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INTRODUCTION 

 
With the significant advancement in the diagnostics and 
medical countermeasures in the last decade, the jeopardy 
of cross-species transmission of known and unknown 
pathogens has emerged as a health threat to susceptible 
hosts, including human and animal populations (Parrish 
et al. 2008; Pavia 2011). Such episodes of inter- and intra-
species transmission of viruses are greatly influenced by 
various factors, including climate change, rapid 
transportation, urbanization, and intensive farming 
(Turner et al. 2004; Parrish et al. 2008; Pedersen and 
Davies 2009). The incidence of human infections has 
increased due to spillover from natural reservoirs and 
improvements in diagnostic methods (Letko 2020). 
Different outbreaks of the paramyxoviruses provide 
conclusive evidence of spillover from naïve hosts to other 
mammalian species, including humans (Table 1). Novel 
paramyxoviruses continue to emerge from naïve/reservoir 
hosts and represent an on-going threat to public health 
worldwide (Thibault et al. 2017). During the last three 
decades, as a result of spillover, a considerable number of 
diverse paramyxoviruses have been identified from the 
wildlife species and terrestrial mammalian species, 
including humans (Virtue et al. 2009; Coffee et al. 2010; 
Kurth et al. 2012; Sieg et al. 2020; Table 1). Thus, 
paramyxoviruses have traditionally been associated with 
global epidemics with human and animal health burdens 
(Chua et al. 2000; Wang et al. 2008; Spires et al. 2017). 
The paramyxoviruses are a group of negative-sense, 
single-stranded, RNA viruses that are classified under the 
family Paramyxoviridae. The paramyxoviruses mainly 
concerned with public health include Hendra virus 
(HeV), Nipah virus (NiV) and Menangle paramyxovirus 
(MenPV) (Bowden et al. 2001; Aljofan 2013). Globally, 
these viruses are recognized as zoonotic paramyxoviruses, 
and are associated with neurological and respiratory 
infections in humans and animals. The HeV has also been 
reported from equine and canine species (Playford et al. 
2010; Kirkland et al. 2015). Similarly, outbreaks of NiV 
were observed among human populations in Malaysia, 
India, Singapore, and Bangladesh (Chew et al. 2000; 
Clayton et al. 2012; Arunkumar et al. 2019). The MenPV 
virus is also known as a zoonotic paramyxovirus, as it 
caused severe influenza-like infection during numerous 
epidemics (Bowden et al. 2001). Moreover, Mojiang 
paramyxovirus (MojPV) has been associated with human 
casualties in China during 2012 due to spillover from 

naïve hosts (Wu et al. 2014). Consequently, 
paramyxoviruses exhibit the highest cross-species 
transmission rates among RNA viruses with variable 
clinical presentation in humans. 
One of the most significant paramyxoviruses, known as 
the Newcastle disease virus (NDV), caused Newcastle 
disease (ND) in a wide range of avian species, 
significantly affecting poultry production (Alexander et al. 
2012; Aziz-ul-Rahman et al. 2018a,b; 2019a,b; Absalón et 
al. 2019; Du et al. 2020). Newcastle disease virus, formally 
known as avian paramyxovirus 1 (APMV-1) and avian 
avulavirus 1, is recently renamed as Avian orthoavulavirus 
1 by the International Committee on Taxonomy of Viruses 
(ICTV) (Kuhn et al. 2020). In 1926, the first outbreaks of 
ND occurred in chickens in Indonesia and England. 
Newcastle disease virus is a major poultry pathogen and 
mainly causes respiratory, neurological, and 
gastrointestinal symptoms (Alexander et al. 2012; Absalón 
et al. 2019; Du et al. 2020). In terms of pathogenicity, 
owing to their virulence in chickens or the presence of 
conserved amino acids in the F protein, NDVs can be 
categorized into velogenic (virulent), mesogenic 
(intermediate), and lentogenic (non-virulent) (Alexander 
et al. 2012; Absalón et al. 2019; Du et al. 2020). 
Based on viral fusion protein, NDV can be categorized 
into nonlytic and lytic strains, with antitumor potential. 
Lytic NDV strains can produce infectious progeny in host 
cells, whereas nonlytic NDV strains have a tendency to 
elicit immune response that results in antitumor effects 
(Zhao and Liu 2012). Owing to the potential of antitumor 
activities, NDV is now ascertained as an effective 
oncolytic agent in various in vitro and in vivo 
investigations against a considerable number of 
carcinomas, such as renal carcinoma, breast, and 
pancreatic adenocarcinoma, hepatocellular carcinoma, 
colorectal carcinoma, pleural mesothelioma and 
glioblastoma (Tayeb et al. 2015). Similar to other 
paramyxoviruses, NDV also tends to infect non-avian 
hosts, including humans (Goebel et al. 2007; Kuiken et al. 
2018; Shabbir et al. 2021), monkeys (Kuiken et al. 2017), 
rabbits (Charan et al. 1984), minks (Zhao et al. 2017), 
hamsters (Samuel et al. 2011), mice (Khattar et al. 2011), 
cattle (Ozawa and Chow 1958; Subbiah et al. 2008) and 
pigs (Chen et al. 2013). A shred of evidence about natural 
and experimental infection in different mammalian 
species highlighted the zoonotic spillover and the 
potential of NDV (Kuiken et al. 2018; Ul-Rahman and 
Shabbir, 2019; Shabbir et al. 2021). Newcastle disease virus 
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is a major poultry pathogen but can cause respiratory 
infections in humans and pigs, neurological infection in 
the monkey and mink, and gastrointestinal infection in 
pigs, along with generalized symptoms (Charan et al. 
1984; Samuel et al. 2011; Chen et al. 2013; Kuiken et al. 
2017; Zhao et al. 2017; Kuiken et al. 2018; Shabbir et al. 
2021). 
The recent molecular identification and serological 
detection of NDV in non-avian hosts, including humans, 
raised concerns about its zoonotic potential and 
underscored the near-global threat. Recently, NDV 
infections have been associated with casualties in human 
beings, which highlighted the potential zoonotic risk and 
sparking interest in public health worldwide (Kuiken et 
al. 2018; Shabbir et al. 2021). Despite shreds of evidence, 
information on the emergence and zoonotic potential of 
NDV focusing on the propensity of cross-species 
transmission is scattered. An insight into the zoonotic 
potential and cross-species transmission of NDV 
undoubtedly plays a vital role in linking within and 
between all susceptible hosts and larger evolutionary 
dynamics of the virus. As a matter of fact, no one looks 
for NDV infection, specifically in mammalian species, 
assuming that it would not be present, even though NDV 
can naturally and/or experimentally infect a large number 
of mammalian species. Therefore, this chapter aims to 
compile together all scattered information about the 
evidence of NDV infections and genetically diverse strains 
prevailing in non-avian hosts, including humans, and 
draw the global scientific community's attention towards 
its public health concerns. A brief description of 
Newcastle disease in different mammalian species is 
presented below. 
 
