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 Newcastle disease (ND) is a contagious disease caused by infection with the Newcastle 

disease virus (NDV), a member of the genus Orthoavulavirus (family Paramyxoviridae). 

Chickens are the primary infected species, although most domestic and wild birds are 

susceptible. The disease is endemic in Asia, the Middle East, Africa, and Central and 

South America, causing significant economic losses in the infected farms through 

reduced egg production, reduced weight gain, and mortalities. The NDV genome is a 

negative-sense, single-stranded RNA genome of about 15,190 nucleotides and encodes 

six structural and two nonstructural proteins. Velogenic NDVs are highly virulent and 

may cause up to 90% mortalities, while mesogenic strains cause depression, weight loss, 

reduced egg production, and mortalities around 10%. Infection mainly occurs through 

inhaling or consuming virus aerosols or contaminated dust. ND is endemic in many parts 

of Iraq and poses a significant threat to the poultry industry. Immunization is the most 

common practice to protect chickens in endemic areas. Some compounds were reported 

to have antiviral activities against the virus in embryonated chicken eggs; however, there 

is no approved treatment for ND. This review discusses the etiology, epidemiology, 

replication cycle, pathogenicity, economic impact, and diagnosis of ND, as well as the 

prevention and control of the disease in poultry. 
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Introduction 

Poultry farming is a significant section of the livestock industry that supplies cheap animal protein to 

consumers worldwide. The primary threat to the sector, which causes a substantial decrease in production and 

financial losses, is infectious diseases, particularly viral diseases. Newcastle disease (ND) is a viral illness 

affecting various bird species, domestic and wild [1]. It is one of poultry's most prevalent infectious illnesses 

and is spread worldwide [2]. 

The Newcastle disease virus (NDV) belongs to the Paramyxoviridae family and subfamily Avulavirinae and 

is the cause of Newcastle disease. It was formally renamed avian avulavirus 1 by the International Committee 
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on Taxonomy of Viruses (ICTV) in 2016 and again as avian orthoavulavirus 1 in 2018 [3]. Virions are 

enveloped pleomorphic particles about 100 to 500 nm in diameter and have about 15.2 kb genome [4].  

A disease with enormous economic impact, ND presents a severe danger to poultry management [5]. It occurs 

in many developing countries, primarily in areas where the poultry industry thrives [6]. The annual losses from 

this illness are estimated to be millions of US$ [7]. Many NDV strains cause different death rates and sickness 

in a flock [8], which also causes a decline in egg production [9]. The meat quality in most developing countries 

may be affected by ND infection [10]. 

ND was first reported in Newcastle-upon-Tyne, England, and the first descriptions were in 1926 [11]. 

However, the disease remains an epizootic in Asia, Africa, and Central and South America, and intermittent 

epizootics occur in Europe [12, 13]. Birds such as pigeons, cormorants, and imported psittacines are the most 

frequent carriers of virulent NDV, and they have also infected livestock with virulent NDV. In addition, poultry 

and wild birds, particularly ducks, frequently have low virulent NDV (loNDV) strains, which reduce 

productivity [14]. Humans can be infected with the virus, as conjunctivitis may occur following exposure to 

high concentrations [15]. Conjunctivitis often clears up quickly, although the virus can persist in the ocular 

discharges for up to one week. In some instances, a mild, self-limiting illness similar to the flu in humans has 

also been observed [16]. No proof supports human-to-human infection, but human-to-bird transfer is possible 

[17].  

ND remains a significant problem encountered in the poultry industry in Iraq and neighboring countries. There 

is no treatment for the disease, and vaccination is the only way to protect poultry. This review summarizes the 

etiology, epidemiology, and economic impact of the ND. It also discusses the virus's replication cycle, 

pathogenicity, diagnosis, prevention, and disease control. 

Newcastle Disease's Etiology 

ND, a contagious viral illness that affects many bird species, is a significant poultry disease worldwide. Mild 

to severe cases of the sickness are possible, and exotic ND is a contagious fatal illness that causes many birds 

to die abruptly without symptoms [18].  

