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Title: Means and methods for distinguishing FECV and FIPV

The invention relates to the field of veterinary diagnosis, more
specifically the invention relates to the field of feline coronaviruses and

identification thereof.

Feline coronaviruses (FCoVs) are common pathogens of domestic
and non-domestic Felidae, including but not limited to cats, lions, tigers,
leopards, jaguars, lynxes, caracals, cheetahs, cougars and servals. In domestic
multi-cat environments up to 90% FCoV seropositivity is reached . FCoV are
closely related to canine coronavirus (CCoV) and transmissible gastroenteritis
virus (TGEV) of swine. Two serotypes, I and II, exist of FCoV of which serotype
I predominates, with 80-95% of FCoV infections. Type II FCoV presumably
results from RNA recombination in animals doubly infected by serotype I
FCoV and CCoV, during which a CCoV spike gene or part thereof is
incorporated into the FCoV genome, apparently an infrequently occurring
event. Feline enteric coronavirus (FECV) is the most common pathotype of
FCoV, for both serotype I and serotype II. FECV is mainly confined to the
intestines, spreads via the oral-fecal route, and is highly contagious. FECV
infection generally occurs unapparently; sometimes, however, it causes
symptoms such as mild enteritis (Haijema et al., 2007).

In the 1970’s feline infectious peritonitis (FIP), a (then) rare but
serious disease in cats, was reported to be caused by a feline coronavirus,
which was called feline infectious peritonitis virus (FIPV). Contrary to FECV,
FIPV is highly virulent. FIPV infection can be either granulomatous (dry) or
effusive (wet) and is a progressive and usually fatal disease. Symptoms of FIP
include failure to thrive in young cats, lameness, fluctuating fever, inappetence
and weight loss resulting in death (Pedersen 2009). A dramatic dysregulation
of the adaptive immune system accompanies progression of FIP as
demonstrated by hypergammaglobulinemia and depletion of lymphoid and

peripheral T cells (Haijema et al., 2007). Whereas FECV is confined to the gut,
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FIPV is able to infect - and replicate in - monocytes and macrophages causing
systemic disease with multiple organs being affected.

Two prevailing theories exist about the origin of FIPV. According to
the “mutation hypothesis”, FIPV originates from FECV by de novo mutation in
infected felines resulting in a highly virulent FIP virus. The mutation giving
rise to FIPV has not been identified but has been proposed to be in the non
structural 3c, 7a or 7b genes (see figure 1), which encode proteins with
unknown function (Vennema et al., 1998, Poland et al., 1996, Kennedy et al.,
2001, Pedersen 2009). Therefore it is thought that a mutation in the 3¢, 7a or
7b gene or a combination of mutations in these genes alters the biological
properties of the virus allowing the enteric coronavirus to infect monocytes and
macrophages thereby spreading infection to the organs and causing FIP
(Pedersen 2009): the transition of FECV to FIPV. The mutation hypothesis has

not been formally proven.

According to another theory, two distinct strains of FECV circulate
in natural populations, a virulent and an avirulent strain, and only felines
infected by the virulent strain will develop FIP (Brown et al., 2009). Brown et
al. (2009) isolated viral sequences from cats suffering from FIP, and from
FECYV infected but asymptomatic (healthy) cats. Using phylogenetic analyses
they found that distinct viral sequences are present in sick cats and healthy
cats. Dye and Siddell (2007) compared the viral sequences of feline coronavirus
isolated from jejunum and from liver of a cat suffering from FIP. According to
the mutation theory, FECV is confined to the intestines, while FIPV, which is
able to infect macrophages and monocytes, is present in the liver. Yet, Dye and
Siddell found 100% nucleotide identity and thus questioned the mutation
hypothesis according to which the liver coronavirus is a mutated jejunum
coronavirus. They suggested that in cats suffering from FIP the same virulent

feline coronavirus strain was present in both liver and jejunum.
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Previously, the present inventors identified a number of differences
in the spike protein of tissue culture-adapted serotype II feline coronaviruses
FECV 79-1683 and FIPV 79-1146 (Rottier et al., 2005). The FIPV 79-1146
contained several mutations in the C-terminal domain of the spike protein, the
S2 domain. However, FECV 79-1683 and FIPV 79-1146 are not prototypical
feline coronaviruses and are thus not representative for the serotype I FECV
and FIPV most cats are infected with (Pedersen 2009). Firstly, the serotype 11
feline coronaviruses originate from RNA recombination of canine and feline
coronaviruses and contain the canine coronavirus spike protein. Spike proteins
of feline and canine coronaviruses have only approximately 45% amino acid
sequence identity (Motokawa et al., 1996). Secondly, FECV 79-1683 and FIPV
79-1146 are tissue culture-adapted to cell lines other than macrophages.
Because FIPV infects monocytes and macrophages in vivo, tropism of these
laboratory strains differs from prototypical feline coronaviruses. Thirdly, FIPV
79-1146, unlike serotype I FIPV which infects monocytes and macrophages, is
exceptionally virulent by every common route of infection (Pedersen 2009).
Fourthly, FECV 79-1683 cannot be qualified as a true FECV as argued
extensively by Pedersen in his recent review (Pedersen, 2009). Notably, FECV
79-1683 lacks most of the 7b gene, which is present in non-tissue culture-
adapted strains of FECV and has a deleterious mutation in its 3c gene,

indicating that it may have originated from an FIPV.

Feline coronavirus infection is generally demonstrated by the
presence of antibodies in the blood. An effective treatment or vaccine for FIPV
infection does not exist. Cats developing FIP die within days or weeks - in the
case of effusive FIP - or months, in the case of dry or granulomatous FIP. A
commercially available vaccine consisting of a temperature sensitive mutant of
a FIPV strain has not convincingly proven its protective efficacy in a number
of immunization studies (McArdle et al., 1995; Fehr et al., 1997). Furthermore,

up to date there is no diagnostic test to discriminate between FECV and FIPV.
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A further complicating factor is that the clinical picture of FIP is highly
variable and, as a consequence, the disease cannot easily be established
unequivocally. The diagnosis is often a presumptive one, based on anamnestic,
clinical and non-specific laboratory parameters. Because there is no specific
diagnostic test for FIPV, it is often also not possible to discriminate between
FIP and other diseases with overlapping symptoms. Both diagnostic tests for
and vaccines against FIPV are highly needed due to the progressive and

debilitating course of FIP.

It is an aim of the present invention to provide means and methods

for distinguishing FIPV and FECV.

The present inventors found that FIPV harbours a specific alteration
relative to FECV in the spike protein at amino acid position 1049 as depicted
in figure 2B.

The invention therefore provides a method for identifying feline
infectious peritonitis virus (FIPV) comprising determining the identity of an
amino acid of a feline coronavirus spike protein at a position corresponding to
amino acid position 1049 as depicted in figure 2B, and identifying the feline
coronavirus as FIPV if the determined identity of the amino acid is not a
methionine. According to this method of the invention, FECV is identified if

the determined identity of the amino acid is methionine.

With identifying FIPV or FECV is meant the identification of a
virulent (FIPV) or an avirulent (FECV) type feline coronavirus. Identification
is carried out by determining the identity of an amino acid and/or nucleic acid
sequence of said feline coronavirus.

A feline coronavirus nucleic acid sequence comprises a chain of

nucleotides, preferably (¢c)DNA or RNA, that is part of a feline coronavirus or
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obtained from a feline coronavirus, either directly, or after processing, such as
for example by using reverse transcriptase PCR, and/or amplification.

A feline coronavirus spike protein is a feline coronavirus membrane
protein comprising an ectodomain. The spike protein is one of the four
canonical structural proteins of coronavirus and is responsible for attachment

to and entry of the virus into cells during infection.

FIPV from lesions of cats with pathologically confirmed FIP were
compared genetically with FECV obtained from asymptomatic cats. Typical
lesions of FIP were (pyo)granulomatous lesions presented in different internal
organs mainly in spleen, liver, lung, kidney, or mesenteric lymph node. Due to
the high mutation rates of RNA viruses, numerous differences were observed
between individual FECV and FIPV sequences. However, in all 47 FECV
faeces or plasma isolates, the amino acid at position 1049 of the spike protein
as depicted in figure 2B is a methionine, whereas in 52 out of 54 FIPV lesion
isolates an alteration of the amino acid at position 1049 as depicted in figure
2B is present resulting in an amino acid at this position other than
methionine. It was later found that five sequences classified as derived from
healthy cats were actually derived from blood samples of cats with confirmed
FIP (Q093501030_326B_4546.scf, Q093501032_327B_4546.scf,
Q093501036_321S_4546.scf, Q093501038_321A_4546.scf and
Q093501046_K11_019.ab1), meaning that the identity of the amino acid at a
position corresponding to position 1049 as depicted in figure 2B was
determined and demonstrated to be methionine in 42, instead of 47, samples
from FECV faeces or plasma isolates from healthy cats.

The nucleic acid sequence encoding the methionine at position 1049
of the spike protein of FECV corresponds to the codon comprising nucleotide
positions 3145, 3146 and/or 3147 of the gene encoding a feline coronavirus
spike protein as depicted in figure 2A. The nucleotide sequence encoding the

methionine in the FECV spike protein at position 1049 as depicted in figure 2A
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is adenine-thymine-guanine (a-t-g), which corresponds with the sequence
adenine-uridine-guanine (a-u-g) in the viral genomic RNA. Any substitution of
at least one nucleotide in this nucleotide codon results in an amino acid other
than methionine in the spike protein of FECV at position 1049 as depicted in
figure 2B. According to the present invention the identified nucleotide and/or
amino acid sequence at nucleotide positions 3145, 3146 and/or 3147 of the gene
encoding a feline coronavirus spike protein, and amino acid position 1049
respectively as depicted in figures 2A and 2B is used to discriminate between
FIPV and FECV. With the present invention for the first time a polymorphism
of the feline coronavirus that enables distinguishing FECV and FIPV has been
identified in prototypical serotype I FECV and FIPV.

The present inventors further found that a significant part of the
small percentage of FIPV which do not harbour the specific alteration relative
to FECV in the spike protein at amino acid position 1049 as depicted in figure
2B, harbours a specific alteration relative to FECV in the spike protein at
amino acid position 1051 as depicted in figure 2B. In these cases, a serine at
this position appeared to be substituted. Thus, the specific alteration at amino
acid position 1051 also provides an approach to identify FIPV.

The invention therefore also provides a method for identifying feline
infectious peritonitis virus (FIPV) comprising determining the identity of an
amino acid of a feline coronavirus spike protein at a position corresponding to
amino acid position 1051 as depicted in figure 2B, and identifying the feline
coronavirus as FIPV if the determined identity of the amino acid is not a
serine. Also provided is a method for determining whether feline infectious
peritonitis virus (FIPV) is present in a sample, comprising determining
whether said sample comprises a feline coronavirus, and if a feline coronavirus
is present determining the identity of an amino acid in a spike protein of said

feline coronavirus at a position corresponding to amino acid position 1051 as
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depicted in figure 2B, and determining that FIPV is present if said amino acid

1s not serine.

In a set of 97 cats with pathologically confirmed FIP, in 87 out of 97
FIPV lesion isolates an alteration of the amino acid at position 1049 as
depicted in figure 2B is present resulting in an amino acid at this position
other than methionine. In five of the ten FIPV lesion isolates in which a
methionine was present at position 1049 as depicted in figure 2B, an alteration
of the amino acid at position 1051 as depicted in figure 2B was present
resulting in an amino acid at this position other than serine. The nucleic acid
sequence encoding the serine at position 1051 of the spike protein of FECV
corresponds to the codon comprising nucleotide positions 3151, 3152 and 3153
of the gene encoding a feline coronavirus spike protein as depicted in figure
2A. Serine is encoded by the nucleotide codons t/u-c-t/u, t/u-c-c, t/u-c-a, t/u-c-g,
c-g-t/u and c-g-c. Any substitution of one or more nucleotides in this nucleotide
codon resulting in a nucleotide sequence other than these codons results in an
amino acid other than serine in the spike protein of FECV at position 1051 as
depicted in figure 2B. According to the present invention the identified
nucleotide and/or amino acid sequence at either nucleotide positions 3151,
3152 and/or 3153 of the gene encoding a feline coronavirus spike protein,
and/or amino acid position 1051 of the Spike protein respectively, as depicted
in figures 2A and 2B is also used to discriminate between FIPV and FECV. In
a preferred embodiment, an alteration of a serine at an amino acid position
corresponding to position 1051 as depicted in figure 2B is the result of a
replacement of the nucleobase thymine at a position corresponding to

nucleotide position 3151 as depicted in figure 2A with the nucleobase guanine.

