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•  Coronaviridae family  
•  Irregularly-shaped particles  
•  60-220 nm in diameter 
•  Club-shaped peplomers 
•      embedded in the envelope 
•  “Crown/corona-like” appearance 
 

Coronaviruses 
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Coronavirus Characteristics 

•  Glycoproteins of envelope: 
•  S – Spike 
•  M – Membrane 
•  E – Envelope 

•  Genome: + sense RNA 
•  non-segmented 
•  single-stranded 
•  27-31 kb 

•  RNA enclosed in capsid of  N protein 
monomers 
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Coronavirus Antigenic Groupings 

1 (mammalian)    Human coronavirus 229 E 
                             TGEV  of swine 
                             Feline infectious peritonitis virus 
                             Canine coronavirus 
2 (mammalian)    Human coronavirus OC43 
                             Mouse hepatitis virus 
                             Bovine coronavirus 
                             Porcine hemagglutinating encephalo-  
                                                                   myelitis virus  
3 (avian)              Infectious bronchitis virus of chickens 
                             Bluecomb disease virus of turkeys 
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Coronavirus Phylogeny 

Woo et al. Exp. Biol. and Medicine (2009) 
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Epizootic Catarrhal Enteritis (ECE) 

•  New diarrheal disease of ferrets (1993) 
•  First described on the East Coast of the U.S. 
•  “Green slime disease”, “Green diarrhea”,  or 

“The Greenies” 
•  Clinical signs: lethargy, anorexia, 

          vomiting, followed by 
                         profuse diarrhea  

•  Mortality rate 5%, Morbidity rate 100% 
•  Disease more severe in older ferrets 
•  Present throughout the U.S. and several other 

countries 
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Epizootic Catarrhal Enteritis (ECE) 
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Small Intestine, atrophic and 
lymphoplasmacytic enteritis with 
intralesional coronavirus antigen  

Morphologic Diagnosis 
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Complete Capsid Gene Sequencing 

•  Entire capsid (N) gene sequence derived 
by 3’ RACE (1,125 bp-ORF) 

•  Nucleotide sequence similarities: 
• 51.6 %  (CCV) 
• 48.7%   (TGEV) 
• 48.2%   (FCoV) 
• 34.5%   (HCoV 229E)  
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Phylogenetic tree, 
based on deduced 
partial amino acid 
sequences of the 
polymerase proteins 

 
Novel group 1 coronavirus 
associated with epizootic 
catarrhal enteritis (ECE) in 
ferrets 

2011 Symposium International Ferret Congress



2011 Symposium International Ferret Congress



FIP-like Disease 
•  First confirmed reports in 2002 
•  Pet ferrets in Spain and US 
•  2-36 months old (m = 11 mo.) 
•  Common clinical findings:  

anorexia, weight loss, diarrhea 
large palpable intra-abdominal 
masses 

•  less frequent findings:  
hind limb paresis, CNS signs,  
vomiting, and dyspnea 

•  Frequent hematological findings: 
mild anemia, thrombocytopenia, 
hypergammaglobulinemia  
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What’s is going on 

 

 

        ?  
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Multiple organs: 
Severe chronic 

multifocal to 
coalescing 

granulomatous to 
pyogranulomatous 
perivasculits and 

serositis 

Morphological 
Diagnosis 
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•  PCR for corona 
virus yielded 650bp 
fragment 

•  Sequencing showed 
amplified viral 
genome was distinct 
from FCoV and most 
closely related to 
FRECV (cause of 
ECE, epizootic 
catarrhal enteritis) 

RT-PCR 

M    FRSCV    Neg   FRECV 
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Outcome 

•  Not aware of 
positive cases that 
are still alive and 
doing well 

•  Prognosis probably 
similar to FIP 
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The Main Question 
•  Novel ferret coronavirus? 
•  Strain variation of FRECV  
•  Mutated FRECV 

•  Within the animal 
•  Circulating strain 
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The Objective 
 

Investigate the genetic relatedness of 
FRECV and FRSCV 

 
2 ferret coronaviruses: FRECV and FRSCV 

2 phenotypes: enteric and systemic 
2 genotypes: FRECV-like and FRSCV-like 

 
Is genotype consistently associated with phenotype? 
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3’ Genomic End Sequencing Strategy 

5’ 
 5’ 3’ 

•  Consensus RT-PCR assays for coronavirus:  
•  S  ~600 bp 
•  M to N  ~700 bp 

•  3’ RACE (N to 3’ UTR) 
•  S to M RT-PCR 
•  CODEHOP (consensus degenerate hybrid  

  oligo primers): 
•  3’ pol 1b to S,  in 3 overlapping  

fragments  

TGEV genome 
Group 1 coronavirus genome (TGEV) 8.6 kb 
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         1                               2                                   3           4          5                        6                          7     

5’-------  M N 3x 7b pol1b S ORF 3 E --3’ 

 5’ 3’ 

Group 1 coronavirus genome (TGEV) 

