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Feline infectious peritonitis (FIP) is an 
im portan t and complex disease of cats 
caused by a v irus belonging to  th e  family 
Coronaviridae. C oronav iruses are  a large and 
widely d istribu ted  group  of ribonucleic acid 
(RNA) viruses th a t infect several species of 
birds and m am m als. T hey  are  im portan t 
causes of upper resp irato ry  and gastro in ­
testinal disease, hepatitis, serositis (inflam ­
m ation of th e  serous linings of body cavities,
i.e., peritonitis, p leuritis), and encephalitis. 
Feline infectious peritonitis v irus (FIPV), 
canine coronavirus (CCV), transm issible 
gastroen te ritis  v irus (TGEV) of sw ine, and 
the hum an  resp irato ry  coronaviruses of the 
229E group  to g e th e r com prise a cluster of 
closely related viruses w ith in  the C oronavi­
ridae family. In fact, th e  m ajor s tru c tu ra l 
p ro teins of FIPV, TG EV , and  C C V  are so 
antigenically similar th a t som e scientists 
regard  these th ree  viruses as host-range  
varian ts (i.e., varian t form s of a single virus 
type, w hose m ajor dissim ilarities are  the 
anim al species th a t each will infect and 
produce disease in) ra th e r  th an  as th ree  
individual viral species.

Feline Coronaviruses
C ats  are susceptible to  infection no t only 
w ith  FIPV but also w ith  certain  g astro in tes­
tinal coronaviruses (enteric coronaviruses), 
agen ts th a t m ay o r m ay no t be varian ts of 
FIPV (or vice versa). T hese feline enteric 
coronaviruses (FECVs) can produce a range 
of effects, from  asym ptom atic (inapparent) 
infection o f th e  gastro in testina l trac t to 
severe en te ritis , in e ither k ittens o r adult 
cats.

R ela tionsh ip  of FECVs and FIPV. T he
n a tu re  of th e  relationship  betw een FECVs 
and FIPV is perhaps illum inated by the

observation  th a t certain  FIPV strains are 
capable of producing e ith e r FIP o r en teritis 
o r both . E nteritis can also be produced in 
new born  piglets by oral exposure to  v iru ­
lent FIPV. It is th u s qu ite  possible the 
FECVs and FIPV simply rep resen t p a th o ­
genetic (ra th e r th an  host-range) varian ts of 
a single coronavirus ty p e—varian ts pos­
sessing, how ever, a relatively broad spec­
tru m  of v irulence, from  inapparen t infec­
tion, to  en teritis , to  lethal, d issem inated 
FIP. Spectra of such b read th  and character 
are  no t w ith o u t precedent in virology. For 
exam ple, d ifferen t stra ins of m urine hepa­
titis co ronav irus can produce d ifferen t 
disease conditions in infected mice, including 
hepatitis, serositis, en teritis , encephalitis, 
and inapparen t infection. In cats, varian ts 
of feline calicivirus produce a w ide range of 
effects, from  inapparen t infection, to  severe 
pneum onia and possibly en teritis. It is 
perhaps p e rtin en t also to  recall th a t the 
hum an  gastro in testina l trac t is th e  norm al 
hab ita t for a n u m b er of viruses w ith  pa th o ­
genic potential, including hepatitis A virus 
and poliovirus.

H ost range. In n a tu re , FIPV infections 
appear to  be res tric ted  to  m em bers o f th e  
cat family, including dom estic breeds as 
well as certa in  exotic species—sand cats, 
caracals, lynx, cougars, cheetahs, jaguars, 
leopards, and lions. Additionally, th ere  has 
been a single rep o rt o f an  FlP-like illness in 
Asian short-claw ed  o tte rs , bu t to  date  no 
conclusive association of this disease w ith  
FIPV has been dem onstrated .

Immunogenic Significance 
of FIPV Structural Components
Individual coronavirus particles are  charac­
terized  m orphologically by a fringe of rad i­
ating surface projections resem bling the 
rays, o r corona, of th e  sun . T hese  projec­
tions, o r peplomers, are responsible for a ttach ­
m en t o f th e  viruses to  cells during  infection 
and for the  induction of v irus-neutralizing 
antibody (VNA). T he significance of VNA 
tite rs to  coronavirus in cats—either healthy 
cats o r those  w ith  FIP—has n o t yet been 
satisfactorily determ ined. T he presence of 
th is antibody is no t necessarily an  indica­
tion o f protective im m unity , since m ost 
cats w ith  FIP are  V NA-positive. M oreover, 
because of th e  especially close antigenic 
relationship betw een FIPV and TGEV, CCV ,

and FECVs—all of which are infective for cats— 
com m only used  assays fo r VNA (or for 
o th er types of coronavirus antibody) cannot 
yet identify w ith  certain ty  th e  exact coro­
nav irus against w hich th e  antibody w as 
raised (see th e  section entitled  "C orona­
virus A ntibody T esting  in C ats").

C a ts  w ith  FIP also form  antibody against 
th e  tw o  o th e r m ajor stru c tu ra l com ponents 
o f FIPV: the  inner nucleocapsid, w hich is 
closely associated w ith  th e  viral RNA , and 
the  o u te r envelope, in w hich th e  p ro trud ing  
peplom ers are  em bedded. As in th e  case of 
VNA, th ere  is as yet no clear consensus on 
the functional significance of th e  antibody 
response to these structu ra l antigens. H ow ­
ever, recen t studies have dem onstra ted  
distinct s tru c tu ra l differences am ong the 
envelopes of FIPV, TG EV , and C C V -  
differences th a t potentially  could assist in 
serologic identification of th e  coronavirus 
th a t incites th e  antibody response in a given 
serum  sample.

