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ABSTRACT 
 

Coronaviruses (CoVs), classified into four genera, viz., alpha-, beta-, gamma-, and Delta- CoV, 

represent an important group of diverse transboundary pathogens that can infect a variety of mammalian 

and avian species including humans, animals, poultry, and non-poultry birds. CoVs primarily infect lung 

and gut epithelial cells, besides monocytes and macrophages. CoVs have high mutation rates causing 

changes in host specificity, tissue tropism, and mode of virus excretion and transmissions. The recent 

CoV zoonoses are SARS, MERS, and COVID-19 that are caused by the transmission of beta-CoVs of 

bats to humans.  Recently, reverse zoonoses of the COVID-19 virus have been detected in dogs, tigers, 

and minks. Beta-CoV strains also infect bovine (BCoV) and canine species (CRCoV); both these beta-

CoVs might have originated from a common ancestor. Despite the high genetic similarity between BCoV, 

CRCoV, and HCoV-OC43, these differ in species specificity. Alpha-CoV strains infect canine (CCoV),  
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1 Introduction  

Emerging infectious diseases, particularly those caused by viruses, 

such as severe acute respiratory syndrome (SARS, including 

COVID-19), Bird Flu (Avian influenza virus), Ebola, Zika, 

Crimean Congo hemorrhagic fever (CCHF), Nipah, HIV to name a 

few, are a major threat to life as a result of Epidemics and 

Pandemics involving a wide range of hosts.  A diverse group of 

RNA viruses, including coronavirus (coronaviridae), rhinovirus 

(enterovirus; picornaviridae), pneumovirus (respiratory syncytial 

virus, pneumoviridae), parainfluenza virus (paramyxoviridae), and 

influenza virus (orthomyxoviridae), target the respiratory tract of 

man and animals and represent a large global burden of disease 

(Zhang et al., 2020). It infects the epithelial cells of the respiratory 

tract and rapidly triggers an innate immune response (Shang et al., 

2020). CoVs are members of the Coronaviridae family of the 

Nidovirales order (Figure 1). These are enveloped viruses that bear 

a single-stranded positive-sense RNA genome. (Khailany et al., 

2020). 

There are four genera in the family Coronaviridae viz., 

Alphacoronavirus, Betacoronavirus, Gammacoronavirus 

and Deltacoronavirus (Figure 2).  The genera α- and BCoV infect 

mammals, while the genera δ- and γ-CoV infect avian and certain 

mammals. 

The length of the RNA genome ranges from 27,317 (HCoV-229E) to 

31,357 nucleotides (murine hepatitis virus-A59); the largest among 

RNA viruses. The genome organization of CoVs is represented by 

5′-leader-UTR-replicase/transcriptase(RdRp)-spike(S)-envelope(E)-

membrane(M)-nucleocapsid(N)-3′UTR-poly(A) tail (Yin, 2020).  

Similarity in N and M genes indicate recent divergence of BCoV, 

TCoV, and HCV-OC43 (Laha et al., 2020).    

The basic organization of the Coronaviridae genome is shared with 

the family Arteriviridae.  Till now, at least 12 coding regions 

(ORFs) have been predicted in the CoV genome (Zeng et al., 2004; 

Issa et al., 2020).  The majority of T cell epitopes are located in the 

S and N proteins of the virus (Dearlove et al., 2020). The viral 

proteases generate up to 16 non-structural proteins (NSPs) from 

ORF1ab (Ou et al., 2020). The NSPs are involved in genome 

replication, sub-genomic mRNA synthesis, and processing of 

polyprotein, and are encoded within the 5'- two-thirds of the 

genome, whereas the structural proteins are encoded within the 3'- 

one-third of the genome.    

Coronaviruses have great potential for interspecies transmission. 

The replication cycle of CoVs occurs entirely in the cytoplasm and 

involves the generation of a series of sub-genomic RNAs.  Viruses 

of the genera Alpha, Beta, and Gamma- CoVs cause host cell 

shutoff through their NSP 1, and accessory protein 5b (Fan et al., 

2020; Premkumar et al., 2020; Chan et al., 2020; Poran et al., 

2020; Tung, 2020; Subbarao & Mahanty, 2020; Thielen et al., 

2020). 