In one embodiment, the identity of the amino acids in a spike
protein of a feline coronavirus at positions corresponding to amino acid

positions 1049 and 1051 as depicted in figure 2B are both determined. If the
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identity of both these amino acids is determined, a high accuracy in
distinguishing FIPV and FECV is obtained. In one embodiment, the identity of
the amino acids at positions 1049 and 1051 as depicted in figure 2B is
determined in one test. However, it is also possible to determine the identity of
these amino acid sequentially. For instance, first the identity of the amino acid
at a position corresponding to position 1049 as depicted in figure 2B is
determined. If the presence of a methionine is detected at this position,
subsequently the identity of the amino acid at a position corresponding to
position 1051 as depicted in figure 2B is preferably determined. If the presence
of an amino acid other than a methionine is detected at this position,
determining the identity of the amino acid at a position corresponding to
position 1051 as depicted in figure 2B can be omitted. However, the identity of

the amino acid at this position may also be determined in that case.

A nucleic acid sequence of the spike gene (nucleotides 1-4407) of
feline coronavirus comprising the nucleotides 20395-24801 as defined in the
sequence of gene accession number NC_012955 (Feline coronavirus UU 10,
complete genome) and nucleotides 20382-24788 as defined in the sequence of
gene accession number NC_012952 (Feline coronavivus UUS, complete
genome) is presented in figure 2A. Nucleotides 20395-24801 of NC_012955
encode the feline coronavirus spike protein (YP_0030338574). Nucleotides
20382-24788 of NC_012952 encode the feline coronavirus spike protein
(YP_003038543). Thus, nucleotides 3145, 3146 and 3147 of the gene encoding
the spike protein as used throughout the description and as depicted in figure
2A correspond to nueclectides 23539, 23540 and 23541 of the complete genome
as defined in the sequence of NC_012955 and/or nucleotides 23526, 23527 and
23528 of the complete genome as defined in the seqguence of NC_012952.
Nucleotides 3151, 3152 and 3153 of the gene encoding the spike protein as
used throughout the description and as depicted in figure 2A correspond to

nuclectides 23545, 23546 and 23547 of the complete genome as defined in the
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sequence of NC_012955 and/or nucleotides 23532, 23533 and 23534 of the
complete genome ag defined in the sequence of NC_012952.

The amine acid sequence of a feline coronavirus spike protein
referring to the amino acid numbering defined in the sequences of
YP_003038574 and YP_003038543 which are partial transiations of
NC_012955 and NC_012952 respectively is presented in figure 2B. The
numbering of amino acid positions as used throughout the description refers to
the amino acid positions as defined in YP_003038574 and/or YP_003038543.
A skilled person is able to identify the nucleotide and amino acid positions in
any given feline coronavirus sequence which correspond to the nucleotide
positions 3145, 3146 and/or 3147 and amino acid position 1049 and the
nucleotide positions 3151, 3152 and/or 3153 and amino acid position 1051 as
depicted in figure 2A or 2B, for instance using alignment software such as

"Align 2”7 or “Bioconductor”.

The symptoms of FIP include for instance the accumulation of ascitic
fluid within the abdomen (only in effusive FIP), retarded growth, lack of
appetite, fever, weight loss and diarrhea. As indicated herein above, similar
symptoms are also observed with cats suffering from other diseases, making
unequivocal diagnosis of FIP so far impossible. Now that a polymorphism has
been identified for feline coronavirus spike protein that allows for determining
the presence of FIPV in a sample it can be determined whether a feline, for
instance a cat, suffers from FIP. Because currently there is no treatment for
FIP, and the course of the disease is progressive and debilitating resulting
inevitably in death, it can be decided to euthanize said cat when the animal
has been demonstrated to carry FIPV. In addition, the cat or cattery owner can
take proper measures to prevent possible spread of the infection and/or reduce
predisposing conditions such as stress. However, when FIPV has been
demonstrated to be absent in a cat, feline infectious peritonitis can be

eliminated as a possible cause of the disease. Therefore, in that case the cat
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should not be euthanized but diagnostic approaches could be continued and the
animal could be provided with treatment for the possible alternative disease(s)
the symptoms of which resemble those of FIP. Such treatment can for instance
be further symptomatic treatment or application of antibiotics to counteract a
possible bacterial cause of the disease.

Further provided by the invention is therefore a method for
determining whether feline infectious peritonitis virus (FIPV) is present in a
sample, comprising preferably from a feline or from a substance that has been
in contact with a feline, determining whether said sample comprises a feline
coronavirus and, if a feline coronavirus is present, determining the identity of
an amino acid in a spike protein of said feline coronavirus at a position
corresponding to amino acid position 1049 and/or 1051 as depicted in figure
2B, and determining that FIPV is present if said amino acid at amino acid
position 1049 is not methionine and/or if said amino acid at amino acid

position 1051 is not serine.

A sample comprising feline enteric coronavirus, feline infectious
peritonitis virus, feline coronavirus (spike) protein or feline coronavirus nucleic
acid can be obtained from any feline directly or indirectly. Such a sample can
for instance be obtained from any feline tissue or fluid or excretion product.
Feline tissues, fluids or excretion products from which such sample is obtained
include but are not limited to FIP lesions, blood, white blood cells, blood
plasma, blood serum, saliva, ascites, urine, faeces, skin, muscle, lymph nodes
and liver. A sample according to the invention that is obtained indirectly from
a feline may comprise any material that contains feline tissue, fluid or
excretion product, such as for instance soil or cat litter. In a preferred
embodiment of the invention a sample is obtained from a FIP lesion, faeces,
blood and/or ascites. In a more preferred embodiment a sample is obtained
from white blood cells. Blood samples are relatively easy obtained from an

animal, and white blood cells are easily isolated from a blood sample
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subsequently. The present inventors found that in 29 out 31 white blood cell
samples obtained from cats in which an alteration of the amino acid at a
position corresponding to amino acid position 1049 as depicted in figure 2B
was detected in a FIP lesion sample, the alteration of said amino acid was also
present in the white blood cell sample. Thus, the detection of an alteration of

an amino acid is accurately detected in feline white blood cell samples.

When a feline is suspected of suffering from a feline coronavirus
infection, a feline coronavirus nucleic acid encoding a spike protein, whereby
the nucleic acid comprises the nucleotide positions 3145, 3146 and/or 3147
and/or the nucleotide positions 3151, 3152 and/or 3153 as depicted in figure 2A
can be detected in a sample from said feline. A sample from said feline may
comprise feline coronavirus nucleic acid, or isolated feline coronavirus nucleic
acid. Optionally a feline coronavirus nucleic acid comprising nucleotide
positions 3145, 3146 and/or 3147 and/or the nucleotide positions 3151, 3152
and/or 3153 of the gene encoding a feline coronavirus spike protein as depicted
in figure 2A is amplified before detection. A sample according to the invention
may further comprise feline coronavirus or feline coronavirus proteins,

including but not limited to the spike protein.

According to the present invention the presence of methionine at a
position corresponding to amino acid position 1049 of a feline coronavirus as
depicted in figure 2B is indicative of FECV and the presence of any amino acid
other than methionine at said position is indicative of FIPV. Thus the presence
of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic acid,
glutamine, glycine, histidine, isoleucine, leucine, lysine, phenylalanine,
proline, serine, threonine, tryptophan, tyrosine and/or valine at a position
corresponding to amino acid position 1049 of a feline coronavirus as depicted in
figure 2B is indicative of FIPV. In a preferred embodiment of the invention

said amino acid other than methionine is leucine. The presence of any amino
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acid other than serine at a position corresponding to amino acid position 1051
of a feline coronavirus as depicted in figure 2B is indicative of FIPV. Thus the
presence of alanine, arginine, asparagine, aspartic acid, cysteine, glutamic
acid, glutamine, glycine, histidine, isoleucine, leucine, lysine, methionine,
phenylalanine, proline, threonine, tryptophan, tyrosine and/or valine at a
position corresponding to amino acid position 1051 of a feline coronavirus as
depicted in figure 2B is indicative of FIPV. In a preferred embodiment of the

invention said amino acid other than serine is alanine.

The presence of the nucleobase adenine (a) at a position
corresponding to nucleotide position 3145 of the gene encoding a feline
coronavirus spike protein as depicted in figure 2A, the nucleobase thymine (t)
at a position corresponding to nucleotide position 3146 of the gene encoding a
feline coronavirus spike protein as depicted in figure 2A and the nucleobase
guanine (g) at the position corresponding to nucleotide position 3147 of the
gene encoding a feline coronavirus spike protein as depicted in figure 2A is
indicative of FECV and the presence of any nucleobases other than adenine (a)
at a position corresponding to nucleotide position 3145 of the gene encoding a
feline coronavirus spike protein as depicted in figure 2A, and/or any
nucleobase other than thymine (t) at a position corresponding to nucleotide
position 3146 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A and/or any nucleobase other than guanine (g) at the
position corresponding to nucleotide position 3147 of the gene encoding a feline
coronavirus spike protein as depicted in figure 2A is indicative of FIPV. Thus,
the presence of nucleobase thymine (t), and/or cytosine (c), and/or guanine (g)
at a position corresponding to nucleotide position 3145 of the gene encoding a
feline coronavirus spike protein as depicted in figure 2A, and/or nucleobases
adenine (a), and/or cytosine (c), and/or guanine (g) at a position corresponding
to nucleotide position 3146 of the gene encoding a feline coronavirus spike

protein as depicted in figure 2A, and/or nucleobases adenine (a), and/or



WO 2011/087366 PCT/NL2011/050027

10

15

20

25

30

13

thymine (t), and/or cytosine (c) at a position corresponding to nucleotide
position 3147 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A is indicative of FIPV. Feline coronavirus is an RNA virus.
Therefore, when a nucleotide is identified herein as thymine, a uracil is also
encompassed by said term, as is known by a skilled person.

Therefore, the invention provides a method according to the
invention, wherein the identity of the amino acid at position 1049 is
determined by determining a nucleic acid sequence of a feline coronavirus
nucleic acid encoding a spike protein, said nucleic acid comprising a nucleotide
at, or corresponding to, position 3145, 3146 and/or 3147 of the gene encoding a
feline coronavirus spike protein as depicted in figure 2A. In a preferred
embodiment, a cytosine or thymine or guanine at a position corresponding to
nucleotide position 3145 of the gene encoding a feline coronavirus spike protein
as depicted in figure 2A is indicative of FIPV, and an adenine at a position
corresponding to nucleotide position 3145 of the gene encoding a feline
coronavirus spike protein as depicted in figure 2A is indicative of FECV. The
invention also provides a method according to the invention, wherein the
identity of the amino acid at position 1051 is determined by determining a
nucleic acid sequence of a feline coronavirus nucleic acid encoding a spike
protein, said nucleic acid comprising a nucleotide at, or corresponding to,
position 3151, 3152 and/or 3153 of the gene encoding a feline coronavirus spike

protein as depicted in figure 2A.

Coronaviruses are RNA viruses. Viral RNA can be isolated and
processed with methods known in the art. For example, RNA samples can be
freshly prepared from cells or tissues at the moment of harvesting, or they can
be prepared from samples that are stored at -70°C until processed for sample
preparation. Alternatively, tissues or cell samples can be stored under
conditions that preserve the quality of the RNA. Examples of these

preservative conditions are fixation using e.g. formalin, RNase inhibitors such
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as RNAsin (Pharmingen) or RNasecure (Ambion), aqueous solutions such as
RNAlater (Assuragen), Hepes-Glutamic acid buffer mediated Organic solvent
Protection Effect (HOPE), and RCL2 (Alphelys), and non-aqueous solutions
such as Universal Molecular Fixative (Sakura Finetek USA Inc.). RNA can for
instance be isolated according to the method of Chomezynski and Sacchi (1987)
or the method of Boom et al. (1990), or commercially available systems (such
as RNeasy total RNA isolation kit from QIAGEN, Germany or High-Pure-
RNA-Isolation-Kit® from Roche Diagnostics, Basel, Switzerland).
Alternatively, or additionally, RNA is reverse transcribed into cDNA. Reverse
transcriptase polymerase chain reaction (RT-PCR) is for instance performed
using specific primers that hybridize to an RNA sequence of interest and a
reverse transcriptase enzyme. Furthermore, RT-PCR can be performed with
random primers, such as for instance random hexamers or decamers which
hybridize randomly along the RNA, or oligo d(T) which hybridizes to the

poly(A) tail of mRNA, and reverse transcriptase enzyme.

Amplification of nucleotides derived from feline coronavirus, either
directly or after RT-PCR can be performed using any nucleic acid amplification
method, such as the Polymerase Chain Reaction (PCR; Mullis and Faloona,
1987) or by using amplification reactions such as Ligase Chain Reaction (LCR;
Barany, 1991), Self- Sustained Sequence Replication (3SR; Guatelli et al.,
1990), Strand Displacement Amplification (SDA; Walker et al., 1992),
Transcriptional Amplification System (TAS; Kwoh et al, 1989), Q- Beta
Replicase (Lizardi et al., 1988), Rolling Circle Amplification (RCA; U.S. Pat.
No. 5,871,921), Nucleic Acid Sequence Based Amplification (NASBA; Compton,
1991), Cleavase Fragment Length Polymorphism (U.S. Pat. No. 5,719,028),
Isothermal and Chimeric Primer-initiated Amplification of Nucleic Acid
(ICAN), Ramification-extension Amplification Method (RAM; U.S. Pat. Nos.
5,719,028 and 5,942,391) or other suitable methods for amplification of nucleic

acids.
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As used herein, the term “nucleic acid” or “nucleic acid molecule”
comprises a chain of nucleotides, preferably DNA and/or RNA.

