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Everybody in the poultry industry is well aware of infectious bronchitis virus (IBV), the coronavirus of the 

chicken (Gallus gallus), associated with respiratory disease, but also with disorders of the reproductive and 

urogenitory systems. US turkey producers are familiar with coronavirus disease (enteric) in turkeys (Meleagris 

gallopavo), the rest of the world much less so. Studies in the UK have demonstrated that pheasants (Phasianus 

colchicus) are commonly infected with a coronavirus (respiratory and kidney disease). Very recently scientists in 

China have isolated coronaviruses from peafowl (Pavo), guinea fowl (Numida meleagris); also in Brasil), 

partridge (Alectoris) and also from a non-gallinaceous bird, the teal (Anas). All these coronavirus are closely 

related in genome organisation and, indeed, in gene sequence, to IBV, the prototype virus of the Group 3 

coronaviruses. To date this group only contains viruses isolated from birds. Most recently Group 3 coronaviruses 

have been detected in greylag geese (Anser anser), mallard duck (Anas platyrhynchos) and pigeon (Columbia 

livia).  

In my lecture I shall be looking at what we know biologically about these coronaviruses, in the context 

of host range and interspecies transmission. Twenty years ago a coronavirus was isolated from a shearwater 

(Puffinus puffinus). This virus was genetically similar to the Group 2 coronaviruses, which up to that point 

comprised only viruses from mammals. Whilst it is not certain whether that virus was actually from the 

shearwaters or from the mice that had been inoculated with material from the shearwaters, recent experiments 

with bovine coronavirus have demonstrated that the bovine virus can not only infect but can also cause enteric 

disease in turkeys. In other words, birds are not necessarily limited to infection by coronaviruses that we would 

consider to be avian coronaviruses. Host range studies amongst Group 1 coronaviruses (all from mammals, to 

date) are very instructive in this regard as, of course, is SARS coronavirus. Clearly there is the potential for the 

emergence of new coronaviruses diseases in domestic birds, from both avian and mammalian sources. I shall 

discuss briefly how laboratory diagnosticians might be prepared for such an event. 

 

 

Introduction 

 
It is highly likely that all avian species are infected with coronaviruses, and probable that a given coronavirus 

species can infect more than one species of bird.  It may well be that our domestic birds (chickens, turkeys etc.) 

are susceptible to coronaviruses that we have not yet discovered.  In addition to looking at why this might be so, 

I shall summarise what we know of turkey coronavirus, the avian coronavirus about which we know most after 

infectious bronchitis virus (IBV), the coronavirus of the domestic fowl (the chicken; Gallus gallus domesticus).   

 

 

Genetically IBV-like coronaviruses.   

 

Most of what we know about coronaviruses in birds is based on IBV (Cavanagh 2003, Cavanagh & Naqi, 2003), the 

cause of respiratory and other diseases in the domestic fowl.  This was the first coronavirus to be isolated, in the 

1930s.  Recently we have learned about turkey coronavirus (TCoV; Guy, 2000; Cavanagh et al., 2001) and pheasant 

coronavirus (PhCoV; Cavanagh et al., 2002).  A common factor is that these three gallinaceous bird species are of 

economic importance – otherwise it is unlikely that their coronaviruses would have been studied.  The emergence of 

severe acute respiratory syndrome coronavirus (SARS-CoV) has resulted in a ‘hunt’ for coronaviruses in many 

animal species.  Very recently Chinese researchers have sequenced the complete genomes of coronaviruses isolated 

from peafowl, partridge, guinea fowl and teal.  Ito et al. (1991) isolated from guinea fowl a coronavirus that was 

antigenically related to IBV.  The genome organisation of all the coronaviruses mentioned above is the same as that 

of IBV.  Moreover, the proteins encoded by the genes of these coronaviruses have very similar sequences to those of 

IBV; the sequence differences between one of these coronaviruses and IBV is no greater than the differences 
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between two serotypes of IBV.  One might consider them to be host-range mutants of a single coronavirus species 

(Cavanagh, 2002).   

Surely there must be coronaviruses in other birds – and other coronaviruses that can infect our major avian 

domestic species?  Before looking further at what we know of avian coronaviruses, it is instructive to look at the 

biological properties of coronaviruses in mammals. 

 

 

Coronaviruses have been placed into four Groups (Table 1).  Initially this was based on antigenic relationships, 

which were later supported by gene sequencing.  All coronaviruses have four proteins within the virus particles 

(virions)(Figure 1).   

