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INTRODUCTION 

Coronaviruses are being isolated with increasing frequency 

from cats. These vari ous isolates can be divided into two 

major groups: 1) coronavi ruses that induce a di sease of cats 

known as feline infectious peritonitis (FIP), and 2) corona

viruses that cause a transient subclinical to severe enteri

tis1,2. The various isolates in each of these groups are mor

phologically and antigenically related, and probably represent 

strains of a canmon species of virus that infects cats, dogs 

(canine coronavirus or CCV), and swine3,4. 

The purpose of the report is to describe the coronavi rus 

strains that have been isolated from cats. The antigenic simi

larities of the various isolates will be compared, and the 

pathogenesis of FIP virus (FIPV) and feline enteric coronavirus 

(FECV) infection will be discussed. 

Feline Infectious Peritonitis Virus 

A number of isolates of FIPV have been made throughout the 

worl d. Unfortunately, early i so 1 a tes coul d only be propagated 
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..!.!: vivo by serial passage in cats, so comparisons of isolates 

were difficult to make. Within the last several years, how

ever, at least 6 FIPV isolates have been cultivated in tissue 

culture. These include the isolate of O'Reilly and co

workers5, the NW1 (UCDl) strain1, the TN-409 (Black) strain6 , 

the Nor-15 isolate7, the 79-1146 virus8 , and the UCD2 strain9• 

We have studied 4 of the 6 strains in our laboratory, 

including FIPV UCD1, FIPV-Black, FIPV-79-1146, and FIPV-UCD2. 

The UCD1, UCD2, and Black strains are very similar in regard to 

cytopathic effect (CPE), cell-associated growth, pathogenecity, 

and in their comparative neutralization by antiserum to various 

strains of FECV, FIPV, TGEV, and CCV. The 79-1146 strain, 

however, is clearly different in growth characteristics in 

ti ssue cul ture, pathogeneci ty, and because of its greater re

semblance to CCV. 

The UCD1, UCD2, and Black strains of FIPV produce slow CPE 

in culture. Tissue culture supernatants will rarely yield more 

than 4,000 to 40,000 TCIDlQO of non-cell associated virus per 

ml. Cell sonicates will contain 10 times more infectious virus 

than cul ture supernatants. These 3 strai ns grow best in cer

tai n cat cell 1 ines, such as fcwf-4 or fc-0009 (fc9) cell sl. 

They grow less well on Crandell feline kidney (CRFK) cells. 

Foci appear slowly over a period of 36 to 96 hours and consist 

initially of refractile angular shaped or multinucleated cells. 

Primary foci enlarge slowly from the peripheries. Secondary 

foci of infection are seen only occasionally, indicating that 

infection proceeds mainly by cell to cell contact. As the foci 

grow, cells in the middle of the plaque slough into the media 

or remain adhered to the plastic in a stellate, multinucleate, 

or lace-like form. The infection is most readily propagated by 

co-passing infected with normal cells. 

The 79-1146 strain of FIPV was originally isolated from a 

4 day old kitten by McKeirnan and associates8 • It was later 
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found to induce FIP in cats9 . FIPV-79-1146 closely resembles 

canine coronavirus in its growth in cell culture. It grows 

well in most cat cell lines, including CRFK cells, and yields 

up to 106 to 107 TCID100 of infectious virus per ml of culture 

supernatants. Small foci of CPE appear in cultures within 12 

to 24 hours. Cells wi thi n the foci become retracted, refrac

til e, and angular or rounded in appearance. Multi nucl eated 

giant cells are promi nent. Secondary foci of infection appear 

very rapidly, and by 24-72 hours the entire cell sheet will be 

destroyed. 

