliminate sialic acid
receptors through its neuraminidase activity
(Smith et al., 2009).

In addition, the virus can also spread in
the host organism by forming giant
multinucleated cells called syncytia by fusion
between an infected cell expressing the
glycoproteins HN and F and a neighbouring
cell (Ahamed et al., 2004; Maminiaina, 2011).

EPIDEMIOLOGY
Host species

Newcastle disease virus is capable of
infecting more than 200 different species of
poultry (Rauw et al., 2009). Newcastle disease
infections have been established in 241 bird
species representing 27 orders of the bird class
(Alexander, 2000). Chickens are the most
susceptible species, followed by turkeys. Wild
birds are considered reservoirs of the virus.
Pigeons, however, are infected with a pigeon
paramyxovirus (PPMV).

Transmissions

The disease can be transmitted to
healthy poultry through direct or indirect
contact. Transmission through direct contact
occurs mainly through ingestion or inhalation
of secretions from the respiratory tract, mouth,
cloaca or eyes of infected animals. Birds
vaccinated against Newcastle disease virus can
excrete virus particles over a period ranging
from 4 (Utterback and Schwartz, 1973) to 12
months (Allan et al., 1980). Indirect contact
transmission occurs through contaminated
feed, husbandry equipment and transport
equipment. Farm personnel may also act as
intermediaries by carrying the virus on their
clothing and footwear. The virus can also be
carried in the air from an infected poultry house
or in an infected place to a free area. It has been
shown that the virus can be transported over a
distance of 64 meters (Hanson and Spalatin,
1978). Chicks can also be infected during
handling at hatching when the virus is present
on the shell surface.

In traditional  rearing  systems,
eradication of the disease remains difficult
because of the regular contact of domestic
poultry with potentially infected wild birds,
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which  represents a continuous and
unpredictable risk of virus spread. In addition,
the husbandry practices represent an obstacle
to the eradication of the disease. Roaching of
poultry, the association of several species in the
same backyard (species with different
susceptibilities to the virus), the presence of
animals of different ages, low vaccination
coverage, the introduction of new birds into the
backyard without quarantine observation, and
the sale of already infected birds are also
significant risk factors in the spread of the
disease (Maho et al., 2004). In addition, authors
have reported significant seasonal variations in
the prevalence of the disease in tropical areas
(Arbelot et al., 1997; Orajaka et al., 1999;
Manchang et al., 2004; Nwanta et al., 2008).
The incidence of the disease is higher in dry
seasons than in the rainy season (December,
January, February and March). During this
period, the climate is dry, cold and windy. This
suggests that the wind speed and the large
amount of dust in the air during this period may
have influenced the spread and transmission of
the disease (Halle et al., 1999; Abdu et al.,
2007).

Susceptibility of the virus

Heat and ultraviolet treatment results in
a reduction in virulence or inactivation of
viruses. The thermal stability of Newcastle
disease isolates is variable and depends on the
virus strain (Hanson et al., 1949). This
characteristic has provided a rapid method for
distinguishing pathogenic from apathogenic
strains in epizootiological studies. Slowogenic
strains are more easily inactivated at 56 °C,
whereas virulent strains are more resistant at
this temperature (Hanson and Brandly, 1955).
Newcastle disease virus is inactivated at 56 °C
for 3 hours or at 60 °C for 30 minutes (OIE,
2014). Viruses are also inactive at acidic pH
(pH < 2) and are sensitive to certain chemicals
such as ether, formalin, phenol and 6% sodium
hypochlorite (OIE, 2014). The virus can
survive for long periods at room temperature.
This survival is prolonged when it comes to
organic matter, specifically faeces.
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Clinical signs

The virulence of APMV-1 varies
widely depending on the viral strains and the
symptoms observed in infected birds are a
function of the viral strain of the host species
(Rauw et al., 2009), the age of the animal, the
immune status, the dose of infection and the
route of infection. The incubation period after
natural exposure to viruses ranges from 2 to 15
days with an average of 5 to 6 days (Hanson
and Spalatin, 1978). In unprotected herds, and
depending on the strain present, abrupt and
high mortalities of up to 100% can occur in
susceptible individuals (Alexander et al.,
2012). Lentogenic strains cause only a mild
respiratory infection. Mesogenic strains have
intermediate virulence causing respiratory
distress and low mortality. Neurotropic
velogenic  strains  cause  neurological
(torticollis, clonia, paralysis of legs and wings)
and respiratory (cough, rales) disorders, and
viscerotropic strains cause much more
greenish-colored diarrhea and digestive
disorders. In addition to the clinical signs
mentioned above, infected chickens usually
show depression, prostration, oedema around
the eyes, decreased or stopped laying, cyanosis
of the crest, and swelling of the head.

