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Abstract 
The emergence of the novel human coronavirus (SARS-CoV-2) has been one of the most 

overwhelming human challenges of recent decades. Despite global efforts to stop or slow down the 

spread of the disease, it has infected millions of people across the world within a short period of time. 

Research on human coronaviruses has not been received adequate attention and there is currently no 

specific treatment or vaccine available for coronaviruses in humans. Interestingly, evolution, 

pathogenesis, and immunogenicity of coronaviruses in livestock and poultry have been described for 

many years and they are controlled by mass vaccination programs. Moreover, elevating immune 

responses to coronaviruses, a major hurdle in virulent human-coronaviruses, has been studied by 

several investigators in cat populations. Indeed, cross-species transmission and tropism of animal 

coronaviruses have been investigated by several research groups. It is estimated that three out of every 

four new emerging infectious diseases are zoonotic. Preliminary reports indicate that like other human 

coronaviruses, SARS-CoV-2 has been transmitted from bats to humans by an intermediate animal 

host. Hence, interdisciplinary collaborations among veterinary and medical researchers and clinicians, 

biologists, and environmental scientists are essential for identifying the possible animal reservoir of 

the viruses in general and discovering the evolutionary pathway of SARS-CoV-2 in particular. This 

can also result in the designing of effective prevention and control measures against SARS-CoV-2. In 

this review, advances in the understanding of different features of animal coronaviruses that can 

facilitate effective measures in dealing with the SARS-CoV-2 pandemic have been discussed. 
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Introduction* 

 
 he history of human evolution has been 

affected by three main processes: 1. 

human conflicts; 2. environmental challenges; 

3. infectious diseases (1). 

Infectious agents have been always a major 

threat to human existence. The host-pathogen 

interactions have directed the human develop-

mental trajectories. The host immune system 

has been evolved to minimize the pathogeni-

city of foreign invaders. These selective 
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pressures on the microorganism lead to a full-

scale “arms race” (2) between the host and 

pathogen resulting in the emergence of new 

diseases. The quality of host immune responses 

and the genetic capacity of the organism to 

overcome the immune system determine the 

winner of this competition. Generally, it is 

unlikely that new evolving pathogens cause the 

host extinction without the synergistic effects 

of predisposing factors (3).  

It is clearer about viruses because their life 

cycle depends on the host. Hence, it is 

reasonable that they find a way to maintain a 

balance between their virulence and host 

existence. However, the long-term effects of 

infectious diseases, especially viruses, on 

human polymorphism are not negligible. 

Genetic variations increase the resistance of 
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the host to diseases and subsequently decrease 

the transmission of viruses. The delta32 

mutation in the CC chemokine receptor-5 gene 

(CCR-5) in European populations (4) and 

MHC heterozygosity in descendants of Dutch 

colonists (5) are examples of the effects of 

pathogens on human evolution. It seems the 

epidemics of plague, typhoid, and yellow fever 

in the 14th and 19th centuries in Europe and 

Surinam have generated more resistance popu-

lations to multiple parasites . 

Some scientists believe that the emergence of 

infectious disease epidemics dates back to 

11000 years ago simultaneously with the 

beginning of the agricultural revolution and 

animal domestication (6, 7). This turning point 

in history accompanied by the significant 

growth in population size and elevated the 

contact rate between humans and livestock. 

This situation was the keystone of infectious 

agents spillover across species . 

According to Wolf et al (2007) (8), five phases 

are defined for the transition and confining of a 

specified animal pathogen to humans: Phase 1. 

The pathogen is exclusive to a certain animal 

species that are closely related together. Phase 

2. The pathogen has a primary transmission 

(from animals to humans) but it cannot trans-

mit among humans (secondary infections) 

under natural conditions. Examples: Anthrax, 

Nipah, and Rabies. Phase 3. The pathogenicity 

of the infectious agent is restricted to a few 

secondary cycles between humans. Examples: 

Ebola. Phase 4. Direct human-to-human trans-

mission occurs for unlimited times. Examples: 

Influenza A and COVID-19. Phase 5. The 

pathogen is confined to humans. Examples: 

measles, mumps, and smallpox. 

Zoonotic diseases, which depend on animals as 

their primary hosts, have afflicted large num-

bers of humans throughout history. Various 

pathogens bring humans into contact with 

different health disasters from Plague of 

Justinian (PJ) in 541 CE to the current corona-

virus pandemic known as COVID-19. The 

bacterium Yersinia pestis is responsible for 

many outbreaks and three deadly pandemics of 

plague in human history. The first, Plague of 

Justinian, the earliest documented pandemic of 

infectious diseases in the world, spread across 

Europe, Asia, and North Africa killing about 

30 to 50 million people (9). Black Death, the 

second and one of the most devastating 

recorded plague pandemic, occurred 800 years 

later (10). It originated from China and 

dramatically claimed 200 million lives in 

Eurasia. Furthermore, About 40 recrudescence 

of plague subjected London in 300 years, and 

in each epidemic, 20% of the native population 

were killed by the disease. Smallpox, with a 

30% mortality rate, was the first virus infection 

eradicated by vaccination in the late 20th 

century. Since the first documented influenza 

pandemic in 1580, it has happened every 10 to 

50 years (11).  Cholera which killed tens of 

thousands in the last centuries is still a public 

health concern in developing countries. 

In addition, humans met many other different 

pandemics as Spanish flu, yellow fever, H1N1, 

HIV, Ebola, SARS, and MERS which have 

strongly affected the world. 

 

Coronaviruses- An Overview 

 
Coronavirus (COVs) is the common name of 

the enveloped, single-stranded, non-segmen-

ted, positive-sense RNA viruses belonging to 

the large family of Coronaviridae and order 

Nidovirales infecting a wide range of birds and 

mammals around the world (12). The Latin 

name corona refers to the crown-like or solar 

corona appearance of the virus surface projec-

tions captured by electron microscopy. With a 

length of 27-32 Kb, coronaviruses have the 

largest genome size among RNA viruses. The 

single-stranded RNA nature of the genome 

increases the risk of mutation and genetic 

recombination in these viruses and enhances 

the virus's ability to adapt to new circums-

tances within new hosts . 

The coronaviruses are further divided into four 

genera α, β, γ, and δ (13). The first identified 

human COVs, OC43, and 299E were 

discovered in the 1960s. Almost 15% of cases 

of the common colds are developed by α and β 

human COVs. Despite the mild respiratory 

diseases caused by 229E, OC43, NL63, and 

HKU1, the three outbreaks related to SARS-

CoV, MERS-CoV and SARS-CoV-2 develop 

more serious diseases. SARS was first reported 
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from China in 2002 and spread to 26 countries 

of Asia, Europe, Africa, and North America 

(14). 

Ten years later, in 2012, the MERS outbreak 

originated from Saudi Arabia, disseminated 

through 27 countries around the world (15). 

The COVID-19 as a highly pathogenic viral 

infection caused by severe acute respiratory 

syndrome corona virus-2 (SARS-COV-2) was 

first reported from Wuhan, Hubei province, 

China in late December 2019 (16). The wave 

of this highly contagious disease swept across 

the world so that it is now accounted for as a 

new pandemic by WHO (17). Although the 

fatality rates of SARS and MERS are more 

(two percent against 10 % in SARS and 34% in 

MERS), infectious rate and human-to-human 

transmission of the COVID-19 virus is higher. 

Scientists suggest that, like many other COVs, 

bats are the most possible origins of SARS-

CoV-2 (18). However, it is believed that the 

infection of humans with these viruses is 

associated with close contact with the 

mammalian intermediate hosts (19). Civet cats, 

camels, and maybe pangolin bred for human 

consumptions are supposed to act as 

intermediate recipients of SARS, MERS, and 

COVID-19, respectively . 

The genome of SARS-CoV-2 encodes four 

structural and 16 nonstructural proteins (nsps) 

that are synthesized during discontinuous 

transcription and frameshift process. ORF 1a 

and 1b at 5ˊend of the genome are responsible 

for synthesizing functional proteins of SARS-

COV-2. 

 The programmed -1 ribosomal frameshifting 

(-1 PRF) is stimulated by slippery site and 

three-stemmed RNA pseudoknot secondary 

structures at downstream of 1a RNA sequence 

(20). Subsequent translation of polyprotein 

1a/1ab from the genomic RNA forms the 

replication‐transcription complex (RTC) (21). 

A third of the virus genome, near the 3ˊ 

terminus, allocated for the four M, S, N, and E 

structural proteins (22). The RTC synthesizes 

the structural proteins from a nested set of 

subgenomic RNAs (sgRNAs) by discontinues 

transcription. These proteins are essential for 

the infection and virion assembly (23).  

The cell surface angiotensin-converting 

enzyme (ACE2) receptor and the virus S 

protein mediates SARS-CoV and SARS-CoV-

2 entry into cells (24). A cleavage process by 

cellular Serine protease TMPRSS2 at S2ˊsite 

of the virus genome is required for cell 

membrane-virus fusion. However, while the 

Blockade of ACE2 receptors and TMPRSS2 

significantly suppress SARS-CoV entry into 

cells, it fails to completely inhibit the SARS-

COV-2 infection (25). In this regard, it is 

assumed that the acquisition of a furin cleavage 

site at the S1–S2 junction improves cell-cell 

fusion (26). Consequently, as many some other 

virulent viruses (26-30), forming a polybasic 

furin cleavage site (RRAR) following the 

insertion of 12-nucleotides between S1 and S2 

subunits may relate to high transmissibility and 

pathogenesis of the virus.  

 

Coronavirus Classification 
 

 Approximately 3 out of every 4 emerging 

infectious diseases (75%) are zoonosis that 

means originated from animals (31). Although 

the emergence of highly pathogen human 

COVs has recently attracted the attention of 

scientists, the veterinary communities have 

faced with many animal COV challenges, so 

far. Since the study of the coronaviruses in 

their natural animal hosts is easier than 

humans, it is a good idea to take a look back at 

these documented data for more information 

about the coronavirus pathogenesis, shedding, 

cross-reactivity, and prevention strategies. 

There are four genetic and antigenic groups of 

coronaviruses including I, II, III, and IV 

causing respiratory and enteric diseases in 

poultry, livestock, and human populations (32). 