Immunopathogenesis of FIPV Infection
Scientific studies perform ed over the  past 
several years have succeeded in identifying 
som e of the  m ajor host-v irus in teractions 
of FIPV infection.

A fte r infection of m ononuclear w hite 
blood cells w ith in  lym phoid tissue a t o r 
near th e  site of initial virus penetra tion , a 
p rim ary  virem ia involving th e  v irus and /or 
virus-infected  cells occurs w ith in  one w eek 
afte r exposure. In this w ay the  v irus is 
tran sp o rted  to  o th e r areas of th e  body, 
especially to  organs such as the liver, spleen, 
and  lym ph nodes. T hese  s tru c tu res  contain 
large populations o f m ononuclear w hite 
blood cells, such as macrophages, w hich appear 
to  be prim ary ta rge t cells for FIPV infection. 
H em atogenous dissem ination of th e  virus 
also re su lts  in infection  o f circulating  
m ononuclear w h ite  blood cells (monocytes) 
and, im portantly , in localization of the  virus 
and v irus-infected  cells w ith in  th e  walls of 
sm all blood vessels (especially venules and 
small veins). A secondary cell-associated 
virem ia m ay occur a fte r initial infection of 
ta rg e t tissues and resu lt in fu r th e r  spread 
of th e  virus th ro u g h o u t the body. D eposi­
tion of the virus, v irus-infected  w hite  blood 
cells, and v irus-an tibody  complexes w ith in  
blood vessel walls produces an in tense, 
destructive inflam m atory  response (vascu­
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Figure 1. Electron photomicrograph of FIPV, demonstrating the thick fringe, or 
"corona," of peplomers characteristic of the Coronaviridae (x 261,000). Inset: Extreme 
m agnification (x 348,000) of TGEV, illustrating the petal-shaped appearance of the 
peplomers (w hite arrow) and their attachments at the surface of the virus (black arrows).

litis), w hich dam ages vessels and allows 
fluid com ponents of blood to  escape into 
intercellular spaces and eventually  to accu­
m ulate as characteristic  fibrin-rich "FIP 
fluid" w ith in  body cavities.

S tudies have also show n th a t som e cats 
w ith  serum  coronavirus antibody experience 
a m ore rapid, fulm inating disease course 
a fte r  FIPV exposure th an  do coronavirus 
an tibody-negative cats receiving a similar 
exposure. M oreover, in travenous adm inis­
tra tion  of im m une serum  containing anti- 
FIPV antibody to  previously antibody- 
negative cats resu lts in th e  m ore fu lm i­
nating  form  of th e  disease after exposure to 
FIPV. A p o ten tia l s ta te  o f an tib o d y - 
m ediated hypersensitivity  th u s exists in 
FIP, in w hich coronavirus antibody perhaps 
( l)  accelerates th e  uptake of FIPV (in the 
fo rm  of v irus-an tibody  complexes) into 
recep tive m onocytes and m acrophages, 
w here  production  of additional infectious 
virus can be enhanced, and (2) prom otes 
w idespread destructive inflam m atory  reac­
tions in blood vessel w alls and tissues. It is 
th u s th e  paradox of FIP th a t in those u n fo r­
tu n a te  anim als th a t develop th e  lethal, 
d issem inated  disease, it is the  im m une 
system  itself th a t helps to  fuel the  escal­
ating  inflam m atory  process—a process th a t 
reaches its inexorable conclusion only upon 
the death  o f the host.

T he  degree of hypersensitiza tion  by 
"coronavirus antibody" is dependent on the 
identity  of th e  coronavirus(es) th a t origi­
nally incited the  antibody response. T hus 
antibody resu lting  from  exposure to  FIPV 
o r FECVs can hypersensitize, and antibody 
resu lting  from  exposure to  e ither C C V  or 
coronavirus 229E usually cannot. It should 
be em phasized th a t th e  m ere presence of 
coronavirus antibody in an anim al's serum  
does no t m ean  th a t FIP will ever develop in 
th a t anim al in th e  fu tu re , even a fte r re ­
peated exposure to  FIPV. FIP is a relatively 
uncommon disease in nature, even in crowded cattery 
situations: the vast majority of coronavirus anti­
body-positive cats will never develop lethal FIP. 
M any factors m ay determ ine  w h e th e r  FIP 
will develop a fte r FIPV exposure: dose and 
virulence of infecting v irus stra in , ro u te  of 
exposure, age and im m une sta tu s  at the 
tim e of exposure, genetic m akeup, concur­
ren t viral infections (e.g., feline leukem ia 
virus), and adverse env ironm enta l influ­
ences, such as s tress and overcrow ding.

Transmission of FIPV
T he n a tu ra l ro u te  by w hich FIPV is spread 
is still unknow n ; how ever, it is m ost likely 
th a t th e  initial infection resu lts  from  inges­
tion o r inhalation  of th e  v irus o r both. 
V irus is probably excreted  in to  th e  env i­
ro n m en t by a n u m b er of ro u te s—in oral 
and resp ira to ry  secretions, in feces, and 
possibly in u rine . C lose contact betw een 
cats is usually required  for effective tra n s­
m ission of FIPV, a lthough  the  possibility of

v irus transm ission  in excreta and by o th e r 
indirect m ethods (on clothing, bedding, 
feeding bowls, etc.) also exists. T he  p o ten ­
tial for transm ission by bloodsucking insects 
is unknow n. T ransm ission  of FIPV across 
th e  placenta to  th e  developing fe tus, al­
th ough  suggested  by several repo rts , has 
no t yet been definitely proven to  occur.