Beta-CoVs are highly variable and use several different attachment 

and entry receptors. They attach to the glycan layer on the cell 

surface (e.g., sialic acids or heparan sulfate), then interact with the 

entry receptor, viz., carcinoembryonic antigen-cell adhesion 

molecule (CEACAM1) for MHV, angiotensin-converting enzyme 

2 (ACE2) for SARS-CoV-1 and 2, dipeptidyl peptidase 4 (DPP4) 

for MERS-CoV, Human leukocyte antigen class I (HLA-I) for 

HCoV-OC43 and HCoV-HKU1, neural cell adhesion molecule for 

PHEV (Chen et al., 2020).  Maximum parsimony tree based on 

polymerase gene in ORF1b revealed four major antigenic groups, 

viz., Group I (HCoV229E, PEDV, TGEV, CCoV, and FIPV), 

Group II (MHV, Rat SADV, PHEV, BCoV, and HCoVOC43), 

Group III (Avian IBV and Turkey CoV), and Group IV that 

comprises of SARS virus (Ma et al., 2019b). (Figure 3) 

2 Human CoVs and SARS-CoV-2 (beta- CoV; sarbecovirus 

subgenus) 

There are seven species of virus included in human infectious 

coronavirus, including α-CoV (HCoV-NL63 and HCoV-229E) and 

BCoV (SARS-CoV, SARS-CoV-2, HCoV-OC43, HCoV-HKU1, 

and MERS-CoV) (Ye et al., 2020). The ongoing COVID-19 

pandemic caused by SARS-CoV-2, a beta- CoV, has affected 213 

countries on all five Continents. The virus affects both respiratory 

and enteric systems that have a preponderance of viral receptors.   

The SARS-CoV-2, popularly known as the COVID-19 virus, 

affects human of all ages with respiratory sickness of different 

degree; however, it has been observed to be fatal in elderly people 

due to acute respiratory distress syndrome (ARDS) complicated by 

Cytokine Storm (Leghari et al., 2016; Hassan et al., 2019), as 

observed earlier in Feline Infectious Peritonitis (FIP), a fatal disease  

feline (FIPV), swine (TGEV and PEDV), and humans (HCoV229E and NL63). Six coronavirus 

species are known to infect and cause disease in pigs, seven in human beings, and two in dogs. 

The high mutation rate in CoVs is attributed to error-prone 3′-5′ exoribonuclease (NSP 14), and 

genetic recombination to template shift by the polymerase. The present compilation describes the 

important features of the CoVs and diseases caused in humans, animals, and birds that are 

essential in surveillance of diverse pool of CoVs circulating in nature, and monitoring 

interspecies transmission, zoonoses, and reverse zoonoses. 
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of cats caused by feline CoV (Khataby et al., 2016 ). Similarly, 

antibody dependent enhancement (ADE), as described earlier 

during the evaluation of an FIPV vaccine, has been suspected to 

occur in COVID-19 (Cavanagh, 2007; De et al., 2011; Valastro et 

al., 2016). 

Genetically, SARS-CoV-2 is closely related (79% homology) 

to SARS-CoV of 2003, but distinct (50% homology) from 

MERS-CoV of 2012 (Xu et al., 2018). All these three 

respiratory human CoVs are of bat origin and zoonotic; 

transmission from bat to human is facilitated by intermediate 

animal hosts that are civet cat for SARS, dromedary camel for 

MERS, and pangolin for COVID-19 (Simon & Holmes, 2011). 

Reverse zoonoses have also been detected in tiger and mink.  

In late March 2020, a sick Malayan tiger at the Bronx Zoo in 

New York City tested positive for the virus.  Recently, 

Oreshkova et al. (2020) reported SARS-CoV-2 infection of 

minks in two farms in the Netherlands and showed that humans 

can become a source of infection for minks. Ferrets, poultry, 

and companion animals of humans were all screened for 

SARS-CoV-2 susceptibility by Shi et al (2020a). The 

researchers discovered that SARS-CoV-2 infects ferrets' upper 

respiratory tracts (Shi et al., 2020b).  

