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THE FIP-SPECIFIC TITRE YEST
A Sscond-Generation Test for the Detection of the Caasative }
Agent of Feline Infectious Peritomitis (FIR) '

The Newd For a New Qest
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The coronavirus titre test first sppeasred 2 decades age, and hab
remained a topic of controvarsy ever since. The basic test, of which
there are numerous variants on the wmarket, inveolves growing large
guantities of corenavirus, usunallv parcine coronavirus {BCV), ot
canine coropavirus (CCV), in culture and coating proteins purified
from these preparations on ELISA plates Ffor detection of ‘skrum anti-
Ccorcnavirus antibodies in the cat to be tested. By their very nature,
tests of this sort are incapable of differentiating between antibodies
which result from the infection of the c¢at by any of the L rge, !
extended family of coronaviridae, including exposure to mouse, ganine,
or even human coronavirusesz. These problems exist in theltht eren
before one addresses the guestion of whether the test can | :
differentiate between cats infected with the various members of| the
cat ceoronavirus family, including FECV, TGEV, FIPV, or thef?rim?cell
FIP vagcine (it can't). o }
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¥eot surprisingly, the ¢linical interpretation of the corqaﬁviru$ titer
is difficult for the practitioner. For example, it has baen repbrted
that a high, rising titre indicates active infection. But with what?
I1f the virus involved is a non~FIP ceropavirus (i.e, FECV), theh the
cat will nsver develop FIP, and probably dees net need to be culleg
from a cattery. Decreasing titre could be expected to be & good:
result, except that many cats show depressed titres preciskly dﬁring
the interval in which they enter the fulminant terminal sthge of FIP.
it has been suggested that at best, a cattery with persistepntlyihigh
levels of anti-corconavirus antiboedy has poor husbandry stahdards, and
is thus more likely to be a source of FIP cases than a nég?tive;
cattery; while there is unquestionably truth to this, it ‘iz alse a
poor Justification for performing the test as a “FIP" screening|assay.
In view of all this, ir has also been suggested that the 'best sgenario
that could be hoped for regarding the use of coronavirus titre testing
in cattearies is that the test wil) be run, but no acticn taken based
cn the resulc(Pederson, 1994). Clearly, there is a need ﬁoF a sirology
screening test which is capable of detecting antibodies te| FIFV: to the
exclusion of all other coronaviruses, i f
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The Origin of the FIP-Specific Titre Test ]

Since 1935, Antech, under license from Hoffman-La Roche, més offered
the first PIP-specific test commercially available: the FIPV-FCR
assay. Tnis test was developed by running a computer—generated .
compariscn between the known gene sequences of a varisty of |
ceronavirus types and strains in onder to identify gene regions unigue
to FIPV, and which were not found in related viruses (especially not
irn TGEV and FECV)., A region of the 7B gene, expressed in FIPY $trains
75-1146 and field strains FIP/SBIO-~1, and SBIO-2 but dsleted in|FECV-
1€83, TGEV arnd the Primucell FIP ‘ :
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vaccine, wags found to have these characteristics, and was chosep as
the target for the PCR assay. - i

The clinical value of the PUR assay directed to the 7B géne hasi been
conclusively demonstrated on effusive fluids from suspect FIP cases,
showing a positive predictive value of 95% and a negativg predittive
value of 78% in a recent 40 cat study published in the Mgy 1997 Antech
newsletter (2). : :

Te create the FIP specific test, thes protein coded for by the 7B gene
has been produced as a protein for ude in an BLISA-basd |serological
assay. To accomplish this, the 78 gene was cut out from the FIFV viral

genome by recombinant DNA technolegy, inserted into an B) coli
bacterium, and the 7B protein then produced by the gene"@urlfleg. The
pure 7B protein is coated on ELISA plates and sera from dats tolbe
tested allowsd to bind. Antibodies specific for the 7B protein Are
detected by the use of anti-cat antibody reagents. The serum is| tested
using the RELA kinetics dependant ELISA assay, with background |
irrelevant binding of sera removed by the use of various |contro
proteins. This is the same method employed at Cornell Vet Labs for
their coronavirus testing system. Unlike the coronavirus ltirtre,!
however, antibodiés to the 78 protein indicates infectiorn with | -
pathegenic FIPV strains such as 79-1146, SBIO-1, or SBIO%Z te thse