The term "primer" as used herein refers to an oligonucleotide which
is capable of annealing to the amplification target allowing a DNA polymerase
to attach, thereby serving as a point of initiation of DNA synthesis when
placed under conditions in which synthesis of primer extension product is
induced, i.e., in the presence of nucleotides and an agent for polymerization
such as DNA polymerase and at a suitable temperature. An amplification
primer is preferably single stranded for maximum efficiency in amplification.
Preferably, a primer is an oligodeoxyribonucleotide. A primer must be
sufficiently long to prime the synthesis of extension products in the presence of
the agent for polymerization. The exact lengths of the primers will depend on
many factors, including temperature and composition (A/T en G/C content) of
primer. A primer pair consists of one forward and one reverse primer as
commonly used in the art of DNA amplification such as in PCR amplification.

The term "probe" refers to a single-stranded oligonucleotide
sequence that will recognize and form a hydrogen-bonded duplex with a
complementary sequence in a target nucleic acid sequence analyte or its cDNA
derivative. To facilitate the detection of binding, a specific amplicon detection
probe may comprise a label moiety such as a fluorophore, a chromophore, an
enzyme or a radio-label, so as to facilitate monitoring of binding of the probes
to the reaction product of the amplification reaction. Such labels are well
known to those skilled in the art and include, for example, fluorescein
isothiocyanate (FITC), [beta]-galactosidase, horseradish peroxidase,
streptavidin, biotin, digoxigenin, <35>S, <14>C, <32>P and <125>1.

A primer or probe according to the invention comprises a nucleic
acid sequence, preferably DNA and/or RNA. Said nucleic acid sequence also
encompasses other kinds of nucleic acid structures such as for instance a
DNA/RNA helix, peptide nucleic acid (PNA), and/or locked nucleic acid (LNA).

Hence, the term “nucleic acid sequence” also encompasses a chain comprising
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non-natural nucleotides, modified nucleotides and/or non-nucleotide building
blocks which exhibit the same function as natural nucleotides.

Hybridization is known in the art and refers to the combining of
complementary, single-stranded nucleic acids, preferably under stringent
conditions. The term “complementary”, or “sequence complementarity” is also
known in the art and refers to two nucleic acid strands that can be non-
covalently connected by base-pairing. As used herein, “complementary” or
"substantially complementary" means that two nucleic acid sequences have at
least about 70%, preferably about 80%, more preferably 90%, and most
preferably about 95%, sequence complementarity to each other. This means
that primers and probes must exhibit sufficient complementarity to their
template and target nucleic acid, respectively, to hybridise under stringent
conditions. Therefore, the primer and probe sequences need not reflect the
exact complementary sequence of the binding region on the template and
degenerate primers can be used. For example, a non-complementary nucleotide
fragment may be attached to the 5 '-end of the primer, with the remainder of
the primer sequence being complementary to the strand.

The term "stringent conditions" refers to hybridization conditions
that affect the stability of hybrids, e.g., temperature, salt concentration, pH,
formamid concentration and the like. These conditions are empirically
optimised to maximize specific binding and minimize non-specific binding of
primer or probe to its target nucleic acid sequence. The term as used includes
reference to conditions under which a probe or primer will hybridize to its
target sequence, to a detectably greater degree than to other sequences (e.g. at
least 2-fold over background). Stringent conditions are sequence dependent
and will be different in different circumstances.

The term “% sequence identity” is defined herein as the percentage
of residues in a candidate amino acid sequence or candidate nucleic acid
sequence that is identical to the residues in a reference sequence after aligning

the two sequences and introducing gaps, if necessary, to achieve the maximum
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percent identity. Methods and computer programs for the alignment are well
known in the art. One computer program which may be used or adapted for
purposes of determining whether a candidate sequence falls within this
definition is "Align 2", authored by Genentech, Inc., which was filed with user
documentation in the United States Copyright Office, Washington, D.C. 20559,
on Dec. 10, 1991, or the UWGCG Package which provides the BESTFIT

program (Devereux et al., 1984).

A feline coronavirus nucleic acid comprising a nucleotide
corresponding to nucleotide position 3145, 3146 or 3147 and/or the nucleotide
positions 3151, 3152 or 31530f the gene encoding a feline coronavirus spike
protein as depicted in figure 2A may be amplified using primers that are
capable of hybridizing to at least part of said feline coronavirus nucleic acid
sequence. Said primers for instance hybridize to the feline coronavirus nucleic
acid sequence encoding a spike protein between a position corresponding to
nucleotide position 3055 and a position corresponding to nucleotide position
3669 of the gene encoding a feline coronavirus spike protein as depicted in
figure 2A. Said primers preferably have a length of between 9 and 50
nucleotides, for instance 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30
or 31 nucleotides. The nucleic acid product obtained with an amplification
method using such primers preferably comprises at least 35 nucleotides, more
preferably at least 40 nucleotides, even more preferably at least 50 nucleotides.

Therefore, the invention provides a method according to the
invention, further comprising amplifying at least part of a feline coronavirus
nucleic acid molecule comprising a region including, or corresponding to,
nucleotide position 3145, 3146 and 3147 and/or the nucleotide position 3151,
3152 and 3153 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A using at least one primer which is capable of hybridizing
to at least part of said nucleic acid sequence between a position corresponding

to nucleotide position 3055 and a position corresponding to nucleotide position
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3669 of the gene encoding a feline coronavirus spike protein as depicted in

figure 2A.

A preferred primer pair for use in a method according to the
invention comprises a primer which has at least 70% sequence identity with
the nucleic acid sequence 5-CCCTCGAGTCCCGCAGAAACCATACCTA-3’,
preferably at least 80% sequence identity with said nucleic acid sequence,
more preferably at least 90% sequence identity with said nucleic acid
sequence, most preferably at least 95% sequence identity with said nucleic acid
sequence, and a primer which has at least 70% sequence identity with the
nucleic acid sequence 5-CAATATTACAATGGCATAATGG-3’, preferably at
least 80% sequence identity with said nucleic acid sequence, more preferably
at least 90% sequence identity with said nucleic acid sequence, most preferably
at least 95% sequence identity with said nucleic acid sequence. Another
preferred primer pair for use in a method according to the invention comprises
a primer which has at least 70% sequence identity with the nucleic acid
sequence 5-GGCATAATGGTTTTACCTGGTG-3’, preferably at least 80%
sequence identity with said nucleic acid sequence, more preferably at least
90% sequence identity with said nucleic acid sequence, most preferably at least
95% sequence identity with said nucleic acid sequence, and a primer which has
at least 70% sequence identity with the nucleic acid sequence 5'-
TAATTAAGCCTCGCCTGCACTT-3, preferably at least 80% sequence identity
with said nucleic acid sequence, more preferably at least 90% sequence
identity with said nucleic acid sequence, most preferably at least 95% sequence
identity with said nucleic acid sequence.

In one embodiment a primer pair according to the invention
comprises a combination of a nucleic acid sequence 5
CCCTCGAGTCCCGCAGAAACCATACCTA-3 and a nucleic acid sequence 5'-
CAATATTACAATGGCATAATGG-3', or a combination of a nucleic acid
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sequence 5-GGCATAATGGTTTTACCTGGTG-3’ and a nucleic acid sequence
5-TAATTAAGCCTCGCCTGCACTT-3'.

In one embodiment of the invention the primer pairs indicated above
are used in a nested PCR reaction. In a nested polymerase chain reaction two
primer pairs are used in successive PCR reactions. The second primer pair is
used to amplify a nucleic acid product or part thereof obtained in the
amplification reaction using the first primer pair. Therefore, in one
embodiment at least part of an amplified nucleic acid, amplified using a first
primer pair, is further amplified using a second primer pair. A first primer
pair according to the invention comprises, for example, a primer which has at
least 70% sequence identity with the nucleic acid sequence 5’-
CCCTCGAGTCCCGCAGAAACCATACCTA-3 and a primer which has at least
70% sequence identity with the nucleic acid sequence 5’
CAATATTACAATGGCATAATGG-3, and a second primer pair according to
the invention comprises, for example, a primer which has at least 70%
sequence identity with the nucleic acid sequence 5’
GGCATAATGGTTTTACCTGGTGS3'- and a primer which has at least 70%
sequence identity with the nucleic acid sequence 5’-
TAATTAAGCCTCGCCTGCACTTS'-.

Also provided by the invention is a use of a primer pair according to
the invention, preferably for identifying feline enteric coronavirus (FECV) or
feline infectious peritonitis virus (FIPV), and/or for determining the presence
of FIPV or feline infectious peritonitis (FIP) in an animal suspected of

suffering from a feline coronavirus infection.

The identity of a nucleotide at position 3145, 3146 and/or 3147
and/or the nucleotide at position 3151, 3152 and/or 3153 of the gene encoding a
feline coronavirus spike protein can be determined by any method known in

the art. These methods include, but are not limited to allele specific
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oligonucleotides (ASO), sequencing of a nucleic acid sequence (for example tag-
array minisequencing [Fan et al., 2000] or pyrosequencing [Fakhrai-Rad et al.,
2002]), allele-specific PCR with a blocking reagent (ASB-PCR, Morlan et al.,
2009), oligonucleotide ligation assay (OLA, Baron et al., 1996), mass
spectrometry (MS, for instance matrix-assisted laser desorption/ionization
time-of-flight (MALDI-TOF) MS, Crain and McCloskey 1998), quantitative
polymerase chain reaction (qPCR), electronic hybridization, fluorescent single-
stranded conformation polymorphism (F-SSCP) analysis (Makino et al., 1992),
denaturing high-performance liquid chromatography (DHPLC), gel
electrophoresis (such as microplate array diagonal gel electrophoresis
[MADGE, Day et al., 1998] and denaturing gradient gel electrophoresis
[DGGE, Fischer and Lerman 1980]), and microarray analysis.

Allele Specific Oligonucleotides (ASO) are fluorophore-,
chromophore-, enzyme- or radio-labelled nucleotide probes which are short and
specific for particular RNA or DNA sequences. ASO for instance comprise a
nucleotide mutation and only hybridize with nucleic acid sequences comprising
this mutation. The nucleic acid sequence of a feline coronavirus nucleic acid
sequence encoding a spike protein comprising a nucleotide at, or corresponding
to, position 3145, 3146 and/or 3147 and/or nucleotide position 3151, 3152
and/or 3153 as depicted in figure 2A is for instance detected using a probe that
is capable of specifically hybridizing to at least part of said feline coronavirus
nucleic acid sequence comprising a nucleotide corresponding to nucleotide
position 3145, 3146, and/or 3147 and/or nucleotide position 3151, 3152 and/or
3153 of the gene encoding a feline coronavirus spike protein as depicted in
figure 2A. Said probe preferably has a length of between 14 and 100
nucleotides, preferably 14, 15, 16, 17, 18, 19, 20, 21, 22, or more nucleotides.
Therefore, in one embodiment a feline coronavirus nucleic acid sequence
comprising a nucleotide at, or corresponding to, position 3145, 3146 and 3147

and/or nucleotide position 3151, 3152 and 3153 of the gene encoding a feline
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coronavirus spike protein as depicted in figure 2A is detected using a probe
with a length of at least 14 nucleotides that is capable of specifically
hybridizing to at least part of said nucleic acid. In a preferred embodiment a
probe is capable of specifically hybridizing to a feline coronavirus nucleic acid
comprising cytosine or thymine at a position corresponding to nucleotide
position 3145 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A.

A probe used in a method according to the invention is
complementary to a feline coronavirus nucleic acid sequence encoding a spike
protein comprising a nucleotide corresponding to nucleotide position 3145,
3146, and 3147 and/or nucleotide position 3151, 3152 and 3153 as depicted in
figure 2A. Because coronaviruses are RNA viruses they have relatively high
rates of mutation as a skilled person will know. Therefore, the sequence of
feline coronaviruses may differ in some nucleotides surrounding nucleotide
position 3145, 3146, and 3147 and/or nucleotide position 3151, 3152 and 3153
of the gene encoding a feline coronavirus spike protein. A person skilled in the
art knows how a probe according to the invention is modified, for instance by
nucleic acid substitution, to enable said probe to hybridize to the nucleic acid
sequence of a specific feline coronavirus and detect a nucleotide at, or
corresponding to, position 3145, 3146, or 3147 and/or position 3151, 3152 or
3153 of the gene encoding a feline coronavirus spike protein as depicted in
figure 2A.