The virion proteins have <40% amino acid identity between species in different Groups; viruses in different 

Groups are very different from each other.  The large surface spike protein (S) is responsible for the attachment of the 

virus to cells, and for the fusion of the virus envelope with the cell surface or endosomal membranes, thereby 

releasing the single-stranded, positive sense RNA genome (surrounded by the nucleocapsid, N, protein) into the 

cytoplasm, where replication of the RNA takes place.   

 

 

 

 

 
 

 

 
Figure 1. IBV particles comprise a lipid envelope, derived from internal cell membranes, associated with four 

proteins and an RNA genome. The N protein surrounds the RNA. The other three proteins are in the envelope. The E 

protein is present in only trace amounts. At the surface is the large spike protein, S. The M protein is the most 

numerous of the envelope proteins, making contact with both S and N. 
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Table 1.  Coronavirus species. 
 

Group 1 

Porcine transmissible gastroenteritis coronavirus (TGEV) 

Canine enteric coronavirus (CECoV) 

Feline coronavirus (FCoV) 

Bat coronavirus 

Porcine epidemic diarrhoea coronavirus (PEDV) 

Human coronavirus 229E and other species e.g. NL-63 (HCoV) 

 

Group 2 

Murine hepatitis coronavirus (MHV) 

Human coronavirus OC43 (HCoV OC43) and other species 

Bovine coronavirus (BCoV) 

Canine respiratory coronavirus (CRCoV) 

Porcine haemagglutinating encephalomyelitis coronavirus (HEV) 

Puffinosis coronavirus (from a shearwater, Puffinus puffinus) 

SARS coronavirus (SARS-CoV) 

 

Group 3 

Infectious bronchitis coronavirus (IBV) 

Turkey coronavirus (TCoV) 

Pheasant coronavirus (PhCoV) 

Goose coronavirus (GCoV) 

Duck coronavirus (DCoV) 

Pigeon coronavirus (PiCoV) 

 

Groups 1, 2 and 4 comprise mammalian coronaviruses.  Group 3 comprises the genetically IBV-like viruses noted 

above.  Examination of Table 1 shows that for a given species of animal there can be (a) >1 species of coronavirus, 

and (b) coronavirus species from >1 Group. 

 

 

 

 

 
Infectious bronchitis (IB) 
 

Everyone at this meeting is familiar with IB.  Here I would like to emphasise that despite its name, IBV replicates at 

many epithelial surfaces (Figure 2).  These include much of the alimentary canal, as well as kidney, gonads and 

bursa.  Pathology is not usually associated with infection of the alimentary tract by IBV, although proventriculitis has 

been attributed to strains of IBV (Yu et al., 2001).  It has long been known that some strains of the virus are highly 

nephropathogenic.  So, we should keep an open mind with regard to what pathological manifestations may result 

from an infection with IBV. 
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Figure 2. IBV replicates at many epithelial surfaces. 

 
 

Turkey coronaviral enteritis   

 
A coronavirus was shown to be involved with enteritis of turkeys in the USA about 30 years ago. In young 

poults it has caused mortality upwards of 59% whilst in older birds it is debilitating, resulting in 

underperformance with regard to meat and egg production.  In the USA during the 1990s attention was focussed 

on losses in poults attributed to ‘poult enteritis and mortality syndrome’ (PEMS; Barnes and Guy, 1997). As the 

name suggests this was, by definition, associated with poults up to 28 days of age. Although commonly present 

at the time of PEMS, coronavirus is not the only pathogen that has been associated with this disease. In 

particular an astrovirus has recently been detected and shown to be able to reproduce PEMS-like disease in 

experiments. Certain gut bacteria can exacerbate the consequences of the viral infections (Guy et al., 2000).  

Generally speaking, the PEMS manifestation has not been described beyond North America, but recent and 

current research in Brasil and UK is revealing that infection of turkeys with turkey coronavirus (TCoV) is 

common, in turkeys of all ages up to five months of age or so. 

The co-incidence of coronavirus with PEMS is taken very seriously in the US and monitoring the 

presence of the virus has been a major part of attempts to minimise the effects of the disease. Steps that decrease 

infection with coronavirus are likely to also reduce losses caused by other pathogens. 