exclusion of non-pathogenic coronaviruses, &s well as the Primucell
FIP vaccine. Overall titre values range from 0 to 1:640, lower Lhan
the values the practitioner is used to for coronavirus assays, ?ut
reflecting the proportion of antibodies truly specific f r‘?IE‘Vr
Recently, reports have emerged which indicate that expression of the
1B gene protein product by a FIP virus is the key factor |which ;
determines wether the virus is pathogenic or non-pathogenic. 7B!has
been reported Lo function as a virus growth factor, allowing the faral
multiplication of virus in peritoneal macrophages. Evidence in Lavor
¢f this includes: loss of virulence has been shown to conrelate! with
lozs of 7B expression; and atrenuated FIP strains createg for vacecine
purposes alse lose 7B expression when they are selected QOI non+

virulence (3,4;. %

An extensive study (Vennema, et al, 1998)of various mutations i$
requlatory genes which lead to the pathogenic state shows that the

mutations invariably occur in either the 7B gene, or in qhe 3C gene

which may regnlate 7B expression. For conversion from a "benign?t te a

"malignant” form of virus, both possessing, and expreﬁsidg an i%tact

7B gene product seems to be required. Thus, while wmeny ¢ﬂrcnaviyuses i
have been shown to possess at least partial 7B sequences, expression

of functional 7B protein is the marker that shows that convVersion To

pathogenic FIPY has occurred. This expression is detecte by both the

PCR and ELISA assays to 7B. ;

Clinical Validation of the FIP-specific Titre Assay !

The clinical validation of the 7B assay falls into three major éxcups:
Ltests of sera cobtained from laboratrory cats, sera from PCR+, & |
histopatholeoygy confirmed cats, and sera obtained from varlious :
catterias to track the progression of FIP cases. Each is discussed
separately below: : i




A. Data from Laboratory Cats

Results of 7B ELISA teating on the sera of 10 cats exposed to various
experimental protocols are shown in Table I. j

CAT § Status Coropavirus Titre i3 Fgg&?i;;g
i FECV strain 1683 infected 1:860 : o

2. FELV strain 1683 infected 1:1048 ; 0

3. FIPV strain 1126 infected 1:1929 17160+
4. FIPV strain 1146 infected - 1:4096 1:640++
5. Primucell vaccine infegted 1:1000 ¢!

6. Primucall vaccine infegtad 1:2000 0

7. FIP UCDh strain expesed 0 Q

g, FIP UCH strain infected 0 Lrie0+
4 SPF (pathogen frae) 1] o

10. SPF (pathogen fres) 4] 0

Results clearly indicate tha. the designed specificity of the
genetically engineered 7B proiein to contain FIPV-Cnly serological
markers has been observed. The closely related strainm FECV 1683, which
has deletions in the 7B region, does not induce antibodies in the
infected sat which kind to the rerombinant 7B protein. Similarly, sera
from Primocell infected cats also do not react to the 7B protein;
however, cats infected with FIPV strains 1146 and UCD are positive to
75. The complete lack of.utiliy of the standard coronavirus test is
alss iliustrated hers, with 4 cut of 6 false positives (oats 1,2, &
and 6) and even a false negat ve {cat 8). i

5. Association of 7B Titre with POR+, Eistopath+, Cats
There is a vary c¢lear association of pesitive 7B titre with cats
presenting with classical effusive FI? confirmed with PCR aﬂd/oi

b the

histopathology examination postmortem. Results are summarized i
Tabkle below: . : _