A preferred probe comprising a nucleotide corresponding to
nucleotide positions 3145, 3146, and 3147 as depicted in figure 2A for use in a
method according to the invention comprises a sequence which has at least
70% sequence identity with the nucleic acid sequence 5’-CCCARRGCCATAGG-
3, wherein R is A or G, preferably at least 80% sequence identity with said
nucleic acid sequence, more preferably at least 90% sequence identity with
said nucleic acid sequence, most preferably at least 95% sequence identity with

said nucleic acid sequence. In one embodiment the invention provides a
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method according to the invention, wherein said probe comprises the sequence
CCCARRGCCATAGG. Also provided by the invention is a use of a probe
according to the invention, preferably for identifying feline enteric coronavirus
(FECV) and/or feline infectious peritonitis virus (FIPV), and/or for determining
the presence of feline infectious peritonitis (FIP) in an animal suspected of

suffering from a feline coronavirus infection.

Feline coronavirus nucleic sequences may be determined by
sequencing methods known to the skilled person, preferably directly after
amplification of relevant nucleic acid. These methods comprise for instance
direct double-stranded nucleotide sequencing using fluorescently labeled
dideoxynucleotide terminators (Smith et al., 1986), tag-array minisequencing
or pyrosequencing. In general such sequencing methods include the isolation of
the viral genome nucleic acids by nucleic acid isolation procedures, and the
determination of the nucleotide sequence of the isolated nucleic acid, for
instance by dideoxy chain termination methods (Sanger et al., 1977) optionally
preceded by reverse transcription of RNA into DNA, and/or amplification of the
target nucleic acid.

In one embodiment at least part of a feline coronavirus nucleic acid
sequence comprising a nucleotide corresponding to nucleotide position 3145,
3146 and/or 3147 and/or nucleotide position 3151, 3152 and 3153 of the gene
encoding a feline coronavirus spike protein as depicted in figure 2A is

sequenced.

Oligonucleotide ligation assay (OLA) is a method for the detection of
known single nucleotide polymorphisms. The method is based on the ligation
of two adjacent oligonucleotide probes using a DNA ligase while they are
annealed to a complementary DNA target. One of the probes is for instance
fluorescently labeled and allele-specific. Typically, there are two differently

labeled probes, one for each allele. These two probes differ only in sequence at
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the last base at the 3' end, thus at the site of the polymorphism. The second
probe is a common probe that is complementary to the target DNA sequence
immediately downstream (3') of the site containing the polymorphism, and
thus complementary to both alleles. This probe does not need to be
fluorescently labeled. Allele discrimination occurs by the ability of DNA ligase
to join perfectly matched probes; a 3' mismatch in the capture probe will
prevent ligation. In a method of the invention, for instance an oligonucleotide
ligation assay is used wherein one of the probes is specifically able to hybridize
to a feline coronavirus nucleic acid sequence encoding a spike protein
comprising an adenine at nucleotide position 3145 as depicted in figure 2A
which is indicative of FECV. Thus the first nucleotide of a right probe or the
last nucleotide of a left probe is a thymine. The second probe is a common
probe, which is able to hybridize to both FECV and FIPV nucleic acid sequence
starting next to position 3145 of the gene encoding a feline coronavirus spike
protein as depicted in figure 2A, for example starting at position 3146 if said
second probe is a right probe. In the presence of FECV, ligation of said two
probes is possible, whereas in the presence of FIPV, ligation of said two probes
is not possible. In one embodiment of the invention a feline coronavirus nucleic
acid sequence encoding a spike protein, comprising nucleotide position 3145,

3146 and/or 3147 is determined using an oligonucleotide ligation assay (OLA).

Real time PCR technology can be used to detect one specific allele of
a gene when a blocking reagent is used. This technology is called allele specific
PCR with a blocking reagent (ASB-PCR, Morlan et al., 2009). During the PCR
reaction a blocking agent is added to the reaction mixture to prevent
amplification of one allele. One of the primers, for example the forward primer,
is designed as mutant allele specific primer. The other primer is a common
primer, which is able to hybridize to both alleles. A blocking agent, which is
phosphorylated at the 3‘ end to prevent amplification, is then designed to bind
specifically to the wildtype allele. During the PCR reaction the blocking agent
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prevents hybridization of the mutant specific primer to the wildtype allele. In
the presence of only the wildtype allele no amplification product is obtained,
whereas in the presence of only the mutant allele an amplification product is
obtained. With ASB-PCR it is for instance possible to discriminate between a
feline coronavirus nucleic acid sequence comprising an adenine at nucleotide
position 3145 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A and which is indicative of FECV, and a feline coronavirus
nucleic acid sequence comprising a cytosine or thymine at said position, which
is indicative of FIPV. For example, a primer set is used consisting of a common
reverse primer and two FIPV nucleic acid specific primers from which the 3’
end nucleotide is complementary to nucleotide position 3145 of the gene
encoding a feline coronavirus spike protein as depicted in figure 2A. One of
these FIPV specific primers has an adenine at its 3’ end and the other primer
has a guanine at its 3’ end which enables said primers to hybridize to a feline
coronavirus nucleic acid sequence encoding a spike protein containing a
thymine or a cytosine at nucleotide position 3145 respectively. A blocking
agent comprising a thymine at the 3’ end can be used, which is able to
hybridize to an adenine at nucleotide position 3145. Using said primer set,
amplification will occur when FIPV nucleic acid is present whereas
amplification will not occur when only FECV nucleic acid is present. In a
preferred embodiment of the invention a feline coronavirus nucleic acid
sequence encoding a spike protein, comprising nucleotide position 3145, 3146
and/or 3147 and/or nucleotide position 3151, 3152 and/or 3153 is determined
using allele-specific PCR with a blocking reagent (ASB-PCR).

Using MALDI-TOF MS the detection of low (femtomole) quantities
of DNA can be achieved. Nucleic acids ranging from 2 to 2000 nucleotides can
be detected by using MALDI-TOF MS. MS can be used to analyze mixtures of
different nucleic acid fragments without the use of any label because of the

mass differences of the nucleobases. Thus, in most cases, separation of nucleic
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acid fragments is not necessary before MS measurements. Using MALDI-TOF
MS it is for instance possible to determine whether a nucleotide of a feline
coronavirus nucleic acid sequence encoding a spike protein at nucleotide
position 3145 is an adenine, which is indicative of FECV, or a cytosine or
thymine, which is indicative of FIPV. In one embodiment of the invention the
mass of at least part of a feline coronavirus nucleic acid sequence, said part
comprising a nucleotide corresponding to nucleotide position 3145, 3146,
and/or 3147 and/or nucleotide position 3151, 3152 and/or 3153 of the gene
encoding a feline coronavirus spike protein as depicted in figure 2A is
determined. In a preferred embodiment the mass of said nucleic acid sequence
is determined using matrix-assisted laser desorption/ionization time-of-flight

mass spectrometry (MALDI-TOF MS).

The identity of an amino acid in a feline coronavirus amino acid
sequence encoding a spike protein at amino acid position 1049 and/or amino
acid position 1051 as depicted in figure 2B can be detected using any method
known in the art. Such amino acid is for instance detected using antibodies or
functional equivalents thereof, mass spectrometry or Edman degradation
reactions. Optionally, a coronaviral protein can be purified with methods
known in the art. For instance, coronaviral protein can be purified using gel

electrophoresis or chromatography methods, such as affinity chromatography.

A functional equivalent of an antibody is defined as a compound
which has at least one same property as said antibody in kind, not necessarily
in amount. Said functional equivalent is capable of binding the same antigen
as said antibody, albeit not necessarily to the same extent. A
functional equivalent of an antibody preferably comprises a single domain
antibody, a single chain antibody, a nanobody, a unibody or a single chain
variable fragment (scFv). A functional equivalent of an antibody is for instance

produced by altering an antibody such that at least one property - preferably
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an antigen-binding property - of the resulting compound is essentially the
same in kind, not necessarily in amount. This is done in many ways, for
instance through conservative amino acid substitution, whereby an amino acid
residue is substituted by another residue with generally similar properties
(size, hydrophobicity, etc), such that the overall functioning is likely not to be
seriously affected.

An immunogenic part of a feline coronavirus comprising a feline
coronavirus spike protein is defined as a part which has at least one property
in common with a feline coronavirus comprising a feline coronavirus spike
protein in kind, though not necessarily in amount. An immunogenic part of a
feline coronavirus spike protein is defined as a part which has at least one
same property as a feline coronavirus spike protein in kind, not necessarily in
amount. Said immunogenic part, is preferably capable of eliciting an immune
response against a feline coronavirus, preferably a feline infectious peritonitis

virus (FIPV), in an animal.

An amino acid of a feline coronavirus spike protein amino acid
sequence, corresponding to amino acid position 1049 and/or amino acid
position 1051 as depicted in figure 2B is for instance detected using an
antibody or functional equivalent that is specifically directed against an
epitope of a feline coronavirus spike protein that comprises amino acid position
1049 and/or amino acid position 1051 as depicted in figure 2B. Said amino acid
position 1049 and/or amino acid position 1051 as depicted in figure 2B enables
discrimination between FECV and FIPV. A methionine at amino acid position
1049 is indicative of FECV, whereas any amino acid other than methionine at
this position, preferably leucine, is indicative of FIPV and any amino acid
other than serine at amino acid position 1051, preferably alanine, in indicative
of FIPV. Therefore, the invention provides a method according to the
invention, wherein an amino acid of a feline coronavirus spike protein at a

position corresponding to amino acid position 1049 and/or amino acid position
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1051 as depicted in figure 2B is detected by using an antibody or functional
equivalent thereof specifically directed against an epitope of a FIPV spike
protein encompassing amino acid 1049 and/or amino acid 1051. In one
embodiment said epitope comprises an amino acid other than methionine at a
position corresponding to amino acid position 1049 and/or said epitope
comprises an amino acid other than serine at a position corresponding to
amino acid position 1051 as depicted in figure 2B.

An antibody or functional equivalent thereof specifically directed
against an epitope of a FIPV spike protein, which epitope comprises an amino
acid corresponding to amino acid position 1049 and/or amino acid position
1051 as depicted in figure 2B can be detected with any method known in the
art. For instance, said antibody or functional equivalent thereof is fluorophore-
, chromophore- or enzyme-labelled, and can thus be detected with for instance
fluorescence microscopy or spectrophotometry. An antibody or functional
equivalent can also be detected using a second antibody which is for instance
fluorophore-, chromophore- or enzyme-labelled. Such labels are well known to
those skilled in the art and include, for example, fluorescein isothiocyanate
(FITC), [beta]-galactosidase, horseradish peroxidase, streptavidin, biotin or
digoxigenin.

Also provided by the invention is an antibody or functional
equivalent specifically directed against an epitope of a FIPV spike protein,
which epitope comprises an amino acid other than methionine at a position
corresponding to amino acid position 1049 as depicted in figure 2B and a kit of
parts comprising an antibody according to the invention and means for

detecting said antibody.

Using MALDI-TOF MS the detection of low quantities of amino acid
sequences can be achieved. MS can be used to analyze mixtures of different
amino acid sequences without the use of any label because of the mass

differences of the amino acid sequences. Thus, in most cases, separation of
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amino acid sequences is not necessary before MS measurements. Using
MALDI-TOF MS it is for instance possible to discriminate between a feline
coronavirus amino acid sequence comprising a methionine at amino acid
position 1049 as depicted in figure 2B, and a feline coronavirus amino acid

5 sequence comprising an amino acid other than methionine at amino acid
position 1049 as depicted in figure 2B. In one embodiment of the invention the
mass of at least part of a feline coronavirus amino acid sequence, said part
comprising an amino acid corresponding to amino acid position 1049 as
depicted in figure 2B is determined. In a preferred embodiment the mass of

10 said amino acid sequence is determined using matrix-assisted laser

desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS).

The development of vaccines against FIPV has been unsuccessful to
date. Various approaches have failed to provide a vaccine that induces
15 protection against FIPV. These approaches include vaccination with closely
related heterologous live coronaviruses, sublethal amounts of virulent FIPV,
low-virulence FIPV, and (recombinant) feline coronavirus subunits or proteins.
Some of these approaches provided some protection but the results were
inconsistent. Occasionally, vaccination even resulted in enhanced disease
20 progression and death. The only currently available vaccine is based on a
temperature-sensitive strain of FIPV of which the efficacy is questionable
(McArdle et al., 1995; Fehr et al., 1997).
Now that a polymorphism in the spike protein of feline coronavirus
has been identified that allows discrimination between FECV and FIPV it is
25  possible to develop immunogenic compositions comprising feline coronaviruses
comprising the identified nucleic acid or amino acid indicative for FECV. Using
an immunogenic composition comprising a feline coronavirus with a nucleic
acid or amino acid representative of a FECV there is no risk of disease and/or
death because said immunogenic composition does not comprise the virulent

30  FIPV or part thereof. It is now also possible to develop an immunogenic
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composition comprising feline coronavirus spike protein comprising the
identified amino acid indicative for FIPV. Using an immunogenic composition
comprising FIPV spike protein or immunogenic part thereof a better immune
response against FIPV can be elicited, without the risk of enhanced disease
progression and/or death because only isolated viral proteins are used.