The genome contains 13 open reading frames (ORFs) that produce 

20 non-structural proteins (NSPs) and four structural proteins (SPs) 

viz., Spike (S), Membrane (M), Envelope (E), and Nucleocapsid (N)  

 
Figure 1 Nidovirales classification tree (Van Dorp et al., 2020) 

 

 
Figure 2 Classification of genera coronavirinae along with few pathogens of each genus 
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(Takano et al., 2011; Honeycutt et al., 2016; Amarasinghe et al., 

2017; Li et al., 2017; Channappanavar & Perlman, 2017; Abbasi et 

al., 2020). The RNA genome attaches to the host cell ribosomes, 

resulting in the translation of 2 co-terminal and large polyproteins 

that are further processed by proteolytic enzymes 3CLpro and 

PLpro, and with the involvement of RdRp enzyme new virions are 

produced (Lin & Chen, 2017; Adabor, 2019; Safavi et al, 2020).  

Since the beginning of the COVID-19 pandemic, two mutations 

across the virus genome have become consensus; P4715L in 

ORF1ab (nucleotide 14143, C to T) and D614G in S (nucleotide 

23403, A to G) (Zheng et al., 2008). Using 18514 sequences, they 

found limited diversity across SARS-CoV-2 genomes. Out of 7559 

polymorphic sites detected, only 11 mutations were found in >5% 

of sequences. Examining 114 sequences, Thielen et al. (2020) 

identified 153 unique, unambiguous single nucleotide variants 

across all sequences (54 synonymous variants, 91 non-synonymous 

variants, 8 noncoding variants) compared to the Wuhan-Hu-1 

SARS-CoV-2 reference genome (accession: MN908947.3) with a 

range of 2–14 variants per genome.  Nucleotide sequence 

alignment of 86 complete or near-complete genomes of SARS-

CoV-2 revealed 93 mutations over the entire genome (Jordan, 

2017). There were 42 missense mutations in all the major non-

structural and structural proteins, other than the envelope protein.  

There were three mutations (D354, Y364, and F367) in the 

receptor-binding domain (RBD), and such mutations in the RBD 

might lead to conformational changes and changes in antigenicity 

(Sumi et al., 2012; Patel et al., 2015). Recurrent mutations were 

observed at three positions in Orf1ab (11083, 13402, 16887) in the 

regions encoding NSPs 6, 11 and 13, and one in the S protein 

(21575) (Jackwood, 2012). Analysis of ~660 SARS-CoV-2 

genome sequences revealed that, among the 11 genes of the virus, 

S glycoprotein, nucleocapsid, ORF1ab, and ORF8 had frequent 

mutations, whereas envelope, membrane, ORF6, ORF7a, and 

ORF7b were conserved in the amino acid sequence (Zheng et al., 

2018). The study identified frequently mutated variants among 

COVID-19 patients.  The ORFs 6, 7a, 10, E, and M were mostly 

conserved.  The ORF3a encodes a minor structural protein of 274 

aa residues in SARS-CoV (Masters, 2016). A total of 51 different 

non-synonymous mutations were detected in the 3a proteins among 

2,782 SARS-CoV-2 strains. The 3a protein of SARS-CoV-1 and 2 

has three transmembrane domains, and is essential for disease 

pathogenesis; six functional domains linked to virulence were 

identified in it (Hulswit et al., 2016; Jackwood, 2012).  

3 Bovine Coronavirus (BCoV; beta- CoV; embecovirus 

subgenus) 

Group 2 coronaviruses include BCoV, MHV, HCoV-OC43, 

PHEV, CRCoV, and equine coronavirus, and these are 

antigenically related.  A beta- CoV in the subgenus Embecovirus, 

has an additional shorter spike protein HE (Fung et al., 2016). It 

causes severe neonatal calf diarrhea, calf enteritis, winter dysentery 

in adult cattle and also enzootic pneumonia complex in calves leading 

 
Figure 3 Maximum likelihood phylogenetic tree of Orthocoronavirinae (Szczepanski et al., 2019) 
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to economic losses to the livestock industry (Siu et al., 2014). The 