Family Huminidae 
 
The Newcastle Disease virus was first recognized as a 
zoonotic pathogen many decades ago, and the virus has 
recently been placed in hazard group 2 by the advisory 
committee on dangerous pathogens in the United 
Kingdom. According to this committee, the NDV is a 
biological agent that can cause infection in humans and 
may be a hazard to personnel associated with veterinary 
practices or laboratory employees; however, it is unlikely 
to spread to the community. The first report on human 
infection with NDV was documented in 1942 in Australia 
(Burnet 1943). From 1942 until now, 485 human cases 
were collectively reported in approximately 20 
investigations from Israel, USA, UK, Netherland, Canada, 
Australia, and Pakistan (Figure 1). Communally, the 
highest number of cases of NDV infection in humans 
were observed in UK (n = 288), followed by Pakistan (n = 
82), Israel (n = 34), USA (n = 17), Australia (n = 3), 
Netherland (n = 2) and Canada (n = 1). The first case of 
human infection with NDV was described as a case of 
conjunctivitis in a laboratory worker, who had 
accidentally squirted NDV-infective or positive allantoic 
fluid into the eye (Burnet 1943). 
Most of the reported instances of NDV infection in 
humans have been the result of accidental inoculation of 

high-titer NDV-contaminated egg fluid and/or touching 
of NDV-contaminated fingers into the eyes, the 
imprudent handling of infectious tissue samples by 
laboratory employees or workers in poultry processing 
plants, veterinary laboratory diagnosticians and 
practitioners, who performed post-mortem examinations 
on infected birds or handled vaccines (Burnet 1943; 
Anderson 1946; Yatom 1946; Shimkin 1946; Ingalls and 
Mahoney 1949; Freymann and Bang 1949; Mitchell and 
Walker 1951; Keeney and Hunter 1951; Hunter et al. 1951; 
Gustafson and Moses 1951; Nelson et al. 1952; Quinn et al. 
1952; Lippmann 1952; Reagan et al. 1956; Pilsworth and 
Wall 1964; Alby, 1965; Trott and Pilsworth 1965; Shabbir 
et al. 2021). Overall, the transmission of ND infection 
from birds to humans is rare. However, it is believed to 
have resulted from close contact with infected birds or 
materials (Goebel et al. 2007; Kuiken et al. 2018). For 
instance, conjunctivitis cases in poultry workers were 
observed during an ND outbreak in backyard poultry 
(Nolen 2003). These workers were involved in the 
identification, euthanasia, and disposal of NDV-morbid 
birds. No evidence exists to support human-to-human 
transmission, but the potential for birds-to-human 
transmission exists (Rasmussen 1964). A history of aerosol 
exposure was associated with most individuals, who 
developed a generalized infection (Hanson and Brandly 
1958). Because NDV infections of humans are usually mild 
and self-limiting, the concern is much greater about the 
possibilitythat infected individuals may transmit the virus 
through their contact with susceptible birds and poultry, 
and thus extend the outbreak concern that such 
infections will become a human health problem. 
Seemingly, six outbreaks of NDV infection in humans 
have been observed, exhibiting conjunctivitis and 
influenza-like symptoms with 17-288 cases (Yatom 1946; 
Shimkin 1946; Nelson et al. 1952; Pilsworth and Wall 1964; 
Trott and Pilsworth 1965; Shabbir et al. 2021). Most of the 
reported human infections with NDV have been self-