| 7B Status - _Elinical Findings ‘ : futcome

Card -'
1. 428 1:160 Clin+ FIP, fluid, clinspath + : . dead
2. 430 1:320 Clinical FIPB, <lin/path+ . dead
3. 291 1:640 Clin+ PCR+ { dead
4, 4206 1:320 fluid, Clinical+, PCR+ : - dead
&, 36z 11160 fluid, €linical+, PCR+ C dead
6. 414 1:169 fluid, Clinical+, PUR+ ' o dead
7. 51z 11320 f£luid, Clinical+, PCR+ . dead
8. 711 1:640 Clinical+, histelogy + - dead
%, 539 1:320 histaelegy+, necropsy + © dead
10.511 1:160 cyto+, higtology+ : . dead
11.710 1:320 histology+ :
dead : .
12. 8 1:320 Qoular FIP, cytology+ -1 dead
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" ¢. Predictive Value of 7B Titre coa Outcome-Cattezry Studies
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The value of the 7B ELIBA in predicting which cats should be repoved
from a cattery to prevent spraad of disease is the subjest Of ap on-
going, longterm cellaborative study between Synbiotics and numerous
catteries country-wide. The reaults from twe ¢f these caﬁterles, who
have been followed long enough to cbtain first results, are shown
below.

Cattery #1
Cat# Status When Tested 1B _Result Status 3 menths later !
% normal 0 normal
2. normal 4 normal :
3. normal Q normal ;
4. normal 1:80 normal j
5. normal 0 normal
2. normal Q nozmal
7. normal 1:16C dead of FIP |
(clzn/pathﬁ)
8. normal 0 normal .
g. normal 0 normal :
ic. normal 11320 dead of FIP | ‘
icllnfpathﬁ;
i .
Cattery #2 N i i
Cat¥ Status When Tested 18 Result  Status 2 months latex,
1. normal G normal j
2. normal hY noymal ;
2. normal 1:40 normal
4, normal 131320 dead of FAIP :
{PCR+) ' ;
g normal 0 normal ;
& normal 0 normak o
7. normal 1:40 normal | ‘
8. normal 1:40 normal :
9. normal ¢ nermal ‘
10. normal 1:160 dead of FIp :
{(clinicall) :
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The regults clearly show an assopciation between detectabl§ 1B titres
(»1:80) apd an eventual ocutcome of clinieal FIP; no cats with a!
negative titre have yet developed disease in these two catteries while
4 out of 8 7B positive cats have died of clinical FIP wlthan 3 months
after testing. '
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Indepsndent Studies and Incidanae Data

Tests of the sbility of the 7B system to differentiate between qats
infested with a variety of laboratory strains of COronavirus wexe
undertaken at a second laboratory independent of Antech. In th@;flrst
experiment, 10 cats were first vaccinated with the coronavirus vaccine
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All cats tested by the old coronavirus titer rapidly became positive
to the vaceine, while none were 7B antigen positive. The cats were
then subsequently challenged with the PIP strain 76~1146. Tests|with
the old corena t.ter assay gave no further useful information, 4s ali
cats were already positive to the vaccine; however, the 78 testi
revealed that 9/10 cats gradually pecame positive after virus
exposure. This demonstrates two clear advantages of the 7B FLIP~!
specific test: abi.ity te exglude vaccine reactions, and the abiiiny
to selectively dstest the spread of pathogenic virus in an infeg¢ted
animal. ' i

mhe second independernt experiment included a study of sera from|cats
experimentally infected with FECV-RM strain. All zats were also [ FIV+
at the time ¢f infecti»n, adding a extra complication; however, [ the
results obtained were clear-cut. All 22 cats rapidly became poesitive
to the old coronavirus issay while none became 7B antigen positive.
Again, this ¢learly demcnstrates the utility of teating by this!method
as FECY, the most likely coronavirus which the clinician would }ike to
exclude from consideration, does not induce 78 antibodies. ;
tneidence data so far obtained from Antech samples indicates that, out
of a group of 124 ¢ats obtained from an adoption shelter, 120 were
corecnavirus peositive to various degrees, again undsilining the poorx
utility of this test. For 7B detection, 32 were found positive o
varying degrees (10 high titer, 22 low titre, rest negative); all 32
cases are being followed for eventual outgoome. '
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Conclusions : "~ i
i

This new form of teating for ths presencs of FIPV, utilizing
recombinant DNA technology, 1s the first commercially available ' test
that can detect antibodies to FIPV in the blood of a test cat t¢ the
exclusion of related forms of non-pathogenic feline coronaviruses. By
aliminating these sources of confusing and sonflicting results, 'the 7B
titre assay promises to make serology testing for FIPV a more ugseful
reality. i