Genomic Organization of  
FRSCV and FRECV 

•  Consistent with coronavirus genome organization 
•  Non-structural gene 3 region has a single ORF (3c-like) 
•  FCoVs and CCVs have 3 ORFs in gene 3 region = 3a, 3b, 3c  
•  3x-like ORF found instead of ORF 7a in gene 7 region 
•  ORF 3x is located within the ORF 3abc cluster of CCV and 

FCoV 
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Comparison of the 3’Genomic Ends of 
FRSCV MSU-1 and FRECV MSU-2 

Gene/Protein 
Name 

ORF length in bp No of amino acids % amino 
acid 

similarity 

% nucleotide 
similarity FRSCV FRECV FRSCV FRECV 

Pol 1b*   360   360   119   119 96.6 97.5 

S   4,374   4,350   1457   1449 80.3 79.5 

ORF 3   252   744   83   247 96.3** 96.4** 

E   249   249   82   82 87.8 91.2 

M   792   792   263   263 96.6 97.7 

N   1,125   1,125   374   374 95.2 96.5 

3x-like   225   225   74   74 91.9 96.9 

7b   615   615   204   204 93.6 96.1 
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Percentage AA Similarities of  
FECV MSU-1 Proteins to  

FSCV MSU-1 and FECV MSU-2 

Protein % Similarity to 
FRSCV MSU-1 

% Similarity to 
FRECV MSU-2 

Partial S 77.4 96.4 

Partial M 100 100 

N 95.2 100 

3x-like 90.5 98.6 

7b 93.6 100 
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Phylogenetic Tree Based on the Deduced 
Partial AA Sequences of the S proteins of 
FRSCV MSU-1, FRECV MSU-2  and 
Representative Strains of Coronaviruses 
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Coronavirus Virulence Determinants 

•  S gene C-Terminus 
The C-terminal domain of the S protein of feline coronavirus 
strains determines their macrophage tropism  
Rottier et al. J. Virology 79:14122-14130 (2005) 
FRSCV and FRECV strains examined have consistent differences 

•  ORF 3c 
Deletions are associated with FIPV strains 
Pedersen J. Feline Medicine and Surgery 11:225-258 (2009) 
FRSCV strains examined had a deletion 

•  ORF 7b 
Deletions in ORF 7b are not constrained to  feline enteric 
coronavirus 
Lin et al. J. Feline Medicine and Surgery 11:413-419 (2009) 
No deletions in  FRSCV or FRECV 
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Sequencing of a Highly Conserved 
Region of the 3’ end of S gene 

(Upstream of the Fusion Peptide) 

•  In feline coronaviruses (Rottier et al., 2005, J. Virol., 79):  
    “D-to-A” substitution (contributing to macrophage tropism) 

        FECV 79-1683      MVLPGVANDDKMTMYT 
        FIPV 79-1146        MVLPGVANADKMTMYT 

•  In ferret coronaviruses: “S-to-A” substitution observed  

    14 FRECV strains    MVLPGVVNSDKMAMYT   
      5  FRSCV strains    MVLPGVVNADKMAMYT 
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Laboratory Diagnostic Methods 

•  Immunohistochemistry (IHC) 
•  In situ hybridization (ISH) 
•  RT-PCR 
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FRECV Detection by IHC 
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FRSCV Detection by ICH 
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Immunocytochemistry 

•  ICC not working yet 
•  No specific test  
•  Immunocytochemistry 

not as clean 
•  Sporadic distribution 

of coronavirus 
antigen produces 
false negatives 

•  Cells wash off during 
staining procedure 
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Development of Molecular 
Diagnostic Tests for FRECV 

•  In-situ hybridization (ISH) assay  
•  Digoxigenin-labelled FECV nucleocapsid gene-specific probe  
•  Detection system: anti-digoxigenin ab conjugated with 

alkaline-phosphatase and substrate NBT/X-Phos 
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Gel-Based RT-PCR Assay to 
Detect  FRECV or FRSCV  

Oral swab specimens 

 Fecal swab specimens 

+ 

+

-113 bp 

-113 bp 
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Pathotype-Specific 
Diagnostic RT-PCR 
on Clinical Samples 

FRSCV-specific primers 

FRECV-specific primers 
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 Development of a Serologic Test for ECE: 
Recombinant Baculovirus Technology 

   Ferret anti-FRECV                                  Bovine anti-BVDV  

•  FECV capsid gene cloned in baculovirus  
•  Expression of FECV capsid protein in insect cells 

(SF9) detected by IPMA (immuno-peroxidase 
monolayer assay) 
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Conclusions 

•  FRECV and FRSCV: two genetically distinct co-
circulating group 1 coronaviruses in ferrets? 

•  FRECV is associated with an enteric disease in 
ferrets, FRECV is the cause of ECE 

•  FRSCV is associated with systemic disease in 
ferrets, FRSCV causes FIP-like disease 

•  Based upon IHC, FRSCV  has macrophage  
tropism  

•  “S-to-A” substitution in the conserved C-
terminus S region and an ORF 3 mutation may 
potentially play a role in systemic virulence 
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http://www.ferrethealth.msu.edu 
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