Three swine COVs (TGEV, PRCV, and 

PEDV), besides canine and feline COVs, have 

been assigned to group I. Group II constitutes 

various COVs including bovine, rat and mouse 

COVs. These viruses are distinguished from 

other CoVs by a specific surface haemagg-

lutinin (HE) protein. Bird species COVs are 

distinctively classified as group III. Infectious 

bronchitis virus (IBV) affecting poultry was 

the first coronavirus discovered in the 1930s 

(33). This virus with a more than 40% 
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mortality rate in chickens is one of the most 

devastating diseases leading to major economic 

losses worldwide. Based on the phylogenetic 

analyses, SARS-CoV and other SARS-related 

CoVs are genetically far from other corona-

viruses and may be a result of recombination 

between avian COVs of group III and mamma-

lian COVs of group II (34). Consequently, they 

can be placed in a new group (group IV) of 

coronaviruses.  

 

The Challenges to Developing a 

COVID-19 Vaccine 
 

Targets for Vaccine Development 

Despite antigenic divergence, cross-reactivity 

has been observed between these groups. For 

example, Nucleocapsid (N) protein is respon-

sible for cross-reactivity between SARS-CoV 

and group I coronaviruses such as human COV 

229E, feline infectious peritonitis virus (FIPV), 

canine coronavirus (CCoV), porcine respira-

tory coronavirus (PRCV) and porcine trans-

missible gastroenteritis virus (TGEV) (35-37). 

Exploring similar cross-reactions between 

animal coronaviruses and SARS-CoV-2 could 

help to find a conserved target for immuni-

zation or treatment individuals exposed to 

SARS-CoV-2. 

Conversely, using the same epitopes in diffe-

rent coronaviruses is not a good idea for deve-

loping diagnostic tests. It may increase the 

number of false-positive rates. Moreover, these 

epitopes can interfere with the process of 

finding reservoir hosts . 

Due to its major role in pathogenesis and 

immunogenicity of the virus, spike (S) protein 

epitopes have focused the interests of resear-

chers rather than other proteins of corona-

viruses (33). In this regard, different aspects of  

IBV vaccination including route and type of 

immunization, have been investigated, so far 

(38). These studies could promote our insight 

for future experiments on SARS-CoV-2. The 

IBV S protein is commonly used for vaccine 

development in poultries (38). indeed, Seo et 

al. suggested that N protein efficiently induces 

protective immunity against IBV (39).  

However, the main argument against this 

statement is that this protein could only prime 

cellular immunity and it is not solely sufficient 

to induce strong protective immunity (40, 41). 

The efficient vaccine should trigger more 

conserve and stable epitopes and cover 

different mutants of the virus The S and N 

epitopes are highly immunogenic and induce 

the most humoral and cellular immune 

responses (42-44). Furthermore, stable and 

long-lasting cell-mediated responses of these 

proteins (up to 11 years post-infection) are of 

absorbing interest to researchers for vaccine 

propagation (45-47). Several research has 

tended to focus on epitopes at the receptor-

binding domain (RBD) domain of S1 subunit 

and epitopes of S2 subunit for designing 

vaccines against COVID-19 (33). Despite 

SARS-CoV (48), the RBD domain epitopes in 

other coronaviruses are highly variable and 

species-dependent. Hence, protective immunity 

elicited against the SARS-CoV RBD region 

may not provide cross-protection against 

COVID-19. In contrast, epitopes found at the 

S2 subunit of SARS-CoV are more map 

identical to SARS-CoV-2 (49). Therefore, it is 

more reliable for inducing immune responses 

against SARS-CoV-2 compared to the S1 

subunit. 

It seems that more identical S1epitopes that 

have fewer mutations and sequences that do 

not overlap with ACE2 receptor binding motif 

(50) may be promising options for designing 

COVID-19 vaccine.  

New Mutants and Vaccination 

Animal COVs are recognized as viruses with 

high mutation and genetic recombination rates. 

These changes often result in the emergence of 

new strains of coronaviruses with different 

virulence and new host range or tissue tropism. 

The propensity for genetic modifications is due 

to the replication strategy, long size of the 

genome, and lack of proofreading mechanism 

of the virus during replication (32).   

For example, PRCV and TGEV are both 

closely corresponding with canine and feline 

coronaviruses. It is supposed that TGEV has 

derived from Canine coronavirus type II 

(CCoV-II). Moreover, less virulent PRCV is 

evolved from the virulent TGEV as a result of 

the deletion ≈ of 600 nucleotides at the 5' end 

of the S gene (51). This mutation not only 
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changed the virulence but also alter the tissue 

tropism of the virus from a gastrointestinal 

tract (GI) to the respiratory system . 

Feline coronaviruses are another example of 

mutation-dependent changes. In this case, 

FIPV as a highly virulent pathogen is respon-

sible for systemic infection. in response to 

persistent infection, this virus is evolved from 

feline enteric coronavirus (FECV) following 

the virus spontaneous mutations (52). Of note, 

this may happen about SARS-CoV-2 if it could 

stay in the human body for a long time. 

Vaccination and Immune Enhancement 

Vaccine development against coronaviruses 

encompasses formidable challenges including 

short-lived protection and immune enhance-

ment interfering with the immunization process 

(53). 

To date, several vaccine candidates to tackle 

SARS-CoV and MERS-CoV are provided. 

However, considering the undesirable immune 

reactions against them, no vaccine has been 

licensed as yet (89). Furthermore, cat immuni-

zation against FIPV with available live-attenu-

ated or killed vaccines, not only fail to induce 

strong protection against the disease but also 

worsen the peritonitis following the secondary 

infection with the pathogen (54). In contrast, 

vaccination is widely used for curbing different 

livestock and poultry COVs worldwide (38). 

Therefore, vaccination not only should elimi-

nate infectious virions but also need to contain 

excess inflammation. 

Vaccine-mediated immune enhancement has 

been indicated for many viruses. In this 

situation, vaccinated humans or animals 

develop more severe illness after reinfection 

with the virus. Pathogen priming will introduce 

by vaccination which then leads to deleterious 

immune reactions (55). 

Antibody-dependent enhancement (ADE) and 

cell-based enhancement are two identified 

pathways of immune enhancement (56). In 

ADE, Ag-Ab immune complexes facilitate the 

viral entry into Fc receptor-expressing myeloid 

cells like macrophages (55). Besides, anti-viral 

activities of the host immune system are 

blocked by the viruses (57). Conversely, cell-

based enhancement is a Th2-type immune 

response evoked by antibody-dependent 

cellular cytotoxicity (ADCC) or complement-

mediated pathway. Reduction in Th1/Th2 cell 

ratio and skewing toward Th2 responses 

consequently leads to the aberrant allergic 

reactions and subsequent organ dysfunction 

(58). As mentioned, the available FIPV vac-

cines designed to protect cats from infection, 

conversely provide a life-threatening disease 

(59). This complication occurs even after 

contact of cats with antigenically similar 

coronaviruses like TGEV (60), CCoV (61), 

and FECV (62). Therefore, there is still no 

stringent vaccination approach for protecting 

cats against FIPV. 

SARS and MERS-mediated ADE were 

reported in several animal model studies (58, 

63-70). In an experiment conducted by Li et al. 

(65), recruitment of monocytes and MQ cells 

and accumulation of pro-inflammatory cyto-

kines, such as CCL2, CCL3, IL-8 and IL-6 in 

response to anti–spike IgG (S-IgG) production 

were observed in macaques after immunization 

with vaccinia Ankara (MVA) vectors encoding 

SARS-CoV S protein. These over-stimulated 

reactions along with suppression of anti-

inflammatory cytokines including TGFβ and 

IL10 caused further acute lung injury (ALI) . 

In a set of studies, N protein, as an immuno-

genic structure, was used for designing 

recombinant vaccines against SARS-CoV (71, 

72). Similar to the previous investigation, 

mouse vaccination resulted in myeloid cell 

recruitment, releasing a large amount of pro-

inflammatory cytokines and eosinophilic infil-

tration in the lung tissue after the SARS-CoV 

challenge . 

Nevertheless, despite disappointing results 

from SARS vaccination, serum therapy by 

antibodies obtained from convalescent patients 

appeared to improve symptoms and survival 

rates of patients affected by SARS disease 

(71). Quite the opposite, infection of naïve 

New Zealand white rabbits with MERS-CoV 

after passive immunization via previously 

infected rabbit serum enhanced severe lung 

inflammation (64). 

These perplexing discrepancy outcomes could 

be explained by the type or quality differences 

of antibodies induced by infection or vaccin-

ation. Likewise, in another study, recovered 
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patients displayed lower neutralization anti-

bodies rather than anti-N antibodies compared 

to deceased patients (63). However, blockade 

of FcγRs, Anti-S antibody modulation (71), or 

using Toll-like receptor (TLR) agonists as a 

vaccine adjuvant (58) may alleviate lung 

injury. The unintended immune enhancement 

reactions were also reported in other organs. 

Weingart and colleagues (67) found that 

immunization of ferrets with a vaccinia virus 

Ankara (rMVA) expressing the SARS-CoV S 

protein enhanced hepatitis following SARS-

CoV infection. 

The immune enhancement following infection 

or vaccination in other viruses raises concerns 

about the risk of immune backfiring against 

SARS-CoV-2. Previous exposure of COVID-

19 patients with other coronaviruses likely 

contributes to more hospitalization periods and 

higher case fatality rates rate. Therefore, 

people in geographical areas that are more 

affected by other coronaviruses, may be at a 

greater risk of a deadly infection. Previous 

exposure to other coronaviruses could be 

asymptomatic or confused with the common 

cold. If this hypothesis is true, reports about 

the recurrence of the disease in recovered 

COVID-19 patients (73) will be extremely 

concerning. In this regard, the secondary 

infection will lead to immune-related adverse 

events in convalescent people. Hence, serocon-

version investigation of the human population 

in different geographical regions will increase 

the chance of designing an effective and safe 

vaccine against SARS-CoV-2. 

 

Animal Reservoirs of SARS-CoV-2 

 
Bats are considered as the natural host of 

SARS-CoV-2. However, the role of interme-

diate hosts is still debatable. Pangolin has been 

touted as the most likely intermediate host 

COVID-19 virus. RBD of pangolin COVs in S 

protein has the highest level of similarity 

(97.5%) to that in SARS-CoV-2. Moreover, six 

major amino acids at positions 455, 486, 493, 

494, 501, and 505 in this domain are conserved 

in both viruses. However, the presence of 

different wobble bases coding the same amino 

acids in these two viruses and lack of furin 

cleavage site in pangolin COVs raises 

important questions about the definitive host of 

SARS-CoV-2. 

On the other hand, while pangolin COVs do 

not include the furin cleavage site presented in 

SARS-CoV-2, the other coronaviruses with 

less similarity to SARS-CoV-2 like MERS-

CoV, OC43 and HKU1 have this new 

sequence (74). Whether the novel coronavirus 

is the result of recombination or convergent 

evolution is still uncovered. For finding a 

reliable answer to this question different wild 

and domestic animals should be tested for 

infection or immune response against the virus . 