 

 

Relationship between IBV and TCoV 
 

Research at the University of North Carolina in the mid-1990s showed coronaviruses from turkeys were 

genetically related to IBV (reviewed by Guy, 2000; Breslin et al., 1999a, b).  An earlier suggestion from work in 

Canada, that TCoV was closely related to bovine coronavirus (Group 1), was wrong.  The sequences of the genes 

of the turkey coronaviruses had 85-90% identity with those of IBV, which is high.  The exception was in the 

spike protein; recent research has revealed that there is only  approximately 34% identity between the spike 

protein of the TCoV isolates and those of IBVs, a lower identity than the lowest yet seen between IBV strains 

(Lin et al., 2004).  (The spike proteins of IBV serotypes generally have between 75 to 85% identity).  In 2001 

we, in conjunction with Dick Gough of the Central Veterinary Laboratory, Weybridge, discovered a coronavirus 

in turkeys in Britain, the first unequivocal demonstration outside North America.  The virus came from two-

week-old poults that were on a multi-age farm.  The birds had fluid caecal and intestinal contents, 20% of them 

showed stunting, unevenness and lameness; 4% died.  We performed polymerase chain reaction (PCR) tests on 

the caecal contents.  This confirmed the presence of coronavirus.  Sequencing showed that the virus had a 

genome organisation the same as IBV, and gene sequences of 85-90% the same as those of IBVs (though we did 
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not sequence the spike protein gene) (Cavanagh et al., 2001).  We are currently using PCR to study the incidence 

of TCoV in turkeys in the UK, and gene sequencing to establish the degree of heterogeneity of the viruses and to 

build a better epidemiological picture.  We are detecting the virus in 30 to 40% of flocks that have been 

monitored at random from one day of age to 20 weeks of age.  It is also present in 30 to 40% of faecal samples 

sent from flocks experiencing scouring (diarrhoea).  It is likely that TCoV is in other countries where turkeys are 

reared. 

The British TCoV was about 10% different from the three American ones that had been sequenced – 

and which differed from each other by about 10%.  The spike genes of three North American isolates have been 

sequenced (Lin et al., 2004).  Interestingly, they had 91% amino acid identity amongst each other – greater 

identity than is usually shown by serotypes of IBV.  It is possible that TCoV will be less heterogeneous than IBV 

with respect to its spike protein.  

 

 

Pheasant coronavirus.   

 

Electron microscopy and some antigenic analysis by Dick Gough at the Central Veterinary Laboratory, Weybridge 

had indicated that pheasants were infected by a coronavirus (PhCoV), sometimes associated with respiratory disease, 

and sometimes associated with kidney disease (Gough et al., 1996; Cavanagh et al., 2002).  We have since detected a 

coronavirus in many pheasants, collected from many ‘farms’ that were experiencing respiratory disease (Welchman 

et al., 2002).  The degree of relatedness genetically to IBV is the same as that between IBV and TCoV.  The gene 

sequences of the dozen or so pheasant isolates were not identical the IBVs that we work with in the laboratory 

(differences of at least 10%), and not like any IBV sequences in the databanks (again, differences of at least 10%).  

Consequently we are confident that we were observing genuine pheasant isolates, not contamination with IBV in the 

laboratory.  There were differences in gene sequence amongst the pheasant coronaviruses, similar to that which exists 

amongst serotypes of IBV. 

 

 

Host range of IBV, TCoV and PhCoV.   

 
Is each of these avian coronaviruses able to infect other species?  Experimental inoculation of TCoV into chickens 

resulted in replication in the alimentary tract, though asymptomatically
 
(Ismail et al., 2003).  Inoculation of chickens 

with several PhCoVs resulted in production of antibodies, indicative of replication, but without disease (Gough et al., 

1996).  Thus these viruses have the capacity to replicate in other hosts but they might not cause disease. 

 

 

A coronavirus is not necessarily limited to replicating in one host.   

 

We know from experiment that the Group 1 canine and feline coronaviruses can replicate in pigs (Woods et al.,, 

1981; Woods & Wesley, 1992).  These two viruses, and TGEV, have proteins with very similar (>90%) protein 

sequences, including the surface spike protein that is responsible for the attachment of the virus to cells.  It is known 

from experiments that these three viruses can use the same cell surface molecule for attaching to cells in vitro.   

An isolate of a coronavirus apparently from a child had proteins with 99% identity with those of bovine 

coronavirus.  If that was a ‘real’ finding i.e. if there had not been cross-contamination in the laboratory (which was 

studying bovine coronaviruses), then this indicates that bovines and humans can be infected with the same 

coronavirus.  The recently discovered canine respiratory coronavirus has 95% identity with the proteins of bovine 

coronavirus.  Might these two virus species both infect both dogs and cattle? 