In com m on w ith  a num ber of o th e r enve­
loped RNA  viruses, FIPV is quite unstable 
once outside its host and is rapidly inacti­
vated  by m ost com m on household  de te r­
gen ts and disinfectants. H ousehold  bleach 
(sodium hypochlorite, e.g., Clorox®) diluted 
1:32 in w ate r o r in com bination w ith  A-33® 
to  give a final concentration  o f 1:32 bleach 
and 1:64 A -33®  has been recom m ended 
for rapid rem oval o f FIPV from  contam i­
nated  prem ises.

Clinical Signs of FIP
Primary vs. secondary FIP. T h ere  is evi­
dence to suggest th a t in a certain  percen­
tage of cats, initial exposure to  FIPV resu lts 
in a localized upper resp irato ry  disease th a t 
is usually mild and is characterized by 
sneezing, w ate ry  eyes, and w atery  nasal 
discharge. A lthough th e  vast m ajority of 
cats undergoing this "prim ary" form  o f FIP 
recover, som e of them  probably become 
healthy , bu t chronically infected, virus 
carriers (see the section entitled "T he Q u es­
tion of V irus C arriers"). O n ly  a very  small

num ber of exposed cats will proceed to  
develop th e  lethal, d issem inated  ("secon­
dary") form  of th e  disease w eeks, m on ths, 
o r perhaps years a fter th e  p rim ary infec­
tion.

Clinical signs of lethal, disseminated 
FIP. M ost cases o f lethal, d issem inated  FIP 
occur in cats less th a n  th ree  o r fo u r years 
old. T he  onse t o f clinical signs m ay be 
sudden (especially in k ittens) o r  slow and 
insidious; the  severity  gradually increases 
over a period of w eeks. Som e signs m ay be 
quite nonspecific: in te rm itten t inappetence, 
depression, w eight loss, fever. In m any 
cases, affected cats m ay con tinue  to  eat and 
rem ain  alert and responsive for a consider­
able period of tim e; how ever, fever (which 
m ay fluc tuate  at d iffe ren t tim es of th e  day) 
is a co n stan t finding and usually persists 
until th e  last few  hours o f life.

T h ree  m ajor clinical form s of dissem i­
nated FIP are recognized: (1) effusive ("wet") 
FIP; (2) noneffusive ("dry") FIP; and (3) 
com binations of th e  tw o.

A ccum ulation of fluid w ith in  th e  perito ­
neal cavity w ith  progressive, painless en ­
largem en t of th e  abdom en is probably the  
m ost com m on clinical m anifestation  of 
effusive FIP. R espiratory  d istress m ay de­
velop w hen  abdom inal fluid accum ulation is 
excessive, or, m ore com m only, w hen  ac­
cum ulation  of fluid occurs w ith in  the 
thorax , resu lting  in com pression of the
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lungs and exudation  of fluid in to  airw ays. 
As outlined  previously, th is fluid is appar­
ently  the  end product of the dissem inated, 
im m unologically m ediated vasculitis th a t is 
characteristic of th e  disease. O th e r  signs 
th a t are frequently  seen include jaundice 
and a nonregenerative (depression) anem ia. 
T his anem ia m ay be exacerbated by coin­
fection w ith  feline leukem ia v irus o r Hemo- 
bartonella felis (the parasite  causing feline 
infectious anemia). G astro in testinal, ocular, 
and neurologic signs m ay also occur in 
cases of effusive FIP. Rarely, the  inflam m a­
to ry  process in th e  abdom en m ay dam age 
th e  pancreas, resulting  in clinical pancrea­
titis, pancreatic enzym e deficiency, o r even 
diabetes m ellitus. T he  course of the  disease 
is quite variable, bu t th e  usual survival tim e 
a fte r o nse t o f clinical signs is about tw o  or 
th ree  m onths. Som e young k ittens m ay 
surv ive for no longer th an  a few  days, and 
som e adults m ay live fo r six to  eight 
m onths w ith  active clinical disease.

T he  onse t o f noneffusive FIP is o ften  
insidious; th e  clinical signs are  reflective of 
involvem ent o f specific organ system s in 
th e  FIP inflam m atory  process. W eight loss, 
depression, anem ia, and fever are  alm ost 
alw ays p resen t, bu t fluid accum ulation is 
usually minim al. Clinical signs of kidney 
failure (increased w a te r consum ption and 
urination), liver failure (jaundice, n eu ro ­
logic signs), pancreatic disease (vom iting, 
d iarrhea, voracious appetite, diabetes melli­
tus), neurologic disease (hind limb incoor­
dination, loss of balance, trem ors, behavioral 
changes, paralysis, seizures), o r ocular 
disease (ocular inflam m ation, retinal disease, 
blindness) m ay be seen in various com bina­
tions in cats w ith  severe o rgan  im pairm ent. 
T he  disease course is usually m ore chronic 
than  in effusive FIP. Som e cats, especially 
those  w ith  prim ary  ocular involvem ent, 
m ay surv ive fo r as long as a year o r m ore.

FIPV has also been incrim inated  as a 
cause of reproductive problem s in breeding 
queens—infertility, fetal resorptions, abor­
tions, stillbirths, b irth  o f "fading" k ittens, 
congenital m alform ations, and neonatal 
h ea rt disease (acute congestive cardiom y­
opathy). A s of this writing there is no conclusive 
published evidence that the virus plays a role in any of 
these disease processes. H ow ever, m uch addi­
tional research  in this area will be required  
before th e  possibility o f FIPV involvem ent 
in feline reproductive disorders can be 
entirely  excluded.