limiting, non-life-threatening, without permanent health 
consequences, and usually not debilitating for more than 
4-5 days. Notably, three casualties of immuno-
compromised patients, exhibiting pneumonia have been 
observed due to respiratory failure (Goebel et al. 2007; 
Kuiken et al. 2018). Of these, two deaths were observed 
during 2003 in Netherland, while one death was observed 
during 2007 in the USA (Goebel et al. 2007). The NDVs 
isolated from human casualties cases showed the highest 
similarity to the strains originating from pigeons (Kuiken 
et al. 2018; Ul-Rahman and Shabbir 2019). It is believed 
that feral pigeons are also playing a vital role in the 
dissemination of various zoonotic pathogens, including 
Escherichia coli, Mycoplasma, Cryptococcus, Aspergillus, 
Chlamydia species, and pathogenic avian influenza virus 
into the environment (Haag-Wackernagel and Moch 
2004; Magnino et al. 2009; Phan et al. 2013; Michiels et al. 
2016; Borges et al. 2017; Pakshir et al. 2019). These 
pathogens have been transmitted by inhalation of 
airborne excreta and dried feces, ocular discharges, and 
crop milk (Phan et al. 2013). However, the exact route of 
transmission of NDV to immunocompromised individuals 
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is yet to be explored. The transmission of NDV from 
pigeons to humans may be instructive for humans, who 
keep pigeons as pet or racing birds. Close contact 
between feral pigeons and humans commonly occurs in 

public gardens, squares, railway stations and historical 
places in urban areas (Harris et al. 2016). Therefore, 
immunocompromised individuals living in urban areas 
are more likely to have an ND infection than in rural areas. 

 
Table 1: Evidence of spillover events of emergent paramyxoviruses from naïve host to other mammalian species  

Virus Naïve host Spillover host Geographical distribution References 

Achimota virus 1 
(AchV-1) 

African fruit bat 
(Eidolon helvum) 

Humans Accra, Ghana, Tanzania, 
Guinea 

Baker et al. 2013 

Ghanaian bat 
henipavirus (GhV) 

African fruit bat 
(Eidolon helvum) 

Humans Ghana, Cameroon Drexler et al. 2012; Pernet et al. 2014 

Hendra virus (HeV) Flying bats (Pteropus 
alecto, P. conspicillatus) 

Horses, 
humans, dogs 

Australia, Papua, New 
Guinea 

Field et al. 2013; Field 2016 

J paramyxovirus (JPV) Mice (Mus musculus) Humans, pigs, 
cows 

Australia Mesina et al. 1974; Jun et al. 1977; 
Drexler et al. 2012 

Menangle paramyxo-
virus (MenPV) 

Fruit bats (Dobsonia 
magna, Pteropus spp.) 

Pigs, humans Australia, Papua, New 
Guinea 

Chant et al. 1998; Breed et al. 2010; 
Barr et al. 2012 

Mojiang 
paramyxovirus 
(MojPV) 

Yellow hair rat (Rattus 
flavipectus) 

Humans China Wu et al. 2014 

Nipah virus (NiV) Fruit bats (Pteropus 
spp., Eidolon helvum, 
Dobsonia magna) 

Pigs, humans, 
horses, dogs, 
goats, cows, 
cats 

Bangladesh, Ghana, India, 
Malaysia Papua, New 
Guinea, Singapore, Thailand, 
Philippines 

Wacharapluesadee et al. 2005; 
Hayman et al. 2008; Breed et al. 2010; 
Chowdhury et al. 2014; Luby and 
Gurley 2015; Ching et al. 2015  

Porcine rubulavirus 
(PorV) 

Pig (Sus scrofa), Yellow 
bat (Rhogeessa parvula 
majo) 

Pigs, humans Mexico Salas-Rojas et al. 2004; Cuevas-
Romero et al. 2015 

Sosuga virus (SosV) Egyptian fruit bat 
(Rousettus aegypticus) 

Humans South Sudan, Uganda Amman et al. 2015 

Tioman virus (TioV) Fruit bats (Pteropus 
spp.) 