The various strains of FIPV are antigenically related to 

each other and to FECV isolates. The simil~rities are more 

pronounced when the isolates are compared by indirect fluore

scent antibody than by virus neutralization assays (Table I, 

II). Antiserum to FECV-UCD and FIPV-Black cross reacts strong

ly in vi rus neutral i zation tests agai nst FIPV-Black but \\eakly 

with FIPV-79-1l46, FECV-79-1683 and CCV (Table II). Antiserum 

to FECV-79-1683 reacts weakly with FIPV-Black but strongly with 

FIPV-79-1146, FECV-79-1683 and CCV (Table II). 

Tabl e I. Indi rect fl uorescent antibody cross-reactions 
between FIPV-like (Type I) and CCV-like (Type II) feline coron
aviruses. Titers are expressed as the highest inverse dilution 
of serum that still produced 1+ fluorescence. 

Vi rus Substrate 

Antiserum FIPV-BLACK FECV-79 -1683 
(Type I) (Type I I) 

Anti-FIPV-Black 50,000 1,250 
(Type I) 

Anti-FECV-79-1683 
(Type I I) 

1,500 26,600 
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Table II. Virus neutralization titers (inverse dilution) 
of serum samples collected from cats with experimentally induc
ed feline coronavirus infection. 

Virus Neutralization Titer Against: 

Immuni zi ng 
Serum # Strain FIPV-Black FIPV-79-1146 FECV-79-1683 CCV 

1 FIPV -Bl ack 48 <2 <2 2 
2 FIPV-Black 64 <2 <2 8 
3 FECV-UCD 16 2 <2 <2 
4 FECV-UCD 64 4 <2 <2 
5 FECV -79 -1146 4 100 400 200 
6 FECV-79-1683 4 400 600 800 

The CCV-like isolates of FIPV clearly represent a different 

strai n, \'d1ereas FIPV-Black, FIPV-UCD1 and FIPV-UCD2 are very 

similar if not identical to each other10 • In the field, strains 

similar to FIPV-Black account for the majority of cases of FIP 

(Table III). CCV-like strains of FIPV, such as FIPV-79-1146, 

are an infrequent cause of FIP in nature. 

The pathogenecity of the UCD1 and Black strains of FIPV are 

similar on an infectious particle to particle basisll. They 

both have a relatively low i nfectivi ty for cats by oronasal 

ins ti lla ti on. Dos es of vi ru sin the range of 4,000 TCI D100 

produce infection ina small number of animal s, W1il e doses of 

40,000 TCID100 or more will infect most cats. The initial 

febrile response, indicating the onset of fatal disease, occurs 

about 8-14 days after infection in coronavi rus antibody free 

cats. Death usually occurs withi n 7 to 21 days from the onset 

of fever. If cats have been preimmuni zed wi th FECV or hi gh 

passage avirulent FIPV-Black, fever is seen within 12 to 48 

hours and the cats are usually moribund by day 7 to 101,11,12. 
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FIPV-79-1146 has a comparatively high i nfectivi ty by oro

nasal instillation, and cli nical signs in coronavi rus negative 

cats appear around day 8 to 14. Previ ous exposure wi th other 

related coronaviruses, however, does not shorten the incubation 

period. A slight fever is seen in coronavirus antibody negative 

and positive cats around 24-48 hours after infection wi th FIPV-

79-1146. 

Table III. Vi rus neutrali zation titers (i nverse di lution) 
of serum samples collected from cats with naturally occurri ng 
feli ne infectious peritoniti s. 

Virus Neutralization Titer Against: 

FIPV 
Serum # Type FIPV-Black FIPV-79-1146 FECV-79-1683 CCV 

1 I 3200 <10 <10 20 
2 I 3200 <10 <10 <10 
3 I 640 <20 <10 <10 
4 I 1600 <10 <10 10 
5 I 2400 20 <10 80 
6 II 40 6400 6400 12,800 
7 I 320 <10 10 20 
8 I 640 <10 <10 <10 
9 I 160 <10 <10 <10 
10 I 500 10 <10 10 
11 I 80 <10 <10 <10 
12 I 160 <10 <10 <10 
13 I 640 <10 <10 <10 
14 I 320 <10 <10 <10 
15 I 128 <4 <4 4 
16 I 64 <4 <4 8 
17 I 160 N.T.* <10 <10 
18 I 640 <10 N.T N.T 
19 I 320 <10 <10 <10 
20 I 1600 <10 <10 10 

*N.T. = not tested 
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The temperature returns to normal in 12 to 24 hours and the cats 

appear heal thy until day 8 -14, \\tIen a sustai ned fever appears. 