Diagnosis of FIP
T he clinical diagnosis of FIP is m ade by 
evaluating  th e  h is to ry , p resen ting  signs, 
and  re s u lts  o f  su p p o r tiv e  la b o ra to ry  
te s ts .  C lin ico p a th o lo g ic  an d  sero log ic  
p rocedures im p o rtan t in diagnosis include 
analysis of thoracic o r abdom inal fluid 
(w hen presen t), hem ogram , se rum  protein  
electrophoresis, clinical chem istry  profiles, 
s e r u m  c o r o n a v i r u s  a n t ib o d y  t i t e r ,

and biopsy (w hen possible).
Biopsy is th e  only tes t procedure th a t can 

definitively d iagnose FIP in th e  living anim al. 
E xploratory  laparotom y w ith  an o rgan  
punch  biopsy of affected tissues (especially 
th e  liver, spleen, o m en tum , and m esenteric 
lym ph nodes) is th e  p referred  m ethod  of 
obtaining FIP biopsy sam ples (percutaneous 
needle biopsy cannot be recom m ended , 
because of the  friability of diseased organs 
and  th e  potential fo r serious hem orrhage). 
Similarly, com plete postm ortem  exam ina­
tion  (necropsy) w ith  microscopic evaluation 
of suitable tissues can provide a definitive 
diagnosis a fte r death . Any FIP diagnosis made 
in the absence of either biopsy or necropsy evaluation 
must be considered presumptive. T his is because 
of th e  large num ber of "FIP look-alike" 
diseases th a t can affect cats. T hese include 
lym phosarcom a and o th e r tum ors (espe­
cially those  involving the liver, biliary tract, 
kidneys, and lungs), cardiom yopathy, ne­
phrotic syndrom e, septic peritonitis, dia­
phragm atic hernia, pyothorax , chylothorax, 
in ternal abscessation, pansteatitis, toxoplas­
mosis, cryptococcosis, and tuberculosis.

T hus, in individual cases clinicopatho­
logic and serologic tes t p rocedures will 
assist in ru ling  o u t possible diagnoses, bu t 
only biopsy o r necropsy evaluation  will 
definitively identify th e  FIP disease process. 
It th e re fo re  follows th a t, as described in the 
following section, the diagnosis of FIP must never 
be made simply on the basis of a coronavirus antibody 
titer determination.

Coronavirus Antibody Testing in Cats
L aboratory  test procedures for detection of 
coronavirus antibody in feline serum  include 
v irus neu tra liza tion  (VN; fo r detection  of 
v irus-neutralizing antibody), indirect im m u­
nofluorescence assay (IFA), enzym e-linked 
im m unosorben t assay (ELISA), kinetics- 
based ELISA (KELA), agar gel im m unodif­
fusion, and passive hem agglutination. Either 
FIPV itself o r one of th e  o th e r coronavir­
uses in th e  FIPV g ro u p  (usually TG EV  or 
C CV ) can be used as th e  antibody " ta rg e t"  
in m ost o f these  assays. T he  use of non- 
FIPV coronaviruses in antibody testing  p ro ­
cedures has been popular in recen t years 
because of th e  relative difficulty in routinely 
w ork ing  w ith  FIPV in the  laboratory . In the 
U nited S tates th e  im m unohistochem ical 
tes ts  (especially IFA) have gained th e  g rea t­
est popularity  am ong veterinary  diagnostic 
laboratories, in p art because of th e ir re la­
tive ease of perform ance and th e  w ide­
spread availability of th e  p ertinen t im m uno- 
technologies.

It has been proposed on  th e  basis of sero ­
logic survey data th a t m ost FIPV infections 
in n a tu re  resu lt only in seroconversion 
(generation  of serum  antibody) w ith o u t 
progression to  inevitably fatal disease. This 
is because se rum  coronavirus antibody can 
be found no t only in cats w ith  lethal, 
d issem inated FIP bu t also in m any healthy

cats and in m any cats w ith  diseases o th er 
than  FIP, indicating th a t exposure of cats to 
coronavirus(es) is m uch m ore w idespread 
th an  w as once believed, especially in certain  
selected populations. In th e  general healthy  
feline population—excluding cats in catteries 
and m ultiple-cat households—about 10 to  
40 percen t o f cats will have positive coro­
nav irus antibody tite rs  (note: "positive" 
refers only to  th e  presence of antibody, not 
to  the  presence of th e  FIP disease process). 
A special situation  is encoun te red  w hen  
cats a re  c lustered  to g e th e r in a ca ttery , in 
w hich case positive tite rs  are  e ith e r com ­
pletely absen t (i.e., th ere  has been no coro­
navirus exposure) o r are  p resen t in 80 to  
90 percen t o f th e  cats w ith in  a ca ttery  
(indicating efficient spread of th e  v irus once 
it has been introduced). T he occurrence of 
coronavirus antibody does no t necessarily 
correlate w ith  th e  FIP h is to ry  of a cattery; 
e.g., an tibody has been detec ted  in healthy  
cats in catteries th a t have experienced death  
losses to  FIP as well as in catteries th a t have 
never lost a cat to  FIP.