Humans, pigs Tioman Island, Malaysia 
Madagascar, Papua, New 
Guinea, India 

Yaiw et al. 2008; Breed et al. 2010; 
Yadav et al. 2016 

Note: Data only with full information was compiled from a previous report (Thibault et al. 2017). 
 

 
 
Figure 1: Map illustrating reports of Newcastle disease infection in non-avian species. Data compiled from published reports on the 
evidence of NDV infection and detection of viral genome in humans (Burnet 1943; Shimkin 1946; Yatom 1946; Anderson 1946; 
Freymann and Bang 1949; Ingalls and Mahoney 1949; Gustafson and Moses 1951; Hunter et al. 1951; Lippmann 1952; Keeney and 
Hunter 1951; Mitchell and Walker 1951; Quinn et al. 1952; Nelson et al. 1952; Reagan et al. 1956; Pilsworth and Wall 1964; Trott and 
Pilsworth 1965; Alby 1965; Goebel et al. 2007; Kuiken et al. 2018; Shabbir et al. 2021), mice (Khattar et al. 2011), cattle (Yates et al. 1952; 
Ozawa and Chow 1958; Subbiah et al. 2008), sheep (Sharma et al. 2012), camel (Teng et al. 2019), hamster (Samuel et al. 2011), rabbit 
(Charan et al. 1984), monkey (Charan et al. 1984; Kuiken et al. 2017), mink (Zhao et al. 2017) and pigs (Lu et al. 2009; Ding et al. 2010; 

Yuan et al. 2012; Chen et al. 2013). 
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From 1950-2014, the proportion of the global human 
population living in urban areas increased from 30% to 
54% and is projected to be 68% by 2050 (United Nations 
Department 2015). This suggests that the number of 
vulnerable individuals at risk of contracting NDV from 
feral pigeons will increase in the coming decades. 
Considering factors mentioned above, along with 
increased urbanization and a high proportion of 
immunocompromised individuals, there is a realistic 
coincidental increase in the risk of severe human cases of 
NDV infection. Recent evidence suggested that NDV 
infections in immunocompromised individuals may not 
be commonplace and that when occur, they may be life-
threatening, with public health concerns (Goebel et al. 
2007; Kuiken et al. 2018). Furthermore, the virulence of 
NDV isolates does not appear to differ from humans to 
the vast differences in virulence in poultry. Even infection 
with low virulence NDV strains, which are commonly 
used in vaccine production, may cause similar clinical 
signs in humans (Dardiri et al. 1962). The pathogenesis of 
NDV infection in humans is not extensively reviewed so 
far. In brief, the duration and severity of NDV infection in 
humans lasts for 6-8 days. Following the incubation 
period (1-2 days), humans develop unilateral or bilateral 
conjunctivitis and/or influenza-like symptoms (Nelson et 
al. 1952; Alby 1965; Shabbir et al. 2021). During NDV 
infection in humans, various clinical manifestations may 
be present, such as fever ≥100oF, headache, eye itching, 
redness, lacrimation, mucopurulent nasal discharge, 
chilliness, sore throat, depressed appetite, pain, malaise, 
little photophobia, pharyngitis, slight unproductive 
cough, and marked insomnia, with general apathy (Figure 
1). However, a lack of involvement of neurological and 
digestive systems was observed. Histopathological 
manifestations include hemorrhagic strip/line in limbus 
and cornea, oedematous eyelid, marked hyperemia of 
scleral and conjunctival vessels, pre-auricular 
lymphadenopathy, papillary hypertrophy, ulceration of 
buccal mucosa, palpebral edema, and interstitial 
pneumonia (Figure 2). The NDV has been isolated from 
the conjunctival sac washing, lacrimal fluid, nasal 
discharge, and saliva (Anderson 1946; Hunter et al. 1951; 
Quinn et al. 1952; Reagan et al. 1956; Figure 3). Successful 
isolation of NDV from blood cells and blood serum is 
suggesting that NDV can produce a viremia. Rarely, 
inclusion bodies have been noted in the cytoplasm of 
epithelial scraping (Hunter et al. 1951). There is marked 
serological evidence of NDV exposition to humans in 
Pakistan (Ahad et al. 2013) and India (Charan et al. 1981). 
These retrospective serological investigations revealed 
that humans associated with poultry farming and/or 
veterinary services are more susceptible to NDV infection 
with or without clinical disease. In Pakistan, poultry 
vaccinators showed the highest seroprevalence (85.7%), 
followed by poultry attendants (46.6%), laboratory 
technicians (38.9%), veterinary practitioners (30.4%), and 
poultry butchers (20.6%) (Ahad et al. 2013). Likewise, a 
higher seroprevalence of NDV (79.8%) was observed in 
individuals working in poultry farms, veterinary and 
vaccine institutes in India (Charan et al. 1981). 