Interspecies transmission of viruses is not a 

novel issue in veterinary medicine (44, 75, 76) 

and it was predictable for human COVs. 

Unfortunately, many coronaviruses of wild 

animals have not been sequenced as yet.  

Veterinarians are responsible for examining the 

reservoir of animals for COVID-19 infection. 

Ignoring this question unsolved can lead to the 

next waves of COVID-19 pandemic.  

According to a recent study, it is unlikely that 

dogs, pigs, chickens, and ducks to be reservoirs 

of SARS-CoV-2. In this study, the infectious 

viral particles and antibodies against the nCoV 

were detected in cats. 

Furthermore, these infected cats could transmit 

the virus to uninfected animals. These results 

are compatible with the animal reservoir 

definition. Within the context of infectious 

disease, a population could be considered as 

the reservoir when the virus replication and 

transmission of the infectious agent to other 

populations do not cause severe disease in the 

reservoir host. Along similar lines, while no 

serological cross-reactivity was observed 

between SARS-CoV-2 and FIPV, Zhang et al. 

(77) showed that neutralizing antibodies 

against SARS-CoV-2 are produced at infected 

cats. Since civet cats are recognized as the 

intermediate host of SARS infection, it is 

necessary to understand more about the patho-

genesis of the novel coronavirus in these 

animals. Furthermore, regarding the suscep-

tibility of ferrets to SARS-CoV-2, it could be 

used as a suitable model for the studies on 

respiratory diseases. 
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SARS-CoV-2 Pathogenesis 
 

The initial site of the SARS-CoV-2 replication 

is supposed to be the respiratory system. 

SARS-CoV-2 enters into human airway epi-

thelia and lung parenchyma cells expressing 

ACE2 receptors (24). The virus S glycoprotein 

is a trimeric class I fusion structure which is 

consists of S1 and S2 subunits.  

These sequences are responsible for binding 

and fusion of the SARS-CoV-2 to the host cell 

plasma membrane, respectively. However, it is 

still controversial whether the virus, after 

initial infection, transmitted to secondary 

organs by blood circulation during viremia 

(25) or spreading via peripheral nerves (78).  

furthermore, with different levels of expre-

ssion, ACE2 receptors are distributed to 

multiple extrapulmonary tissues like vascular 

endothelia, kidney cells, neurons, and small 

intestine cells (78). Dissemination through 

peripheral nerve cell terminals and subsequent 

controlling the cardiovascular, respiratory and 

gastrointestinal centers at the central nervous 

system (CNS) was observed in other beta-

coronaviruses such as SARS (79), MERS (80), 

229E (81), OC43 (82), mouse hepatitis virus 

(MHV) (83), porcine hemagglutinating ence-

phalomyelitis coronavirus (HEV) (84) and IBV 

(85). On the other hand, it is believed that 

SARS-CoV-2 with the size of 80-100 nm can 

infect the endothelial cells (25). According to 

this statement, following the blood vessel 

infection, the virus migrates to other ACE-2 

receptors expressing organs including the 

kidney and gastrointestinal cells. In this way, 

the excretion of the virus from urine and feces 

is a consequence of viremia. 

While the mechanism of immune evasion of 

SARS-CoV and MERS-CoV is suggested by 

several studies (21, 30, 86-89), it is still unclear 

that how SARS-CoV-2 can deceive the 

immune system. However, it is supposed that 

insertion an additional furin cleavage site 

between S1 and S2 subunits and some 

mutations at S1 RBD enhance the pathogenesis 

of causative agent of COVID-19 (26, 90). 

Kidney failure, respiratory and gastrointestinal 

dysfunctions are common pathological symp-

toms among different coronaviruses. 

Consequently, studying the pathogenesis and 

the replication cycle of other previously identi-

fied coronaviruses can be somewhat related to 

the novel coronavirus.  

Swine Coronaviruses 

Like SARS-CoV-2, the PRCV strains excreted 

through both the gastrointestinal and 

respiratory tracts (91). However, fecal PRCV 

strains have been found to have lower point 

mutations in the S gene than nasal strains. 

Moreover, low fecal shedding may be related 

to the limited stability of these strains in the GI 

tract. Therefore, it is considered important that 

the genetic and pathogenic properties of 

SARS-CoV-2 strains will be detected not only 

in different individuals but also in specimens 

taken from different organs in the same person. 

Stimulation of mucosal immunity in tissue 

does not necessarily induce protective immu-

nity in another tissue. This issue was observed 

for swine COVs in which PRCV priming does 

not cause enough protection against diarrhea 

and virus shedding of TGEV infection (92). On 

the other hand, there is some evidence about 

the appearance of GI disorders and fecal 

shedding of SARS-COV-2 in COVID-19 

patients (93). It should be noted that although 

the intranasal administration of coronavirus 

vaccines may induce higher titers of mucosal 

antibodies (94), it can not provide a robust 

immunity in the GI tract and prevent the virus 

shedding from the faces (32).   

Bovine Coronaviruses 

Bovine coronaviruses (BCoVs) are related to 

the three diseases in cattle. Neonatal calf 

diarrhea (NCD) and respiratory complex on 

calves and winter dysentery (BWD) in adult 

cattle. While subtle changes occur among 

isolates, BoCVs comprise of one serotype. 

However, nucleotide differences in the S gene 

sequence between enteric and respiratory 

isolates of BoCV are detectable even in the 

same animal. BoCVs and SARS-CoV-2 both 

are excreted in faces and nasal discharges. 

Prolonged respiratory shedding of BoCVs in 

both healthy and sick animals and lack of long-

term mucosal immunity (95, 96) are consistent 

with re-infection and high transmission of the 

virus to other animals. Generally, it is hard to 

isolate BCV in tissue or cell cultures (97). 
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However, some types of colon and rectum 

cancer cells support virus replication (97). On 

the other hand, the duration of the virus 

shedding and the effectiveness of the digestive 

tract for clearance of SARS-CoV-2 throughout 

COVID-19 infection are not completely 

understood. While the viral load in faces is 

lower than of respiratory tract samples, the 

viral shedding is observed 2-3 days before the 

onset of clinical symptoms and it persists up to 

three weeks after the manifestation of the 

symptoms (98-100). However, it seems the 

viral shedding pattern of the SARS-CoV-2 is 

more similar to the influenza virus than of 

SARS-CoV and MERS-CoV infections.  

Accordingly, evaluating viral shedding proper-

ties and duration of the virus transmission in 

asymptomatic and presymptomatic individuals 

is essential for developing effective clinical 

countermeasures against SARS-CoV-2. 

Poultry Coronaviruses 
IBV establishes persistent infection in cecal 

tonsils and kidneys of poultries. The viruses 

maintain in these organs and cause serious 

disease. IBV excreted intermittently 28 days 

after the onset of infection from respiratory 

tracts and several weeks after clinical recovery 

from faces (101). Pro-inflammatory cytokines 

and viral RNA persist up to 20 days after 

infection (102, 103). IBV vaccine strains may 

persist in vaccinated chickens for more than six 

months. Moreover, shedding theses strains 

could periodically transmit the IB infection to 

susceptible chickens and cause a complicated 

epizootiological situation in the field (104-

106). 

In a similar fashion to poultry coronavirus 

(103, 107), SARS-CoV-2 is found in urine, 

stool, and respiratory secretions for three 

weeks. Therefore, it has a wide range of tissue 

distribution for the respiratory, digestive, and 

urinary systems. The shedding of the virus 

from SARS-CoV-2 infected or even apparently 

healthy person will transmit the causative 

agent to other individuals. Given tissue propen-

sity of vaccines (108, 109), finding and targe-

ting a presumptive reservoir organ may direct 

future research into designing more effective 

prophylaxis and treatment programs. 

Feline coronaviruses 

Two forms of feline COVs affect cats: low 

virulent FECV that usually causes mild chronic 

disease and high pathogen FIPV that develops 

a fatal and incurable disease. Persistence 

FECV infection in cats may lead to mutations 

of the virus and generation FIPV (52). These 

changes alter the tropism of the virus from the 

intestine to macrophages. Prolonged virus 

shedding is also described in the affected cats. 

It is documented that about 10% of cats 

affected by FCoV excrete the virus for more 

than one year (110). Like other coronaviruses, 

FIPV pathogenesis is also along with the host 

inappropriate humoral responses to the virus 

(111). A major challenge with the disease, 

despite many other infections, is that antibody-

positive cats develop more severe illnesses 

than antibody-negative ones. 

The preexisting antibody, as a result of vacci-

nation or primary challenges with the disease, 

enhances uptake of the virus into macrophages. 

Subsequently, following Ag-Ab-complement 

immune complex formation and complement 

fixation, it will deposit in sites of high blood 

pressure like peritoneum, uvea, and kidney and 

granulomatous inflammation will damage the 

multiple tissues.  As noted earlier, the available 

vaccines against FIPV develop immune enhan-

cement reaction. 

This complication may be predictable about 

vaccines that are being currently designed 

against SARS-CoV-2. This problem will be 

more complexes if we know that primary 

infection with some other coronaviruses such 

as (TGEV) of pigs, the respiratory coronavirus 

of man (strain 229E), and the enteric corona-

virus of dogs have the same consequence in 

developing a lethal disease (75, 109, 112). 

 

Predisposing Factors 

 
The genetic characteristics of the virus, as 

discussed earlier, is just one of the three main 

conditions determining the severity of the 

disease. Host genetic variation and environ-

mental factors including patient age, co-

infection, and immunosuppressive drugs are 

associated with the systemic complications that 

may ensue from COVID-19 infection. 
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Host Genetic 

Host genetic diversity influences the quantity 

and quality of immune responses. Approxi-

mately 2-3% changes in the IBV S1 subunit, 

which induces virus-neutralizing antibodies, 

could generate a new serotype (113). Many 

studies have been conducted to evaluate the 

cross-immunity between the IBV vaccines and 

field virus strains (114-116). Notwithstanding, 

the various interpretations, it is clear that 

chickens, even with the same parental stocks, 

did not show the same immune responses to 

the vaccination. Therefore, the effectiveness of 

vaccination against IBV is not only influenced 

by the degree of antigenic similarity between 

the vaccine and prevalent field strains but also 

is affected by individual differences.  

Moreover, variation in responses to SARS-

CoV-2 may relate to genetic heterogeneity in 

human populations. For example, FcγRs are 

associated with the quality of immune res-

ponses against the pathogen. Individuals with 

FcγRIIa-R/R131 allelic polymorphism develop 

more critical disease upon infection compared 

to those with a FcγRIIa-H/H131 isoform (117). 