Cats infected with FIPV-79-1146, \<\hether presensiti zed or not, 

survive longer with clinical signs than cats infected with FIPV

UCDI or FIPV-Black. 

Pathogenesis of FIPV infections - The pathogenesis of FIPV 

infection is complex and not completely understood. There is 

enough known about the di sease, however, to specul ate on its 

pathogenesis (Fig. 1). The primary route of infection is 

probably oral, and virus replication is thought to occur 

initially in the mature apical epithelium of the intestinal 

tract13 . In support of this assumption, orally administered 

FIPV will infect the i ntesti nal epithel i urn of neonatal pi gs ina 

manner identical to TGEV14. Cli nical signs are not associ ated 

with the initial intestinal infection of cats. In cats sero-

1 ogi cally negative for coronavi rus infection, the earli est signs 

of illness occur from 8 to 14 days after exposure. Clinical 

illness appears to be associ ated wi th di ssemi nati on of vi rus 

from the mucous membranes and regional lymph nodes, probably by 

way of blood-borne phagocytes15 . This is one essential 

difference between FIPV and FECV infections. FECV does not 

spread further than the intestinal epithelium and the regional 

lymph nodes2 . Di ssemi nated FIPV is found preferenti ally wi thi n 
phagocytic cells in the target tissues, \<\hich include the liver, 

visceral peritoneum and pleura, uveal tract of the eyes, and the 

meninges and ependyma of the brain and spinal cord. The form of 

the disease that follows dissemination is dependent on the type 

of immunity that develops (Fig. 1). 
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Fig. 1 The possible pathogenesis of Feline Infectious Peri-
tonitis as formulated from current knowledge. 
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FIP occurs in t'l«> distinct forms16 ,17. The first form is 

essentially a peritonitis or pleuritis, or both. The target 

ti ssues are the vi sceral peri toneum and pl eura, and the omen

tum. Inflammation in these tissues results ina great outpour

ing of fluid into either or both of these body cavities, hence 

the name II we til or "effusive" FIP. Meni ngeal and ependymal 

involvement is usually clinically inapparent in the effusive 

form of FI P • A second form of FI P was subs equentl y recogni zed 

by Montali and Strandberg18 • Lesions in this form are more 

granulomatous in nature and localized primarily in parenchy

matous organs such as the mesenteric lymph nodes, kidneys, uveal 

tract, and the meni nges and ependyma of the brai nand spi nal 

cord. There is mi nimal or no exudation of fluid into the body 

cavities, and this form of the disease is, therefore, called 

"dry" or noneffusive FIP. Under experimental conditions, 

effusive FIP is about 2 to 3 times more common than noneffusive 

FIP. 

Effusive FIP is characterized by a pyogranulomatous type of 

reaction around small venules in the target organs 19 ,20,21. 

This vasculitis is responsible for the outpouring of protein and 

fibrin-rich fluid into the chest or abdomen. The lesions of 

effusive FIP develop simultaneously with the appearance of 

humoral immunity. Humoral immunity is not protective, but in 

fact, is actually harmful. Cell-mediated immunity appears to be 

the only beneficial protective responsell • Antibody seems to 

enhance vi rus uptake by phagocytic cells, a preferred si te for 

virus replication1,12. The net effect is to enhance rather than 

decrease the level of virus proliferation. Antibody also reacts 

with antigen and complement, possibly resulting in a localized 
arthus-like response 12,15,22-24. The presence of circulating 

immune complexes is also suggested by the fluctuating complement 

levels and the development of glomerulonephritis in cats with 

FIp25,26. Complement mediated activation of terminal clotting 
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factors, coupled with vascular lesions that consume platelets 

and cl otti ng factors, causes a coagulopathy in cats wi th 

effusive FIp22. 