Therefore in one embodiment the invention provides an
immunogenic composition comprising a feline coronavirus spike protein or
immunogenic part thereof comprising an amino acid other than methionine at
a position corresponding to amino acid position 1049, and/or an amino acid
other than serine at a position corresponding to amino acid position 1051 as
depicted in figure 2B, or a spike protein encoding feline coronavirus nucleic
acid, comprising a cytosine or thymine at a position corresponding to
nucleotide position 3145, and/or a guanine at a position corresponding to
nucleotide position 3151 as depicted in figure 2A, or a feline coronavirus
comprising a nucleic acid comprising an adenine at a position corresponding to
nucleotide position 3145, and/or a thymine at a position corresponding to
position 3151 of the gene encoding a feline coronavirus spike protein as
depicted in figure 2A, or a feline coronavirus comprising a feline coronavirus
spike protein or immunogenic part thereof comprising a methionine at a
position corresponding to amino acid position 1049, and/or a serine at a
position corresponding to amino acid position 1051 as depicted in figure 2B, or
any combination thereof. In a preferred embodiment an immunogenic
composition according to the invention is used as a vaccine.

Further provided is a feline coronavirus spike protein or
immunogenic part thereof comprising an amino acid other than methionine at
a position corresponding to amino acid position 1049, and/or an amino acid
other than serine at a position corresponding to amino acid position 1051 as
depicted in figure 2B, or a spike protein encoding feline coronavirus nucleic
acid comprising a cytosine or thymine at a position corresponding to nucleotide

position 3145, and/or a guanine at a position corresponding to nucleotide
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position 3151 as depicted in figure 2A, or a feline coronavirus comprising a
nucleic acid comprising an adenine at a position corresponding to nucleotide
position 3145, and/or a thymine at a position corresponding to position 3151 of
the gene encoding a feline coronavirus spike protein as depicted in figure 2A,
or a feline coronavirus comprising a feline coronavirus spike protein or
immunogenic part thereof comprising a methionine at a position corresponding
to amino acid position 1049, and/or a serine at a position corresponding to
amino acid position 1051 as depicted in figure 2B, or any combination thereof,
for eliciting an immune response against a feline coronavirus, preferably a
feline infectious peritonitis virus (FIPV), in a feline.

One embodiment provides a use of a feline coronavirus spike protein
or immunogenic part thereof comprising an amino acid other than methionine
at a position corresponding to amino acid position 1049, and/or an amino acid
other than serine at a position corresponding to amino acid position 1051 as
depicted in figure 2B, or a spike protein encoding feline coronavirus nucleic
acid comprising a cytosine or thymine at a position corresponding to nucleotide
position 3145, and/or a guanine at a position corresponding to nucleotide
position 3151 as depicted in figure 2A, or a feline coronavirus comprising a
nucleic acid comprising an adenine at a position corresponding to nucleotide
position 3145, and/or a thymine at a position corresponding to position 3151 of
the gene encoding a feline coronavirus spike protein as depicted in figure 2A,
or a feline coronavirus comprising a feline coronavirus spike protein or
immunogenic part thereof comprising a methionine at a position corresponding
to amino acid position 1049, and/or a serine at a position corresponding to
amino acid position 1051 as depicted in figure 2B, or any combination thereof,
for the preparation of an immunogenic composition or prophylactic agent for
eliciting an immune response against a feline coronavirus, preferably a feline

infectious peritonitis virus (FIPV), in a feline.
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The invention is further explained in the following examples. These
examples do not limit the scope of the invention, but merely serve to clarify the

invention.
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Figure legends

Figure 1. Schematic representation of the feline coronavirus RNA
genome. The 5 part (left) specifies the precursors encoding the replication and
5 transcription functions derived from open reading frames (ORFs) 1a and 1b.
Downstream thereof, towards the 3’ end, the genes for the structural proteins
S (spike protein), E (envelope protein), M (membrane protein) and N
(nucleocapsid protein), and for the accessory proteins 3a, 3b, 3¢, 7a and 7b are
located.
10
Figure 2. A) Nucleotide sequences of the feline coronavirus spike
gene (nucleotides 1-4407), corresponding to nucleotides 20395-24801 of a feline
coronavirus as defined in the nucleotide sequence of NC_012955 (Feline
coronavirus UU10, complete genome) and nucleotides 20382-24788 of a feline
15  coronavirus as defined in the nucleotide sequence of NC_012952 (Feline
coronavirus UUS, complete genome). B) Amino acid sequences of feline
coronavirus spike protein, as defined in the amino acid sequence of

YP 003038574 and YP_003038543.

20 Figure 3. Agarose gel electrophoresis of amplified RNA from 6
clinical samples obtained from faeces of infected cats. Lane M is a molecular
size standard, lanes 1-6 are the clinical samples and lane 7 is a negative

control.

25 Figure 4. A) Alignment of partial sequences of faeces or plasma
derived FCoV RNA isolated from 42 healthy cats and five partial sequences
derived from samples of FIP-confirmed cats, i.e. Q093501030_326B_4546.scf
(white blood cell derived), Q093501032_327B_4546.scf (white blood cell
derived), Q093501036_321S_4546.scf (serum derived),

30 Q093501038_321A_4546.scf (ascites derived) and Q093501046_K11_019.ab1



WO 2011/087366 PCT/NL2011/050027

33

(white blood cell derived); B) Alignment of partial sequences of lesion-derived
FCoV RNA isolated from 54 FIP-confirmed cats; C) Alignment of partial
sequences of faeces-derived FCoV RNA isolated from FIP-confirmed cats. On
the right of figures 4A, B and C the identity code of the analysed feline

5 coronavirus is indicated. The targeted nucleotides and predicted amino acid is

indicated by an arrow.
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Examples

Example 1

In this example 6 clinical samples (faeces) were analyzed. RNA was extracted
from the clinical samples, RT-PCR was applied to the extracted RNAs and the
products were analyzed by agarose gel electrophoresis (see figure 3) after the

first PCR (15t run) and after the nested PCR (21 run).

Materials and Methods

A nested RT-PCR was used to amplify the FCoV spike gene region containing
the target point mutation. Genomic RNA was extracted from faeces of 6
healthy cats using the QIAamp Viral RNA Mini Kit and Qiagen RNeasy Mini
Kit (Qiagen, Inc.) according to the manufacturer's instructions. cDNA
synthesis was performed with M-MLYV reverse transcriptase (RT) and followed
by polymerase chain reaction (PCR) amplification with Taq DNA polymerase.
All enzymes were used according to the manufacturer’s instructions (Promega
Corp., Madison, WI). Both reactions were primed with specific primers (see
primers table 1). Primers were designed using the FCoV genome sequences
with accession numbers of NC_012955 and NC_012952. Amplifications was
performed using 30 cycles of 94°C for 60 s, 50°C for 30 s, and 72°C for 1 min
and additional extension at 72°C for 7 min at the end of amplification. The
PCR fragments were isolated and purified from agarose gel after
electrophoresis using the Qiagen gel Extraction kit (Qiagen Benelux B.V.,
Venlo, The Netherlands). Sequencing was performed by BaseClear Holding
B.V. (Leiden, The Netherlands).
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Results

After the first PCR, a 601-bp fragment was obtained only in one clinical
sample, as is seen in lane 2 of figure 3. After the second round of PCR, a 139-
bp fragment was amplified when the nested primers were applied on the
products of the 1t run RT-PCR. Now a product was seen not only in lane 2, but

also with the amplified RNA’s shown in lanes 3, 5 and 6.

Example 2

In this example faecal or plasma samples of 47 healthy cats, clinical samples of
54 FIP-confirmed cats and faecal samples of 14 FIP-confirmed cats were

analyzed.

Material and methods
Genomic RNA extraction, cDNA synthesis, amplification and sequencing were

performed according to the materials and methods of example 1.

Results

The nucleic acid sequence encoding a methionine at amino acid position 1049
was detected in all (47/47) faeces or plasma derived FCoVs from healthy cats
(figure 4A). It was later found that figure 4A contains five sequences derived
from samples of cats with confirmed FIP (Q093501030_326B_4546.scf,
Q093501032_327B_4546.scf, Q093501036_321S_4546.scf,
Q093501038_321A_4546.scf and Q093501046_K11_019.ab1l), meaning that in
42/42 faeces or plasma derived FCoVs from healthy cats a methionine was
present at amino acid position 1049. This sequence was also observed in 2/54
lesion-derived (figure 4B)and 12/14 faeces-derived (figure 4C) RNAs amplified
from FIP-confirmed cats. Importantly, 52/54 (96%) lesion-derived RNAs from
FIP-confirmed cats had an alteration of A to C or T at position 3145, leading to
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an amino acid alteration at position 1049 that changes a methionine into a

leucine (figure 4B).

Example 3

We continued collecting samples and cats through veterinarians and owners in
the Netherlands. In this example the following samples were analyzed:

- faecal samples of 352 healthy cats,

- white blood cell samples of 89 healthy or non-FIP suspected cats,

- plasma samples of 89 healthy or non-FIP suspected cats,

- serum samples of 56 healthy or non-FIP suspected cats,

- FIP lesion samples (mesenteric lymph node (LN) and/or kidney and/or spleen
and/or omentum and/or lung and/or LN and/or liver and/or ascites) of 97 FIP-
confirmed cats,

- white blood cell samples of 34 FIP-confirmed cats,

- plasma samples of 34 FIP-confirmed cats, and

- serum samples of 15 FIP-confirmed cats.

Material and methods
Genomic RNA extraction, cDNA synthesis, amplification and sequencing were

performed according to the materials and methods of example 1.

Results

Samples from healthy cats
137/352 (39%) of faeces samples were FCoV positive. A nucleic acid sequence
encoding a methionine at amino acid position 1049 and a serine at amino acid

position 1051 was detected in all (137) faeces-derived FCoVs from healthy cats.
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Samples from healthy or non-FIP suspected cats
EDTA-blood samples from 89 healthy or non-FIP suspected cats were obtained
and separated into white blood cells (WBC) and plasma. Serum samples from

56 healthy or non-FIP suspected cats were obtained.

20/89 white blood cells samples, 4/89 plasma samples and 8/56 serum samples
were FCoV positive. All 4 plasma-positive samples were also positive in the
WBC fraction and in each animal the sequence in plasma was 100% identical
to that in WBC. A nucleic acid sequence encoding a methionine at amino acid
position 1049 and a serine at amino acid position 1051 was detected in all

samples tested positive for FCoV.

Samples from FIP-confirmed cats

A total of 97 FIP-confirmed cats were studied. 97/97 organs with typical FIP
lesions (including mesenteric LN and/or kidney and/or spleen and/or omentum
and/or lung and/or LN and/or liver and/or ascites) tested positive for FCoV.
87/97 (90%) of lesion-derived RNAs from FIP-confirmed cats had an amino acid
alteration at position 1049 that changes a methionine into a leucine. 5/97 (5%)
of lesion-derived RNAs from FIP-confirmed cats had an amino acid alteration
at position 1051 that changes a serine into an alanine. In all 5 samples in
which an alanine was present at position 1051, a methionine was present at
position 1049. Thus, 92 out of 97 (95%) lesion-derived RNA’s from FIP
confirmed cats had an amino acid alteration indicative for FIP, whereas 5 out

of 97 (56%) did not have an amino acid alteration indicative for FIP.

From 34 of the 97 FIP-confirmed cats blood was obtained before euthanizing
the animal. Blood samples were separated into white blood cells (buffy coat)

and plasma. Serum samples from 15 FIP-confirmed cats were obtained of

which EDTA-blood had also been obtained.
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WBC:

34/34 (100%) of WBC samples were FCoV positive. In 29/34 (85%) of WBC-
derived RNAs from FIP-confirmed cats a leucine was present at position 1049
and a serine was present at position 1051; for all 29 a leucine was present also
at position 1049 in the organ samples. Of the 5 cats with a methionine at
position 1049 in WBC samples, 2 had a leucine at this position in organ(s)
containing FIP-lesions, the other 3 had none of the amino acid alterations
indicative for FIPV. Thus, from the 31/34 (90%) FIP cats in which a leucine
was detected at position 1049 in organ material, leucine was also detected at

this position in WBC in 29/31 (94%) cases.