 

 

A coronavirus is not necessarily limited to causing disease in one host.   

 

It has been shown by experiment that both FCoV and CECoV can not only replicate in pigs, but also cause pathology 

(villous atrophy in jejunum and ileum).  So, we should keep an open mind with regard to the host range, including 

capacity to cause disease, of avian coronaviruses – and with regard to the potential of so-called mammalian 

coronaviruses to cause disease in birds. 

 

 

Recombination amongst coronaviruses.   

 

Since the discovery of SARS-CoV and other new coronavirus species in humans there has been speculation that they 

arose by recombination between other coronavirus species.  It is certainly the case that coronaviruses can undergo 
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recombination.  This has been demonstrated experimentally.  Sequence analysis of many isolates of IBV suggest that 

recombination is a feature of the evolution of IBV, and that feline and canine coronaviruses have undergone 

recombination in the field.  That said, there is no evidence for recombination between coronaviruses of different 

Groups i.e. between coronaviruses of very different gene sequences.  Mostly, recombination will take place between 

coronaviruses that have very similar gene sequences, rather than between very different ones. 

 

 

Coronaviruses in other galliform birds.   

 
Chinese researchers have very recently sequenced the complete genomes of coronaviruses isolated from domestic 

peafowl (Pavo cristatus), partridge, guinea fowl and teal.  All these viruses were IBV-like with respect to their 

genome organisation (which differs in various respects from the coronaviruses in Groups 1, 2 and 4) and, indeed, 

with the sequences of the genes encoded by their genes.  The proteins of the peafowl virus had >99% identity with 

the widely used IBV H120 vaccine (Liu et al., 2005).  It is almost certain that it was the vaccine strain that had been 

recovered from the peafowl, which had chickens in the neighbourhood.  When the isolate was inoculated into 

chickens, no disease was caused – which is what one would expect of the H120 vaccinal strain.  

Ito et al.  (1991) isolated from 5- and 10-day-old guinea fowl a coronavirus that was antigenically related to 

IBV.  The guinea fowl had been suffering high mortality and low feed consumption, and enteritis was reported.  

When the isolate was inoculated experimentally (intranasally) into chickens and into guinea fowl, both species 

exhibited respiratory distress and aqueous faeces.  Sera from nearby layer breeder chickens (which had been multiply 

vaccinated against IB) did neutralise the guinea pig virus, indicating some antigenic relatedness between the guinea 

fowl coronavirus and IBV.  Whether the guinea fowl virus was a ‘genuine’ guinea fowl coronavirus i.e. a separate 

species, or an IBV that had spread from nearby chickens to the guinea fowl, is not known.  Nevertheless, the field 

observations and the laboratory infections indicate that the virus from the guinea fowl had a host range of more than 

one bird species. 

Our own studies have confirmed without doubt that pheasants are naturally infected with coronaviruses that 

are genetically similar to IBV but which are probably not actual IBV strains, as they did not cause disease when 

inoculated experimentally into chickens.  Similarly with respect to turkey coronavirus.  The results of in-depth 

studies with the coronaviruses from pheasants and turkeys make it likely that other gallinaceous birds, at least, would 

be susceptible to coronaviruses that are genetically similar to IBV i.e.  to Group 3 coronaviruses. 

 

 

Coronaviruses in non-galliform birds.   
 

The isolate in China from a teal – also kept domestically, near chickens – had a spike protein that had ~90% identity 

with some known IBV strains, including a nephropathogenic one (Liu et al., 2005).  When this isolate was inoculated 

into chickens, it caused disease, including kidney involvement.  Given the very high relationship between the genes 

of the teal isolate and IBV, including the S gene, it is likely that the teal isolate was actually an IBV strain that had 

spread to the teal from nearby chickens.  Assuming that these findings did not result from cross-contamination in the 

laboratory, it would appear that IBVs can replicate not only in peafowl, a gallinaceous bird like the chicken, but also 

in teal, a non-gallincaceous bird.  No disease was reported with the peafowl or teal at the time of isolation of the 

viruses.   

In summary, it would appear that IBV can replicate in other gallinaceous and in some non-gallinaceous 

birds, asymptomatically in at least some cases.  Irrespective of whether IBV causes disease in species other than the 

chicken, these other birds would act as a vector of IBV.  Given that birds fly, an IBV strain could be transported for 

long distances by other avian species.  