The viruses that cause ND belong to the order Mononegavirales, family Paramyxoviridae, subfamily 

Paramyxovirinae, and genus Orthoavulavirus, with another eight avian paramyxovirus (APMV) serotypes 

(APMV-2 to APMV-9) [19]. The RNA genomes of viruses of the genus Avulavirus are single-stranded, 

negative sense, and non-segmented [20]. The genus Orthoavulavirus contains all APMVs. The virions are 

filamentous, approximately spherical, and have a diameter of 150 nm or more [21]. The approximately 15.2 

kb-sized genome harbors the codes of six structural and two nonstructural proteins [22]. These proteins are 

Nucleoprotein (NP), Large RNA polymerase (L), Fusion (F), Hemagglutinin-Neuraminidase (HN), Matrix 

(M), and Phosphoprotein (P), which run in the 3' to 5' direction [23]. NP is determined to be highly 

immunogenic because it causes chickens to produce antibodies [24]. In the P gene, guanines are introduced at 

the editing site when the mRNA is transcripted to make the proteins W and V [25]. The V protein binds zinc 

and includes a significant amount of cysteine [3] and a carboxy terminus with anti-interferon (anti-IFN) 

activity. The section lets the virus reduce the host's innate immune response [26]. NDV also binds the host's 
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actin protein, essential for viral entrance, replication, and movement across the cell [27]. NP is the most 

common protein in the virus, which gives the helical nucleocapsid shape and is the primary viral genome 

replication regulator [28]. The RNP complex acts as a template for RNA during the latter's synthesis, and it 

comprises the proteins NP, P, and L, as well as the genomic RNA [29].  

NDV strains can be grouped according to their pathogenicity into four types: viscerotropic velogenic, 

neurotropic velogenic, mesogenic, and lentogenic [30]. The strains are also classified into different genotypes 

according to the F gene's phylogenetic analysis from genotype I to X. Virulent viruses mostly fall in genotypes 

III to X, while genotypes I and II are used as vaccines [31]. 

Species Susceptible to ND 

Several domestic and wild bird species are susceptible to the virus [32]. Turkeys rarely show severe symptoms 

of illness, and chickens are more susceptible to it [18]. Waterfowl and wild birds (order Anseriformes) may 

have a subclinical virus infection [33]. Young cormorants (Phalacrocorax spp.) have shown symptoms of an 

APMV-1-related illness [34]. Pigeons are reportedly vulnerable, and ostriches (order Struthioniformes) have 

been reported to have the disease. Raptors are typically resistant to ND, but cases of acute sickness were 

reported in wild ospreys (Pandion haliaetus), white-tailed sea eagles (Haliaeetus albicilla), bearded vultures 

(Gypaetus barbatus), and several falcon species [18]. Pelicans (order Pelecaniformes), owls (order 

Strigiformes), and gulls (order Charadriiformes) are some other birds that have been linked to NDV [33]. The 

vulnerability of passerine birds (order Passeriformes) varies; some species exhibit no symptoms but still 

excrete NDV, whereas others may experience severe sickness. Crows and ravens (genus Corvus) have been 

reported to die from infection. Penguins (order Sphenisciformes) have been known to develop acute ND. 

Different species and strains of NDV cause different morbidity and mortality rates [35]. 

Epidemiology 

Middle Eastern, African, and Asian poultry growers struggle with ND. In some areas where vNDV is endemic, 

mesogenic NDV strains are still used as live vaccines. These strains are characterized as virulent due to their 

high intracerebral pathogenicity index (ICPI) values, which further complicates the problem [36, 37]. Evidence 

shows that the vNDV has spread to countries throughout Asia, Africa, the Middle East, and Europe [38]. 

Numerous major ND pandemics have been documented all over the globe. Beginning in Java, Indonesia, and 

Newcastle-upon-Tyne, England, the first pandemic occurred in 1926 [39] and persisted till the late 1950s [40]. 

The second pandemic occurred in the Middle East in the late 1960s and was transmitted to other nations until 

1973. Moreover, the third severe panzootic caused by a neurotropic variant of NDV first appeared in the 

Middle East around the end of the 1970s, and the disease spread to Europe in 1981, followed by a swift global 

spread [41]. The Far East, South Africa, and Europe experienced the most recent fourth pandemic in the late 

1980s [40].  

Economic Impact 

Poultry diseases negatively influence human well-being, particularly in the countryside, where backyard or 

village chickens are a significant source of revenue and nutrition [42]. Countries with industrialized chicken 

production spend much money eradicating ND (Table 1) after an outbreak, maintaining ND-free status, and 
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preventing losses [43]. As a result, the poultry sector experiences significant yearly financial losses worldwide 

[8].  

Table 1. The economic impact of ND in different countries 

Country Species Economic impact Ref. 

Iraq Broilers Outbreaks of ND occur throughout the country, including Baghdad, Diyala, 

Sulaymaniyah, Basrah and Al-Najaf. 

[44-

48] 

Pakistan Broilers ND is still common and significantly impacts villages where people's income 

primarily depends on raising chickens. Infections caused a 90% decrease in 

egg production and the death of 45 million chickens between 2011 and 2012  

[49-

51] 

Pakistan Peacocks One hundred ninety peacocks perished after the NDV epidemic in Lahore's 

Jallo Wild Life Park. 