Indeed, the influence of rs12252-C / C SNP in 

IFN-induced transmembrane protein-3 (IFI-

TM-3) gene on pathogenicity of the SARS-

CoV-2 was studied in the Chinese community 

(118). As other studies on the H7N9 influenza 

virus (119, 120), patients with this genetic map 

are more susceptible to both influenza and 

COVID-19 diseases. However, the impression 

of the host genetic on the severity and prog-

ression of diseases is still unexplored and 

worth future investigation. 

Environmental Factors 

In addition to the virus and host genetic 

interplay, environmental factors contribute to 

the disease severity and fatality rates. as further 

explained, similarly to some animal respiratory 

disease complexes like shipping fever (32), 

harder illness and higher mortality rate in 

COVID-19 patients can be related to under-

lying medical conditions, respiratory co-

infection, or immunosuppressive treatments 

(121). 

Co-Infection 

Co-infection of COVID-19 patients with other 

viruses enhances host susceptibility to severe 

respiratory diseases. Despite the early reports 

(122), a new investigation suggests that the co-

infection rate with SARS-CoV-2 and other 

respiratory pathogens in patients is significan-

tly higher (123). 

While less virulent coronaviruses like OC43 

and 229E cause mild respiratory disorders, 

they can exacerbate the symptoms and prolong 

the shedding of SARS-CoV-2. Moreover, due 

to similar clinical symptoms and overlap of the 

occurrence of COVID-19 and seasonal flu 

diseases in late autumn and early winter, 

SARS-CoV-2 and less virulent coronaviruses 

may have enhanced the inflammation-mediated 

respiratory damages. Base on a report from 

Iran (124) the coincidence rate of COVID-19 

patients with seasonal flu was more than 

previous studies. 

This mechanism was explained in two other 

studies on dual infections of pigs with PRCV, 

as a coronavirus, and Simian Immunodefi-

ciency Virus (SIV) (125) or porcine respiratory 

reproductive syndrome virus (PRRSV) (126). 

In this condition, inducing IFN secretion by 

PRCV suppressed SIV and PRRSV prolifera-

tions. Conversely, widespread secretion of pro-

inflammatory cytokines causes more tissue 

destruction in the respiratory tract. Immune-

mediated damages and high expression of pro-

inflammatory cytokines are observed in 

chickens affected by poultry coronavirus (102). 

Co-infection with the influenza virus and IBV 

increases the severity of disease and mortality 

rate of chickens (127, 128). Furthermore, even 

immunization with chicken coronavirus (IBV) 

vaccines could increase the propagation and 

shedding of avian influenza virus (AIV) (129-

134) which could raise concerns for human 

COV vaccine development. 

In contrast, In a study conducted by Ranjbar et 

al. (135) replication and shedding of the H9N2 

influenza virus was decreased in immunosupp-

ressed chickens infected by IBD. However, it 

did not attenuate the severity of the disease. 

Antibiotic Treatment 

The secondary bacterial infection is a leading 

cause of death in COVID-19  patients (136). 

Secondary infection is especially common in 

animals and poultry with an intensive farming 

system (106). It may increase the intensity of 
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symptoms of mild respiratory viruses and lead 

to fatal fibrinous pneumonia (32). This syner-

gistic interaction between respiratory viruses 

and bacterial LPS is examined in different 

studies (137-139). 

In one trial of an investigation (140), the co-

infection of pigs with PRCV and LPS induced 

the high level of TNF-α and IL-1. These 

cytokines contribute to leukocyte recruitment 

during the inflammatory reactions. In this case, 

antibiotic therapy is the primary strategy for 

controlling secondary bacterial infections 

during viral diseases (121). Nevertheless, anti-

biotic prescribing among patients with severe 

infectious diseases is still challenging. Pro-

inflammatory cytokine secretion mediated by 

gram-negative bacterial LPS results in more 

respiratory damages (32, 140). So, route, the 

dose of administration, and even the type of 

antibiotics should be determined more care-

fully for the treatment of patients with COVID-

19. Moreover, as well as cytokines, evaluation 

of the LPS level can also be used as an 

indicator of the disease severity. 

Corticosteroids 

Corticosteroids are widely used to attenuate 

inflammation-associated damages caused by 

SARS-CoV-2 (141). The recommendation of 

steroids is a double-edged sword. Decreasing 

inflammation suppress immune responses, 

delay clearance of viral RNA, and lead to more 

viral proliferation and shedding (142, 143). 

This problem was also investigated in animal 

coronaviruses. treatment of WD BCoV-

infected cows with dexamethasone results in 

intermittent fecal shedding of  BCoV (144).  

Moreover, treatment with dexamethasone 

before the TGEV challenge has the same effect 

on older pigs (145). Likewise, corticosteroid 

therapy is a part of SARS (146) and MERS 

(147) treatment protocol. However, some 

scientists believe that this strategy delays viral 

clearance and lead to super-spread of the 

viruses and more secondary infections (142, 

143). In addition, despite the Chinese Thoracic 

Society recommendation (148) and Shang et al 

study (149) and based on the interim guidance 

of the World Health Organization (WHO) 

released on Jan 28, 2020 (150), using cortico-

steroids must be used more cautiously in 

COVID-19 patients. 

However, some researchers suggest that using 

methylprednisolone could reduce the fatality 

rate of the severe form of COVID-19 (151). 

Nevertheless, acute lung injury somewhat 

caused by uncontrolled host immunologic 

response must be controlled. Therefore, more 

comprehensive research about the effective-

ness of steroid therapy in patients with 

COVID-19 should be performed. 

Age 

Despite most animal COVs (32), less than two 

percent of patients affected by SARS-CoV-2 

are children (152). Based upon a recent study, 

the higher nasal expression of ACE2 receptors, 

in part, is the cause of the more morbidity of 

older patients compared to young patients 

(153). The age-dependent disease severity may 

contribute to poor immune responses in elderly 

people.  

Accordingly, vaccination in older people may 

not evoke sufficient immune responses. 

Therefore, induction of IFN-β, IFN-γ, IL-1β, 

and tumor necrosis factor (TNF) expression in 

lung tissue before vaccination can improve the 

efficacy of vaccination in the aged patients 

(154). However, based on some reports the 

median age of newly diagnosed COVID 

patients has dropped in the past few weeks 

(155, 156). It is unlikely that doing more 

testing be the main cause of the surge of the 

infection in young people. In this situation, we 

expect that the total number of positive cases 

increases for all age groups. 

Another hypothesis, which is needed to be 

evaluated, is that young people are not comply-

ing with health guidelines. This situation may 

be worsened in hot weather of summer that 

social distancing rules are not observed well. 

Indeed, consumption of ice cream and other 

cold milk by-products is increased in summer, 

especially among young people. Although 

oral-fecal transmission of SARS-CoV-2 is not 

demonstrated yet, a considerable number of 

studies have detected the viral RNA and viable 

virus in the patient stool (157-163). Based on 

these findings the alkaline microenvironment 

of the stomach following the consumption of 

dairy products may increase the stability of the 
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virus. In this regard, overfeeding milk may 

predispose the newborn calves to neonatal calf 

diarrhea caused by BoCVs (164). Bicarbonate 

may have the same effect on the susceptibility 

of poultries to IBV. The poultry diet is often 

supplemented with bicarbonate compounds to 

diminish the deleterious effects of heat stress in 

chickens (165). 

Although ameliorative roles of bicarbonate on 

body performance are explained in several 

studies, the excess amount of this compound 

has negative effects on poultry function affec-

ted by viral diseases like IBV (166, 167). 

Furthermore, providing an alkaline microen-

vironment in the GI tract could predispose 

chicken to avian coronaviruses. 

 

 

Conclusion 

 
The emergence of new coronaviruses is 

entirely predictable according to the evolu-

tionary patterns of these viruses. For almost a 

century, the veterinarians have dealt with 

numerous challenges caused by poultry and 

animal COVs. However, the incidence of 

highly pathogenic human COV outbreaks has 

attracted researchers' great attention during the 

last two decades. The history of recurrent 

pandemics indicates that we are not able to 

stop the incidence of new outbreaks.  

Therefore, more effective responses to future 

pandemics rely on the information obtained 

from the previous challenges. Approximately 

75% of emerging human diseases are zoonotic 

(31). Bats and rodents are identified as the 

natural host of all human COVs (168).  

However, the role of intermediate hosts in the 

transmission of COVs from bats to humans is 

remarkable. To date, pangolins are the most 

probable suspect that can carry the corona-

viruses closely related to SARS-CoV-2. 

Indeed, because of the high propensity of 

SARS-CoV-2 to ACE2 receptors in cats and 

ferrets, they can efficiently support the repli-

cation of the virus (169). Hence, these animals 

may act as a reservoir and cause the super-

spreading event of the virus. However, our 

knowledge about the potential reservoir of 

wildlife and domesticated livestock and/or 

susceptibility of these animals to be infected by 

afflicted individuals is little . 

Analyzing animal COVs in their natural hosts 

provides useful data about the different 

features of novel human COVs. Multiple 

mutations and genetic recombination, inter-

species transmission, tissue tropism, and host 

range alteration have been detailed studied in 

animal COVs. Moreover, the relation between 

host genetic, environmental factors, and seve-

rity of some animal diseases caused by corona-

viruses have been described.  

Vaccination is a major strategy for controlling 

bovine, swine, and poultry COVs. However, 

uncontrolled immune responses, short-lasting 

immunity, viral immune evasion, and long-

term shedding are hurdles to vaccination 

against some animal COVs like FIPV and IBV. 

Nevertheless, experiences provided by these 

studies can help scientists to develop infection-

control measures against the novel human 

COVs as quickly as possible. 

A wide variety of research on doses and 

different immunization approaches against 

SARS disease have been conducted over the 

last two decades. Due to the high overall 

homology of this virus to SARS-CoV-2, the 

data obtained from these studies are a good 

source for targeting an appropriate immuno-

genic region for designing a safe and effective 

vaccine against COVID-19. 

In conclusion, it seems that interdisciplinary 

cooperation among veterinary and medical 

researchers and clinicians, biologists, and 

environmental scientists is necessary to inves-

tigate different aspects of novel coronaviruses 

such as the evolutionary process, pathogenesis, 

immunogenesis, and risk of reverse zoonotic 

transmission. 

These collaborations accelerate the process of 

finding animal reservoirs or intermediate hosts. 

Moreover, this relation makes it easier to select 

appropriate experimental animal models for 

further research. 