Family Suidae 
 
The first report of NDV infection in pigs (Sus scrofa 
domesticus) was recorded in 2009 from China (Lu et al. 
2009). Later, the occurrence of NDV outbreaks suggested 
a high susceptibility of pigs. Recently, a high proportion 
of NDV infected cases (>600) of pigs was observed during 
an outbreak in 2009 (Chen et al. 2013). As a consequence 
of NDV infection, pigs developed high fever, together 
with respiratory and intestinal signs (Lu et al. 2009; Ding 
et al. 2010; Yuan et al. 2012; Chen et al. 2013). Classical 
symptoms mainly include nasal obstruction, eye redness, 
and rhinorrhea. Lethal lesions include interstitial 
pneumonia, bronchopneumonia, and diarrhea (Figure 1). 
Besides, profound generalized influenza-like symptoms 
were observed in affected pigs. Thus, the emergence and 
spread of NDV among the pig population in China 
indicated the potential of NDV to replicate in the broad 
host range, even in non-avian hosts. Remarkably, the 
isolation and detection of NDV strains in nasal swabs and 
intestine tissues collected from affected pigs highlighted 
the potential of this virus to replicate in the respiratory 
and digestive tracts, from where they may subsequently 
shed in feces and respiratory secretions, which may act as 
a source of infection for other mammalian species (Lu et 
al. 2009; Yuan et al. 2012; Chen et al. 2013). Respiratory 
tract infection may range from asymptomatic to acute 
life-threatening diseases with the secretion of infectious 
viral progeny, thereby posing a significant threat to public 
health. 
 

 
 
Figure 2: Histopathology and immunohistochemistry of lung 
tissue collected from NDV-infected human patient. The 
thickness of alveolar septa with diffuse damaged boundaries and 
alveolar lumina (A), the presence of hyaline membranes in 
alveolar septa (B), and granular staining in the cytoplasm of 
degenerative alveolar epithelial cells (C) (Kuiken et al. 2018) 
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Figure 3: Detection of NDV genome in different samples 
collected from NDV-infected humans (Goebel et al. 2007). The 
analysed samples in lanes 1 through 7 had been cultured in 
MRC-5 cells; the sample in lane 8 had been cultured in WI-38 
cells. Samples in lanes 9 and 10 were uninfected cell controls. 
 
Family Cercophitecidae 
 
So far, no investigation of natural infection with NDV in 
monkeys is noted. However, three experimental studies 
claimed monkeys' susceptibility against all three NDV 
pathotypes, including velogenic, mesogenic and 
lentogenic strains (Collier et al. 1950; Charan et al. 1984; 
Kuiken et al. 2017). Besides natural/experimental 
infection with NDVs in poultry birds, the experimental 
infection in monkeys caused similar clinical presentation 
in respiratory and neurological systems, as observed in 
the case of birds (Aziz-ul-Rahman et al. 2018, 2019a,b; Ul-
Rahman et al. 2020). Even though the Indian Rhesus 
monkey (Macaca mulatta) in captivity may also succumb 
to low virulent and/or vaccine strains (Charan et al. 1984). 
Clinical manifestations mainly include conjunctivitis, 
tonsillitis, and encephalitis, with generalized symptoms 
such as elevated temperature (Collier et al. 1950; Charan et 
al. 1984; Kuiken et al. 2017). The NDV infection with 
genotype VI class II may cause multifocal pulmonary 
lesions. Subsequent to intra-tracheal inoculation, the 
mesogenic NDV strain showed a potential to replicate in 
nasal turbinate, trachea and bronchus of cynomolgus 
monkey (Macaca fasicularis). The viral genome of NDV has 
been detected in throat swabs, eye, nose, and lung samples 
(Charan et al. 1984; Kuiken et al. 2017). 
 
Families Bovidae and Camelidae 
 
Among ruminants, the evidence of NDV infection was 
first noted in Holstein cattle (Bos taurus taurus) during 
1952 in the USA (Yates et al. 1952).Later, an outbreak of 
NDV infection was observed among the Holstein cattle 
population in the USA during 1953 (Ozawa and Chow 
1958). Inclusively, influenza-like signs, including 
conjunctivitis, ocular and nasal discharge with 55% case 
fatality, were observed (Figure 1). Pathologically, acute 
fibrinous pneumonia was also observed in affected cattle. 
The viral genome of NDV may be detected in lung tissues 
from dead calves (Ozawa and Chow 1958). The evidence 