M ost cats w ith  clinical FIP have serum  
coronavirus antibody, o ften  to  h igh titer. 
Since m any cats w ith  diseases o th e r  than  
FIP can also have elevated tite rs (indicating 
previous coronavirus exposure), in te rp re ta ­
tion of the ir tite rs  in th e  absence of a defini­
tive diagnosis can be challenging. N ow  
added com plexity has been con tribu ted  to  
in terpre tation  of coronavirus antibody titers 
in healthy  cats and in cats w ith  undiag­
nosed illnesses by recen t reports th a t o th er 
coronaviruses th a t a re  serologically cross­
reactive w ith  FIPV can also infect cats and 
generate coronavirus antibody in their serum. T hese 
viruses include TG EV , w hich produces an 
inapparen t infection and is shed in feces for 
as long as th ree  w eeks a fte r exposure; 
C C V , w hich also produces an  inapparen t 
infection and is shed from  th e  oropharynx  
fo r a t least one w eek; and FECVs, w hich 
can produce e ither inapparen t infection or 
en teritis  of varying severity , in w hich the 
v irus is excreted  in feces. Because these  
viruses are  all serologically cross-reactive 
w ith  each o th e r and w ith  FIPV, and because 
several of them  (FIPV, TGEV , C C V ) are 
used relatively in terchangeably  in com m er­
cially available feline coronavirus antibody 
te s ts , th e  nonspecificity of these  tests is 
readily apparen t. T he  po ten tia l o f these 
tes ts  to  identify FIPV -infected cats has been 
dim inished no t only by the  w idespread 
occurrence of serum  coronavirus antibody 
in th e  general feline population  bu t also by 
th e  possibility th a t non-FIPV  coronaviruses 
m ay be responsible fo r som e of th e  sero- 
conversions they  detect. T he  actual d istri­
bu tion  in th e  general feline population  of 
antibodies to  each of these  v iruses is th e re ­
fore unknow n  and will rem ain  unknow n  
until highly specific tes ts  are  developed th a t 
will be able to  d ifferen tia te  antibody against 
one coronavirus (e.g., FIPV) from  antibody
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Figure 2. Electron photomicrograph of three feline enteric coronavirus-like particles in  
feces, demonstrating the characteristic knob-shaped peplomers attached by slender 
stalks (x 174,000).

against an o th e r coronavirus (e.g., C CV , 
TGEV).

These difficulties are fu r th e r com pounded 
by th e  p lethora of tes t m ethodologies (IFA, 
V N , ELISA, KELA, etc.) em ployed by dif­
fe ren t laboratories, and by th e  complete 
absence of standard ization  of testing  p ro ­
tocols. Conflicting titer results should th e re ­
fore be expected w h en  a serum  sam ple is 
tested  by d ifferen t laboratories using dif­
fe ren t serologic techniques, o r even by 
d ifferen t laboratories using the  same tech ­
nique. Titer results from a testing laboratory are 
best interpreted in light of specific information 
provided by that laboratory on the significance of titer 
levels generated by the individual test that it performs.

Effect of recent vaccination. Research 
has revealed th a t antibody against bovine 
serum  com ponents can be found  in the 
serum  of certain  cats—antibody capable of 
reacting  w ith  antigenically sim ilar bovine 
serum  com ponents p resen t in cell cu ltures 
used fo r g row ing ta rge t viruses for im m u- 
nohistochem ical assays such as IFA, ELISA, 
and KELA. Because these com ponents ad­
h ere  tightly  to  bo th  cells and v iruses, reac­
tivity against them can be mistaken for a coronavirus 
antibody response unless feline serum  samples 
are  te s ted  in parallel against cell cultu re  
p reparations without coronavirus ("negative 
an tigen" controls). In th e  IFA and conven­
tional ELISA, w hich are frequently  per­
form ed w ith o u t benefit o f negative antigen 
controls, antibody to bovine serum  com po­

nen ts  is a potential source of false-positive 
coronavirus antibody tes t resu lts . In the 
KELA, negative controls are routinely  p e r­
form ed fo r each serum  sam ple evaluated, 
and tite r resu lts are adjusted accordingly.

O n e  possible explanation for th e  p res­
ence in feline se rum  of antibody th a t reacts 
w ith  bovine serum  com ponents is rou tine  
vaccination. Cell cu ltu re  vaccines prepared 
for use in cats (as w ell as vaccines for m any 
o th e r species) contain bovine serum  com po­
nen ts th a t could conceivably be the  source 
of this noncoronavirus reactivity—reactivity 
th a t m ight be especially strong  in serum  
sam ples d raw n  soon a fte r paren tera l vacci­
nation. B oth retrospective and prospective 
studies support th is hypothesis. Using the 
KELA, a statistical association betw een 
recen t vaccination and th e  presence of th is 
noncoronavirus reactivity has been dem on­
stra ted . Im portan tly , production  of this 
reactivity w as found to  be som ew hat idio­
syncratic; i.e., no t all cats reacted to  vacci­
nation  th is w ay, n o r did all vaccines always 
produce this reactivity. KELA studies have 
show n fu r th e r th a t this reactivity dissipates 
w ith  tim e, and th a t th e  probability of 
encountering  it can be m inim ized if serum  
sam ples for KELA testing  are  d raw n  no 
sooner th a n  th ree  to  fo u r m on ths a fte r  th e  
m ost recen t vaccination.

General recommendations. T he presence 
of se rum  coronavirus antibody in any cat, 
w h e th e r healthy  o r diseased, is indicative

only o f exposure to  a coronavirus in the  
FIPV group. A positive coronavirus antibody 
tite r , a lthough  consisten t w ith  a clinical 
diagnosis of FIP (this type of FIP diagnosis 
is alw ays presum ptive), does no t indicate 
th a t a cat actually has FIP, since m any 
healthy  cats and m any cats w ith  diseases 
o th e r  th a n  FIP a re  also  co ro n av iru s  
antibody-positive. N either does a positive 
ti te r  indicate th a t a cat is p ro tec ted  against 
FIP, since m ost cats w ith  FIP are also 
coronavirus antibody-positive. C onsidering 
th a t FIP occurs only sporadically in th e  
general feline population, and th a t m ost 
cats in FlP-problem  households are  co rona­
virus an tibody-positive and yet do no t 
con tract FIP, it w ould appear th a t m any 
cats w ith  coronavirus antibody are  som e­
how  pro tec ted  against th e  disease. T he 
question  rem ains w h e th e r it is coronavirus 
antibody (of som e type) th a t actually confers 
th is p ro tection  o r w h e th e r o th e r unknow n 
factors are involved. Lastly, p resen t-day  
coronavirus antibody tes ts  have absolutely no 
predictive value; i.e., a positive tite r  does no t 
indicate th a t a cat is doom ed to  develop FIP 
at som e fu tu re  date.