These all result in the development of more 

effective countermeasures in the face of novel 

human diseases. 

Acknowledgment 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            11 / 17

http://journal.isv.org.ir/article-1-463-en.html


Morovati S et al 

101  Iranian Journal of Virology, Volume 16, Number 2, 2022 

 

None. 

Conflict of Interest 

No conflict of interest is declared. 

Funding 

This study was not financially supported by 

any individual, agency, or institution. 

 

References 
 

1. The Principles of Veterinary and Zoonotic Virology 

In: MacLachlan NJ, Dubovi EJ, editors. Fenner’s 

Veterinary Virology. 4 ed. USA Elsevier; 2011. p. 3-15. 

2. Bliven KA, Maurelli AT. Evolution of bacterial 

pathogens within the human host. Microbiol Spectr. 

2016; 4(1):10. 

3. Van Blerkom LM. Role of viruses in human 

evolution. Am J Phys Anthropol. 2003;Suppl 37(suppl): 

14-46. 

4. Samson M, Libert F, Doranz BJ, Rucker J, Liesnard 

C, Farber C-M, et al. Resistance to HIV-1 infection in 

caucasian individuals bearing mutant alleles of the CCR-

5 chemokine receptor gene. Nature. 1996;382(6593): 

722-5. 

5. De Vries R, Khan PM, Bernini L, Loghem Ev, Van 

Rood J. Genetic control of survival in epidemics. J 

Immunogenet. 1979;6(4):271-87. 

6. Diamond J, Ford LE. Guns, germs, and steel: the fates 

of human societies. Perspect Biol Med. 2000;43(4):609. 

7. Dobson AP, Carper ER. Infectious diseases and 

human population history. Bioscience. 1996;46(2):115-

26. 

8. Wolfe ND, Dunavan CP, Diamond J. Origins of major 

human infectious diseases. Nature. 2007;447(7142):279-

83. 

9. Eisenberg M, Mordechai L. The Justinianic Plague: 

an interdisciplinary review. BMGS. 2019;43(2):156-80. 

10. Green MH. Taking" Pandemic" Seriously: Making 

the Black Death Global. The Medieval Globe. 2014; 

1(1):4. 

11. Potter CW. A history of influenza. J Appl Microbiol. 

2001;91(4):572-9. 

12. Masters PS. The molecular biology of coronaviruses. 

Adv Virus Res. 2006;66:193-292. 

13. Adams MJ, Carstens E. Ratification vote on 

taxonomic proposals to the International Committee on 

Taxonomy of Viruses (2012). Arch Virol. 2012;157(7): 

1411-22. 

14. Zaki AM, Van Boheemen S, Bestebroer TM, 

Osterhaus AD, Fouchier RA. Isolation of a novel 

coronavirus from a man with pneumonia in Saudi 

Arabia. N Engl J Med. 2012;367(19):1814-20. 

15. Drosten C, Günther S, Preiser W, Van Der Werf S, 

Brodt H-R, Becker S, et al. Identification of a novel 

coronavirus in patients with severe acute respiratory 

syndrome. N Engl J Med. 2003;348(20):1967-76. 

16. Wang C, Horby PW, Hayden FG, Gao GF. A novel 

coronavirus outbreak of global health concern. Lancet. 

2020;395(10223):470-3. 

17. WHO. Rolling updates on coronavirus disease 

(COVID-19). [updated March 17, 2020 Available from: 

https://www.who.int/emergencies/diseases/novel-

coronavirus-2019/events-as-they-happen. 

18. Zhou P, Yang X-L, Wang X-G, Hu B, Zhang L, 

Zhang W, et al. A pneumonia outbreak associated with a 

new coronavirus of probable bat origin. Nature. 2020; 

579(7798):270-3. 

19. Cui J, Li F, Shi Z-L. Origin and evolution of 

pathogenic coronaviruses. Nat Rev Microbiol. 2019; 

17(3):181-92. 

20. Kelly JA, Olson AN, Neupane K, Munshi S, San 

Emeterio J, Pollack L, et al. Structural and functional 

conservation of the programmed− 1 ribosomal frame-

shift signal of SARS coronavirus 2 (SARS-CoV-2). J 

Biol Chem. 2020;295(31):10741-8. 

21. Snijder EJ, Van Der Meer Y, Zevenhoven-Dobbe J, 

Onderwater JJ, Van Der Meulen J, Koerten HK, et al. 

Ultrastructure and origin of membrane vesicles 

associated with the severe acute respiratory syndrome 

coronavirus replication complex. J Virol. 2006;80(12): 

5927-40. 

22. Chen Y, Liu Q, Guo D. Emerging coronaviruses: 

genome structure, replication, and pathogenesis. J Med 

Virol. 2020;92(10):2249. 

23. Hussain S, Chen Y, Yang Y, Xu J, Peng Y, Wu Y, et 

al. Identification of novel subgenomic RNAs and 

noncanonical transcription initiation signals of severe 

acute respiratory syndrome coronavirus. J Virol. 2005; 

79(9):5288-95. 

24. Hoffmann M, Kleine-Weber H, Schroeder S, Krüger 

N, Herrler T, Erichsen S, et al. SARS-CoV-2 cell entry 

depends on ACE2 and TMPRSS2 and is blocked by a 

clinically proven protease inhibitor. Cell. 2020;181(2): 

271-280.e8. 

25. Monteil V, Kwon H, Prado P, Hagelkrüys A, 

Wimmer RA, Stahl M, et al. Inhibition of SARS-CoV-2 

infections in engineered human tissues using clinical-

grade soluble human ACE2. Cell. 2020;181(4):905-

913.e7. 

26. Andersen KG, Rambaut A, Lipkin WI, Holmes EC, 

Garry RF. The proximal origin of SARS-CoV-2. Nat 

Med. 2020;26(4):450-452. 

27. Alexander DJ, Brown IH. History of highly 

pathogenic avian influenza. Rev Sci Tech. 2009;28(1): 

19-38. 

28. Follis KE, York J, Nunberg JH. Furin cleavage of 

the SARS coronavirus spike glycoprotein enhances cell–

cell fusion but does not affect virion entry. Virology. 

2006;350(2):358-69. 

29. Ito T, Goto H, Yamamoto E, Tanaka H, Takeuchi M, 

Kuwayama M, et al. Generation of a highly pathogenic 

avian influenza A virus from an avirulent field isolate by 

passaging in chickens. J Virol. 2001;75(9):4439-43. 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            12 / 17

http://journal.isv.org.ir/article-1-463-en.html


COVID-19 and Novel Coronaviruses 

102 Iranian Journal of Virology, Volume 16, Number 2, 2022    

 

30. Menachery VD, Schäfer A, Burnum-Johnson KE, 

Mitchell HD, Eisfeld AJ, Walters KB, et al. MERS-CoV 

and H5N1 influenza virus antagonize antigen presen-

tation by altering the epigenetic landscape. Proc Natl 

Acad Sci USA. 2018;115(5):E1012-E21. 

31. Taylor LH, Latham SM, Woolhouse ME. Risk 

factors for human disease emergence. Philos Trans R 

Soc Lond B Biol Sci. 2001;356(1411):983-9. 

32. Saif L. Animal coronaviruses: what can they teach us 

about the severe acute respiratory syndrome? Rev Sci 

Tech. 2004;23(2):643-60. 

33. Jiang S, Hillyer C, Du L. Neutralizing Antibodies 

against SARS-CoV-2 and Other Human Coronaviruses. 

Trends Immunol. 2020;41(5):355-9. 

34. Stavrinides J, Guttman DS. Mosaic evolution of the 

severe acute respiratory syndrome coronavirus. J Virol. 

2004;78(1):76-82. 

35. Ksiazek TG, Erdman D, Goldsmith CS, Zaki SR, 

Peret T, Emery S, et al. A novel coronavirus associated 

with severe acute respiratory syndrome. N Engl J Med. 

2003;348(20):1953-66. 

36. Sun Z, Meng X. Antigenic cross-reactivity between 

the nucleocapsid protein of severe acute respiratory 

syndrome (SARS) coronavirus and polyclonal antisera 

of antigenic group I animal coronaviruses: implication 

for SARS diagnosis. J Clin Microbiol. 2004;42(5):2351-

2. 

37. Weingartl HM, Copps J, Drebot MA, Marszal P, 

Smith G, Gren J, et al. Susceptibility of pigs and 

chickens to SARS coronavirus. Emerg Infect Dis. 2004; 

10(2):179-84. 

38. Cavanagh D. Severe acute respiratory syndrome 

vaccine development: experiences of vaccination against 

avian infectious bronchitis coronavirus. Avian Pathol. 

2003;32(6):567-82. 

39. Seo SH, Wang L, Smith R, Collisson EW. The 

carboxyl-terminal 120-residue polypeptide of infectious 

bronchitis virus nucleocapsid induces cytotoxic T 

lymphocytes and protects chickens from acute infection. 

J Virol. 1997;71(10):7889-94. 

40. Boots AM, Benaissa-Trouw BJ, Hesselink W, Rijke 

E, Schrier C, Hensen E. Induction of anti-viral immune 

responses by immunization with recombinant-DNA 

encoded avian coronavirus nucleocapsid protein. 

Vaccine. 1992;10(2):119-24. 

41. Ignjatovic J, Galli L. The S1 glycoprotein but not the 

N or M proteins of avian infectious bronchitis virus 

induces protection in vaccinated chickens. Arch Virol. 

1994;138(1-2):117-34. 

42. Ahmed SF, Quadeer AA, McKay MR. Preliminary 

identification of potential vaccine targets for the 

COVID-19 coronavirus (SARS-CoV-2) based on SARS-

CoV immunological studies. Viruses. 2020;12(3):254. 

43. Liu X, Shi Y, Li P, Li L, Yi Y, Ma Q, et al. Profile 

of antibodies to the nucleocapsid protein of the severe 

acute respiratory syndrome (SARS)-associated 

coronavirus in probable SARS patients. Clin Diagn Lab 

Immunol. 2004;11(1):227-8. 

44. Ying L, Xu S, Yang RF, Li YX, Ji YY, He YY, et al. 

Identification of an epitope of SARS-coronavirus 

nucleocapsid protein. Cell Res. 2003;13(3):141-5. 

45. Channappanavar R, Fett C, Zhao J, Meyerholz DK, 

Perlman S. Virus-specific memory CD8 T cells provide 

substantial protection from lethal severe acute respira-

tory syndrome coronavirus infection. J Virol. 2014; 

88(19):11034-44. 