BCoV, a member of subgenus Embecovirus, in addition to S 

protein, has an additional shorter spike protein HE (Kint et al., 

2016). The virus has a broad host range with dual tropism for the 

respiratory and gastrointestinal tracts and a zoonotic potential 

(Kameka et al., 2014). BCoV's broad host range can be due to the 

HE protein, which allows the virus to bind to a variety of cell types 

(Jordan, 2016). Due to fecal contamination, calves born to BCoV 

carrier dams are more likely to develop diarrhea. Shedding of 

BCoV via the respiratory tract and enteric route in cattle has been 

recorded (Rohaim et al., 2020).  Persistent infection of BCoV in 

cattle has been detected (Cavanagh, 2003; Franzo et al., 2019). 

Wild ruminants can transmit BCoV- like a virus to cattle and other 

animals. The BCoV exists in two genomic clades (clade 1 and 2) 

which can be differentiated antigenically (Yan et al., 2018). 

Members of the Beta-CoV infect not only cattle and wild 

ruminants, but also equines (equine coronavirus; ECoV), humans 

(HCoV OC43) and pigs (PHEV).   

BCoV has >31kb positive-sense RNA genome, and five structural 

proteins, viz., M, E, HE, S, and N (Lewis et al., 2015; Emmler et 

al., 2020). Recombination event in the HE gene of BCoV has been 

identified between the esterase and lectin domain of HE (Fehr & 

Perlman, 2015; Snijder et al., 2016). Virulent and avirulent strains 

differ in the S1 that is the hypervariable region.  The virus enters 

the host cell by binding to the N-acetyl-9-O-acetylneuraminic acid 

receptor (Porter et al., 2014; Felten et al., 2017; Doki et al., 2018; 

Li et al., 2019; Kennedy, 2020). 

There is an evolutionary relationship between PHEV, BCoV, and 

HCoV-OC43 (Vuong et al., 2020).  It is speculated that inter-

species transmission events have occurred before the emergence of 

PHEV, BCoV, and HCoV-OC43. The amino acid sequences of 

both the N and M proteins of the turkey enteric coronavirus 

(TCoV) were >99% similar to BCoV (Murphy et al., 2018). The 

extensive similarity of the N protein of TCoV with MHV (70%) 

and HCoVOC43 (98%) has been observed.  There was 86% 

similarity between the M proteins of TCoV and MHV.  Such 

similarities suggest that BCoV, TCoV, and HCV-OC43 must have 

diverged recently.   

BCoV is a significant pathogen in the bovine respiratory disease 

complex (BRDC).  Vaccine against BCoV is widely employed in 

cattle to protect against enteric and respiratory disease in young 

calves (Hsieh & Chueh, 2014). 

BCoV has a wide range of interspecies transmission. Different 

BCoV-like CoVs have been detected in domesticated ruminants 

(water buffalo, cow, donkey, dromedary camel, llama, and alpaca), 

wild ruminants (deer, wild cattle, antelopes, giraffes, and wild 

goats), dogs, and humans as enteric and/or respiratory pathogens 

(Leghari et al., 2016; Kipar et al., 2006; Czaja, 2016). The 

presence of antibodies to BCoV in virus neutralization and 

haemagglutination inhibition assays was linked to the detection of 

BCoV-like CoVs in water buffalo (Ntafis et al., 2013; Pedersen, 

2014; Decaro et al., 2015; Felten & Hartmann, 2019).  