[50] 

Bangladesh Village 

chicken 

There are both direct and indirect losses. Direct losses are due to expensive 

treatment and high mortality. Indirect losses are due to the time invested in 

chicken rearing and production loss, such as decreased egg yield. 

[52] 

Germany, 

Belgium, Sweden, 

and Slovenia 

Backyard and 

commercial 

poultry 

Infections resulted in limited marketing opportunities. In addition, backyard 

poultry vaccination every three months and the flocks' regular supervision are 

money and time-consuming. 

[13, 

53] 

Turkey Poultry flock dangers from epidemiology to the poultry sector. [54, 

55] 

Iran Broilers $US 3.86 million in financial costs and losses. With 2.27, 1.11, 0.33, and 

0.036 $US million, veterinarian services, medications, vaccination, and cost 

for 1-day-old chicks were the second highest in 2016-2017. 

[56] 

Oman Commercial 

birds 

The frequency of the virus and the disease's propagation to commercial flocks 

are affected by backyard poultry's high seroprevalence of NDV. 

[57] 

Nigeria Rural birds Several NDV outbreaks have resulted in substantial mortality rates for local 

birds. 

[58] 

Egypt Broiler 

chicken flocks 

Even though Egypt has implemented intensive vaccination programs, NDV 

outbreaks are still commonly reported, with significant flock losses. In 

addition, the sporadic use of potent vaccinations, frequent mutations, and the 

formation of new NDV pathotypes could cause numerous NDV outbreaks. 

[59] 

Kenya Chickens NDV is regarded by many as the biggest obstacle to effective smallholder 

poultry productivity in Africa. 

[60] 

Tanzania Chickens It produces a high rate of chicken mortality and is widespread throughout 

Africa. 

[61] 

Congo Broilers and 

backyard 

Over the past 20 years, outbreaks and associated mortality in chickens related 

to NDV infection have been widely documented in various farming systems. 

[62] 

Ethiopia chickens The most prevalent viral disease in these birds, Newcastle disease, frequently 

causes a variety of ailments, including gastrointestinal, neurological system, 

respiratory system, and non-gastrointestinal problems. 

[63] 
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Humans are susceptible to infection, which may result in reddening, lacrimation, edema of the eyelids, 

subconjunctival hemorrhage, and conjunctivitis [64]. Almost all wild and domestic bird species are susceptible 

to NDV infection, but chicken is the most susceptible domestic bird species to infection. In contrast to the 

majority of paramyxoviruses, NDV is heat-stable. It lasts at least six months at -20°C and up to four months 

at 4°C in the bone marrow and muscle of butchered chicken. The contagious virus may also persist in eggs 

from infected chickens for over a year at 4°C and months at ambient temperature [14]. The dry season has a 

higher prevalence of ND than the wet season. Due to the high frequency of ND during the dry season, human 

activities and increasing chicken market turnover could cause ND outbreaks [65]. Studies on ND found that 

local and crossbred hens had significantly different disease prevalences. Chicken crosses have had higher 

prevalences [66]. 

Newcastle Disease Virus Replication Cycle 

Hemagglutination Activity 

The sialic acid receptors on erythrocytes' surfaces are the target site of the viral HN protein, allowing NDV 

and other avian paramyxoviruses to hemagglutinate RBCs [67].  

Neuraminidase Activity 

The neuraminidase enzyme activity is mediated by the HN protein, which breaks down the sialic acid receptor 

and prevents viral particles from adhering to themselves and clumping together. The virus can eventually be 

released from the RBCs due to the enzyme activity. 

Cell Fusion and Hemolysis  

Paramyxovirus fusion proteins cause hemolysis and fusing of other cells at neutral pH [68]. The precursor F0 

protein's cleavage into the heterodimer (F1 and F2), coupled with a disulfide bond by the host protease's 

proteolytic activity, determines the virus' ability to fuse and infect [69].  

Virus Replication 

The entry of the NDV nucleocapsid complex is mediated by the HN attaching the virus to the receptor on the 

host cell, after which the F protein fuses the virus to the cell membrane of the host (Figure 1). N-linked 

glycoproteins and cholesterol may be necessary for the virus to enter the body, and endocytosis may be the 

route through which it is done [70]. The host cell's cytoplasm provides the only place where paramyxoviruses 

may multiply. The negative-sense RNA genome is transcripted into positive sense 5′-capped and 3′-

polyadenylated messenger RNAs by the virus's internal RNA-dependent RNA polymerase (L), which is 

released into the cytoplasm to initiate replication (mRNA).  