46. Fan Y-Y, Huang Z-T, Li L, Wu M-H, Yu T, Koup 

RA, et al. Characterization of SARS-CoV-specific 

memory T cells from recovered individuals 4 years after 

infection. Arch Virol. 2009;154(7):1093-9. 

47. Li CK-f, Wu H, Yan H, Ma S, Wang L, Zhang M, et 

al. T cell responses to whole SARS coronavirus in 

humans. J Immunol. 2008;181(8):5490-500. 

48. Wang Q, Zhang L, Kuwahara K, Li L, Liu Z, Li T, et 

al. Immunodominant SARS coronavirus epitopes in 

humans elicited both enhancing and neutralizing effects 

on infection in non-human primates. ACS Infect Dis. 

2016;2(5):361-76. 

49. Walls AC, Park Y-J, Tortorici MA, Wall A, 

McGuire AT, Veesler D. Structure, function, and 

antigenicity of the SARS-CoV-2 spike glycoprotein. 

Cell. 2020;181(2):281-92.e6. 

50. Tian X, Li C, Huang A, Xia S, Lu S, Shi Z, et al. 

Potent binding of 2019 novel coronavirus spike protein 

by a SARS coronavirus-specific human monoclonal 

antibody. Emerg Microbes Infect. 2020;9(1):382-5. 

51. Laude H, Van Reeth K, Pensaert M. Porcine respir-

atory coronavirus: molecular features and virus-host 

interactions. Vet Res. 1993;24(2):125-50. 

52. Herrewegh A, Mähler M, Hedrich H, Haagmans B, 

Egberink H, Horzinek M, et al. Persistence and 

evolution of feline coronavirus in a closed cat-breeding 

colony. Virology. 1997;234(2):349-63. 

53. Lyons-Weiler J. Pathogenic Priming Likely Contri-

butes to Serious and Critical Illness and Mortality in 

COVID-19 via Autoimmunity. J Transl Autoimmun. 

2020;3(2020):1-5. 

54. Vennema H, De Groot R, Harbour D, Dalderup M, 

Gruffydd-Jones T, Horzinek M, et al. Early death after 

feline infectious peritonitis virus challenge due to 

recombinant vaccinia virus immunization. J Virol. 1990; 

64(3):1407-9. 

55. Wan Y, Shang J, Sun S, Tai W, Chen J, Geng Q, et 

al. Molecular mechanism for antibody-dependent 

enhancement of coronavirus entry. J Virol. 2020;94(5): 

e02015-19. 

56. Peeples L. News Feature: Avoiding pitfalls in the 

pursuit of a COVID-19 vaccine. Proc Natl Acad Sci 

UAS. 2020;117(15):8218-21. 

57. de Alwis R, Chen S, Gan ES, Ooi EE. Impact of 

immune enhancement on Covid-19 polyclonal hyper-

immune globulin therapy and vaccine development. 

EBioMedicine. 2020;55:102768. 

58. Iwata-Yoshikawa N, Uda A, Suzuki T, Tsunetsugu-

Yokota Y, Sato Y, Morikawa S, et al. Effects of Toll-

like receptor stimulation on eosinophilic infiltration in 

lungs of BALB/c mice immunized with UV-inactivated 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            13 / 17

http://journal.isv.org.ir/article-1-463-en.html


Morovati S et al 

103  Iranian Journal of Virology, Volume 16, Number 2, 2022 

 

severe acute respiratory syndrome-related coronavirus 

vaccine. J Virol. 2014;88(15):8597-614. 

59. Hohdatsu T, Yamada M, Tominaga R, Makino K, 

Kida K, Koyama H. Antibody-dependent enhancement 

of feline infectious peritonitis virus infection in feline 

alveolar macrophages and human monocyte cell line 

U937 by serum of cats experimentally or naturally 

infected with feline coronavirus. J Vet Med Sci. 1998;60 

(1):49-55. 

60. Woods R, Pedersen NC. Cross-protection studies 

between feline infectious peritonitis and porcine 

transmissible gastroenteritis viruses. Vet Microbiol. 

1979;4(1):11-6. 

61. Stoddart C, Barlough J, Baldwin C, Scott F. 

Attempted immunisation of cats against feline infectious 

peritonitis using canine coronavirus. Res Vet Sci. 

1988;45(3):383-8. 

62. Pedersen NC, Boyle J, Floyd K, Fudge A, Barker J. 

An enteric coronavirus infection of cats and its 

relationship to feline infectious peritonitis. Am J Vet 

Res. 1981;42(3):368-77. 

63. Agrawal AS, Tao X, Algaissi A, Garron T, 

Narayanan K, Peng B-H, et al. Immunization with 

inactivated Middle East Respiratory Syndrome 

coronavirus vaccine leads to lung immunopathology on 

challenge with live virus. Hum Vaccin Immunother. 

2016;12(9):2351-6. 

64. Houser KV, Broadbent AJ, Gretebeck L, Vogel L, 

Lamirande EW, Sutton T, et al. Enhanced inflammation 

in New Zealand white rabbits when MERS-CoV 

reinfection occurs in the absence of neutralizing 

antibody. PLoS Pathog. 2017;13(8):e1006565. 

65. Liu L, Wei Q, Lin Q, Fang J, Wang H, Kwok H, et 

al. Anti–spike IgG causes severe acute lung injury by 

skewing macrophage responses during acute SARS-CoV 

infection. JCI insight. 2019;4(4):e123158. 

66. Tseng C-T, Sbrana E, Iwata-Yoshikawa N, Newman 

PC, Garron T, Atmar RL, et al. Immunization with 

SARS coronavirus vaccines leads to pulmonary 

immunopathology on challenge with the SARS virus. 

PloS One. 2012;7(4):e35421. 

67. Weingartl H, Czub M, Czub S, Neufeld J, Marszal P, 

Gren J, et al. Immunization with modified vaccinia virus 

Ankara-based recombinant vaccine against severe acute 

respiratory syndrome is associated with enhanced 

hepatitis in ferrets. J Virol. 2004;78(22):12672-6. 

68. Bolles M, Deming D, Long K, Agnihothram S, 

Whitmore A, Ferris M, et al. A double-inactivated 

severe acute respiratory syndrome coronavirus vaccine 

provides incomplete protection in mice and induces 

increased eosinophilic proinflammatory pulmonary 

response upon challenge. J Virol. 2011;85(23):12201-

15. 

69. Honda-Okubo Y, Barnard D, Ong CH, Peng B-H, 

Tseng C-TK, Petrovsky N. Severe acute respiratory 

syndrome-associated coronavirus vaccines formulated 

with delta inulin adjuvants provide enhanced protection 

while ameliorating lung eosinophilic immunopathology. 

J Virol. 2015;89(6):2995-3007. 

70. Yip MS, Cheung CY, Li PH, Bruzzone R, Peiris JM, 

Jaume M. Investigation of Antibody-Dependent 

Enhancement (ADE) of SARS coronavirus infection and 

its role in pathogenesis of SARS. BMC proce. 2011: 

5(Suppl 1):P80. 

71. Deming D, Sheahan T, Heise M, Yount B, Davis N, 

Sims A, et al. Vaccine efficacy in senescent mice 

challenged with recombinant SARS-CoV bearing 

epidemic and zoonotic spike variants. PLoS Med. 

2006;3(12):e525. 

72. Yasui F, Kai C, Kitabatake M, Inoue S, Yoneda M, 

Yokochi S, et al. Prior immunization with severe acute 

respiratory syndrome (SARS)-associated coronavirus 

(SARS-CoV) nucleocapsid protein causes severe 

pneumonia in mice infected with SARS-CoV. J 

Immunol. 2008;181(9):6337-48. 

73. Wu J, Cao S, Wu A, Li J, Li Y, Xia M. Recurrence 

of positive SARS-CoV-2 RNA in a COVID-19 patient. 

Int J Infect Dis. 2020;93:297–9. 

74. Hoffmann M, Kleine-Weber H, Pöhlmann S. A 

multibasic cleavage site in the spike protein of SARS-

CoV-2 is essential for infection of human lung cells. 

Mol Cell. 2020;78:779–84.e5. 

75. Horzinek MC, Lutz H, Pedersen NC. Antigenic 

relationships among homologous structural polypeptides 

of porcine, feline, and canine coronaviruses. Infect 

Immun. 1982;37(3):1148-55. 

76. Motokawa K, Hohdatsu T, Hashimoto H, Koyama 

H. Comparison of the amino acid sequence and 

phylogenetic analysis of the peplomer, integral 

membrane and nucleocapsid proteins of feline, canine 

and porcine coronaviruses. Microbiol Immunol. 1996;40 

(6):425-33. 

77. Zhang Q, Zhang H, Huang K, Yang Y, Hui X, Gao 

J, et al. SARS-CoV-2 neutralizing serum antibodies in 

cats: a serological investigation. BioRxiv. 2020. 

78. Li Y, Bai WZ, Hashikawa T. Response to 

Commentary on:“The neuroinvasive potential of 

SARS‐CoV‐2 may play a role in the respiratory failure 

of COVID‐19 patients”. J Med Virol. 2020;92(7):707–9. 

79. Netland J, Meyerholz DK, Moore S, Cassell M, 

Perlman S. Severe acute respiratory syndrome 

coronavirus infection causes neuronal death in the 

absence of encephalitis in mice transgenic for human 

ACE2. J Virol. 2008;82(15):7264-75. 

80. Li K, Wohlford-Lenane C, Perlman S, Zhao J, Jewell 

AK, Reznikov LR, et al. Middle East respiratory 

syndrome coronavirus causes multiple organ damage 

and lethal disease in mice transgenic for human 

dipeptidyl peptidase 4. J Infect Dis. 2016;213(5):712-22. 

81. Talbot PJ, Ékandé S, Cashman NR, Mounir S, 

Stewart JN. Neurotropism of human coronavirus 229E.  

Coronaviruses: Springer; 1994. p. 339-46. 

82. Dubé M, Le Coupanec A, Wong AH, Rini JM, 

Desforges M, Talbot PJ. Axonal transport enables 

neuron-to-neuron propagation of human coronavirus 

OC43. J Virol. 2018;92(17):e00404-18. 

83. Zhou X, Huang F, Xu L, Lin Z, de Vrij F, Ayo-

Martin AC, et al. Hepatitis E virus infects neurons and 

brains. J Infect Dis. 2017;215(8):1197-206. 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            14 / 17

http://journal.isv.org.ir/article-1-463-en.html


COVID-19 and Novel Coronaviruses 

104 Iranian Journal of Virology, Volume 16, Number 2, 2022    

 

84. Andries K, Pensaert M. Immunofluorescence studies 

on the pathogenesis of hemagglutinating encephalo-

myelitis virus infection in pigs after oronasal inocu-

lation. Am J Vet Res. 1980;41(9):1372-8. 