4 Infectious Bronchitis Virus (IBV; gamma- CoV) 

Avian infectious bronchitis, caused by IBV, a gamma-CoV, was 

first described in 1930 (Sanchez et al., 2004; Ma et al., 2018;). The 

RNA genome of approximately 27 kb; the 3′ end of the genome 

encodes four structural proteins, S, E, M, and N, and four non-

structural accessory proteins, 3a, 3b, 5a, and 5b, and the 5′ end of 

the genome encodes two polyproteins (1a and 1ab) that are 

necessary for RNA replication (Enjuanes et al., 2000). The spike 

protein comprises about 1145 amino acids, contains 29 putative 

asparagines (N)-linked glycosylation sites,  and undergoes post-

translational cleavage to form S1 and S2 subunits (Licitra et al., 

2014; Naylor et al., 2002; Philips et al., 2017; Li et al., 2019; 

Timurkan et al., 2021). The recombination events arise from 

template switching mechanisms during RNA replication (Munir & 

Corte, 2015). Nucleotide sequencing of the S1 region discriminates 

between all IBV strains (Vijgen et al., 2016; Castells et al., 2019; 

Luk et al., 2019; Yachou et al., 2020). The S1 subunit contains 

virus-neutralizing epitopes, serotype-specific determinants, and has 

the highest variability leading to the emergence of new virus 

genotypes, serotypes, and variants (Terada et al., 2014; Tizard, 

2020). Cytotoxic T lymphocyte epitopes in the N protein can 

protect chickens from IBV infection (Fulton et al., 2013; Wang et 

al., 2019a). Macrophage numbers are elevated in the respiratory 

tract of IBV infected chickens, and productive infection in 

macrophages has been confirmed (Szczepanski et al., 2019). 

Macrophages play an important role in the pathogenesis of some 

animal and human viruses; viz., Marek’s disease virus in birds, 

FIPV, HIV, and SARS-CoV (Nemoto et al., 2017; Kanno et al., 

2018; Kim et al., 2018; Tortorici et al., 2019; Keha et al., 2019; 

Shin et al., 2019; Qian et al., 2020). 

Current IBV vaccines are either live-attenuated or killed, and are 

used extensively (Amer, 2018). Vaccination is only partially 

successful due to the continual emergence of antigenic variants of 

IBV (Szczepanski et al., 2019). The presence of multiple antigenic 

types requires multivalent (more than one antigenic type) vaccines.  

Vaccines against IBV are widely used, compared to vaccines for 

CoV diseases caused by bovine, canines, felines and porcine CoVs 

(Decaro et al., 2015; Burimuah et al., 2020).  

A new classification of the S1 gene has been proposed, which 

comprises 32 lineages, six genotypes (GI to G VI), and many inter-

lineage recombinants (Woo et al., 2014; Byukusenge et al., 2018).  

Some lineages are prevalent in several continents and countries, 

while others are geographically confined.  In India, IBV strains 

have been isolated. Genetic recombination in the spike gene 
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leading to the emergence of a novel genotype/serotype (GVII-1) 

with a lower affinity to the respiratory tract in chickens comparing 

to one of its parental virus ck/CH/LGX/111119 has been reported 

(Zhou et al., 2017; Tortorici et al., 2019). 

Many IBV variants have been found to have originated by 

recombination with other existing strains (Wang et al., 2018b). 

Surveillance for IBV serotypes and identification of variants is 

extremely important for the control of the disease.  Because IBV 

exists as multiple serotypes with no cross-protection, it is very 

difficult to control.  

5 Canine Coronavirus (alpha and beta- CoV) 

The phylogenetic relationship between CCoV-I and FCoV-I, and 

CCoV-II and FCoV-II, indicate the possibility of interspecies 

transmission.   Clinically, CCoV is often detected in the presence 

of other viruses such as canine adenovirus type 1 or canine 

parvovirus type 2 (Xia et al., 2018). The virus binds to the APN 

(aminopeptidase N) receptor and enters the host cell. CCoV type II 

is split into two subtypes: CCoV-IIa (classical strains) and CCoV-

IIb (recombination of CCoV-IIa and TGEV) (Ma et al., 2019a). In 

Europe, highly virulent pantropic CCoV- IIa strains have been 

discovered in dogs (Zhang et al., 2017; Chen et al., 2019a; Li et al., 

2019).  Nucleotide sequence of ORF1b, M and S genes identified 

divergent CCoVs (Zhang et al., 2019; Guo et al., 2020). Analysis 

of various regions of the S and polymerase genes revealed that the 

CCoV- UWSMN-1 strain isolated from an outbreak of fatal 

gastroenteritis is widely divergent from other CCoV and FCoV 

strains; the strain could be a novel subtype of CCoV (Hu et al., 

2015; Mou et al., 2016; Saif & Jung, 2020). 