Downstream genes' transcription levels are reduced due to the genes' sequential and polar transcription, which 

occurs from 5′ to 3′ of the coding sequence [71]. As a result, more of the 5′ structural proteins than the 3′ 

polymerase protein is generated. The mRNA is translated into viral proteins, followed by the negative sense 

genome replication. This creates the antigenomic RNA that acts as a template for synthesizing the genomic 

RNA [72]. Some NDV strains also produce the precursor HN0, the HN protein [73]. It takes posttranslational 

cleavage to remove the 45 amino acid part of the carboxy-terminal. Trypsin and other proteases (elastase, 

chymotrypsin, and thermolysin) can break the HN0 but not the fusion protein of viruses with low pathogenicity 
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[74]. The infected cell's membrane receives and incorporates the HN proteins created inside it. Virus particles 

emerge from the cell surface due to the nucleocapsid and viral RNA alignment adjacent to the cell membrane 

areas harboring the viral glycoproteins [75].  

Newcastle Disease Virus Pathogenicity and Lesions 

NDV strains differ significantly in virulence depending on the host. Ducks may get infections and exhibit few 

clinical manifestations, even with fatal strains for chickens, while hens are very vulnerable [76]. Although 

dose, delivery method, bird age, and environmental factors also impact the pathogenicity of ND in chickens, 

the virus strain has the most impact. In general, the sickness is more severe in younger chickens. Sudden death 

may occur in young chickens infected with virulent viruses without significant clinical signs, while older birds 

may show a more prolonged illness with evident clinical signs. Breed or genetic stock impacts chickens' innate 

immune responses and disease susceptibility [77]. Mild to severe cases of the infection are possible. Exotic 

ND is a particularly lethal and contagious illness that causes many birds to die abruptly without displaying 

symptoms [50].  

The gross lesions are not pathognomonic. Hence, a preliminary diagnosis must be made after examining 

multiple birds, and the definitive diagnosis is made after isolation and identification of the virus. However, 

velogenic NDV infections result in significant gross lesions [78]. 

Figure 1. Newcastle disease cell cycle. 1) binding of HN protein; 2) fusion of F-protein; 3) release of RNA genome into 

the cytoplasm; 4) negative genome is charged to antigenomic (positive); 5) replication of antigenomic (+) to negative (-) 

genome; 6) transcription of RNA genome to mRNA; 7) translation of mRNA to viral proteins; 8) nuclear capsid proteins 

closed to the cell membrane; 9) envelope proteins closed to the cell membrane; 10) formation of new virus progeny. 
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ND infection may cause lesions such as periorbital region or entire head swelling, edema of the neck's 

peritracheal tissue, especially at the thoracic inlet, congestion, and occasionally hemorrhage in the lower 

pharynx and tracheal mucosae. Also, edema in the esophagus, respiratory lymphoid tissue ulcerations, 

necrosis, and hemorrhages may occur. Mucosal bleeding and significant tracheal congestion are symptoms of 

gross pathologic alterations to the respiratory tract. Air sac thickening with catarrhal or caseous exudates is 

frequently associated with secondary bacterial infections, and airsacculitis may be observed with relatively 

moderate strains [14, 79]. A few tiny ecchymoses are concentrated near the glands' openings on the 

proventriculus' mucosa. The proventriculus, ceca, and small and large intestines are frequently among the 

infected organs, with the most noticeable lesions due to necrosis of the intestinal wall or lymphoid tissue, e.g., 

cecal tonsils and Peyer's patches, which become edematous and hemorrhagic. Peyer's patches' 

ulceration/necrosis suggests ND, although these lesions are not pathognomonic. Edema, hemorrhages, or 

degeneration of the ovaries may occur. Birds may also have hemorrhages of the bursa of Fabricius and thymus 

[80], which is less evident in older birds (Figure 2). The spleen may sometimes be swollen, friable, dark red, 

or speckled. Pulmonary edema and pancreatic necrosis may be seen infrequently [79, 81, 82]. Mild neural 

lesions such as focal to diffuse encephalitis with encephalomalacia, congested liver, and enlarged, congested 

kidneys may occur in the brain [79]. 