85. Matsuda K, Park C, Sunden Y, Kimura T, Ochiai K, 

Kida H, et al. The vagus nerve is one route of trans-

neural invasion for intranasally inoculated influenza a 

virus in mice. Vet Pathol. 2004;41(2):101-7. 

86. Channappanavar R, Fehr AR, Vijay R, Mack M, 

Zhao J, Meyerholz DK, et al. Dysregulated type I 

interferon and inflammatory monocyte-macrophage 

responses cause lethal pneumonia in SARS-CoV-

infected mice. Cell Host Microbe. 2016;19(2):181-93. 

87. Channappanavar R, Fehr AR, Zheng J, Wohlford-

Lenane C, Abrahante JE, Mack M, et al. IFN-I response 

timing relative to virus replication determines MERS 

coronavirus infection outcomes.  J Clin Invest. 2019; 

129(9):3625-39. 

88. Niemeyer D, Zillinger T, Muth D, Zielecki F, 

Horvath G, Suliman T, et al. Middle East respiratory 

syndrome coronavirus accessory protein 4a is a type I 

interferon antagonist. J Virol. 2013;87(22):12489-95. 

89. Yang Y, Zhang L, Geng H, Deng Y, Huang B, Guo 

Y, et al. The structural and accessory proteins M, ORF 

4a, ORF 4b, and ORF 5 of Middle East respiratory 

syndrome coronavirus (MERS-CoV) are potent interf-

eron antagonists. Protein Cell. 2013;4(12):951-61. 

90. Wan Y, Shang J, Graham R, Baric RS, Li F. 

Receptor recognition by the novel coronavirus from 

Wuhan: an analysis based on decade-long structural 

studies of SARS coronavirus. J Virol. 2020;94(7): 

e00127-20. 

91. Costantini V, Lewis P, Alsop J, Templeton C, Saif L. 

Respiratory and fecal shedding of porcine respiratory 

coronavirus (PRCV) in sentinel weaned pigs and 

sequence of the partial S-gene of the PRCV isolates. 

Arch Virol. 2004;149(5):957-74. 

92. VanCott JL, Brim TA, Lunney JK, Saif LJ. 

Contribution of antibody-secreting cells induced in 

mucosal lymphoid tissues of pigs inoculated with 

respiratory or enteric strains of coronavirus to immunity 

against enteric coronavirus challenge. J Immunol. 

1994;152(8):3980-90. 

93. Eder P, Łodyga M, Dobrowolska A, Rydzewska G, 

Kamhieh-Milz J. Addressing multiple gastroentero-

logical aspects of COVID-19. Pol Arch Intern Med. 

2020;130(5):420-30. 

94. Du L, He Y, Zhou Y, Liu S, Zheng B-J, Jiang S. The 

spike protein of SARS-CoV—a target for vaccine and 

therapeutic development. Nat Rev Microbiol. 

2009;7(3):226-36. 

95. Heckert R, Saif L, Myers G, Agnes A. Bovine 

coronavirus respiratory and enteric infections in 

conventional dairy calves: epidemiology and isotype 

antibody responses in serum and mucosal secretions. 

Am J Vet Res. 1991;52:845-51. 

96. Heckert R, Saif LJ, Hoblet K, Agnes A. A 

longitudinal study of bovine coronavirus enteric and 

respiratory infections in dairy calves in two herds in 

Ohio. Vet Microbiol. 1990;22(2-3):187-201. 

97. Kapil S, Richardson KL, Radi C, Chard-Bergstrom 

C. Factors affecting isolation and propagation of bovine 

coronavirus in human rectal tumor-18 cell line. J Vet 

Diagn Invest. 1996;8(1):96-9. 

98. He X, Lau EH, Wu P, Deng X, Wang J, Hao X, et al. 

Temporal dynamics in viral shedding and 

transmissibility of COVID-19. Nat Med. 2020;26(5): 

672-5. 

99. Parasa S, Desai M, Chandrasekar VT, Patel HK, 

Kennedy KF, Roesch T, et al. Prevalence of Gastro-

intestinal Symptoms and Fecal Viral Shedding in 

Patients With Coronavirus Disease 2019: A Systematic 

Review and Meta-analysis. JAMA Netw Open. 

2020;3(6):e2011335. 

100. To KK-W, Tsang OT-Y, Leung W-S, Tam AR, Wu 

T-C, Lung DC, et al. Temporal profiles of viral load in 

posterior oropharyngeal saliva samples and serum 

antibody responses during infection by SARS-CoV-2: an 

observational cohort study. Lancet Infect Dis. 

2020;20(5):565-74. 

101. Cavanagh D, Naqi S. Infectious bronchitis. Dis 

Poult. 2003;11:101-19. 

102. Asasi K, Mohammadi A, Boroomand Z, Hosseinian 

SA, Nazifi S. Changes of several acute phase factors in 

broiler chickens in response to infectious bronchitis 

virus infection. Poult Sci. 2013;92(8):1989-96. 

103. Boroomand Z, Asasi K, Mohammadi A. 

Pathogenesis and tissue distribution of avian infectious 

bronchitis virus isolate IRFIBV32 (793/B serotype) in 

experimentally infected broiler chickens. Scientific 

WorldJournal. 2012;2012:402537 

104. Farsang A, Ros C, Renström LH, Baule C, Soos T, 

Belak S. Molecular epizootiology of infectious bron-

chitis virus in Sweden indicating the involvement of a 

vaccine strain. Avian Pathol. 2002;31(3):229-36. 

105. Matthijs MGR, Bouma A, Velkers F, Van Eck J, 

Stegeman J. Transmissibility of infectious bronchitis 

virus H120 vaccine strain among broilers under experi-

mental conditions. Avian Dis. 2008;52(3):461-6. 

106. Meulemans G, Boschmans M, Decaesstecker M, 

Van den Berg T, Denis P, Cavanagh D. Epidemiology of 

infectious bronchitis virus in Belgian broilers: a 

retrospective study, 1986 to 1995. Avian Pathol. 2001; 

30(4):411-21. 

107. Mohammadi A, Asasi K, Boroomand Z, Namazi F, 

Hosseinian SA. Viral quantity and pathological changes 

in broilers experimentally infected by IRFIBV32 isolate 

of infectious bronchitis virus. Virusdisease. 2015;26(4): 

319-23. 

108. Cook J, Chesher J, Baxendale W, Greenwood N, 

Huggins M, Orbell S. Protection of chickens against 

renal damage caused by a nephropathogenic infectious 

bronchitis virus. Avian Pathol. 2001;30(4):423-6. 

109. Pedersen NC, Ward J, Mengeling W. Antigenic 

relationship of the feline infectious peritonitis virus to 

coronaviruses of other species. Arch Virol. 1978;58(1): 

45-53. 

110. Vennema H, Poland A, Hawkins KF, Pedersen N. 

A comparison of the genomes of FECVs and FIPVs and 

what they tell us about the relationships between feline 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            15 / 17

http://journal.isv.org.ir/article-1-463-en.html


Morovati S et al 

105  Iranian Journal of Virology, Volume 16, Number 2, 2022 

 

coronaviruses and their evolution. Feline Practice (Santa 

Barbara, Calif: 1990)(USA). 1995. 

111. Hartmann K. Feline infectious peritonitis. Vet Clin 

North Am Small Anim Pract. 2005;35(1):39-79. 

112. Reynolds D, Garwes D, Gaskell C. Detection of 

transmissible gastroenteritis virus neutralising antibody 

in cats. Arch Virol. 1977;55(1-2):77-86. 

113. Cavanagh D, Elus M, Cook J. Relationship between 

sequence variation in the S1 spike protein of infectious 

bronchitis virus and the extent of cross‐protection in 

vivo. Avian Pathol. 1997;26(1):63-74. 

114. Hofstad M. Cross-immunity in chickens using 

seven isolates of avian infectious bronchitis virus. Avian 

Dis. 1981;25(3):650-4. 

115. Picault J, Drouin P, Guittet M, Bennejean G, 

Protais J, L'Hospitalier R, et al. Isolation, characterisa-

tion and preliminary cross‐protection studies with a new 

pathogenic avian infectious bronchitis virus (Strain 

PL‐84084). Avian Pathol. 1986;15(3):367-83. 

116. Winterfield R, Fadly A, Hoerr F. Immunity to 

infectious bronchitis virus from spray vaccination with 

derivatives of a Holland strain. Avian Dis. 1976;20(1): 

42-8. 

117. Yuan FF, Tanner J, Chan P, Biffin S, Dyer W, 

Geczy A, et al. Influence of FcγRIIA and MBL 

polymorphisms on severe acute respiratory syndrome. 

Tissue Antigens. 2005;66(4):291-6. 

118. Thevarajan I, Nguyen TH, Koutsakos M, Druce J, 

Caly L, van de Sandt CE, et al. Breadth of concomitant 

immune responses prior to patient recovery: a case 

report of non-severe COVID-19. Nat Med. 2020;26(4): 

453-5. 

119. Everitt AR, Clare S, Pertel T, John SP, Wash RS, 

Smith SE, et al. IFITM3 restricts the morbidity and 

mortality associated with influenza. Nature. 2012;484 

(7395):519-23. 

120. Wang Z, Zhang A, Wan Y, Liu X, Qiu C, Xi X, et 

al. Early hypercytokinemia is associated with interferon-

induced transmembrane protein-3 dysfunction and 

predictive of fatal H7N9 infection. Proc Natl Acad Sci. 

2014;111(2):769-74. 

121. Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. 

Clinical course and risk factors for mortality of adult 

inpatients with COVID-19 in Wuhan, China: a 

retrospective cohort study. The lancet. 2020;395(10229): 

1054-62. 

122. Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et 

al. Epidemiological and clinical characteristics of 99 

cases of 2019 novel coronavirus pneumonia in Wuhan, 

China: a descriptive study. The Lancet. 2020;395 

(10223):507-13. 

123. Kim D, Quinn J, Pinsky B, Shah NH, Brown I. 

Rates of co-infection between SARS-CoV-2 and other 

respiratory pathogens. JAMA. 2020;323(20):2085-6. 

124. Khodamoradi Z, Moghadami M, Lotfi M. Co-

infection of coronavirus disease 2019 and influenza: a 

report from Iran. Arch Iran Med. 2020; 23:239-43. 

125. Van KR, Pensaert M. Porcine respiratory corona-

virus-mediated interference against influenza virus 

replication in the respiratory tract of feeder pigs. Am J 

Vet Res. 1994;55(9):1275-81. 