D espite all th e  problem s w ith  cu rren t 
feline coronavirus antibody testing m ethods, 
th e re  are  still som e select situations in 
w hich determ ination  of antibody tite rs  can 
be of use to  th e  vete rinarian  and  to  th e  cat 
ow ner:

1. As a screening test, to  de term ine the  
p resence o r absence of antibody in a 
previously  u n te s te d  household , and to  
detect potential v irus carriers o r shedders 
(see th e  section entitled  "T he  Q u estio n  of 
V irus C arriers") w h en  in troducing  new  
cats in to  coronavirus an tibody-negative 
households. Based on the current understanding of 
feline coronavirus serology, screening would appear to 
be the major use for coronavirus antibody testing. 
Screening of cats in a household  expe­
riencing undiagnosed disease problem s m ay 
be especially useful. O nly  abou t 10 to  20 
percen t of th e  cats (a m inim um  n u m b er of 
th ree) in such a household  need to  be 
tested , because antibody will e ither be 
totally absen t o r p resen t in 80 to  90 percent 
of th e  anim als. A lthough  th e  discovery of 
coronavirus an tibody-positive cats in such 
households will no t diagnose th e  problem , 
knowledge that coronavirus antibody is absent may be 
helpful in ruling out an FlPV-group coronavirus as 
the culprit.

2. As an  aid (and no th ing  m ore th an  an 
aid) in th e  clinical diagnosis of a diseased cat 
w ith  signs suggestive of FIP. A coronavirus 
antibody tite r determ ination  should be given 
no m ore w eigh t th a n  any of th e  o th e r 
rou tine  procedures (e.g., hem ogram , clin­
ical chem istry  profiles, radiographs) used in 
arriv ing  at a clinical diagnosis. A positive 
tite r  will no t diagnose FIP, bu t a negative 
tite r will usually ru le it o u t, except under 
certain rare  circum stances th a t are described 
in th e  following section.
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Coronavirus antibody-negative FIP cases.

A very small percen tage o f cats w ith  FIP 
(usually diagnosed a t necropsy) do no t have 
detectable co ro n av iru s an tibody  in th e ir  
serum . Several explanations for this pheno­
m enon are possible:

1. D etectable antibody m ay disappear 
from  th e  circulation during  th e  term inal 
stages of th e  disease. Subm ission of serum  
from  som e m oribund cats th u s  m ay resu lt 
in a negative ti te r  de term ination  in the 
presence of dissem inated FIP.

2. V irus-an tibody  com plexing is an im ­
p o rtan t im m unopathologic fea tu re  o f FIP. 
In certain  cases, if extensive com plexing is 
p resen t a t th e  tim e of testing , th e re  m ay be 
little unbound  coronavirus antibody avail­
able to  be detected. T his m ay be the  expla­
nation , at least in part, for th e  absence of 
detectable antibody in th e  serum  of som e 
m oribund cats.

3. T he  sw iftness o f th e  FIP disease p ro ­
cess m ay be an im p o rtan t factor, especially 
in anim als w ith o u t previous coronavirus 
exposure. C a ts  experiencing a rapid disease 
course (such as som e young  kittens) m ay 
display a ra th e r  slowly rising antibody re ­
sponse th a t m ay be m ore difficult to  detect 
in th e  early stages, especially if a non-FlPV  
coronavirus (TGEV, C C V ) is u sed  by the 
laboratory for antibody detection. A lthough 
serologically cross-reactive w ith  FIPV, these 
viruses nevertheless are different from  FIPV 
and th u s  are  n o t as sensitive as FIPV in 
detecting low levels of anti-FIPV antibody.

Treatment and Control
A lthough  it is possible th a t "m ild" cases of 
FIP m ay occasionally occur, in w hich clinical 
signs are  minim al and will spontaneously  
resolve, th e  vast m ajority  o f cats th a t 
develop dissem inated FIP will die, usually 
w ith in  a few  w eeks o r m on ths o f onset.

P resen t-day  tre a tm en t of cats w ith  FIP is 
palliative because no curative therapy  yet 
exists. T here  are no effective antiviral drugs 
o r prophylactic vaccines for FIP, no r is 
th e re  any w ay to  elim inate th e  v irus from  
infected anim als. H ow ever, som e trea tm en t 
regim ens m ay induce sh o r t-te rm  (usually 
w eeks) rem issions in a sm all percen tage of 
carefully chosen patien ts . T h e  best candi­
dates for tre a tm en t are  cats th a t are still in 
good physical condition; are  still eating; do 
no t show  severe anem ia, neurologic signs, 
or o th e r significant o rgan  dysfunction; and 
are no t also infected w ith  feline leukem ia 
virus. The feline leukemia virus status of all suspect 
FIP cases should be determined before beginning 
treatment, because the prognosis for cats infected with 
both viruses is extremelv poor.