Lesions

Necropsy of birds infected with the
viscerotropic velogenic strains of the virus
reveals haemorrhagic lesions in the digestive
tract (proventriculus and small intestine,
ceaca), an enlarged and mottled spleen. In the
presence of neurotropic velogenic strains,
inflammation and hemorrhage of the trachea is
observed with the secretion of purulent
exudates from the bronchioles. This pathotype
also leads to neuronal degeneration. Significant
lesions are often observed in the caudal central
nervous system (spinal cord, brain stem).
However, they are minimal in the brain. Both
mesogenic and velogenic strains have the
ability to invade neural tissue, but the
replication rate of mesogenic viruses is
comparatively slower. In chicken embryos,
infection with Newcastle disease virus leads to
a change in the protein profile, with
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haemorrhages on all
(Qosimah et al., 2018).

parts of the body

Differential diagnosis

During epidemiological diagnosis in the
field and even after autopsy, misdiagnosis may
occur and Newcastle disease may be confused
with several other pathologies because there
are no pathognomonic signs to the disease. For
this reason, the diseases with which Newcastle
disease shares the same symptoms are
eliminated. The clinical signs and the evolution
of the signs caused by virulent strains may
strongly resemble those of many diseases such
as: Highly Pathogenic Avian Influenza
(Terregino and Capua, 2013), Infectious
Bronchitis (Lancaster, 1981), Avian Cholera,
Acute Infectious Laryngotracheitis,
Diphtheria, Avian Smallpox, Septicaemic
Infections, Acute Poisoning or
mismanagement (deprivation of water, air,
food). In pigeons it can be confused with
salmonellosis or ornithosis (Terregino and
Capua, 2013). Despite the differential
diagnosis, laboratory analyses are necessary
for a definitive and accurate diagnosis.

LABORATORY METHODS FOR
NEWCASTLE DISEASE DIAGNOSIS
Indirect methods

They include all the serological tests
used for the diagnosis of the disease. The serum
is collected after centrifugation of blood
collected from the wing vein of the poultry or
according to the technique described by
Maminiaina (2011), which consists of allowing
the collected blood to rest for 30 min to 1 hour
at room temperature and then collecting the
serum. Indirect testing methods consist of
detecting antibodies in the serum of animals
exposed to the virus or vaccinated animals. The
presence of antibodies specific to Newcastle
virus in unvaccinated animals does not indicate
a common infection at the time of collection,
but indicates that the subject at some time has
been in contact with the virus. However, a high
serum antibody titer indicates recent infection.
For example, a titer of log26 or higher suggests
recent infection with the wvirus. If no
vaccination has been carried out, the diagnosis
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of infection can be made on this basis, although
it is impossible to determine exactly when the
infection occurred (Getabalew et al., 2019).
Sequential sampling may indicate the
chronological variation in antibody titer that
may or may not result from infection. In
vaccinated birds, a log23 titer indicates
protection. The limitation of serological tests is
that they provide no information on the viral
strain and do not differentiate between post-
infection and post-vaccination antibodies. Two
types of tests are described by the OIE for the
serological diagnosis or evaluation of
Newcastle disease vaccination programmes.
The Haemagglutination Inhibition test (HI) and
the Enzyme Linked Immuno Sorbant Assay
(ELISA). The HI and ELISA tests detect or
measure antibodies to Newcastle disease
antigens.

Hemagglutination Inhibition test (HI)

This is the most commonly used
reference test. It is based on the reaction
between the virus and a specific antiserum. The
principle of the reaction is that haemagglutinin
on the viral envelope can cause agglutination
of red blood cells of the host species and that
these can be inhibited by specific antibodies
(Getabalew et al., 2019). When the antiserum
reacts with the virus, it binds to the antigenic
determinants responsible for
haemagglutination; therefore, these will not be
available to bind to red blood cells. If the
antiserum is not specific for the virus,
haemagglutination will indicate non-identity
between the two reagents i.e. in the absence of
any specific antibody to the virus,
haemagglutination will not occur. Standardised
protocols for the haemagglutination inhibition
test are described by some authors (Terregino
and Capua, 2013; OIE, 2018).