Newcastle Disease Virus Strains 

Most laboratories currently use phylogenetic analysis of genomic sequences as the de facto method for 

characterizing NDV strains. At least three different genome sizes of APMV-1 isolates exist, which are 15186, 

15192, and 15198 [83], observing the rule of six [72]. While the initial analysis concentrated on fragments of 

the F gene [84], recent efforts compared the whole F or complete genome sequences because it is crucial in 

Figure 2. Newcastle disease lesions in chickens. 
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virulence determination [85]. The 374 base pair (bp) long partial sequence of the fusion protein around the 

location where the F0 precursor is cleaved into the F1 and F2 fragments is adequate for the molecular 

assessment of virulence [86]. The genetic diversity is reflected by lineages or genotypes of viruses, which have 

modest recombination rates but significant antigenic drift over time [87]. There are two primary classes of 

APMV-1 strains: class I and class II [88]. Class II viruses were first separated into numerous genotypes 

representing loNDV and vNDV, while class I viruses are predominantly loNDV found in wild birds [89]. A 

new genotyping approach has been proposed to characterize the present genotypes and detect new emerging 

genotypes based on the mean evolutionary distance between genetic groups of 10%. This method has been 

made possible by including more full genomes for study [90]. More complete genome sequence data for 

loNDV from wild birds are now accessible, although most of the available sequence data is for class II viruses, 

including vaccine and virulent viruses [91]. The HN protein has eight predicted lengths (571, 572, 577, 578, 

580, 582, 585, and 616 amino acids) [92], and some strains can develop an HN0 precursor that can be activated 

by being cut off at the carboxy terminus [91]. Only one vNDV from class I ( APMV/1 domestic 

fowl/Ireland/IECK90187/1990) occurs [84].  

 

Spread, Carriers, Vectors, and Transmission 

NDV horizontal transmission has been extensively studied. Infected birds release NDV in their feces and 

oropharyngeal secretions [93]. Susceptible birds can inhale or consume virus aerosols or contaminated dust to 

cause infection [94]. Chicken infection can result from eating contaminated carcasses or feces [95]. Oral 

infection is demonstrated by vaccinating chickens through drinking water [96]. When challenged, immunized 

hens may sweat vNDV for 6–9 days or till death [97]. Unvaccinated exotic birds in the wild or captivity, such 

as pigeons, parrots, and cormorants, may shed vNDV for an extended period without displaying any symptoms 

[98]. Hatchlings could get the infection from contaminated excrement through eggshell cracks or 

environmental exposure. Hence, vertical transmission of NDV occurs, and reports of pathogenic NDV isolated 

from ECE are available [99]. Day-old chicks and birds dead in their shells have been recorded [100]. Some 

NDVs may prefer the oviduct, which can be seen directly and indirectly using immunohistochemistry and 

microscopic lesions [101]. vNDV was identified from the albumen, yolk, eggshell, ovary, and all components 

of the oviduct in non-vaccinated chickens. This confirms vertical transmission if embryos remain alive 

following incubation and hatching [102].  

Although people can be infected and develop conjunctivitis, there is no proof that humans, mammals [103], or 

insects [104] are efficient biological vectors for ND. However, the movement of contaminated fomites is more 

likely to be a medium for human dissemination [105]. In addition, the contact of infected birds with susceptible 

birds and the use of contaminated poultry goods such as feed, water, clothing, shoes, equipment, feed, and 

vaccines can cause the virus to spread [106]. The introduction of ND in some areas has been attributed to 

migratory and illegally imported birds [32]. Biosecurity is essential to control ND and prevent its spread to a 

poultry facility or disease-free country. Strict importation and quarantine procedures must be followed to avoid 

transporting infected birds, bird products, and contaminated equipment from where outbreaks occur [89]. 
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Clinical Signs  

The clinical signs of ND range considerably, from extremely high morbidity to carriers with no symptoms. 

The virulence of the virus, the pathotype, the host species and age, the immunological state, coinfection with 

other organisms, and environmental conditions are only a few of the variables that affect how severe an 

infection is [107, 108]. Clinical symptoms by themselves do not provide a solid basis for ND diagnosis. 

Mortality and morbidity are influenced by flock health, environmental factors, and level of immunity [109].  

The respiratory system can cause rales, coughing, sneezing, and gasping. Tremors, paralytic legs and wings, 

torticollis, circling, clonic spasms, and total paralysis are neurological signs that occur in broilers. Greenish 

diarrhea, depression, lack of appetite, decreased egg production, and increased malformed eggs are additional 

general signs that might be observed in layers and broiler breeders [110].  

Viscerotropic velogenic ND isolates are highly virulent and can result in up to 90% fatality rates. Ruffled 

feathers, lethargy, lack of appetite, and edema of the conjunctiva are among the early indications of infection 

in backyard and village chickens. As the illness worsens, birds may have a cyanotic coloring of the head and 

neck, dyspnea, inflammation, and greenish or white watery diarrhea. Neurologic symptoms, including 

torticollis, tremors, tonic or clonic spasms, wing or leg paresis or paralysis, and abnormal circling behavior, 

may also be observed in the later stages of the disease. Egg production drastically decreases, and the eggs are 

deformed with unusually colored, tough, or thin shells and liquid albumen. Velogenic strains that are 

viscerotropic induce rapid death with little to no warning. Birds that recover from a severe infection may 

experience neurologic symptoms and a partial or total halt of egg production [109].  