of viral antigens in different tissues and their 
characterization under electron microscopy indicated the 
potential of NDV to replicate in different tissues (Ozawa 
and Chow 1958). Following the experimental inoculation 
of lentogenic NDV strain via intra-nasal and intra-
tracheal routes, few clinical signs, including mildly 
elevated temperature, lethargy, and dullness, were 
observed in Holstein cattle (Subbiah et al. 2008). In 2012, 
the NDV genomes were detected in two healthy sheep 
(Ovis aries) in India, which were isolated using the cell 
culture technique (Sharma et al. 2012). In 2015, an 
abortion case in a dromedary camel (Camelus 
dromedarius), with slight respiratory signs, was noted in 
Dubai (Teng et al. 2019). Pathology was characterized by 
the greyish oedematous placenta, pre-auricular 
lymphadenopathy, and non-ventilated lungs (Figure 1). 
Utilizing Next Generation Sequencing (NGS), the NDV 
genome was detected from nasal swabs collected from the 
aborted fetus (Teng et al. 2019). During that period, an 
NDV outbreak occurred in a pigeon flock living in close 
vicinity where the dam of the aborted camel fetus was 
housed. Therefore, there is likely a chance that the 
pregnant camel had acquired the NDV from infected 
pigeons and subsequently transmitted it to the fetus.  
So far, indirect cross-species transmission of NDV to 
mammals has been reported. Inter- and intra-species 
transmissions between non-avian hosts, including 
humans and domestic animals, are an increasingly 
challenging threat to public and veterinary health. 
 
Families Musteliade, Leporidae, Cercetidae and 
Muridae 
 
So far, the information on natural infection in rodents 
and rabbits is not available, except for an NDV outbreak 
in mink (Neovison vison) in China during 2014 (Zhao et al. 
2017). A total of 456 cases with 95% case fatality were 
noted. As a result of NDV infection, mink showed both 
respiratory and neurological signs, including respiratory 
distress, encephalitis, and head muscle tremors. 
Pathological lesions were characterized by hemorrhagic 
pneumonia, and hemorrhages in cerebrum, cerebellum 
and meninges e(Figure 1). Utilizing cell culture and 
embryonated eggs, NDVs were isolated from brain and 
lung tissues, and the virus could also be detected from 
these tissues using RT-PCR (Zhao et al. 2017). 
Experimental infection with three NDV pathotypes via 
subconjunctival route caused mild respiratory infection 
limited to conjunctivitis in rabbits (Oryctolagus 
cuniculus) (Charan et al. 1984). The experimental 
infection with lentogenic NDV strain via the intranasal 
route caused mild to severe pneumonia in mice (Mus 
musculus) (Khattar et al. 2011). Clinically, weight loss, 
with profound decrease in physical activities, ruffled fur, 
and slight respiratory distress were observed in infected 
mice (Figure 1). Histopathologically, severe sub-acute 
diffuse necrotizing bronchointerstitial pneumonia was 
observed in mice. Likewise, the experimental infection 
with lentogenic NDV strain via the intranasal route 
caused bronchopneumonia in hamsters (Mesocricetus 
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auratus) (Samuel et al. 2011). Moreover, pathological 
lesions were observed in the hamster's nasal turbinate, 
lungs, and harderian glands. The NDV genome has been 
detected and isolated from brain and lung tissues, and the 
virus can be detected from these tissues using RT-PCR 
(Samuel et al. 2011; Khattar et al. 2011). 
 
NDV binding on cellular surface 
 
The binding of NDV on the cell surface is an important 
phenomenon and crucial for the viral replication and 
multiplication within the host cells (Zaitsev et al. 2004). 
This phenomenon is also crucial for species and/or tissue 
tropism, to cross/jump to other species and cause 
infection in the host. In NDV, the hemagglutinin-
neuraminidase (HN) appears to be a promiscuous binding 
type-II glycoprotein and contains C-terminus and T-
terminus domains that may serve as receptor-binding 
domains (Huang et al. 2004). This protein is a 
multifunctional protein and binds with sialic acid-
containing receptors, performs sialidase and 
neuraminidase activities for virus budding, and enhances 
the fusion activity of the fusion protein (Ferreira et al. 
2004). The sialic acid receptors are present in red blood 
cells (RBCs) of mammalian species. The ability of NDV to 
induce agglutination of mammalian RBCs was studied as 
part of the problem of characterizing strains of the virus, 
but not because of cross-species potential (Winslow et al. 
1950; Abu Elzein et al. 1993; Ibu et al. 2009). The ability of 
NDV to bind at sialic acid receptors leads to virus entry 
inside the cellular host. The actual rate of NDV spillover 
into mammalian species is greatly overlooked, as it did 
not cause any severe or lethal infection, except in 
immunocompromised individuals. However, it is 
suggested that if NDV can bind to sialic acid receptors of 
mammalian RBCs, it may cause clinical to subclinical 
infection in the host. Previous studies have shown that 
NDV strains can agglutinate the RBCs of goats, sheep, 
horses, cattle, camels, dogs, pigs, mice, rabbits, and 
humans, achieving hemagglutination titer comparable to 
the level obtained with chicken RBCs (Winslow et al. 
1950; Abu Elzein et al. 1993; Ibu et al. 2009). Such 
evidence highlighted the presence of required binding 
receptors on the mammalian RBCs membrane, which 
suggests that mammalian species may be susceptible to 
NDV infection. However, there is limited information on 
the agglutination of a few mammalian RBCs. Therefore, 
extensive investigations, including all possible 
mammalian species are a prerequisite for further 
understandings about the issue. 
 