Plasma:

14/34 (41%) of plasma samples were FCoV positive. In 11/34 (32%) plasma-
derived RNA from FIP-confirmed cats a leucine was present at position 1049
and a serine was present at position 1051. Of the 3 FCoV positive cats with a
methionine at position 1049 in plasma, 1 had a leucine at this position in FCoV
RNA of organ(s) containing FIP-lesions, the other 2 had none of the amino acid
alterations indicative for FIPV. Thus, from the 31/34 (90%) FIP cats in which a
leucine was detected at position 1049 in organ material, leucine was also

detected in plasma in 11/31 (35%) cases.

Serum:

4/15 (27%) serum samples were FCoV positive. In 2/15 (13%) serum-derived
RNA from FIP-confirmed cats a leucine was present at position 1049 and a
serine was present at position 1051. 15/15 (100%) of these cats had a leucine at

position 1049 in organ derived FCoV RNA.
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Table 1. Primers used for amplification of the FCoV spike gene target region.

Primers 5-3’

Position in spike

gene
CCCTCGAGTCCCGCAGAAACCATACCTA | 3642-3656 Reverse
primer for 1st
run RT-PCR
CAATATTACAATGGCATAATGG 3055-3076 Forward
primer for 1st
run RT-PCR
GGCATAATGGTTTTACCTGGTG 3067-3088 Forward
primer for 2nd
run RT-PCR
TAATTAAGCCTCGCCTGCACTT 3188-3206 Reverse

primer for 2nd
run RT-PCR
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Claims

1. A method for determining whether feline infectious peritonitis virus
(FIPV) is present in a sample, comprising determining whether said sample
comprises a feline coronavirus, and if a feline coronavirus is present
determining the identity of an amino acid in a spike protein of said feline
coronavirus at a position corresponding to amino acid position 1049 as depicted
in figure 2B, and determining that FIPV is present if said amino acid is not

methionine.

2. A method according to claim 1, wherein the identity of the amino acid
at position 1049 is determined by determining a nucleic acid sequence of a
feline coronavirus nucleic acid encoding a spike protein, said nucleic acid
comprising a nucleotide at, or corresponding to, position 3145, 3146 and/or

3147 as depicted in figure 2A.

3. A method according to claim 1 or 2 wherein said amino acid other than

methionine is leucine.

4. A method according to claim 2, further comprising amplifying at least
part of a feline coronavirus nucleic acid molecule comprising a region
including, or corresponding to, nucleotide position 3145, 3146 and 3147 as
depicted in figure 2A using at least one primer which is capable of hybridizing
to at least part of said nucleic acid sequence between a position corresponding
to nucleotide position 3055 and a position corresponding to nucleotide position

3669 as depicted in figure 2A.

5. A method for determining whether feline infectious peritonitis virus
(FIPV) is present in a sample, comprising determining whether said sample

comprises a feline coronavirus, and if a feline coronavirus is present
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determining the identity of an amino acid in a spike protein of said feline
coronavirus at a position corresponding to amino acid position 1051 as depicted
in figure 2B, and determining that FIPV is present if said amino acid is not

serine.

6. A method according to any one of claims 1-4, further comprising
determining the identity of an amino acid in a spike protein of said feline
coronavirus at a position corresponding to amino acid position 1051 as depicted
in figure 2B, and determining that FIPV is present if said amino acid is not

serine.

7. A method according to claim 5 or 6, wherein the identity of the amino
acid at position 1051 is determined by determining a nucleic acid sequence of a
feline coronavirus nucleic acid encoding a spike protein, said nucleic acid
comprising a nucleotide at, or corresponding to, position 3151, 3152 and/or

3153 as depicted in figure 2A.

8. A method according to any one of claims 5-7 wherein said amino acid

other than serine is alanine.

9. A method according to claim 7, further comprising amplifying at least
part of a feline coronavirus nucleic acid molecule comprising a region
including, or corresponding to, nucleotide position 3151, 3152 and 3153 as
depicted in figure 2A using at least one primer which is capable of hybridizing
to at least part of said nucleic acid sequence between a position corresponding
to nucleotide position 3055 and a position corresponding to nucleotide position

3669 as depicted in figure 2A.

10. A method according to claim 4 or 9, wherein said at least one primer is

selected from the primers listed in table 1.
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11. A primer pair comprising an isolated or recombinant nucleic acid
sequence comprising a sequence which has at least 70% sequence identity with
the sequence 5-CCCTCGAGTCCCGCAGAAACCATACCTA-3’ and an isolated
or recombinant nucleic acid sequence comprising a sequence which has at least
70% sequence identity with the sequence 5-CAATATTACAATGGCATAATGG-
3.

12. A primer pair comprising an isolated or recombinant nucleic acid
sequence comprising a sequence which has at least 70% sequence identity with
the sequence 5-GGCATAATGGTTTTACCTGGTG-3’ and an isolated or
recombinant nucleic acid sequence comprising a sequence which has at least
70% sequence identity with the sequence 5-TAATTAAGCCTCGCCTGCACTT-
3.

13. A method according to any one of claims 2-10, wherein said nucleic acid
sequence is detected using a probe with a length of at least 14 nucleotides that
is capable of specifically hybridizing to at least part of a feline coronavirus
nucleic acid comprising a nucleotide at, or corresponding to, position 3145,
3146 and 3147 as depicted in figure 2A, or that is capable of specifically
hybridizing to at least part of a feline coronavirus nucleic acid comprising a
nucleotide at, or corresponding to, position 3151, 3152 and 3153 as depicted in
figure 2A, said part having a length of at least 14 nucleotides.

14. A probe with a length of between 14 and 100 nucleotides, comprising a
nucleic acid sequence which has at least 70% sequence identity with the

sequence 5-CCCARRGCCATAGG-3.

15. A method according to any one of claims 2-10 or 13, further comprising

sequencing at least part of a feline coronavirus nucleic acid sequence, said part
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comprising a nucleotide corresponding to nucleotide position 3145, 3146 and/or
3147, or a nucleotide corresponding to nucleotide position 3151, 3152 and/or

3153 as depicted in figure 2A.

16. A method according to claim 1, 3, 5, 6 or 8, wherein an amino acid of a
feline coronavirus spike protein at a position corresponding to amino acid
position 1049 or 1051 as depicted in figure 2B is detected by using an antibody
or functional equivalent thereof specifically directed against an epitope of a
FIPV spike protein, which epitope comprises an amino acid other than
methionine at a position corresponding to amino acid position 1049 or an
amino acid other than serine at a position corresponding to amino acid position

1051 as depicted in figure 2B.

17. An antibody or functional equivalent specifically directed against an
epitope of a FIPV spike protein, which epitope comprises an amino acid other
than methionine at a position corresponding to amino acid position 1049 as
depicted in figure 2B or which epitope comprises an amino acid other than
serine at a position corresponding to amino acid position 1051 as depicted in

figure 2B.

18. An immunogenic composition comprising:

- a feline coronavirus spike protein or immunogenic part thereof comprising an
amino acid other than methionine at a position corresponding to amino acid
position 1049, and/or an amino acid other than serine at a position
corresponding to amino acid position 1051 as depicted in figure 2B, or

- a spike protein encoding feline coronavirus nucleic acid, comprising a
cytosine or thymine at a position corresponding to nucleotide position 3145,
and/or a guanine at a position corresponding to nucleotide position 3151 as
depicted in figure 2A, or

- a feline coronavirus comprising a nucleic acid comprising an adenine at a
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position corresponding to nucleotide position 3145, and/or a thymine at a
position corresponding to nucleotide position 3151 as depicted in figure 2A, or

- a feline coronavirus comprising a feline coronavirus spike protein or
immunogenic part thereof comprising a methionine at a position corresponding
to amino acid position 1049, and/or a serine at a position corresponding to
amino acid position 1051 as depicted in figure 2B,

or any combination thereof.

19. Use of:

- a feline coronavirus spike protein or immunogenic part thereof comprising an
amino acid other than methionine at a position corresponding to amino acid
position 1049, and/or an amino acid other than serine at a position
corresponding to amino acid position 1051 as depicted in figure 2B, or

- a spike protein encoding feline coronavirus nucleic acid, comprising a
cytosine or thymine at a position corresponding to nucleotide position 3145,
and/or a guanine at a position corresponding to nucleotide position 3151 as
depicted in figure 2A, or

- a feline coronavirus comprising a nucleic acid comprising an adenine at a
position corresponding to nucleotide position 3145, and/or a thymine at a
position corresponding to nucleotide position 3151 as depicted in figure 2A, or
- a feline coronavirus comprising a feline coronavirus spike protein or
immunogenic part thereof comprising a methionine at a position corresponding
to amino acid position 1049, and/or a serine at a position corresponding to
amino acid position 1051 as depicted in figure 2B,

or any combination thereof, for the preparation of an immunogenic
composition or prophylactic agent for eliciting an immune response against a
feline coronavirus, preferably a feline infectious peritonitis virus (FIPV), in a

feline.
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Figure 2B

YP 003038574

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441

mmllilalls
pycaegvncg
rvgllixihg
fnrrfsldtk
yymgfvnrtt
llsdkstlvg
dsdvytessi
tfsssvvgrg
iaytnytdvm
tmpgfydwmn
trglalfyky
lvhdvkwrtg
nttsrlvagl
lfefvnhtss
ryvnvtkvei
rhclnlltqy
lggfyfdglr
yngimvlpgv
ngkilanafn
algknfgais
amekvnecvk
dtyayvlkdf
vidyidinkt
elggyidnln
gclgsccensl

YP 003038543

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201

mmllilalls
pycaegvncg
rvglliaihg
fnrrfsldtk
yymgfvnrtt
llsdkstlvg
dsdvytessi
tfsssvvgrg
iaytnytdvm
tmpgfydwmn
trglalfyky
lvhdvkwrtg
nttsrlvagl
lfefvnhtgs
kyvnvtkvei
rhcltlltqy
lggfyfdglr
yngimvlpgv
ngkilanafn
algknfgais
amekvnecvk

tahsedaphg
whnfafgghd
kshysllmvl
ltaddfygfg
yyaynntggs
grvlskgpvl
ddglyftfed
flgilpptvr
vdvngtgitr
vtlhvvlindt
tsvgglytys
fatitvsyke
yytsvsgdll
krsrrsapit
vddsigvikp
tsacgtiena
nllptsigkr
vddnkmamyt
naignitlal
ssiaeiynrl
sgsdrygfcg
eysifsyngt
ivdmlegynp
ktlvdlewln
csrrgfesye

tahsedaphg
whnfasqgghd
kshysllmvl
ltadgtygfqg
yyxynntlgs
grvlskgpvl
ddglyftfed
flgilpptvr
vdvngtgits
vtlhvvlindt
tslgglytys
fatitvsyke
yytsisgdll
rrsrrstsdt
vddsigvikp
tsacgtiena
dllppsigkr
vddnkmamyt
naignitlal
ssiaeiynrl
sgsdrygfcg

5/13

vtlpgfntsh
alngkyayin
gdnxeengph
wtdtsvdiyl
nythlglsec
vgclrpvptw
ntnasiacys
efafgrdgsi
lfycdsplnr
ekgkdiilak
nlvelgnydc
gamittmpka
afknsttgei
pttytmpgfy
vstgnisipk
Inlgarlesl
saiedllfnk
asliggmamg
gkvsnaitti
ekveadagvd
ngthlfslvn
ymvtprnmfg
nyttpelhlg
rvetyvkwpw
piekvhih

vtlpgfntsh
alngkyayin
gdnveengph
wtdtsvdiyl
nythlglsec
vgclrpvptw
ntnasiacys
efafgrdgsi
lfycdsplnr
ekgkdiilak
nlvelgnydc
gamittmpka
afknsttgei
vktytmpgfy
vstgnisipk
lslgarlesl
sviedllfnk
asliggmalg
gkvsnaitti
ekveadagvd
ngthlfslvn

dnakfelnfy
sgnlgipnvh
vavkichwkp
ggtitkvwvd
ssdycagyak
snntavvhfk
sanvtdfgpa
fvngykyfsl
ikcgglkhel
aaelaslanv
pfspagfnny
algfgdisnl
ftvvpcdlta
vitkwnndts
nftvavgaey
mlkdmitvsd
vvtsglgtvd
sitsavavpf
sdgfnsmasa
rlitgrlaal
sapdgllffh
prkpamsdfv
leifngtkln
yvwlliglvv

gndkfelnfy
sgnlgipnvh
vavkichwkp
ggtitkvwvd
ssdycagyak
snntavvhfk
sanvtdlgpa
fvngykyfsl
ikcgglkhel
aaelaslanv
pfspagfnny
algfgdisnl
ftvvpcdlta
vitkwnndtl
nftvavgaey
mlkdmitvsd
vvtsglgtvd
sitsavavpf
sdgfnimasa
rlitgrlaal
sapdgllffh