Like FIPV, TGEV, porcine respiratory CoV, and HCoV 229E, the 

S protein of CCoV lack a proteolytic cleavage site present in many 

other coronavirus S proteins (Magtoto et al., 2019).  In contrast to 

the amino-terminus of the S protein, homology in the carboxy-

terminus between the canine, feline and porcine S proteins ranged 

from 90.8% to 96.8%.  Phylogenetic analysis showed that CCoVs 

are evolutionarily more related to the feline than to the porcine 

CoVs.  Recombinant S protein of CCoV could be immune-

precipitated by Anti-FCoV antibodies.  The phylogenetic 

relationship between CCoV-I and FCoV-I, and CCoV-II and 

FCoV-II, indicates the possibility of interspecies transmission. 

6 Feline Infectious Peritonitis Virus (FIPV; alpha- CoV) 

The FIPV belongs to the genus Alpha-CoV that includes CCoV 

and TGEV (Saif, 2014; Huan et al., 2020; Wang et al., 2019b; 

Chen et al., 2019b).  The genome of FCoV consists of > 29,000 

nucleotides and 11 ORFs that encode structural, non-structural, and 

accessory genes (Lee, 2015; Wicht et al., 2014). The important 

NSPs are, ssRNA-binding protein (NSP9), RdRP (NSP12), 

helicase and NTPase (NSP13), 3′→5′ exoribonuclease (ExoN) and 

N7-methyltransferase (NSP14), uridylate-specific endonuclease 

(NSP 15), and 2′-O-methyltransferase (NSP 16) (Li et al., 2016; 

Gerdts &  Zakhartchouk, 2017). The genome organization of 

SARS-CoV-2 is similar to FCoV.   

The most important feature in FCoV infection is that some infected 

animals remain healthy whilst others develop FIP, which occurs 

when FCoV mutates within the host to a highly virulent biotype 

and the immune response fails to control the infection; mutations 

in the S gene contribute to the change in virulence by facilitating 

virus replication in macrophages (Channappanavar et al., 2014; Lin 

et al., 2016; Oreshkova et al., 2020; Xiao et al., 2020), and it leads 

to replication of the virus in large quantities in monocyte- 

macrophages (Decaro et al., 2020; Hirano & Murakami, 2020) that 

further leads to priming of the monocytes/macrophages by the 

virus and these primed mononuclear cells interact with endothelial 

cells and cause granulomatous phlebitis and peri-phlebitis, the 

morphological features of initial lesion of FIP (Holshue et al., 

2020). There were genetic distances in the M and NSP 7b genes 

that demonstrated distinct virulent and avirulent strains, co-

circulating in natural cat populations (Chen et al., 2020; Hu et al., 

2021).  Similar features have been recorded in severe COVID-19 

human patients. The clinical feature of hypergammaglobulinemia-

associated FIP is indicative of virus-induced immune dysregulation 

(Ciotti et al., 2020; Lu et al., 2020). A similar untoward immune 

reaction leading to pathology is not expected in the COVID-19 

vaccines under trial. However, the immune complex reaction might 

occur after the application of COVID-19 vaccination in areas with 

high seroprevalence.  

7 Porcine Coronaviruses (PCoVs) 

Swine coronavirus is divided into respiratory (PRCoV) and 

enteropathogenic, such as transmissible gastroenteritis virus 

(TGEV), porcine epidemic diarrhea virus (PEDV), and porcine 

delta coronavirus (PDCoV). TGEV and PEDV are 

Alphacoronavirus. The number of accessory genes, between ORFs 

for structural genes, varies between them; TGEV has 3 accessory 

genes, PDCoV has 2, whereas PEDV has only one (Khailanya et 

al., 2020). The adaptive immune response is based on secretory 

antibodies (IgA, IgG, and IgM) and cytotoxic T cells.   

7.1 Porcine Respiratory Coronavirus (PRCoV; alpha- CoV) 

PRCoV is an S gene deletion mutant of TGEV first identified in 

Belgium in 1984 (Ahmed et al., 2020; Iwasaki & Yang, 2020). 