Acute symptoms of the neurological system characterize infections with neurotropic velogenic strains. Along 

with coughing and other respiratory tract symptoms, sudden changes in mood, inappetence, and a decrease in 

egg production are observed. Mortality is typically between 10 and 20 percent for adult birds, but it can be 

more significant for young birds [14, 111].  

Mesogenic strains result in respiratory distress symptoms. Wheezing, gurgling, and labored breathing are 

common symptoms, along with depression, weight loss, and a three-week drop in egg production in layers. 

The average mortality rate is 10% [14]. 

 

Microscopic Lesions 

The most frequent microscopic lesions for virulent NDV in chickens and turkeys are 1) necrosis of the eyelid, 

bursa, cecal tonsils, spleen, thymus, pancreas, thymus, liver, and bone marrow, 2) necrosis and ulceration of 

gut epithelium with petechial hemorrhage at the proventricular region, 3) hemorrhagic, ulcerative tracheitis, 

4) necrotic myocarditis, 5) histiocytic airsacculitis, 6) lymphohistiocytic airsacculitis, 7) gliosis with 

perivascular cuffing of the medulla, cerebellum, and brain stem, and 8) yolk peritonitis with foamy 

macrophages in the oviduct's subserosal region. In addition, infections with loNDV in hens and turkeys can 

result in lymphoplasmacytic tracheitis with deciliation [112], but lesions are uncommon [113].  
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Diagnosis  

It is essential to be able to recognize NDV-infected birds and recognize vaccination viruses apart from 

pathogenic viruses. Clinical signs and indicators associated with vNDV infections are not pathognomonic, 

making diagnosis impossible. Many countries do not record infections with loNDV strains since they could be 

caused by lentogenic or vaccine viruses. LoNDV is frequently detected in seemingly healthy wild birds [114].  

 

Newcastle Disease Virus Isolation and Identification  

Swabs from a living bird's trachea, oropharynx, cloaca, or tissue samples from a dead bird's brain, kidney, 

liver, or spleen can be used to isolate and identify NDV. The samples are kept frozen until they can be used 

for viral detection. Swabs should be immersed in a viral transport medium (VTM), and about 100–200 

microliters of a sample are injected into a 9- to 11-day-old SPF-ECE at the allantoic sac region after 

centrifugation at 1,000 g for 10 minutes. Inoculated eggs are kept at 37°C and checked daily for 4–7 days 

[115].  

RNA may be extracted from this fluid and used in molecular procedures. Real-time RT-PCR (RRT-PCR) and 

other molecular diagnostic procedures are frequently performed for confirmation. Cell culture may be utilized 

to detect NDV as an alternative to ECE. However, except in some cells, such as chicken embryo kidney cells 

(CEKs), loNDV will not replicate more than once without adding trypsin to the media. RT-PCR or RRT-PCR 

tests can be used to directly detect viral RNA that has been extracted from swab samples or tissues. Some 

RRT-PCR assays can identify vNDV from loNDV and distinguish APMV-1 [116].  

 

Serology  

Serology is typically not helpful in diagnosing ND since current serologic techniques cannot distinguish 

between antibodies produced by infection with vNDV, loNDV, or those made by immunization with 

inactivated or live vaccines. Serology is usually used as a diagnostic tool to assess a vaccination program's 

efficacy [117]. Nonvaccinating countries are in a position to use serology to confirm NDV exposure in 

nonvaccinating nations. Rising HI titers and clinical symptoms that cannot be assigned to revaccination in 

well-managed flocks imply that exposure occurred.  

Enzyme-linked immunosorbent assays (ELISAs) and HI assays are frequently utilized to identify and measure 

antibodies [118]. Hemagglutination inhibition assays, better than the more time-consuming viral neutralization 

(VN) assays, are commonly used to assess antibody response following vaccination [119]. Commercial ELISA 

kits are occasionally used to evaluate a flock's immunization consistency. However, they might not correlate 

well with protection since they do not explicitly detect neutralizing antibodies [29]. Although ELISA typically 

detects antibodies against all NDV proteins and HI assays only detect antibodies to HN, the techniques have 

some association. ELISAs use a primary monoclonal antibody (mAb) to NDV and a secondary, species-

specific mAb; hence, they are often specific for the host species. Use of sera from species other than chickens 

for the HI test should be done with caution as they may result in false positive results (≤ 1:8) from nonspecific 

chicken RBCs' agglutination [120]. Before being tested, such agglutination can be eliminated by heating it to 
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56°C for 30 minutes. The OIE-approved protocol is a suitable guide to prevent variations in results [121]. 