126. Hayes JR. Evaluation of dual infection of nursery 

pigs with US strains of porcine reproductive and 

respiratory syndrome virus and porcine respiratory 

coronavirus: Ohio State University; 2000. 

127. Seifi S, Asasi K, Mohammadi A. Natural co-

infection caused by avian influenza H9 subtype and 

infectious bronchitis viruses in broiler chicken farms. 

Veterinarski Arhiv. 2010;80(2):269-81. 

128. Seifi S, Asasi K, Mohammadi A. An experimental 

study on broiler chicken co-infected with the specimens 

containing avian influenza (H9 subtype) and infectious 

bronchitis (4/91 strain) viruses Iran J Vet Res. 2012;13 

(2):138-42. 

129. Tavakkoli H, Asasi K, Mohammadi A. Effective-

ness of two H9N2 low pathogenic avian influenza 

conventional inactivated oil emulsion vaccines on H9N2 

viral replication and shedding in broiler chickens. Iran J 

Vet Res. 2011;12(3):214-21. 

130. Amanollahi R, Asasi K, Abdi-Hachesoo B. Effect 

of Newcastle disease and infectious bronchitis live 

vaccines on the immune system and production 

parameters of experimentally infected broiler chickens 

with H9N2 avian influenza. Comp Immunol Microbiol 

Infect Dis. 2020;71:101492. 

131. Haghighat-Jahromi M, Asasi K, Nili H, Dadras H, 

Shooshtari A. Coinfection of avian influenza virus 

(H9N2 subtype) with infectious bronchitis live vaccine. 

Arch Virol. 2008;153(4):651-5. 

132. Mosleh N, Dadras H, Mohammadi A. Evaluation of 

H9N2 avian influenza virus dissemination in various 

organs of experimentally infected broiler chickens using 

RT-PCR. Iran J Vet Res. 2009;10(1):12-20. 

133. Seifi S, Asasi K, Mohammadi A. Short paper: an 

experimental study on broiler chicken co-infected with 

the specimens containing avian influenza (h9 subtype) 

and infectious bronchitis (4/91 strain) viruses. Iran J Vet 

Res. 2012;13(2):138-142. 

134. Tavakkoli H, Asasi K, Mohammadi A. Infectious 

bronchitis live vaccine increases H9N2 avian influenza 

virus replication in broiler chicks. Online J Vet Res. 

2009;13(2):37-47. 

135. Ranjbar VR, Mohammadi A, Dadras H. Infectious 

bursal disease virus suppresses H9N2 avian influenza 

viral shedding in broiler chickens. Br Poult Sci. 

2019;60(5):493-98. 

136. Rawson TM, Moore LS, Zhu N, Ranganathan N, 

Skolimowska K, Gilchrist M, et al. Bacterial and fungal 

co-infection in individuals with coronavirus: A rapid 

review to support COVID-19 antimicrobial prescribing. 

Clin Infect Dis. 2020;2020:1-10. 

137. Masihi K, Hintelmann H, Madaj K, Gast G. 

Production of lipopolysaccharide-induced tumour 

necrosis factor during influenza virus infection in mice 

coincides with viral replication and respiratory oxidative 

burst. Mediators Inflamm. 1995;4:181-5. 

138. Nain M, Hinder F, Gong J-H, Schmidt A, Bender 

A, Sprenger H, et al. Tumor necrosis factor-alpha 

production of influenza A virus-infected macrophages 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

                            16 / 17

http://journal.isv.org.ir/article-1-463-en.html


COVID-19 and Novel Coronaviruses 

106 Iranian Journal of Virology, Volume 16, Number 2, 2022    

 

and potentiating effect of lipopolysaccharides. J 

Immunol. 1990;145(6):1921-8. 

139. Van Gucht S, Van Reeth K, Pensaert M. Interaction 

between porcine reproductive-respiratory syndrome 

virus and bacterial endotoxin in the lungs of pigs: 

potentiation of cytokine production and respiratory 

disease. J Clin Microbiol. 2003;41(3):960-6. 

140. Van Reeth K, Nauwynck H, Pensaert M. A 

potential role for tumour necrosis factor-α in synergy 

between porcine respiratory coronavirus and bacterial 

lipopolysaccharide in the induction of respiratory 

disease in pigs. J Med Microbiol. 2000;49(7):613-20. 

141. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et 

al. Clinical features of patients infected with 2019 novel 

coronavirus in Wuhan, China. The lancet. 2020;395 

(10223):497-506. 

142. Russell CD, Millar JE, Baillie JK. Clinical evidence 

does not support corticosteroid treatment for 2019-nCoV 

lung injury. The Lancet. 2020;395(10223):473-5. 

143. Shen C, Wang Z, Zhao F, Yang Y, Li J, Yuan J, et 

al. Treatment of 5 critically ill patients with COVID-19 

with convalescent plasma. JAMA. 2020;323(16):1582-9. 

144. Tsunemitsu H, Smith D, Saif L. Experimental 

inoculation of adult dairy cows with bovine coronavirus 

and detection of coronavirus in feces by RT-PCR. Arch 

Virol. 1999;144(1):167-75. 

145. Shimizu M, Shimizu Y. Effects of ambient 

temperatures on clinical and immune responses of pigs 

infected with transmissible gastro-enteritis virus. Vet 

Microbiol. 1979;4(2):109-16. 

146. Stockman LJ, Bellamy R, Garner P. SARS: 

systematic review of treatment effects. PLoS Med. 

2006;3(9):1525-31. 

147. Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, 

Almekhlafi GA, Hussein MA, et al. Corticosteroid 

therapy for critically ill patients with Middle East 

respiratory syndrome. Am J Respir Crit Care Med. 2018; 

197(6):757-67. 

148. Zhao J, Hu Y, Du R, Chen Z, Jin Y, Zhou M, et al. 

Expert consensus on the use of corticosteroid in patients 

with 2019-nCoV pneumonia. Zhonghua Jie He He Hu 

Xi Za Zhi. 2020;43(3):183-4. 

149.Shang L, Zhao J, Hu Y, Du R, Cao B. On the use of 

corticosteroids for 2019-nCoV pneumonia. Lancet 

(London, England). 2020;395(10225):683–4. 

150. Organization WH. Clinical management of severe 

acute respiratory infection when novel coronavirus ( 

2019-nCoV) infection is suspected: interim guidance, 28 

January 2020. World Health Organization; 2020. 

151. Wu C, Chen X, Cai Y, Zhou X, Xu S, Huang H, et 

al. Risk factors associated with acute respiratory distress 

syndrome and death in patients with coronavirus disease 

2019 pneumonia in Wuhan, China. JAMA Intern Med. 

2020;180(7):935-43. 

152. Wu Z, McGoogan JM. Characteristics of and 

important lessons from the coronavirus disease 2019 

(COVID-19) outbreak in China: summary of a report of 

72 314 cases from the Chinese Center for Disease 

Control and Prevention. JAMA. 2020;323(13):1239-42. 

153. Bunyavanich S, Do A, Vicencio A. Nasal gene 

expression of angiotensin-converting enzyme 2 in 

children and adults. JAMA. 2020;323(23):2427-9. 

154. Zhao J, Wohlford-Lenane C, Zhao J, Fleming E, 

Lane TE, McCray PB, et al. Intranasal treatment with 

poly (I· C) protects aged mice from lethal respiratory 

virus infections. J Virol. 2012;86(21):11416-24. 

155. Weekly Epidemiology Update. Public health 

agency of 2012; 2020. p. 29. 

156. Assessment RR. Coronavirus disease 2019 

(COVID-19) in the EU/EEA and the UK–ninth update. 

European Centre for Disease Prevention and Control: 

Stockholm; 2020. 

157. Chen Y, Guo Y, Pan Y, Zhao ZJ. Structure analysis 

of the receptor binding of 2019-nCoV. Biochem 

Biophys Res Commun. 2020;525(1):135-40. 

158. Gu J, Han B, Wang J. COVID-19: gastrointestinal 

manifestations and potential fecal–oral transmission. 

Gastroenterology. 2020;158(6):1518-9. 

159. He Y, Wang Z, Li F, Shi Y. Public health might be 

endangered by possible prolonged discharge of SARS-

CoV-2 in stool. J Infect. 2020;80(5):e18–e19. 

160. Wang W, Xu Y, Gao R, Lu R, Han K, Wu G, et al. 

Detection of SARS-CoV-2 in different types of clinical 

specimens. JAMA. 2020;323(18):1843-4. 

161. Xiao F, Tang M, Zheng X, Liu Y, Li X, Shan H. 

Evidence for gastrointestinal infection of SARS-CoV-2. 

Gastroenterology. 2020;158(6):1831-33. 

162. Zhang J, Wang S, Xue Y. Fecal specimen diagnosis 

2019 novel coronavirus–infected pneumonia. J Med 

Virol. 2020;92(6):680-82. 

163. Zhang Y, Chen C, Zhu S, Shu C, Wang D, Song J, 

et al. Isolation of 2019-nCoV from a stool specimen of a 

laboratory-confirmed case of the coronavirus disease 

2019 (COVID-19). China CDC Weekly. 2020;2(8):123-

24. 

164. Fisher E, Martinez A. Studies in Neonatal Calf 

Diarrhoea. VII. The Effects of Milk Intake. Br Vet J. 

1978;134(3):234-42. 

165. Balnave D, Gorman I. A role for sodium 

bicarbonate supplements for growing broilers at high 

temperatures. World Poult Sci J. 1993;49(3):236-41. 

166. Davison S, Wideman R. Excess sodium bicarbonate 

in the diet and its effect on Leghorn chickens. Br Poult 

Sci. 1992;33(4):859-70. 

167. Hayat J, Balnave D, Brake J. Sodium bicarbonate 

and potassium bicarbonate supplements for broilers can 

cause poor performance at high temperatures. Br Poult 

Sci. 1999;40(3):411-18. 

168. Nieto‐Rabiela F, Wiratsudakul A, Suzán G, 

Rico‐Chávez O. Viral networks and detection of 

potential zoonotic viruses in bats and rodents: A 

worldwide analysis. Zoonoses Public Health. 2019; 

66(6):655-66. 

169. Shi J, Wen Z, Zhong G, Yang H, Wang C, Huang 

B, et al. Susceptibility of ferrets, cats, dogs, and other 

domesticated animals to SARS–coronavirus 2. Science. 

2020;368(6494):1016-20. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l.i
sv

.o
rg

.ir
 o

n 
20

25
-1

2-
07

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            17 / 17

http://journal.isv.org.ir/article-1-463-en.html
http://www.tcpdf.org