It is theorized that the noneffusive form of FIP occurs in 

cats that develop only parti al cell-medi ated immuni tyll. 

Partial cellular imlTR.lnity will limit the virus to localized 

sites in target organs, but is insufficient to destroy or 

contai n the infection. The resulti ng grarulomatous reaction 

surrounds small accumulations of virus-laden phagocytic cells in 

the center of the lesions. The granulomatous reactions seen in 

noneffusive FIP are, therefore, equivalent to similar reactions 

seen in diseases such as coccidioidomycosis, histoplasmosis, or 

tubercul os is. 

Cats that develop strong cell-mediated immunity do not show 

si gns of ill ness, or \>r111 deIOOnstrate a transi ent fever and 

local i zed mesenteri c lymphadenopathy. Cell-medi ated immuni ty 

does not always lead to complete elimination of the virus. 

Virus apparently persists in the body of some cats in a walled

off form. With deterioration of immune responsiveness, usually 

associ ated wi th agi ng or di seases such as FeLV infection, the 

FIPV infection may become active again. 

Heterotypic imlTR.lnity to non-FIP-i nduci ng coronavi ruses 

(FECV·s) may be involved in the pathogenesis of FIP. Cats with 

cross reacti ng serum antibodi es are often more sensitive to 

intraperitoneal challenge with FIPV1 ,2,12. Cats with sensitiz

i ng heterotypic coronavi rus immunity wi 11 develop effusive FIP 

after 24 to 72 hours, versus 8 to 14 days or more for cats 

without previous coronavirus exposure. This enhancement is more 

consi stently seen 'liJen FIPV strai ns such as UCDl or Black are 

used for the challenge. FIPV-79-1146 infection is not 

appreciably influenced by heterotypic immunity in one way or the 

other. Aerosol inoculation with FIPV-UCD1 of cats with prior 
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coronavirus exposure causes a severe fulminating pneu

monia1S ,22-24. The enhancement of illness caused by a prior 

exposure to an antigenically related virus is reminiscent of 

dengue hemorrhagic shock syndrome of man. Thi s s imilari ty has 

been described by Horzi nek and Osterhaus27 , Pedersen and 

Boyle12 , and Weiss and Scott23 • 

Initial attempts to immunize cats using TGEV of swine have 

been unsuccessfu1 28 ,29. Immunization with modified live FIPV 

has also failed to protect cats11 • Kittens immunized oronasally 

with the modified live FIPV-Black developed both IFA and virus 

neutralizing antibodies. Following challenge with virulent 

FIPV-Black, however, the infection rate was increased, latency 

peri od reduced, and di sease severi ty enhanced in vacci nated as 

compared to nonvaccinated kittens. Apparently, avirulent virus 

does not confer a protective type immunity, but elicits humoral 

immunity that is actually deleterious. The failure of avirulent 

FIPV to immunize might be due to its failure to persist in the 

bodyll. Cats have been successfully immunized against FIPV 

using sublethal doses of virulent virus11 • Unfortunately, this 

is not of clinical rele.vance because the dose that immunized 

some cats caused fatal FIP in others. 