There is a deletion between nt 672 and 681 at the 5′ end of the S 

gene of TGEV (Ganji et al., 2020). European and American 

isolates of PRCoV differ and developed independently from 

TGEV.  A novel deletion in ORF3a in three field strains of TGEV, 

similar to the deletion found in PRCoV, was detected showing a 
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relationship between the TGEV and PRCoV (Sahu et al., 2020). 

Recombination has been observed between TGEV and PRCoV 

(Yuki et al., 2020). Though related to TGEV, PRCoV is not 

enteropathogenic rather causes minor respiratory symptoms. There 

is serologic cross-reactivity between TGEV and PRCoV (Boniotti 

et al., 2016; Shi et al., 2020a; Wang et al., 2020).   

7.2 Transmissible Gastroenteritis Virus (TGEV; alpha- CoV) 

The pathogenic porcine-transmissible gastroenteritis virus is 

responsible for high morbidity and mortality in suckling piglets.  

Other members of Alphacoronavirus1 are FIPV and CCoV 

(Belsham et al., 2016; Mora et al., 2019). The virus enters its host 

cell by binding to the APN (aminopeptidase N) receptor.  The 

RNA genome is >28.5Kb in size and contains seven ORFs 

(Yachou et al., 2020). The genome of TGEV is arranged in the 

order 5'-Replicase-S-3a-3b-E-M-N-7-3' with a leader sequence at 

the 5′ end and a poly (A) tail at the 3′ end.  It encodes four 

structural proteins, S, E, M and N, and five NSPs, including 

replicases pp1a and pp1ab, 3a, 3b and 7 (Shi et al., 2018). 

Activation of nuclear factor-kappa B (NF-κB) and expression of 

pro-inflammatory cytokines by NSP2 of the virus is important in 

the pathogenesis (Hoffmann et al., 2018). The NSP papain-like 

(PL) protease suppresses IFN expression to overcome host innate 

immunity. Induction of IFN-α/β is a crucial antiviral mechanism of 

the innate immune system. CoVs encode two types of papain-like 

proteases, PL1 and PL2, contained in NSP5 and NSP3, 

respectively, that help in processing pp1a and pp1ab polyproteins. 

Long noncoding RNAs (LncRNAs), transcripts that are not 

translated, have been found to play important roles in inflammation 

response in TGE.  Natural recombination between Purdue and the 

Miller strains of TGEV has been detected.  

7.3 Porcine Epidemic Diarrhea Virus (PEDV; alpha- CoV) 

PEDV similar to TGEV is an important swine enteropathogenic 

coronavirus.  Both are transboundary agents and antigenically 

different, as TGEV antisera failed to neutralize PEDV, and vice 

versa. This enteric disease of swine was initially described as 

“epidemic viral diarrhea" in the 1970s in Europe. The incubation 

period of PEDV ranges from 1 to 8 days, and morbidity 

approaches 100 % in piglets. PEDV, an alpha-CoV as TGEV, 

infects gut epithelial cells and macrophages, inducing diarrhea and 

causing high mortality in piglets. LncRNAs play role in activating 

the immune system within the ileum. PEDV mutates constantly 

and recombination occurs frequently among PEDV strains and 

sometimes between PEDV and other coronaviruses. The ORFs in 

the 3’-proximal genome regions encode four structural proteins, 

viz., S, M, E and N. PEDV replicates efficiently in porcine 

enterocytes, and uses porcine aminopeptidase N (pAPN) on the 

surface of epithelial cells as the cellular receptor. Trypsin cleaves 

the S protein into S1 and S2 subunits to facilitate entry of PEDV 

into Vero cells, and also release, which helps in efficient viral 

replication and spreading in vitro. Attenuated and inactivated 

vaccines have been used to control PED. The vaccine in common 

use consists of an inactivated whole virus formulated with an 

adjuvant. The same approach has also been used in developing 

COVID-19 vaccines (Jain et al., 2020).   