Enzyme Linked Immuno Sorbent Assay
(ELISA)

The ELISA test is used for the detection
and quantification of antibodies. In the case of
antibody detection, the antibodies bind to the
viral antigens on the microtiter plate, which is
picked up by second so-called detection
antibodies produced in another species against
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antibodies in chickens. These antibodies
couple to an enzyme which catalyzes the
reaction, causing a change in color which is
then quantitatively observed on a photoelectric
spectrometer  designed to read the
microtitration of the plates.

A range of commercial ELISA Kits are
available, based on several principles for the
detection of Newcastle disease virus
antibodies. These are the indirect ELISA,
sandwich ELISA and competition ELISA
(OIE, 2018). It is possible to detect antibodies
of more than one antigen of the virus with
ELISAs but not all variants of ELISAs allow
this. Competitive ELISAs may not recognize
all strains of APMV-1 if they use monoclonal
antibodies known to be specific for unique
epitopes. Comparative studies have shown that
ELISAs are reproducible and have high
sensitivity and specificity (Brown et al., 1990).

Direct methods

Direct diagnostic methods are based on
the isolation and identification of the virus
from biological samples taken from a host
infected with the virus. The presence of the
virus in certain organs depends on the virus
strain.  Some viral strains may be found in
some organs and others may not. For example,
velogenic strains can be isolated from the
brains of infected birds while mesogenic
strains cannot (Alexander, 1988, 1995; Roy,
2012). The OIE recommends that the isolation
of Newcastle disease virus from tracheal and
cloacal swabs should be taken from live
animals (OIE, 2018). The virus can also be
isolated from lacrimal secretions. In recently
dead animals isolation can be performed from
organs such as liver, proventriculus, spleen,
brain, intestines, ceaca (Alexander, 1995; Roy,
2012), kidneys, lungs and heart tissue. It is also
possible to perform oropharyngeal swabs on
cadavers. These swabs or organs are placed in
PBS (phosphate buffered saline) solutions
containing antibiotics and adjusted to a pH of
approximately 7. These samples are then stored
at 4 °C if the samples are to be analysed within
a short time or at least at 20 °C if they are to be
analysed much later.
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Viral isolation

Before viral isolation, RNA is extracted
first. There are several methods for manual or
automatic RNA extraction. Many Kkits are
commercially available and some are
developed and optimized for the extraction of
nucleic acids from specific samples such as
tissue, blood or feces (Terregino and Capua,
2013). The conventional isolation technique
recommended by the OIE is carried out on
embryonated eggs from Specific Pathogen Free
(SPF) chickens. An injection of a viral
suspension is carried out on embryonated eggs
that have been incubated for nine days. From
24 hours after the injection, the eggs containing
the dead embryos are refrigerated at 4 °C and
then the allantoic liquid is collected for testing.

Virus identification

The conventional method of identifying
the viral strain of the disease is Reverse
Transcriptase Polymerase Chain Reaction
(QRT-PCR) followed by real-time PCR. It is a
technique that amplifies the cleavage site of the
fusion gene for rapid identification of the viral
strain (Creelan et al.,, 2002). Tracheal and
oropharyngeal swabs are the most appropriate
sample types for this type of analysis as they do
not contain organic material that may interfere
with the reconstitution and amplification of the
virus RNA as may be the case with cloacal
swabs, faeces or intestinal contents (OIE,
2018). Studies have shown that sometimes the
use of certain organs for QRT-PCR virus
detection may fail if no precautions are taken
during handling (Nanthakumar et al., 2000;
Creelan et al., 2002; OIE, 2018). Terregino and
capua describe several protocols used for
genotyping and pathotyping of all APMV-1
lines, using specific samples such as allantoic
fluid from embryonated poultry eggs or clinical
samples (Terregino and Capua, 2013).

In vivo and in vitro testing

The virulence of Newcastle disease
viruses can be experimented using in vivo and
in vitro tests (Lancaster, 1981). The
Intracerebral Pathogenicity Index (ICPI) in
day-old chicks is the official test for measuring
virulence. It is calculated after intracerebral
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infection of day-old chicks. A score (0: normal;
1: sick; 2: dead) is given to each chick daily for
eight days. The average of these scores
determines the virulence of the virus strain.
Velogenic strains have an ICPI value above 1.5
and lentogenic strains have a value below 0.7.
An ICPI value between 0.7 and 1.5 indicates
the presence of a mesogenic strain.

The Intravenous Pathogenicity Index
(IVPI) was calculated in a similar way as the
ICPI but six weeks old birds were
intravenously infected. An Intravenous
Pathogenicity Index greater than 2.5 indicates
the presence of a velogenic strain.

