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INTRODUCTION

Feline infectious peritonitis (FIP) is a progressive, debilitating disease of wild and
domestic Felidae caused by infection with the coronavirus feline infectious peritonitis virus
(FIPV) 1,2. Two forms of FIP are observed - the commoner wet or effusive form in which
the abdomen is distended by the accumulation of a fibrin-rich exudate within the peritoneal
cavity and the dry or non-effusive form in which there is a desseminated granulomatous
disease involving most organs. Mortality approaches 100% for both forms.

Early death syndrome (EDS) is a phenomenon observed when cats with humoral
antibodies to FIPV are challenged with FIPV. Such animals can show reduced survival times
when compared with antibody-negative controls 3,4. Passive transfer of anti-FIPV serum
results in early death following experimental FIPV challenge 5,6. These data suggest that
EDS may be caused by antibodydependent enhancement 7.

The role of FIPV spike (S) glycoprotein in EDS has been studied by Vennema et al.
8. Kittens were inoculated twice with a vaccinia virus recombinant expressing the FIPV S
protein. Two weeks after the second inoculation they were challenged with a virulent FIPV
strain (76-1146); EDS was observed, the sensitized kittens dying 8-9 days after challenge. In
contrast, the non-immune control group survived for 29-30 days post challenge. Vennema et
af. demonstrated conclusively that the epitope(s) responsible for EDS are found in the FIPV
S protein.

Cats are also susceptible to infection with transmissible gastroentelitis virus (TGEV)
and canine coronavirus (CCV), viruses closely related to FIPV 9,10,11. CCV and TGEV
replicate to a limited extent in the gastrointestinal tract and oropharynx of cats, producing
asymptomatic infections and low levels of neutralising antibodies against FIPV 10,11. In
some studies cats preimmunised in this way with CCV did not show EDS following
challenge with FIPV 10,11. These data contrast with those of McArdle et a1 12, which
indicated that infection with another CCV strain could cause EDS.
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The work described below was designed to investigate the potential for induction of
EDS by the spike glycoproteins of CCV and TGEV expressed by vaccinia recombinants.
The protocol used was similar to that employed by Vennema et al; this approach is
particularly appropriate for CCV and TGEV whose replication in the cat is poor and variable.

METHODS

Preparation and analysis of vaccinia recombinants

Vaccinia virus recombinants Vac4b-IN and Vac4b-C6 expressing the S genes of
CCV strains INSAV-C-1 (UK) and CCV-6 (USA) respectively, and Vac4b-TG expressing
the S gene of TGEV strain FS 770/20 (UK) under the control of the powerful vaccinia 4b
late promoter were prepared using standard procedures (13). A recombinant expressing the
human cytomegalovirus (CMV) gB glycoprotein was used as a control.

Expression of S proteins by the recombinants was detected by immunofluorescence
and RIP. Immunofluorescent staining with a rabbit polyclonal serum against CCV followed
by an FITC goat anti-rabbit antibody was carried out on methanol-fixed An cells infected
with control CCV and with vaccinia recombinants. RIP was carried out using labelled S
proteins produced by the infection of BHK-21 cell monolayers with CCV or vaccinia
recombinants in the presence of [35S]-methionine. Cell pellets were dissolved in RIPA
buffer and samples of cell extract were incubated with serum. Antigen:IgG complexes were
bound to Sepharose protein G beads, the bound protein eluted with SDS-containing buffer
and analysed using SDS-polyacrylamide gel electrophoresis.

Grouping, Inoculation and Challenge

Susceptible cats (6 months old) were grouped as in Table 1 and inoculated by the
sub-cutaneous route, with an interval of three weeks between inoculations. All cats were
subsequently challenged, two weeks post secondary inoculation, with wild type FIPV (79
1146) administered oro-nasally. Cats inoculated with the vaccinia vector could only be
clinically assessed for 18 days post challenge due to the limitation of availability of the rooms
registered for recombinant animal experiments. Control groups consisted of (a)
uninoculated/challenged cats and (b) cats inoculated with vaccinia virus expressing the CMV
gB gene.