Titers of 1:16 or greater when utilizing four HA antigen units are regarded as positive. When eight HA units 

are used, the cutoff equals or exceeds 1:8 [3]. 

 

Differential Diagnosis  

ND can be mistaken for diseases with similar clinical presentations, including aspergillosis, chicken cholera, 

highly pathogenic avian influenza, infectious bronchitis, infectious laryngotracheitis, and mycoplasmosis. 

Some avian viruses, such as avian paramyxovirus, avian influenza virus, and egg drop syndrome-causing 

adenovirus, can hemagglutinate chicken RBCs. NDV polyclonal antibodies enable fast confirmation of 

APMV-1. Appropriate positive and negative controls must be employed for the HI assays for correct diagnosis 

to avoid cross-reactions with other APMVs [107].  

 

Molecular Methods for ND Diagnosis 

Laboratory diagnosis must be made quickly and accurately if ND is to be controlled. Due to advanced 

molecular techniques, results can be obtained soon after the laboratory receives the samples, usually within a 

few hours, compared to the conventional methods, which take 2–14 days to isolate and identify the virus. 

Speedy confirmation is necessary to lessen the economic consequences on a farm while waiting for the results 

of an investigation. Regulatory authorities' measures directly impact readiness to report concerns and submit 

samples to the lab [75]. Molecular approaches may yield faster results if the absence of clinical indications 

does not appropriately identify infected birds. Virus isolation is required for flocks that have been immunized 

or infected with loNDV. Remember that randomly evaluating healthy birds is less effective than sampling 

clinically unwell or dead birds from flocks that have received vaccinations [122]. The OIE suggests molecular 

assays should identify NDV and distinguish vaccine or loNDV strains from vNDV isolates. The genetic 

diversity of the fusion gene of various NDV genotypes, specifically the cleavage site in F0, is a common cause 

of issues with all molecular assays. No verified test can detect and characterize all class I and II viruses 

globally. 

Reverse transcription (RT) is a crucial first step in most molecular procedures, followed by a PCR to create a 

DNA copy of the RNA genome. RRT-PCR methods, which use fluorescent probes to observe amplification in 

real-time, have primarily supplanted conventional RT-PCR experiments. Real‐time RT‐PCRs can be 

automatized, and they are suitable for high-throughput applications. While most class II genotype viruses were 

demonstrated to be detectable by primers and probes targeting the M gene, it was later discovered that they 

frequently missed class I viruses [123]. Primers and probes were designed to target the L gene to make the 

assay conditions and primer/probe sequences compatible with the M gene RT-PCR, permitting a multiplex 

RRT-PCR to identify class I viruses [124]. When one lab's M gene RRT-PCR procedure could not discover 

some isolates, another lab used a shorter probe by applying locked nucleic acids to preserve probe stability 

and boost effectiveness [125]. Multiplex RRT-PCR can detect most NDVs but not their virulence. As a result, 

it cannot be used to confirm a vNDV infection; instead, it can only be used to rule out ND as a potential source 
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of an outbreak. The NDV isolate could be identified, and its pathotype determined using a real-time RT-PCR 

assay targeting the fusion gene at the cleavage site [126].  

 

Prevention and Control 

Immunization and hygiene are the two primary ways to prevent ND. These precautions are usually required, 

especially in semi-intensive systems for managing ND, where birds are confined inside a gated yard or 

building. Cleaning, disinfecting, preventing access to wild birds, and maintaining the hygiene of farm 

employees are all examples of hygiene. Vaccination, in conjunction with sensible hygiene practices, is the best 

method for controlling ND. Vaccination protects the flocks against infection and replication of the virus. 

Immunization against ND typically protects the bird from the disease's severe effects; however, viral 

replication and shedding may still occur [127]. 