PCT/NL2011/050027

nflgtwdipp
gvyfdvrery
gnissyhgfs
ndwsvveasi
nvivpidgki
ndvfcpnvta
ngsvshipfg
spiksvnfsi
pdgfysasml
hfeiagangs
lgfetlcfdv
vkdectdyni
gqaavindeiv
snctstitys
igigvkpvvv
hslelatvek
ddykkcssgt
amgvgarlny
ltkigsvvng
nayvsqgtltg
tvllptewee
gitscevtfl
ltaeidgleq
viciplllfc

nflgtwdipp
gvyfdvrery
gnissyhgfs
ndwsvveasi
nvivpvggki
ndvfcpnvta
ngsvshipfg
ppiksvnfsi
pdgfysasml
hfeiagangs
lgfetlcfdv
vkdectdyni
gqaavindeiv
tnctsvitys
igigvkpvvv
hslklatvek
ddykkcsagt
amgvgarlny
ltkigsvvng
nayvsqgtltg
tvllptewee

ntetilggyl
yddgvweavd
vnlgdsggcv
shywsgasyg
pesfsfsnwf
evlrfnlnfs
ktdhayfcfa
ssvenygfwt
vkkdlpktfv
vtnvtslcvg
npsvagckws
vgfggtgiir
gaitaingtd
sfaicntgei
dcakyvcngn
fnstvvgger
dvadlvcaqy
valgtdvlge
gqgealsglts
vaevkasrqgl
vtawsgicvn
nttytkfgei
radnltniah
clstgccgcet

ntetifggyl
yddgvwdavd
vnlgdsggcv
shfwsgtsyg
pesysfsnwf
evlrfnlnfs
ktdyayfcfa
ssvenygfwt
vkkdlpktfv
vtnvtslcvg
npsvagckws
vgfggtgiir
gaitavngtd
sfaicntgei
dcakyvcngn
fnstvvgger
dvadlvcaqy
valgtdvlge
gqgealsglts
vaevkasrqgl
vtawsgicvn



WO 2011/087366

Figure 2B continued

1261
1321
1381
1441

dtyayvlkdf
vidyidinkt
elggyidnln
gclgsccensl

eysifsyngt
iadmlegynp
ktlvdlewln
csrrgfesye

PCT/NL2011/050027

6/13

ymvtpromfqg prxpgmsdfv gitrcevtfl nttyttfgei
nyttpeldlg ieifngtkln ltaeidgleq radnlttiar
rietyvkwpw yvwlliglvv vfciplllfc clstgccgcf
piekvhih



00000000000000000

Figure 3




PCT/NL2011/050027

WO 2011/087366

oy
74
o
]
hood
%
%

113 waw 139 9%3 w1lg w3l 91w 139 111 233 219 129 w19 139 w31l 8323% 1l 131 299 9.1% 139 ol1w
bes oy JTT FLOLOALEGN 1 o w [u] L u] ] o 4 d > o N o 5 1 1 5 a ] o ]
1137 %aw 1299 a9a%3d w1lg w3 9l% 139 111 293 219 129 %14a 179 w31 123% 11w 131 299 9lw 139 91w
basgrr B ] " [u] L u] ] o 4 d M o ~ o S i 1 S a 4] o ]
113 waw 1239 a9w%w3d wlg wwd 9lw 139 111 2333 219 139 w1lg 13% w31l 13% 11w 131 299 91w 139 91w
basprr B ] o [u] L u] ] o 4 d M o ~ 1 5 1 1 5 a ] o ]
D13 9aw 139 awd wlg ww3d 9l%w 139 111 1233 919 139 9149 139 131 wI% 11w 131 299 9lw 1349 alw
basgrz 1 ] W [u] o, ul ] W 4 d M o } o 5 i 1 5 a ] o ]
J13 98w 1ld9 awd wla wwd oalw 1ag 111 123 al1a 1aa al1la 134 131 wa% 11w 131 299 alw 123a alw
basaLz 1 o W [a] o fa] ] W 4 d i o i o ] 1 1 ] a ] o ]
J13 9a8% 1329 9%3 919 ww3I 9l1% L399 L1l 123 919 139 919 139 L1231 %a% L1lw 131 299 9L1% 129 al1w
bes oy 81T 21010916 1 o w [u] L u] ] o 4 d > o N o 5 1 1 5 a ] o ]
D17 94y 199 aw3d wl1lg wwW3I 9l%w 199 111 133 919 139 9149 1379 131 %a3% 11% 131 299 9lw 139 alw
basqLz B ] o [u] L u] ] o 4 d M o ~ o 5 1 1 5 a ] o ]
113 9aw 2339 9wl 919 wwd 9lw 139 2311 133 %19 139 919 139 131 wa3% 11w 131 199 9l% 239 alw
basga| 1 ] W [u] o, ul ] W 4 d M o } o 5 i 1 5 a ] o ]
113 9aw 9239 awd 919 w3l alw 229 211 123 al1a 1daa %14 134 131 wa% 11w 131 1aa alw 1J3a alw
basgLl 1 o W [a] o fa] ] W 4 d i o i o ] 1 1 ] a ] o ]
113 9a% 139 9%3 919 ww3d 9l% L1239 L1l 123 219 229 %19 139 L3l %a% L1lw 1321 299 91% 129 al1w
baz gug oB0” BALT SEOLGFLEL bl o w [u} ~ [u] W w 4 d I w o~ w 5 1 1 5 a " w "y
113 989 299 a9%3d 919 ww3d 9l% 1231 111 %33 219 2239 %1a 13% 191 %a3% 11w 131 299 9lw 139 91w
basy-ga) B a " [u] L u] ] S 4 d M o ~ 1 a i 1 S a 4] o ]
113 98w 139 ww3d 919 wwd 9l%w 2339 311 %33 219 139 919 139 131 waw 11w 131 299 91w 139 alw
baszgl 1 o W [u] o, ul 4] W 4 d M W } W 5 i 1 5 a " W ]
113 a9ayw 1Jd9 awd 919 w3l ol 228 211 %ad 218 9238 %1la 13% 131 %a% 11w 131 299 alw 223a alw
basz-1¥1 1 o W [a] o fa] ] W 4 d i o i 1 ] 1 1 ] a ] o ]
113 9a% 229 a9%3 919 ww3d 9l 229 211 223 L1lg 129 919 139 L3l %a% L1lw 2321 wag 9l% 129 alw
basgg) 1 o w [u] L u] ] o 4 d > o N o 5 1 1 5 a ] o ]
113 9a% 1299 aw3d 119 w3 9l% 2339 111 293 219 129 %19 1379 131 123% 11w 131 199 91w 139 alw
baspr| B ] " [u] L u] ] o 4 d M o ~ o S i 1 S a 4] o ]
113 @9aw 139 aw3d 119 ww3d 9l 139 111 333 219 139 w1lg 138 131 123% 11w 131 199g 91w 1349 91w
bas oy 1 o W [u] o, ul 4] W 4 d M W } W 5 i 1 5 a " W ]
113 9ay 9239 awd 919 w3l alw 2289 211 123 al1a 134 %14 138 231 %a% 11w 131 19a alw 1J3a alw
bas gy 1 ] W [u] o, ul ] W 4 d M o } o 5 i 1 5 a ] o ]
113 9aw 9239 awd 919 w3l alw 229 211 123 al1a 1da %14 134 231 %aw 11w 131 19aa alw 1J3a alw
basz-111 1 o W [a] o fa] ] W 4 d i o i o ] 1 1 ] a ] o ]
113 9a% 929 a9%3 919 ww3d 9l% 229 L1l 123 L1g 129 %19 139 L1231 %a% L1lw 1321 199 9l1% 129 alw
105 apeE 08 0501605600 1 o w [u] L u] ] o 4 d > o N o 5 1 1 5 a ] o ]
113 99% 939 9%3 919 %%¥3d 91% 23239 L1101 1233 L19 129 %19 139 131 ¥3% 1l 131 199 91% 139 91w
105 0psE G4 0001602600 B ] o [u] L u] ] o 4 d M o ~ o 5 1 1 5 a ] o ]
113 9aw 139 a9w%3d 919 ww3d 9lw 139 111 1233 L19 139 w1lg 1349 131 wa3% 11w 131 199 9lw 139 91w
basy 1 ] W [u] o, ul ] W 4 d M o } o 5 i 1 5 a ] o ]
113 a9aw 229 awd 9l1a w3l alw 9239 211 123 L1a 1daa %14 134 131 wa% 11w 131 waa alw 223a alw
basg 1 o W [a] o fa] ] W 4 d i o i o ] 1 1 ] a ] o ]
113 9a% 929 a9%3 919 ww3d 9l 229 211 123 919 129 %19 139 231 %a% L1lw 1321 199 91w 129 al1w
£Tan 1 o w [u] L u] ] o 4 d > o N o 5 1 1 5 a ] o ]
113 9a% 999 a%3d 919 ww3d 9l% 2339 311 133 919 1349 %1a 179 231 %a% 11w 131 199 9lw 139 91w
ZAN B ] " [u] L u] ] o 4 d M o ~ o S i 1 S a 4] o ]
113 9a%w 1239 ww3d 919 wwd 9l%w 2339 311 133 L19 139 9189 139 131 123% 21w 131 199g al1w 139 91w
ann 1 ] W [u] o, ul ] W 4 d M o } o 5 i 1 5 a ] o ]
AD3d oM w

o

V¥ eansig

€1 /8



PCT/NL2011/050027

WO 2011/087366

L12 99% 929 9%2 919 %wd 91% 129 211 L2323 119 129 %19 L1239 1231 ¥a% L1%¥ L21 %99 91% 2289 9Ly

bas gper 00”247 ST0I00SAL 1 | W ] } ] W W 4 d A W A W E: 1 I g a W W W
L12 99% 929 9%2 919 %w2d 91% 229 111 L2329 219 %219 918 L1239 %231l ¥a% L1% L2321 199 91% 129 9Ly

bas gpok 0OM0™ 207 51010086L 1 d Ll ] } ] W W 4 d A il A W g 1 I g ] W " W
L12 99% 229 9%2 919 %w3d 91% 229 111 L2329 119 2929 %18 L1231l 9231 12% L1% 221 199 91% 2289 9Ly

bas g5z 1 d Ll ] } ] W W 4 d A il A g g 1 I g ] W " W
L12 9a% 829 a9%2 919 %w3d 91% 129 111 133 119 129 %18 139 121 Wa% 11% 121 1949 81% 128 a1y

bas" gpopobiyn T 61 501876 ! | o i # i U] w 4 d A w A w g L I 3 a W L ]
L12 99% 929 a9%23 919 %%3d 91% 129 211 L33 919 129 918 139 1231 Wa% L11% 129 299 91% 129 a9l

PRETGLOT LA 9R0105E600 1 d L ] i ] W W 4 d A i M W g 1 I i a W W W
W1l 289 w92 99% 291 9%% 291 w33 931 113 211 913 991 912 912 1wd ¥1%¥ 121 198 91l% 129 91w

L9E°LT0 119 FR010SEE00 1 a o o 2 A 2 d 5 1 4 1 n, 1 1 H I 5 a W W W
L12 99% 929 9%3 919 %¥¥d 91% 229 211 L2323 919 129 %19 139 231 ¥aJ% L1%¥ L2321 199 9Ll% 129 91w

L9E° 20 L1D TR0105E600 1 | L o i o W W 4 d A W M W g 1 I g a W W W
L12 99% 929 9%3 919 %¥¥d 91% 229 211 L2323 919 129 %18 139 2231 ¥aJ% L1%¥ L2321 199 91l% 129 9l

L9 2 L0 GO0 M0 L 05E60D 1 | W ] i ] W W 4 d A W M W g 1 I g a W W W
L12 99% 929 9%2 919 %wd 91% 229 211 L2323 919 129 %18 L1239 221 ¥a% L1%¥ L2l 199 91l% 129 9lw

05 e LTS 2201058600 1 | W ] i ] W W 4 d A W M W g 1 I g a W W W
L12 99% 929 9%2 919 %wd 91% 229 211 L2323 919 129 %18 L1239 221 ¥a% L1%¥ L2l 199 91l% 129 9lw

JOE R 5 LTS 9S01058600 1 | L ] ks ] W W 4 d A W A W g 1 I g a W W W
L12 99% 929 9%2 919 %wd 91% 229 211 L2323 919 129 %19 L1239 221 ¥a% L1%¥ L21 199 91l% 129 9l

405 MG AZTE FE010SE600 1 | W ] i ] W W 4 d A W M W g 1 I g a W W W
L12 99% 929 9%2 919 %w2d 91% 129 211 L2323 119 129 918 L1239 1231 ¥a% L1%¥ L29 299 91% 1289 9ly

405 G ALTE ZE01058600 1 | W ] i ] W W 4 d A W M W g 1 I W a W W W
L12 99% 929 9%2 919 %wd 91% 229 211 L2323 919 129 %18 L1239 221 ¥a% L1%¥ L2l 199 91l% 129 9lw

JOF MR AOTE 0501058600 1 | L ] ks ] W W 4 d A W A W g 1 I g a W W W
L12 99% 929 9%2 919 %wd 91% 229 211 L2323 919 129 %19 L1239 221 ¥a% L1%¥ L21 199 91l% 129 9l