7.4 Porcine Hemagglutinating Encephalomyelitis Virus 

(PHEV; beta- CoV, Embecovirus subgenus) 

The virus is prevalent worldwide, The PHEV/2008 strain genome 

was 30,684 bp, with a minimum of 11 ORFs flanked by 5' and 3' 

untranslated regions, and 16 NSPs, and clustered within lineage A 

of the genus beta-CoV, relatively close to BCoV and HCoV-OC43 

(Shi et al., 2018). The virus attaches to N-acetyl-9-O-

acetylneuraminic acid receptors on erythrocytes. Two different 

genotypes referred to as genotype I (GI-1 to GI-2) and genotype II 

(GII-1 to GII-3), of the virus, are detected.   

Conclusion 

Coronaviruses cause respiratory, and also enteric diseases in man, 

animals, and birds. Diverse coronaviruses infect domestic species, 

viz., cattle, dogs, cats, pigs, and poultry.  The CoVs have great 

potential for interspecies transmission, and also mutation and 

recombination. FCoV and IBV mutate within the host to escape 

immune response to cause disease.  Novel IBV lineages have been 

emerging continuously.  PEDV mutates constantly and 

recombination occurs frequently among PEDV strains and 

sometimes with other coronaviruses. Bovine CoV extensively 

crosses the interspecies barrier, and BCoV-like CoVs have been 

identified as enteric and/or respiratory pathogens in domesticated 

and wild ruminants, dogs, and humans. Human CoV-OC43 likely 

evolved from BCoV and both are beta-CoVs of Embecovirus 

subgenus.  There is an evolutionary relationship between BCoV, 

HCoV-OC43 and PHEV. Further, turkey enteric coronavirus is 

similar to BCoV in N and M genes. Given the broad antigenicity 

and wider prevalence of BCoVs, in the present COVID-19 

pandemic, it would be epidemiologically and immunologically 

important to examine humans for antibodies to BCoV, and 

surveillance for the possibility of cross-protection by BCoV.  The 

SARS-CoV-2 lacks HE antigen that is present on the surface of 

BCoV, and surveillance for antibodies to BCoV- HE antigen in 

humans is likely to explore new ground.  IBV is the first CoV that 

was described in 1930. IBV variants have been isolated from 

immunized chicken flocks. A similar situation might arise once 

COVID-19 vaccination is introduced on large scale. And it will be 

a challenging task to monitor the efficiency of future COVID-19 

vaccines. The S protein of CoVs is important in virus-host 

interaction and contributes to antigenic differences between strains.  

Mutations in the S gene contribute to the change in virulence and 

may facilitate virus replication in macrophages.  Macrophages are 
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associated with the pathogenesis of FIP, PED, and SARS- CoV. 

The S gene of CCoV is closely related to FCoVs type II, TGEV, 

and PRCoV.  CCoVs are evolutionarily closer to the FCoVs.   

PRCoV is an S gene deletion mutant of TGEV and offers cross-

protection as a heterologous vaccine.  Many species of the CoV 

infect one host species, opening the chances of genetic 

recombination.  Seven CoVs (2 alpha- and 5 beta- CoV) infect 

humans, whereas six (4 alpha-, and 1 each of beta- and delta- CoV) 

infect pigs.  Dogs are infected by both alpha- and beta-CoVs.  

There is a similarity in the pathogenesis of FIPV and COVID-19 in 

terms of cytokine storm and ADE. Animal CoV inactivated 

vaccines suffer from a relatively short duration of protective 

immunity. The situation could be similar in the case of inactivated 

whole virus COVID-19 vaccines. However, COVID-19 vaccines 

must elicit protective immunity without causing 

immunopathology, as described in the case of vaccine for FIPV. 

New generation vaccines for TGE, S1-DNA vaccine, induced 

excellent humoral and cellular immune response. Single-chain 

fragment variable (scFv) antibodies have been used for both 

prevention and treatment of TGEV infection in swine. A deep 

understanding of animal CoVs, their distribution in nature, host 

tropism and genetic variations, pathogenesis, and genomic and 

antigenic similarities with human CoVs are essential in planning 

control strategies for COVID-19.    
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