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ELISA for the serology of FIP virus
A. Osterhaus!, A. Kroon? and R. Wirahadiredja3

SUMMARY

An enzyme linked immunosorbent assay (ELISA) for feline infectious peritonitis
(FIP) virus serology is described. The assay is analogous to a previously developed
indirect heterologous immunofluorescence test (IFT) in which transmissible
gastroenteritis (TGE) viral antigen was used. Comparative testing of selected
feline sera in both assays resulted in corresponding titers, which justifies the con-
clusion that the ELISA is a reliable test for the serology of FIP virus.

Feline infectious peritonitis (FIP) is a dis-
ease of felines caused by a coronavirus
which was shown to be widely distributed
among cats all over the world (2). The dis-
ease almost invariably leads to the death
of the animal and is only incidentally ob-
served in most cat populations. However,
serological studies indicated that high
percentages of cats may be infected sub-
chmcglly (4,5,7). Antibodies against FIP
Virus in cats were first demonstrated inan
1n(}1rect immunofluorescence test (IFT)
using liver sections from a FIP virus in-
fected kitten as antigen (7). The successful
Propagation of the virus in the brains of
S}lclfllng mice permitted us to perform a
Similar test on cryostat sections of in-
fected mouse brain (6), and also resulted
I the first demonstration of neutralizing
antibodies in sera from cats with FIP (3).
Based on the confirmed antigenic rela-
tionship between FIP virus and transmis-
sible gastroenteritis (TGE) virus of pigs

(5,9, 10, 11, 12) we developed a heterolo-
gousindirect IFT for the detection of anti-
‘FIP viral antibodies (5): A mixture of
TGE virus infected and uninfected por-
cine thyroid cells served as antigen prepa-
ration. In this paper we describe a heter-
ologous enzyme linked immunosorbent
assay (ELISA) for this purpose, using an
analogous indirect system.

MATERIALS AND METHODS
Sera

Serum samples were collected from cats of different

populations, with or without a history of FIP:

__ 20 sera from a colony of specified pathogen free
(SPF) cats (Centraal Proefdieren Bedrijff -
Zeist),

- 39 sera from cats of the ‘open population’ (OP)
in the Netherlands. Eight showed symptoms of
FIP, confirmed by post mortem examination;
the others were healthy,

— 14 sera from SPF cats, 14 to 30 days after expe-
rimental infection (EI) with about 104 MIDs,
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suckling mouse brain adapted FIP virus (13th
passage). Two samples were taken from cats
showing symptoms of FIP, confirmed by post
mortem examination.

Indirect IFT

The procedure followed was essentially the same as
described previously (5). However, a mixture of
TGE virus infected and uninfected cells of the por-
cine line PD;, (kindly provided by Philips Duphar,
Weesp) dried onto epoxycoated microprint . slides
{Cooke Eng, Comp. Alexandria Va.) served as anti-

8¢n preparation. Titers > 20 were considered po-
sitive,

Fig. 1.

ELISA
Antigen/coating

TGE virus (strain Purdue) was propagated in
monolayers of PD; cells. When about 75% of the
cells showed CPE, approximately 5 x 107 cells
were harvested in 5 ml0.5 carbonate buffer, pHY..
After three cycles of freezing and thawing the _cel-
lular debris were removed by low speed clentrgfu-
gation and the supernatant was used as antigenina
1:4 dilution. Control antigen was prepared in the
same way from uninfected PD; cells. U shape wells
of polystyrene microtiter plates (Cooke) were go'at-
ed with TGE viral or control antigen 'by flll;ng
the wells with 100 4l antigen and dryingina 20°C
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air stream. The coated plates were stored at 4° C.
Before use the wells were filled with deionized water
containing 0.05% Tween 80 and 0.5% bovine serum
albumin, incubated for one hour at 37° C and
rinsed three times with ELISA buffer (PBS, con-
t7a1mng 0.05% Tween 80 and 0.1 mM EDTA, pH
).

Conjugate

The rabbit anti-cat IgG serum which was used for
the preparation of the FITC conjugate for the IFT
was also employed to prepare a peroxidase conju-
gate. Conjugation was carried out essentially ac-
cordmg to a method described by Ellens et al. for
the conquation of a calf anti-rota virus serum (1).
The conjugate was stored in 20 pl quantities at
—20"’ C and diluted in ELISA buffer supplement-
eq with 1% calf serum before use. The optimal dilu-
tion of the conjugate (1:200) was determined by
checkerboard titration.

Substrate

The enzyme substrate used was hydrogen peroxide
with 5-aminosalicylic acid (5-AS, Merck). 5-AS
was purified as described by Ellens et al. (I).
Before use 10 mg of the purified 5-AS were dis-
solved in 10 ml 0.01 M phosphate buffer (final

PH 6.0) and 1 ml 0.05% h i
P % hydrogen peroxide was

Assay

.\/olliumes of 100 ! of twofold dilutions of the sera
in ELISA buffer, using a starting dilution of 1:40,
were added to the wells.
/;]f;fr anincubation period of one hour at 37° C the
di]u;e:(;were washed three times and 1001/ cup of the
neut tc:i)njugate was added. Again the plates were
e ](2)1 ed for one hour at 37° C, rinsed three times
04l of the substrate was added. Afteranincu-

bati .
rea;:jog beriod of two hours at 4° C the plates were
Y visual inspection,

RESULTS AND DISCUSSION

"fl;}ll'e results of a comparative testing of the
shme sera in both IFT and ELISA are
OWn in Fig. 1. Sera from 40 clinically

healthy cats (20 SPF sera and 20 OP
sera), which were negative in the IFT
were also negative in the ELISA. Eight

'sera gave discordant results: seven IFT

negative (< 20) sera (five OP sera and two
EI sera) showed low titers in the ELISA
(titers 40 and 80); one serum with a low ti-
ter in the IFT (= 40) was negative in the
ELISA (< 40). This difference in sensitiv-
ity is not significant (X2 test: P-value 8%).
All remaining sera were positive in both
tests. The geometric mean of the ratios
between IFT and ELISA titers (in the
range of 20-2560 and 40-2560 respec-
tively), is not significantly different from
1, using the Student test for paired values
(IFT titer/ ELISA titer =0.7; 95% confi-
dence interval between 0.5and 1.1). Con-
sequently there is no reason to supposd
that differences in these analogous assays
— e.g. in indicator molecule (FITC and
peroxidase respectively) — cause a differ-
ence in titer. It may be concluded from
these results that the ELISA is a reliable
test which, depending on technical facili-
ties, may replace the IFT for FIP virus
routine serology. The sera from the OF
were not randomly selected, but sera
from clinically healthy cats and cats with
FIP symptoms with low, middle and high
titers in the IFT were chosen. Hence, the
distribution of antibody titers among
clinically healthy and diseased cats is not
representative. In most cases, cats with
clinical FIP have high antibody titers
whereas in cats without clinical symp-
toms low titers are found (8).
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