Table 1. Groupings of cats, inoculation and challenge data

Grouo Cat Numbers Inoculum (TCID50) Challenge

I 5, 191, U02,542 Vac4b-C6 FIPV 79-1146

00-107.0; 2°_108.0) (l06.5TCID50 ml- I)

2 C20, C24, 19L,538 Vac4b-IN "

00-107.0; 2°_108.0) "

3 C14, C17, mo, 19K Vac4b-TGEV "

00-107.0; 2°_108.0) "

4 C23, U05 Vac4b-CMVgB "

00-107.0; 2°_108.0) "

5 U08, U09 Uninoculated "

Observations and clinical scoring

All cats were monitored daily, post vaccination and post challenge for clinical signs.
Temperatures were recorded and swabs taken for the first 7 days post challenge to show that
FIPV had infected the cats and was replicating and being excreted. Scores were assigned to
each clinical sign depending on severity and duration. These scores were tabulated at the end
of the experiment and used to compare severity of infection between groups. Any cats which
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became severely ill were euthanased immediately and a full post mortem examination carried
out.

Serological Investigations

Serum samples were taken pre primary and secondary vaccination, pre challenge and
at the time of death (euthanasia). Virus neutralising antibodies to vaccinia virus and to FIPV
were detected by their abilty to reduce infectivity in 96 well quantal tissue culture assays
using respectively An and Fcwf cells. The reciprocal of the highest serum dilution causing
inhibition of infection by one TCIDSO of virus was regarded as the serum titre (14).

Antibodies (IgG) directed against the S protein of CCV strain Insav-C-I were
detected in serum pools from each cat group by the radio immunoprecipitation (RIP) assay
described above.

RESULTS

Properties of vaccinia S protein recombinants

RIP was used to demonstrate that the recombinants expressed the inserted S protein
genes. It was found that in the case of the recombinants Vac4b-C6 and Vac4b-TG proteins
which co-migrated with authentic CCV S protein synthesized in CCV-infected An cells was
observed. However in the case of Vac4b-IN a product of only 120K was detected.
Sequencing demonstrated the introduction of a frameshift during manipulation with
consequent premature termination and production of a potentially secretable product
consisting of the N-terminal 700 amino acids of the S protein.

In order to confirm that the recombinant viruses were expressing the S protein, An
cells were infected with the vector viruses and fixed after 24 hours or n hours. Corona S
protein was observed in the cell cytoplasm by (a) indirect immunofluorescence (all
recombinants) and (b) syncytium formation (all recombinants except Vac4b-IN) (Fig. I). The
Vac4b-IN recombinant presumably failed to cause cell fusion because it was secreted.

Evidence for an immune response following inoculation of vaccinia
recombinants

Serum neutralising antibodies to vaccinia virus were detected in all but one cat (CI4)
pre-challenge (Table 2), but were present post challenge in this cat. These data demonstrate a

Figure 1. Syncytium formation in An cells infected with vaccinia recombinant Vac4b-C6
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Table 2. Serum neutralising antibodies to vaccinia virus

Pre Vaccination

Cat ~roup Nwnber 1° 2° Pre challenge Post challenge

Vac4b-IN CIS ~S 9 N/A 18

191 ~S ~S 30 30

U02 ~S IS IS IS

542 ~S ~S 60 120

Vac4b-C6 C20 ~S 9 18 25

C24 ~S 9 30 30

19L ~S 18 18 N/A

538 ~S 9 30 30

Vac4b-TGEV C14 ~S ~S ~S 26

C17 ~S IS 18 30

UIO ~S IS 120 100

19K ~S N/A 30 60

Vac4b-CMVgB C23 ~S 9 30 30

UOS <5 ~S 30 30
Titres are reciprocals of serwn dilution. N/A - not available.

consistent response to the inoculated vaccinia recombinants. Uninoculated control cats
remained antibody-free throughout the experiment in spite of being housed with the Vac4b
CMVgB inoculated animals.

Low FIPV neutralising antibodies were detected in these samples post challenge (data
not shown); this is consistent with the the findings of Vennema et at. (8). Circulating
antibodies directed against coronavirus S protein were detected by R.I.P. (Fig. 2). The
results show that pooled sera from each group of cats inoculated with coronavirus S protein
gene-expressing vaccinia viruses contained IgG antibodies against the 200kDa CCV spike
glycoprotein. A low level of precipitating activity was also detected in the control group
(G4/5) at 18 days after the F1PV challenge.