T he basic aim of palliative therapy  in FIP 
is to  alleviate th e  self-destroying inflam m a­
to ry  response of dissem inated FIP, w hich 
rep resen ts th e  im m une system 's unsuccess­
ful a ttem p t to  elim inate th e  v irus from  th e  
pa tien t's  body. T he  m ost effective tre a t­
m en t protocols com bine corticosteroids

(prednisone o r p rednisolone), cytotoxic 
drugs (m elphalan [Alkeran®] o r cyclophos­
pham ide [Cytoxan®]), and broad-spectrum  
antibiotics w ith  m aintenance of n u trien t 
intake and fluid and electrolyte balance. 
C a ts  receiving cytotoxic d rugs should be 
rou tinely  m onito red  for evidence of bone 
m arrow  suppression and kidney dysfunc­
tion. If the  patient show s a positive response 
to  therapy  over th e  first few  w eeks, tr e a t­
m en t should  be continued  for at least th ree  
m onths. If th e  patien t is in com plete rem is­
sion a t th a t tim e (un fo rtuna te ly , an  in fre­
q uen t occurrence), corticosteroids and cyto­
toxic d rugs m ay be slowly w ith d raw n . 
T rea tm en t should be reinstated , how ever, 
if signs of FIP recur. Progressive physical 
deterio ra tion  of th e  patien t du ring  tre a t­
m en t is generally a poor prognostic sign. 
There is no documented evidence that supplemental 
multivitamin therapy is of any benefit in FIP.

In light of cu rren t scientific inform ation, 
a tes t-and-rem oval p rogram  for corona­
virus antibody-positive cats similar to  tha t 
used for feline leukem ia v irus infection 
cannot be recommended. Because th ere  is no 
available serodiagnostic tes t th a t can specif­
ically identify antibody-positive cats w ith  
FIP, antibody-positive cats w ith  diseases 
o th e r th a n  FIP, o r "FIP-im m une"antibody- 
positive cats, o r th a t can specifically identify 
antibody-positive cats th a t a re  shedding 
FIPV in to  th e  env ironm ent, o r even th a t 
can iden tify  th e  exact coronav irus(es) 
against w hich th e  antibodies in these  cats 
w ere  raised, there is no known medical reason for 
destroying these animals.

Immunization against FIP
A safe and efficacious FIP vaccine has no t 
yet been developed. Experim ents th u s far 
reported  w ith  various FIPV, TGEV , FECV, 
C C V , and coronavirus 229E preparations 
have been unsuccessful in uniform ly con­
ferring  protective im m unity . Paradoxically, 
because of the  im m unopathologic n a tu re  of 
th e  disease, vaccination using sensitizing 
coronaviruses (FIPV, FECV) predisposes 
cats to  lethal, dissem inated FIP. V accination 
w ith  TG EV , C C V , o r coronavirus 229E 
neither sensitizes nor p rotects. F u tu re  in ­
vestigations in to  th e  im m unogenicity  of 
individual viral proteins of cell cu ltu re - 
adapted FIPV isolates m ay how ever yield 
in form ation  th a t will lead ultim ately  to  
developm ent o f a safe and effective subun it 
vaccine.

The Q uestion of Virus Carriers
A second im portan t area of ongoing FIP 
research  involves th e  identification and 
characterization  of th e  FIPV carrier state. 
T here  is no recognized environm ental reser­
voir of FIPV; th e  n a tu ra l reservo ir is as­
sum ed to  be infected cats. H ow , then , does 
the  v irus m aintain  itself in these anim als? 
For how  long do infected cats h a rb o r the 
v irus? For how  long do they  shed th e  virus,

and by w h a t route(s)? W hat rou te  is m ost 
im portan t for effective virus transm ission 
to  o th e r  cats? Is shedding con tinuous o r 
only in te rm itten t?  Is it possibly stress 

^"related? W hat percen tage of cats infected 
w ith  FIPV actually become chronic carriers? 
T o w h a t ex ten t is a coronavirus antibody- 
positive cat a potential disease th rea t to  
o th e r cats (especially k ittens) w ith  w hich it 
may com e in to  contact? C an  an infected 
queen  infect h e r  k ittens in utero? If so, does 
in utero infection result in disease?

C learly, m uch research  will be required  
before these questions and o thers  can be 
satisfactorily answ ered . A serologic tes t for 
detecting  carrier anim als th a t are shedding 
FIPV, sim ilar to  th e  H ardy  tes t for feline 
leukemia virus infection, is u rgen tly  needed. 
U ntil such a tes t is developed, contro l m ust 
be based on  isolation of cats w ith  suspected 
FIP , a n d  m a in te n a n c e  o f  c o ro n a v iru s  
an tibody-negative catteries w hen  possible. 
Euthanasia of coronavirus antibody-positive cats to 
achieve the latter purpose, however, cannot be justi­
fied.

Public-Health Aspects of FIPV
As of this w riting , FIPV does no t appear to  
be a health  hazard  for hum an  beings.

Feline Enteric Coronavirus-like 
Particles
T he electron m icroscope (EM) has enabled 
diagnosticians and researchers to  visualize 
v irus particles, and  it has proved a pow erful 
tool in th e  discovery of viruses and "v iru s­
like" agents th a t cannot be g row n  in tissue 
cu ltu re  (the trad itional m ethod  of isolating 
and identifying viruses). M ost of these 
previously undescribed particles have been 
observed in fecal sam ples from  persons and 
anim als w ith  en teric  disorders. Because the 
prevalence of th e  particles in th e  feces of 
healthy  individuals is u n know n , it has been 
difficult to  determ ine w h e th e r they  in fact 
cause gastro in testinal disease.