Feline Enteric Coronavirus Infection 

Feline enteric coronaviruses are the cause of inapparent to 

mild, infrequently severe, intestinal infections in kittens 

between bi rth and 12 weeks of age. Al though they are morpho

logically and antigenically similar to FIPV, FECV strains do not 

cause FIP. To date, 2 different strains of FECV have been 

characterized. The first isolate, designated FECV-UCD, was 

described by Pedersen and coworkers2• A second isolate was 

identified by McKeirnan and associates8 , and has been designated 

FECV-79-1683. FECV-79-1683 was isolated from a fatal case of 

peracute hemorrhagic enteritis in an adult cat. Like FECV-UCD, 
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this strain produced mild to inapparent enteritis in specific 

pathogen free cats9• Coronavi rus particles identical to those 

described for FECV-UCD have been identified in the stools of a 

cat with diarrhea by Dea and coworkers30• This isolate shared 

some antigens with calf diarrhea coronavirus. Hayashi and 

coworkers13 also observed a coronavi rus in the i ntesti ne of a 

cat with diarrhea. This vi rus \\as antigenically similar to FIPV, 

and was probably another FECV. Hoshino and Scott31 have 

demonstrated coronavi rus-l ike particl es in the stool of normal 

cats, but they appear morphologi cally and antigenically 

different from other FECV isolates. 

Repeated attenpts to grow FECV -UCD i n cell cul ture have 

failed. The virus is currently maintained by .!.!!. vivo passage in 

kittens. FECV-79-1683 grows readily in cell culture, and in 

regard to cytopathi c effect, cell tropi sm and 1 evel of free 

virus production, it is similar to FIPV-79-1146. It also seens 

to be more closely related to CCV than to FECV-UCD. 

Pathogenesis 

The target tissue for FECV-UCD infection is the mature 

columnar epithelium of the small intestine2• Virus replication 

also occurs to a lesser extent in the tonsils and mesenteric 

lymph nodes. Clinical signs occur \\tIen a large percentage of 

the apical intestinal villous epithelium is damaged. Signs 

began between 2 and 7 days after oronasal infection. Vomiti ng 

is the first sign observed, precedi ng di arrhea by 12 to 48 

hours. The diarrhea is seldom severe and lasts for 48 to 96 

hours. Fever, \\tIen it occurs, is mild. Many recovered cats 

will become asymptomatic virus shedders. 

FECV-79-1683 causes an almost identical disease syndrome to 

FECV-UCD, although perhaps mil der in nature. Foll owi ng oral 

infection, virus replication is seen in the mature apical 
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columnar epithelium of the small i ntesti ne, mesenteric lymph 

nodes, tonsils, and to a lesser extent in the lungs. Virus 

sheddi ng, as detected by cell culture infectivity of fecal 

supernatants, is only apparent for the first 13-16 days. 

Recovered cats, however, remain infectious to susceptible con

tact animals for a much longer period of time. 

Classification of Feline Coronaviruses 

We propose that feline coronaviruses be classified using 

the following critera: 1) morphological, structural, and anti

genic relationship to TGEV and CCV, 2) type of disease that they 

cause, e.g. FIP, enteritis, etc., 3) growth characteristics in 

cell culture (ease of isolation in cell culture, ease of 

adaptability to various cell-lines, cell-associated growth 

characteristics), and 4) degree of relatedness to CCV in virus 

neutralization tests. In such a scheme, the 5 characteri zed 

isolates can be categorized as listed in the following outline: 

1. Fell ne Coronavi ruses 

A. Non TGEV-like (theoretical existence) 
B. TGEV -1 ike 

1. FIP inducing 
a. Type I (difficult to grow in cell culture, 

grow best in selective cell 11 nes, cell 
associated growth, antiserum to these 
strains reacts weakly in virus neutraliza
tion wi th heterologous strai ns such as CCV). 

1) FIPV-UCD1 
2) FIPV -UCD2 
3) FIPV-Black 
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b. Type II (easily isolated in cell culture, 
grows in many different cell 1i nes, produces 
1 arge amounts of non-cell associ ated vi rus, 
anti serum to these strai ns reacts strongly 
in virus neutralization with heterologous 
viruses such as CCV). 

1) FIPV-79-1146 

2. Non-FIP inducing 

a. Enteritis causing agents 

1) Type I (criteria as listed above 
for type I FIPV strains) 
a) FECV-UCD 

2) Type II (criteria as listed above 
for type I I FIPV strai ns) 
a) FECV-79-1683 
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