The Mean Death Time (MDT) is the
average time, in hours, required for all
inoculated embryos to die. Velogenic strains
cause the death of embryos in less than 60
hours; however, when infected with lentogenic
strains, embryos can survive beyond 90 hours
(Alexander, 1988).

In vitro, the Newcastle disease virus
induces the formation of plaques on culture of
embryonic  fibroblasts whose size and
morphology vary according to the virulence of
the viral strain.

Disease control measures

As with almost all avian viruses, there
is no cure for Newcastle disease. The best
control measure remains prevention and is
mainly based on vaccination. It considerably
reduces mortality, protects the birds and allows
farmers to increase their income through sales.
In regions where the disease is endemic,
especially in developing countries, the
measures put in place revolve around the
following actions: systematic vaccination
programme and improved biosecurity in
commercial farms; regular vaccination of local
free-range chickens; involvement of all
stakeholders in vaccination and raising public
awareness, strengthening diagnostic capacities.
Vaccination programs vary according to
regions and the animal health situation. In
some countries such as Kenya, Ghana and
Nigeria the vaccine is manufactured and
available locally. Both live and inactivated
vaccines are available for Newcastle disease.
The wvirus strains used to manufacture
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conventional commercial vaccines are divided
into two groups: Hitchner-B1, LaSota, V4,
NDW, 12 strains which represent the lentogenic
strains and Roakin, Mukteswar and Komarov
strains which represent the mesogenic strains.
Generally, live vaccines are made from viruses
of lentogenic strains and mesogenic strains are
used for the manufacture of inactivated
vaccines. The OIE recommendation for the use
of virus strains is that they should not have an
intracerebral IPIC pathogenicity index greater
than 0.7. It should be between 0.4 and 0.5.

Live vaccine

Live vaccines are administered to birds
by oral route, by coarse spray (aerosol) or by
intranasal or conjunctival instillation. The
immunity that these confer on chickens is weak
and they must be administered twice at two to
three week intervals with a booster after every
three months. Live vaccines induce in chicks a
high production of antibodies of the classes
Immunoglobulin (IgA), Immunoglobulin Y
(IgY) and Immunoglobulin M (IgM) in serum.
In addition, by intraocular inoculation, these
vaccines also induce the production of IgA in
the Harder gland and IgM throughout the tear
duct (Russell and Koch, 1993). Oral
vaccination in hens induces cell-mediated
immunity in the mucous membranes of the
digestive tract (Ideris et al., 1990; Jayawardane
and Spradbrow, 1995) due to the presence of
Newcastle disease virus receptors in the
digestive tract. The use of live vaccines in
Newcastle disease control does not protect
poultry from highly virulent ND outbreaks,
which represents a big challenge (Capua et al.,
2002).

Inactivated vaccines

In the manufacturing process of
inactivated vaccines, formaldehyde or beta-
propiolactone is used to inhibit the
pathogenicity of the virus. It is prepared from
allantoic liquid and is incorporated in an
emulsion with mineral or vegetable oil.
Inactivated vaccines are administered to
poultry by intramuscular or subcutaneous
injection. This requires the handling of
individual animals. In monetary terms,
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inactivated vaccines are more expensive than
live vaccines. Inactivated vaccines are more
effective in chickens that have previously
received a live vaccine. Inactivated vaccines
are usually done every six months (Getabalew
etal., 2019).

Constraints in controlling and eradicating
the disease

In rural areas and on small poultry farms
with low numbers, compliance with good
vaccination practices remains difficult. Most
often in rural areas, it is very difficult to
maintain the cold chain because the
refrigerated storage system is deficient and an
open vaccine can be used for several days.
However, vaccines are thermolabile and must
be kept at a temperature of +4 °C to 10 °C until
use at the risk of losing their effectiveness.
Faced with this problem, solutions have been
oriented towards the production of heat-stable
vaccines. Vaccines with strains produced in
Australia have been tested with relative success
in Asia and Africa. However, their use remains
limited. The administration of these
thermotolerant vaccines is done by mixing
them with chicken feed, most often cereals. In
this situation, it is necessary to ensure that each
chicken consumes a sufficient quantity of feed,
which allows it to take the vaccine in an
optimal way, giving it maximum protection
against the virus. It is also necessary to
thoroughly mix the vaccine with the cereals so
that the cereals are well enveloped by the virus.
In addition, vaccines are produced in large
doses (Nwanta et al., 2008), which is of much
greater benefit to commercial chicken
producers who have large numbers of chickens
of the same age and raise intensively.