Particles th a t have been characterized as 
"coronavirus-like" on th e  basis of their 
appearance u n d er th e  EM have been identi­
fied in th e  feces of a num ber of anim al 
species, including cats. T hese coronavirus- 
like particles (CVLPs) vary  w idely in size 
and shape and  possess radiating  surface 
projections rem iniscent of coronaviral peplo­
m ers (see figure 2). C loser exam ination , 
how ever, has revealed th a t individual CVLP 
projections consist o f a delicate, ro u n d  or 
oval knob-shaped s tru c tu re  anchored to  th e  
particle by a slender stalk; th u s they  are 
distinguishable from  th e  m ore petal-shaped 
projections of "typical" coronaviruses (com­
pare th e  CVLPs in figure 2 w ith  th e  
"typical" coronaviruses in figure 1). CVLPs 
have not been positively identified as the cause of 
disease in any species to date. H ow ever, they 
have m ost frequently  been identified in 
diarrheic feces, and hu m an  en teric  CVLPs 
have been im plicated as a cause of gastro in -
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testinal disease in in fan ts, o lder children, 
and adults.

Enteric CVLPs w ere  first detec ted  by 
electron microscopy in cat feces in 1979 
and w ere  subsequen tly  found  in 10.8 
percen t of th e  fecal sam ples collected in a 
survey  of 185 privately ow ned  cats hosp i­
talized at th e  Small A nim al Clinic of the 
V eterinary  M edical T eaching H ospital at 
C ornell. L aboratory  cats have been infected 
w ith  feline en teric  CVLPs by inoculation 
w ith  purified C V L P-contain ing fecal m ate­
rial by various ro u tes , and by na tu ra l expo­
su re  to  C V L P-excreting cats. C a ts  infected 
in  th is  m a n n e r  s u b s e q u e n tly  ex c re ted  
CVLPs in feces, yet showed no clinical signs of 
disease and rem ained coronavirus an tibody- 
negative by KELA. In addition, k ittens 
ra ised  in th e  C o rn e ll U n iv e rs ity  feline 
breeding colony rou tinely  becom e infected 
soon a fte r b irth  w ith  en teric  CVLPs ex­
creted  by the ir dam s, yet rem ain  clinically 
healthy.

Feline en teric  CVLPs appear to  be quite 
d iffe ren t from  FIPV and  from  th e  recently  
described FECVs. R ecent studies strongly  
suggest th a t feline enteric CVLPs are indeed 
infectious agents, bu t fu r th e r  research  is 
required  before th e  d is tribu tion  and im por­
tance of CVLPs in th e  feline population , 
and the ir rela tionsh ip  (if any) to  feline 
coronaviruses, can be determ ined. A lthough 
they  are  in teresting  from  th e  virologist's 
point of view , feline enteric CVLPs have not yet 
been determined to be the cause of any disease in cats.

Summary
1. C ats are  susceptible to  infection w ith  

at least fou r serologically cross-reactive 
coronaviruses: FIPV, FECVs, TGEV , and 
C C V . O f these, only FIPV and FECVs 
appear to  be of g rea t clinical significance.

2. In dom estic and exotic cats, FIPV is 
th e  causative agen t of a lethal, im m unolog- 
ically m ediated disease characterized vari­
ably by serositis, hepatitis, encephalitis, and 
en teritis . FECVs, on th e  o th e r hand , have 
been associated prim arily  w ith  en teritis. It 
is possible th a t FIPV and FECVs rep resen t 
pathogenetic varian ts of a single corona­
v irus type—varian ts possessing, how ever, 
a relatively broad spectrum  of virulence, 
from  inapparen t infection, to  en teritis, to  
lethal, d issem inated  FIP. N either TGEV 
n o r C C V  has been show n to  produce 
recognizable signs of disease in cats.

3. T he  natu ra l rou te  by w hich FIPV is 
spread from  cat to  cat is unknow n; how ever, 
it is m ost likely th a t th e  initial infection 
resu lts  from  e ith e r ingestion  o r inhalation 
o f th e  v iru s o r both . V irus is probably 
excreted in to  th e  env ironm ent by a num ber 
of ro u te s—in oral and resp ira to ry  secre­
tions, in feces, and possibly in urine. T here  
is no know n env ironm enta l reservo ir for 
FIPV; th e  n a tu ra l reservo ir is assum ed to  be 
infected cats. FIPV is quite unstab le  once 
outside its h o st and is rapidly inactivated by

m ost com m on household d e te rg en ts  and 
disinfectants.

4. T he  clinical diagnosis of FIP is made 
by evaluating  th e  h is to ry , p resen ting  signs, 
and resu lts of supportive laboratory  tests. 
In the  living anim al, biopsy is th e  only tes t 
p rocedure th a t can definitively diagnose 
FIP; similarly, necropsy can provide a defin­
itive diagnosis a fte r death . A ny FIP diag­
nosis m ade in th e  absence of e ither biopsy 
o r necropsy evaluation m ust be considered 
presum ptive.

5. Based on th e  cu rren t understanding  
o f feline coronavirus serology, screening 
w ould appear to  be th e  m ajor use for coro­
navirus antibody testing . T ite r resu lts from  
a testing  laboratory  are best in te rp re ted  in 
light of specific inform ation  provided by 
th a t laboratory  on the  significance o f tite r 
levels generated  by the  individual tes t th a t 
it perform s. T he presence of serum  coro­
n av irus an tibody  in any cat, w h e th e r  
healthy  o r diseased, is indicative only of 
exposure to  a coronavirus in th e  FIPV 
group. A positive antibody tite r  does not 
diagnose FIP, n o r does it indicate th a t a cat 
is doom ed to  develop FIP at som e fu tu re  
date.

6. T rea tm en t m ethods for FIP are pallia­
tive, and a safe and efficacious vaccine has 
n o t yet been developed.
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About 
the Cornell Feline 
Health Center
T he ultim ate purpose of th e  C ornell 
Feline H ealth  C en te r is to  im prove the 
health  of cats by developing m ethods to  
p reven t o r cure  feline diseases and by 
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