Molecular evolution 
 
The emergence and cross-species transmission of viruses 
in a natural system are influenced by different ecological, 
evolutionary, and genetic factors (Geoghegan and Holmes 
2017). Amongst these factors, evolution is a crucial 
phenomenon, which is generally driven by the possibility 
of mutations in viral genomics (Moelling and Broecker 
2019). Subsequent to natural selection, the generation and 

spread of positive or beneficial mutations increase the 
survival fitness of a virus in a specific environment (Dolan 
et al. 2018). The evolution manifests itself in a variety of 
ways, such as the repeated fixation of the positive 
selection site or mutation or more extensive genetic 
changes in significant biological and structural motifs of 
the NDV genome (Aziz-ul-Rahman et al. 2018a,b; Ul-
Rahman and Shabbir 2019; Rahman et al. 2019). Such 
positive selection sites usually favor the replication and 
cross-species transmission of viruses. Several 
substitutions have been noted in NDV strains originating 
from different mammalian species (Ul-Rahman and 
Shabbir 2019). A previous study revealed copious 
substitutions at different significant motifs, including N-
N assembly motif in nucleoprotein (NP), ATP-bonding 
motif and domain-III in large (L) protein, M domain in 
matrix (M) protein, the sialic acid-binding motif in HN 
protein, and cleavage motif in the fusion (F) protein (Ul-
Rahman and Shabbir 2019). It is hypothesized that such 
types of substitutions 

 
 
Figure 4: Fusion protein-based phylogenetic analysis of NDV 
strains originating from mammalian species concerning 
representative strains of different genotypes. The phylogenetic 
tree was constructed using the maximum-likelihood statistical 
method in MEGA® X software. The NDV strains originating from 
mammalian species are highlighted with different shapes, as 
human-originated NDV strain with a circular shape, mink-
originated NDV strain with a square shape, camel-originated 
NDV strain with a triangle shape, and pig-originated NDV strain 
with diamond/rhombus shape (Ul-Rahman and Shabbir 2019). 
 
are needed to adapt a novel host species or evade host 
immune responses and ultimately derive the recurrent 
evolution of certain NDV strains. Based on the fusion 
protein sequence, NDV strains are categorized into two 
classes (class I and II), and NDV strains belonging to class 
II are further classified into 18 genotypes (I-XVIII) 
(Dimitrov et al. 2019). Almost five distinct NDV genotypes 
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(G-I, G-III, G-VI, G-VII and G-XIII) have been identified 
in mammalian species and recognized to date-based on 
their unique genomics, as determined by bioinformatics 
analysis of fusion protein (Figure 4). A total of 14 genomic 
sequences of NDV originating from four distinct 
mammalian species, including humans, pigs, camels, and 
mink, are available in the NCBI database. Phylogenetic 
analysis clustered the NDV strains originating from 
mammalian species together with those strains isolated 
from different birds. Comparative residue and 
phylogenomic analysis of fusion protein of NDV 
originating from diverse mammalian species substantiates 
the theory of cross-species transmission, with probable 
transmission directly from birds to mammalian species. 
Comparative genomic analysis revealed that structurally 
and functionally essential features of velogenic NDV 
strains were also present in those strains originating from 
mammalian species (Ul-Rahman and Shabbir, 2019). 
Comparative residue and phylogenetic investigation also 
suggested the evolutionary dynamics of these NDV 
strains. Such genomic analysis may help to forecast virus 
emergence and cross-species transmission events in the 
near future (Geoghegan et al. 2017). Utilizing a 
comparative genomic analysis, the emergence and cross-
species transmission can be predicted; however, in vitro 
investigations and experimental evolutionary studies in 
the same phylogenetic context are prerequisites. 
Moreover, it is necessary to investigate viral and host 
factors associated with cross-species transmission in 
order to strengthen effective epidemiological, disease-
control, and therapeutic intervention strategies. 
 