 

Vaccination 

At the time of the virus's apparent emergence, vaccination was first used as an inactivated virus, and it was 

thought to be a potential method for controlling ND. Then, an attenuated live vaccine, strain H, was created 

following the epidemic in England in 1933. Later, Hitchner B1 (HB1) and La Sota, two low-virulence USA 

isolates, were the most widely used veterinary vaccines in the entire globe [128]. A viral disease vaccination 

aims to provoke an immune reaction against the virus without causing the sickness. The simplest way is to 

isolate and kill the virus and use it to immunize the bird. This kind of vaccine is an inactivated type. A different 

strategy is to choose a naturally existing virus that is not sufficiently aggressive to cause severe illness and 

then use it to infect the birds. This kind of vaccine is alive. The second strategy can be developed further by 

starting with a naturally occurring, non-virulent virus and choosing a desirable clone from the virus population, 

such as one that is heat- or vaccine-tolerant. This vaccine is a live, cloned one. Finally, it is feasible to create 

a vaccine genetically, for instance, by extracting a portion of a virus's genetic coding for a surface antigen and 

putting it into another, unrelated virus to create a recombinant vaccine [109]. 

Live lentogenic, live mesogenic, and inactivated vaccines are the three categories of ND vaccines. All these 

immunization strategies have been used for ND. Field viruses, proven to be low pathogenic to poultry but 

induce a sufficient immune response, are used to make live lentogenic vaccines. HB1, La Sota, F, and several 

asymptomatic enteric-type viruses—usually based on the V4 or Ulster 2C viruses—are typical vaccine strains. 

However, manufacturers have regularly applied selection pressure to these viruses to increase their 

immunogenicity or make them usable for a specific application strategy [18]. 

It is possible to create inactivated vaccines by propagating an ND virus in eggs and then inactivating the 

infectious allantoic fluid with a substance like formalin or beta-propiolactone. The inactivated virus is typically 

given with an adjuvant, like mineral oil, to increase its immunogenicity. The vaccine must be administered 

individually to each bird needing immunization because it can no longer spread or multiply. About 0.3 or 0.5 

mL per bird is typically injected I.M. into the muscles of the thigh or breast or S.C. into the neck. Very high 

antibody levels are produced against NDV by inactivated vaccinations, which defend against the virulent virus 
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[129]. In intensive chicken production, in the absence of initial live-virus vaccination, inactivated vaccines are 

often administered following a first priming immunization [63]. Although inactivated vaccines provide 

adequate protection, they are relatively expensive and have a slight danger of unintentional self-injection for 

the user. In addition, inactivated vaccinations are somewhat heat-sensitive, although they are significantly less 

so than traditional live vaccines, making transportation to villages more practical [130].  

Because live vaccines may multiply in the host, they vary from inactivated vaccinations, which have benefits 

and drawbacks [131]. It is advantageous because the vaccine virus can transfer from one bird to another, 

eliminating the need to vaccinate every bird separately. However, since a live virus infection is involved, this 

could lead to clinical symptoms due to the vaccine virus's inherent virulence or by aggravating other possible 

pathogens, particularly in the respiratory system. As a result, the particular vaccine strain used and the 

existence of concurrent infection affect the intensity of this reaction. Live vaccinations have the added benefit 

of being easier to administer than inactivated vaccines because they can be injected or dropped into drinking 

water [132].  

 

Treatment 

Since vNDV has no known cure, it is typically necessary to slaughter all sick birds to stop an outbreak. Exotic 

or endangered bird species in an outbreak region may occasionally be quarantined for one month to undergo 

vNDV testing [133]. Controlling secondary bacterial infections, especially Gram-negative bacteria, is the 

mainstay of treatment for infections with loNDV [3]. 

Recent research suggests that the antiparasitic drug NTZ (nitazoxanide), a member of the thiazide family, may 

inhibit the NDV. As a result, they observed the compound's effects on chicken fibroblast cells (DF-1), chicken 

eggs that have been fertilized, and 14-day-old chickens [134]. 

The herbs and plant extracts have been reported to exert antiviral action against NDV in ovo, such as 1) green 

tea leaf extract-derived green silver nanoparticles [135], 2) ethanolic and acetonic extracts of Iresine herbstii 

[136], and 3) the herbal combination of nilavembu, fenugreek, coriander, turmeric, and garlic [137]. In 

addition, the action of onion and garlic extracts may block the virus's ability to attach to cells in ECEs [138]. 

Inoculated ECEs with NDV were treated with 3α-friedelanol triterpenoids from Synadenium glaucescens (milk 

bush plant) leaves, eliminating the viral load and preserving embryo viability [139]. 

 

Conclusions 

Although discovered about a century ago, ND is still devastating and causes substantial economic losses in 

Asia, the Middle East, and Africa. Sporadic outbreaks also occur in Europe. vNDV is endemic in Iraq and 

causes high morbidity and mortality rates in the affected farms. There is no approved therapy; vaccination is 

the only way to protect chickens in endemic areas. Several studies suggest using antiparasitic compounds and 

plant extracts to treat ND. However, these compounds' molecular mechanisms of action must be elucidated 

before they can be approved to treat this viral disease. 
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