In Australia a coronavirus was isolated from tracheal/cloacal swabs, using chicken embryos, from racing 

pigeons that were exhibiting ruffled feathers, dyspnoea and excessive mucus at the beak.  The virus caused changes 

in the embryos typical of IBV, and it was neutralised by serum against an Australian serotype of IBV.  When the 

virus was inoculated (intranasal, intraocular and oral routes) into pigeons and chickens, the chickens but not the 

pigeons developed respiratory disease.  It is possible that the clinical signs observed in the racing pigeons from which 

the virus was obtained were not caused by the coronavirus, or that the coronavirus had been able to cause disease in 

the pigeons because their resistance had been lowered by intercurrent disease.  Notwithstanding, it would appear that 

an IBV replicated in pigeons. 

Recent research has revealed that pigeons are susceptible to a coronavirus, indeed to a Group 3 coronavirus. 

Jonassen and colleagues (Jonassen et al., 2005) used a pan-coronavirus RT-PCR (able to detect coronaviruses of 

all Groups) to look for the presence of coronaviruses in gut contents.  They detected coronaviruses in 40/163 

graylag geese, 2/100 pigeons and 1/5 mallard ducks.  Further RT-PCRs for the 3’ end of the genome revealed 

that these viruses were Group 3 coronaviruses.  The viruses in these three species were clearly different from 

each other, and were clearly different from Group 3 coronaviruses described for chickens, turkeys (TCoV) and 
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pheasants (PhCoV).  For example, there was a large insert in the hypervariable part of the 3’ untranslated region 

of the goose viruses when compared to IBV.  Moreover, the goose virus had two additional open reading frames 

(ORFs) downstream of the nucleocapsid protein gene, whilst the pigeon virus had one of these ORFs. Upstream 

of each ORF was a putative transcription regulatory signal (TRS) TTTAACAA, very similar to the transcription 

regulatory sequence, CTTAACAA, of infectious bronchitis virus of chickens. One would expect that the goose 

and pigeon viruses would generate two or one, respectively, mRNAs that are not produced by IBV, TCoV and 

PhCoV.  Attempts to isolate live coronavirus from the geese, ducks and pigeons, using embryonated domestic 

fowl eggs, were unsuccessful.  Consequently it was not possible to do host range studies in chickens, which 

would have been very interesting. 

 

 

Are poultry susceptible to non-Group 3 coronaviruses?   
 

“Yes” is the simple answer to that question.  When bovine coronavirus (a Group 2 ‘mammalian’ coronavirus) was 

experimentally inoculated into turkeys, it replicated, causing enteritis (Ismail et al., 2001).  Therefore we have to 

keep an open mind to the possibility that turkeys might be infected, potentially with economic consequences, with 

coronavirus transmitted from domestic cattle – or from wild bovines.  Perhaps poultry are susceptible to other non-

Group 3 coronaviruses, including some that have not yet been discovered. 

Often overlooked is the discovery over 20 years ago of a coronavirus (puffinosis coronavirus) from the 

Manx shearwater (Puffinus puffinus; Nuttall et al., 1982), a bird that visits the shores of Britain in summer (Nuttall & 

Harrap, 1982).  .  The virus is a Group 2 coronavirus.  As the virus was isolated by passage of shearwater material in 

the brains of mice, it is possible that the virus is actually a murine coronavirus (a Group 2 coronavirus) that was 

present in the mice before inoculation.  Notwithstanding, it is possible that birds are infected by coronaviruses that 

are not Group 3 (IBV-like) viruses. 

 

 

In summary 

 

Although there have been great advances during the last two years, we have only scratched the surface with 

regard to the discovery of avian coronaviruses.  We should also keep in mind that the host-range of 

coronaviruses is greater than was once thought, as has been shown with studies of Group 1 coronaviruses 

(Woods et al., 1981; Woods &Wesley, 1992).  The experience of SARS-CoV is only the latest example of this.  

The keeping of chickens ‘free range’ is common in some parts of world, and is increasing in those countries e.g. 

in UK, which have long had intensive poultry rearing.  The extensive systems mean that poultry are exposed 

more to pathogens of other birds and mammals, and vice versa, including an increase in the chance that poultry 

will be exposed to coronaviruses of other species. 

We should also keep an open mind about the diseases caused by the known avian coronaviruses.  To 

date we consider TCoV to be only enterotropic.  Maybe there are some respiratory forms out there, as there are 

with porcine transmissible gastroenteritis coronavirus and bovine coronavirus.  PhCoV is associated with 

respiratory disease in pheasants and also with nephritis, whilst IBV replicates at many epithelial surfaces in 

chickens.   
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