Importance of advanced molecular techniques 
 
Over time, the advancement in novel molecular 
techniques has helped to identify previously unsuspected 
or unknown pathogens, including emerging viruses 
(Mokili et al. 2012; Artika et al. 2020). Many advanced 
molecular techniques are being used to explore the 
unknown origin and different genomic characteristics of 
newly emerged viruses (Artika et al. 2020). Among diverse 
molecular techniques, the next-generation sequencing 
(NGS) technique has proven as a significant break-
through in the discovery of many novel viruses in 
animals, plants, and humans (Kumar et al. 2019; 
Maljkovic et al. 2020; Minicka et al. 2020). Likewise, the 
use of NGS has led to identifying the SARS-CoV-2 virus, 
which is responsible for a recent pandemic of COVID-19 
infection in the human population (Bhoyar et al. 2021; 
Tillett et al. 2021). As a result of the COVID-19 pandemic, 
the discoveries of different mammalian species as 
reservoirs and/or carrier hosts of emerging viruses have 
boosted interest in searching for more novel or known 
viruses in those suspicious hosts that were not previously 
associated with any infection against a specific virus. 
Similarly, NGS has made it possible to identify NDV 
strains in dead immunocompromised patients and other 
apparently healthy or clinically ill animals (Goebel et al. 
2007; Sharma et al. 2012; Kuiken et al. 2018; Teng et al. 
2019). These metagenomic studies have remarkably 

highlighted the spectrum of NDV to cause infection in a 
wide range of mammalian species. At present, it is hard to 
predict the risk of spillover potential of NDV strains that 
have been detected in mammalian species. Therefore, it is 
crucial to conduct insightful investigations to explore the 
cross-species potential of NDV strains. 
 
Future Perspectives 

 

Identification of distinct NDV strains in mammalian 

species not only emphasized the expansion of their host 
range and genetic diversity but immediately raised the 

question about their zoonotic potential and, ultimately, 

public health concerns. Since NDV is not screened in 

mammalian species, it is presumed that NDV is also 

prevalent in non-avian hosts, and thus screening for this 

virus in these species may give surprising results. Based 

on these facts, it may be recommend that screening for 
NDV should be included in the differential diagnosis of 

respiratory infection and disease surveillance cases, 

especially in poultry workers and immunocompromised 

individuals in which common respiratory pathogens 

cannot be routinely tested. Being evolving paramyxovirus, 

the emergence of novel NDV variant or strain within the 
same genotype is not uncommon, and thus increasing 

evidence proposed the adaptation of NDV to novel host 

species for its survival fitness (Aziz-ul-Rahman et al. 

2018a; Ul-Rahman and Shabbir 2019; Rahman et al. 2019; 

Afonso 2021). It is, therefore, crucial to conduct in vitro 

investigations to understand the likelihood of cellular 

receptors mediating entry, host factors involving tissue 
tropism, and possible zoonotic transmission of NDV 

among non-avian species. Moreover, it is essential to 

assess the clinical and public health relevance of NDV by 

determining its origin and cross-species transmission 

aspects or spillover event in all susceptible mammalian 

hosts. Poultry workers or any individual, especially 
immunocompromised patients, linked to poultry 

processing or vaccine manufacturing units, are advised to 

follow recommended biosecurity measures. The use of 

appropriate personal protective equipment, biological 

safety cabinet, and careful attention to hand hygiene may 

undoubtedly reduce vulnerable individuals' exposure to 

NDV infection. Besides, appropriate biosecurity measures 
in the poultry industry, careful handling of infected birds 

or infectious material, and continuous surveillance 

among high-risk professionals should be practiced as a 

critical element to the possible reduction in the 

opportunities of cross-species transmission and 

ultimately to combat against diseases. Bird and/or poultry 
owners, who keep birds, whether as pets or as commercial 

production, should be aware of the zoonotic potential of 

NDV and possible routes of its transmission, including 

contact with infected birds, contaminated surfaces, and 

feces from domestic, commercial, or wild birds. Most 

importantly, bird owners should undoubtedly seek 
medical assistance if they suspect to have contracted an 

NDV-infected bird or develop any clinical signs of the 

disease. 
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Conclusion 
 
In the last seven decades, numerous studies have 
provided evidence on the zoonotic potential of emerging 
NDV strains worldwide and suggested that the number of 
mammalian species at risk of contracting a zoonotic 
infection of NDV will increase in the coming decades. 
Since most of the investigations suggested the spillover of 
NDV from naïve bird hosts, the cross-species 
transmission among non-avian hosts should not be 
underestimated, as shown in the recent SARS-CoV-2 
pandemic. The data presented here suggest that, under 
particular circumstances, it is indeed possible for NDV 
strains to cause severe respiratory infections in humans. 
Concerning the evolutionary dynamics of NDV strains 
from distinct genotypes, it is supposed that NDV can 
cause more disease outbreaks among different non-avian 
hosts. Cumulatively, the data presented in this chapter 
indicate a probability of different mammalian species 
getting NDV infection. However, we are still at an infancy 
stage in understanding the NDV capability in the context 
of comparative immunology, pathogenesis, and cross-
species transmission studies at human- or animal- and 
birds-interface. Up till now, the knowledge about the 
impact of NDV on public health is minimal. Therefore, it 
should be cautioned that these are preliminary studies 
based on the genomic and bioinformatics analysis only. 
More in-depth pathobiological and functional studies are 
prerequisites to fully understand the NDV infection in a 
wide range of non-avian hosts, particularly humans. 
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