The immunogenicity, the type
(inactivated or live) and safety of vaccine are
the main factors governing the choice of
vaccine (Alexander, 2000). Several vaccines
with suitable immunogenicity and safety are
available for the control of ND in rural areas
(Young et al, 2012). For successful
vaccination campaigns in localities where
access to the vaccine is difficult, Young et al.
(2012) recommend to consider some factors
such as; ease of transport, cost, previous
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experience in using vaccines, existing of
veterinary services, the population distribution,
and communications infrastructure when
selecting a vaccine.
Prospects for disease control and
management

The review has enabled us to identify
three main areas from which we can identify
solutions and effectively combat this disease.
The first area is marker-assisted selection of
myxovirus resistance genes (Mx gene) in
chickens. This is a promising avenue that
deserves to be explored much further.
Myxovirus resistance genes are found in
several living organisms, including chickens
(Haller et al., 2018). Mx proteins are
interferon-induced guanosine triphosphate
enzymes (GTPase) with antiviral functions,
which play a particularly important role in the
inhibition of RNA viruses with negative
polarity. ~ Marker-assisted  selection  of
Newecastle disease virus resistant chickens is
the promising solution. Studies have shown an
association between the presence of this gene
in certain breeds of chickens and resistance to
Newcastle disease (Mpenda et al., 2019). The
second is the modelling of the epidemiology of
Newcastle disease. This will allow the
collection of sufficient information to model
the epidemic of Newcastle disease specific to
each ecotype in order to adapt control measures
to each region. Moreover, a more in-depth
investigation on heat-stable vaccines would
make it possible to support farmers in the fight
against this disease. In addition, one of the
factors limiting vaccine effectiveness is that
vaccine strains are phylogenetically distant
from circulating virulent strains, hence the
importance of identifying the circulating
strains in each region and producing vaccines
that are genetically closer to the circulating
strains in order to improve vaccine
effectiveness. Some plants have also been
tested for their antiviral properties on the virus.
However, more in-depth studies still need to be
conducted to provide more evidence on their
effectiveness in the fight against the disease
(Nyandoro et al., 2014; Nyandoro, 2017). Also
according to Ezeibe et al. (2011), synthetic



K. F.-X. DZOGBEMA et al. / Int. J. Biol. Chem. Sci. 15(2): 773-789, 2021

Aluminium Magnesium Silicate (AMS) would
have antiviral effects on the Newcastle disease
virus. Incubating this virus with AMS reduced
significantly the viral titer and its morbidity in
infected chick by natural mode of infection
(Ezeibe et al., 2011).

Socio-economic impact

Newcastle disease is enzootic in Asia,
Africa, the Middle East and some countries in
Central and South America. Isolated outbreaks
of Newcastle disease occur sporadically in
some European countries. Its panzootic nature
shows that it is a disease that knows no borders.
The risk it represents concerns all countries.
For example, during the second panzootic, 43;
3328; and 4217 outbreaks were identified in
1969; 1970; and 1971 respectively in England
(Alexander et al., 2012). The impact of
Newcastle disease is enormous in rural
backyards and modern poultry farms. Family
poultry farming is a means of improving food
security and alleviating poverty (Nahimana et
al.,, 2019). However, it is confronted with
Newcastle disease, which decimates poultry
flocks every year, especially in rural areas. The
panzootic nature of Newcastle disease shows
that it is a disease which has no borders. The
risk it poses concerns all countries. Its
economic impact can be assessed through the
direct and indirect losses it causes. The direct
losses are characterised by the mass deaths it
causes. Indirect losses relate to morbidity,
reduced egg production, weight losses, control
measures, trade embargoes and bans on
imports of poultry products from countries
where the disease is present. In addition, it also
represents a health hazard for humans. It can
cause conjunctivitis when an individual is
exposed to a large quantity of the virus. This is
of particular concern to employees of livestock
farms and laboratories (Yune and Abdela,
2017).

CONCLUSION

Newcastle disease represents a constant
threat to the development of poultry farming,
especially of the traditional type in developing
countries. It is caused by an avian
paramyxovirus type | (APMV-1). It is present
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on all continents. The only means of control in
endemic areas remains vaccination. However,
the practice of vaccination faces some
obstacles that hinder the success of control
measures and the eradication of the disease in
rural areas. This review has highlighted three
ways that represent prospects for the
eradication of the disease.
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