Post Challenge Days

G1 G2
,...-J'-, ,...-J'-,
o 10 0 10

G3
,...-J'-,
o 10

G-4/5.
r "o 10 18
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92
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Fig.2. Radio immunoprecipitation assay for IgG antibodies to CCV S protein

362



Clinical observations

A typical FIP bi-phasic temperature response was observed in the non-immunised
control group whereas most of the sensitized cats (in particular Vac4b-C6 and IN) produced
initial pyrexic responses which were maintained until time of death or euthanasia.

Scores assigned to clinical signs are summarised in Table 3. There was a significant
difference found between both the Vac4b-C6 and Vac4b-IN groups and the control group.
Although the difference between the Vac4b-TGEV group and the control group was smaller,
it was nevertheless shown to be significant.

Table 3. Summary of clinical findings and scores

Group Cat Immunogen Fever Illness Survival FIP Clinl

from time from Patb

davPC challenge Score
I C20 Vac4b-In constant 7 11 DRY 72
1 C24 Vac4b-In constant 13 17 WET 47
1 19L Vac4b-In constant 7 8 DRY 55
1 538 Vac4b-In biphasic 13 17 DRY 61

2 CIS Vac4b-C6 constant 4 11 DRY 70
2 191 Vac4b-C6 constant 4 8 DRY 57
2 U02 Vac4b-C6 constant 4 11 DRY 66
2 542 Vac4b-C6 constant 4 11 DRY 69

3 C14 Vac4b-TG fluctuating 4 >18 DRY 40
3 C17 Vac4b-TG constant 6 13 DRY 39
3 UlO Vac4b-TG fluctuating 13 18 WET 36
3 19K Vac4b-TG constant - >18 DRY 26

4 C23 Vac4b-gB biphasic - >18 DRY 31
4 U05 Vac4b-gB biphasic 18 >18 WET 21

5 U08 none biphasic 18 28 WET 21
5 U09 none fluctuating 18 18 WET 17

Post mortem observations revealed classical signs of FIPV infection which included
fibinous peritonitis, peritoneal and pleural fluid, pyogranulomatous lesions, congestion of
the lungs, necrotic foci on liver and spleen and mesenteric nodules. Immunohistochemical
staining (immunoperoxidase) of infected tissue revealed coronavirus in the cytoplasm of the
cells confinning FIPV infection. The challenge virus was also re-isolated from rectal swabs
4-6 days post challenge.

Although the numbers of cats per group were low, the following trend was observed;
cats immunized with (a) CCV-6 S protein survived on average 10 days post challenge (b)
INSAV-C-l S protein - 13 days PC (c) TGEV S protein - 15 days Pc. The control cats
given FIPV only survived for 28 days Pc. These data are comparable with those of
Vennema et al. (8); in their study the mean post challenge survival time for the FIPV S gene
vaccinia recombinant was 9 days and that for the control group inoculated with the wild type
vaccinia strain WR was 29 days.

DISCUSSION

The results of this experiment clearly show that the epitope(s) responsible for EDS is
found on the first 700 amino-acids of the S protein of CCV virus. A similar epitope(s) is
likely to be present on the TGEV S protein although this protein may have a reduced capacity
to induce EDS when compared with those of FIPV and CCV.

The RIP assay has shown that circulating anti S protein IgG was present in the cats
prior to challenge. One theory for EDS in cats is that enhancement of infection is dependent
on the presence of antibody at time of challenge (ADE). Virus-antibody complexes are
formed by the binding of the IgG non-neutralising antibody to viral antigen and the resulting
complexes are then opsonised by macrophages or monocytes as they bind to these Fc or
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complement receptor bearing cells. Opsonisation of the complexes does not result in the
neutralisation of the virus and does not therefore prevent infection but rather exacerbates the
rate of spread of infection in the animal.

In conclusion, cats were inoculated with vaccinia recombinants expressing S protein
of various strains of coronavirus, none of which afforded protection against FIPV infection
or subsequent clinical disease. Although limited numbers of animals were used, it is clear
that an exacerbation of disease, and early deaths resulted from the production of circulating
antibody against CCV and TGEV S protein prior to challenge.
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