425 0P TS ST0105E600 1 | W ] } ] W W 4 d A W A W E: 1 I g a W W W
L12 99% 929 9%2 919 %¥2d 91% 229 211 L2329 919 129 %18 L1239 221 Wa% L1% L2321 199 91% 129 9Ly

495 0pGE IN9T01055600 1 d Ll ] } ] W W 4 d A il A W g 1 I g ] W " W
L12 waw 129 %%2 919 %wd 91% 229 211 L2329 119 129 918 L1239 1231 ¥a% L1% L2321 199 91% 129 9Ly

L9E° 210 L0 2R010SEE0D 1 d Ll ] } ] W W 4 d A il A W g 1 I g ] W " W
L1232 9a% 829 a9%2 919 %w3d 91% 229 211 L33 119 129 918 139 1231 Wa% L11% 121 1949 81% 128 a9l

L9E' 500 007 TL01LSEEND 1 d L ] } ] W W 4 d A i A W g 1 I g a W W W
L12 99% 929 a9%23 919 %%3d 91% 129 111 1233 119 129 %18 139 1231 82% 11% 121 199 91% 129 a1

JE 0GR T8T G501602600 1 d L ] i ] W W 4 d A i M W g 1 I 5 a W W W
L1232 99% 229 a9%23 919 %%3d 91% 229 111 123 119 229 %18 131 9231 12% 11% 221 199 91% 229 9l

baspoT 1 d L ] i ] W W 4 d A i M g g 1 I 5 a W W W
L12 99% 229 9%3 919 %¥¥Jd 91% 229 111 L2323 119 229 %19 131l 9231 13% L1% 221 199 9L1l% 229 9L

bas 75T 1 | L o i o W W 4 d A W M g g 1 I g a W W W
L12 waw 129 9%3 %19 %¥wd 91% 129 111 232323 219 129 %18 139 ¥2IL1 13% L1%¥ L2321 299 91l% 129 9L

bas pT 1 | W ] i ] W W 4 d A W M W g 1 I g a W W W
L12 waw 129 9%3 %19 %wd 91% 129 111 232323 219 129 %18 L1J3% %231 1J% L1%¥ L2321 299 91l% 129 9l

basger 1 | W ] i ] W W 4 d A W M 1 g 1 I g a W W W

A23d oM w

poNUIIU0d V§ 9aNS1 ]

€1 /6



PCT/NL2011/050027

WO 2011/087366

boE
GEE
0L 010k PG
o
PTG
0gE
1T

T
CR0E
gl

"8 BE0LGOSE0D

19

“or G00LARLGd
g3

a5

LZnmn

Ann

aLnn

SN

£nn

Adld °N

WO

a0y

a9y

aay

aay

aay

aay

way

aay

way

aay

aay

woay

waw

0oy

a0y

aay

aay

way

aay
d

L2149

La9a

1149

la9

la9

waa

la9

J29

la9

la9

g2a9

la9

w249

2249

9219

a219

la9

la9

la9

la9
W

a9

0%

g% a

WR

WR

WR

WR

g%

g%

g%

g%

g%

9w

W

O%

O

WR

g%

g%

g%
[ul

w149

1149

9149

ala

ala

ala

ala

wla

lla

wla

ala

ala

w149

9149

o149

919

ala

ala

wla

ala
M

W

W

W d

W

W

W

W

W

W

W

W

W

¥

W

Wl

W

W

W

W

W
[ul

a1

a1y

a9 1%

a1y

a1y

a1y

a1y

a1y

a1y

a1y

a1y

a1y

a1

a1

a1y

a1y

a1y

a1y

a1y

a1y
L]

[

[

[

L]

L]

[

L]

[

[

[

[

L]

[

[

[

(8]

L]

L]

[

L]

1l 1322
4 d
1l 222
4 d
11l 2322
4 d
11l 132
4 d
11l 932
4 d
11l 2722
4 d
11l 132
4 d
11l 132
4 d
11l 2722
E| d
11l 2722
4 d
11l 2722
4 d
11l 132
4 d
11l 132
4 d
1l 1322
4 d
1l 1322
4 d
1l 1322
4 d
11l 2722
4 d
11l 132
4 d
11l 132
4 d
1l w32
4 d

€T /01

919

2149

114

ala

ala

ala

119

al9a

ala

119

119

wla

1149

2149

2149

al9

119

wla

wla

ala
M

2149

w1l

9149

wla

ala

wla

ala

al1la

wla

wla

wla

ala

w149

9149

w19

wla

119

ala

wla

wla
M

L2149

La4a

La4a

J29

La9

La9

La9

La9

La9

La9

La9

La9

L2149

La9

L2149

L2149

La9

La9

waa

La9
W

wal

12l

1al

all

121

121

121

wal

121

wal

wal

121

1lal

12l

12l

221

121

121

231

121
5

Lo

Loaw

WO

WAy

WAy

WAy

1av

1av

1av

229

WAy

WAy

wav

WA

WO

WO

1av

WAy

1av

WAy
1

11w

11w

11w

119

1Ll

1Ll

119

1Ll

1Ll

1Ll

1Ll

1Ll

1%

11w

11w

11w

1Ll

1Ll

1Ll

1Ll
|

12

12

132

13

13

13

13

13

13

a3

13

13

13

12

12

12

13

13

13

13
5

199 912 1239 9L
1 W (L]
lag all 1239 9l
1 W (L]
J949 9ll 139 91w
1 W (L]
gg09 9ll 229 91
1 W (L]
a9 all 1239 9l
1 W (L]
J99 9ll 1239 91w
1 W L]
a9 all 1239 9l
1 W L]
a9 all 1239 9l
1 o (4]
a9 all 1239 9l
1 o w
a9 all 1239 9l
1 W (L]
a9 all 1239 9l
1 W (L]
199 all 2239 91
1 W (L]
J99 91l 1239 91w
1 W (L]
199 9ll 1239 9L
1 W (L]
299 91l 139 9L1v
1 W (L]
199 all 139 9L
1 W (L]
J99 9ll 1239 91w
1 W (L]
199 all 2239 91
1 W (L]
a9 A 11 1239 91
1 W (L]
J99 9ll 229 91
1 W L]

dv eans1 g



PCT/NL2011/050027

WO 2011/087366

112 99% 129 W%3d %Wl1l9 ¥v2 91% 229 L1l 122 219 129 919 %29 131 92% 11% 131 299 911 129 9l1v

I 1 d o [ul M [ul W o 4 d M W M W 5 1 | 5 jal 1 W W
112 99% w319 9%l 919 ¥yl 9lv 229 211 122 119 %a9 w19 129 121 22% L11l%w 221 199 911 w219 91%

TNL0ET L4501 LE5E0D 1 d o [ul M [ul W o 4 d M W M W 5 1 | 5 jal 1 W W
112 99% 1239 9%l 919 ¥yl alvw 121 L1l 922 219 129 919 129 121 2% 2J21l% 121 299 911 129 91%

Iz 1 d o [ul M [ul W 5 4 d M W M W 5 1 | 5 jal 1 W W
1123 99w 2739 9%l 919 ¥yl 9lv 9239 211 1232 119 129 w19 1739 121 2% L1lv 131 %99 9ll 2239 91%

bas g1z 1 d L [ul A [ul W W 4 d i W M W 5 1 | 5 a 1 L W
1123 wow 1319 9%l %19 ¥yl olv 129 L1l 222 119 129 w19 1739 %2l 22% L11% 23231 199 911 129 91%

baz gl 1 d L [ul A [ul W W 4 d i W M W 5 1 | 5 a 1 L W
113 99% 939 a%d 919 ¥yl olv 129 L1l 222 119 129 %19 1729 %ol wav L11lv 121 199 9ll 129 91%

B 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 a%d 919 ¥yl olv 129 L1l 122 219 229 %19 1729 121 w¥av L11l% 1231 299 911 129 91%

FI250160SE00 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 a%dl 919 ¥yl olv 229 L1l 122 119 129 %19 1729 121 waw L11lv 1231 199 9ll 129 91%

2501 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 a%d 919 ¥yl olv 229 211 122 %wl9 129 919 1739 1231 w¥a¥ L11lv 121 199 9ll 229 91%

POz R0 005EL 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 9%l 919 ¥yl ol v¥219 211 122 919 2329 219 129 121 L1J% L11l% 121 199 9ll 129 91%

g1 £T0L00sEL 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
1123 99% 939 a%dl 919 ¥yl olw 129 L1l 122 219 129 919 12329 221 %¥a¥ L11lv 1231 299 911 229 91%

T LT FLOLO0SEL 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 9%l 919 ¥yl olv 229 211 122 119 wa9 119 1739 1231l w¥a¥ J21l% 221 199 9ll 229 91%

T9gsl9A0LLETEd 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 a%d 919 ¥yl ol v¥219 211 122 219 129 919 1739 1231l w¥a¥ L11lv 1231 199 9ll 1239 91%

O FL0LLETEd 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 9%l 919 ¥vyd alv 229 211 222 119 %a9 w19 1739 1231 w¥av¥ L11lv 1231 299 911 129 91%

FLGL TA0LLSTEd 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 9%l 919 ¥yl olv 229 L1l 122 219 129 %19 929 w¥al wa¥ J21l% 1231 %a9 9ll 229 91%

“ObALT 990k L3T6 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99w 1239 a%d 919 ¥yd olw 129 L1l 122 919 2329 %19 1739 %ol wav¥ J21l% 1231 %ag9 9ll 129 91%

ok 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99w 2739 a%d 919 ¥yd olw 129 L1l 122 %l9 129 919 1239 1231 w¥a%¥ L11l% 1231 199 913 229 91%

T30 CI0LORIEL 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W
113 99% 939 9%l 919 ¥yl alv 229 211 122 919 129 %19 1739 221 w¥av L11lv 1231 199 9ll 129 91%

TLTEE0LaRLEL 1 d L [ul A [ul W L 4 d M L M W 5 1 | 5 a 1 L W

=

Q
Adid ON

2y

PIVLIUCD gy anBLg

€L/ 11



PCT/NL2011/050027

WO 2011/087366

basygaz

MGG
205 0L LECEOD
bas gy
bazqy|

basg

bas|
TeOrT 00L00S6L
AT A00L0026L
THI0SE 0Z0L00SEL
bas gTT
" el ETOLONZEL
bas9zz
TEIE 9LOL0gLEY
“oaL 2G0LE0SEOD

Ti01

AdldON

112

112

112

113

112

113

aJ13

113

112

113

112

113

112

113

112

112
1

WO

142l

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

aaw

Qo
d

12149

wa4a

114

aa21a

114

3248

12149

129

12149

a14a

12149

a14a

27149

124

a214a

a21a
W

awa

awa

We

awa

awa

awa

awa

awa

awa

awa

awa

awa

awa

W

awa

awa
[ul

Wla

al9

W la

919

alq

919

al9

919

al9

a149

al9

a149

al9

a149

al9

alq
M

W

Wwa

W

Wy

W

Wy

N

Wy

N

W

N

W

N

W

N

W
[ul

a1y

a1y

a1y

a1

a1y

a1

al1lv

a1

al1lv

a1y

al1lv

a1y

al1lv

a1y

al1lv

a1y
]

114

221

J ]

2249

J ]

129

2049

2249

2049

1a1

1la1

Waa

aa9

23149

2249

27149
W

(8]

[

[

[

[

[

(8]

11l 2217
El d
11l 122
E| d
11l 122
El d
11l 132
El d
11l 222
El d
11l 132
El d
11l 122
El d
11l 132
El d
11l 122
E| d
11 233
El d
11l 922
E| d
11 133
El d
11l 122
E| d
11 233
d d
11l 122
E| d
11l 2217
d d

€L /a1

114

119

a1l4

al1a

114

w19

w14

w19

w14

wla

2149

al19

1149

114

1149

114
&

Rl

wa4g

]

129

waa

129

2049

129

1149

waa

1149

aa49

1149

waa

1149

waa
W

wla

wl9

ala

w19

ala

al1a

al9

al1a

al9

wla

al9

al4

w14

al19

w14

wla
&

Rl

1219

waoaa

129

114

129

]

129

]

a9

12149

114

12149

114

12149

Rl
W

wal

221

1211

a21

1211

121

1211

121

1211

wal

1211

131

1211

131

1211

1211
5

20y

WY

aaay

o

L)

o

W

o

W

Lk

W

1aw

W

1aw

W

L)
1

11w

11V

11w

11w

11w

11w

11w

11w

11w

a1y

21

11w

11w

11w

11w

11w
|

121 199
5 g
121 1949
5 3]
121 299
5 g
111 1499
5 a
121 299
5 g
111 1499
5 jal
121 1949
5 a
111 1499
5 a
121 1949
5 3]
121 1949
5 a
121 2949
5 3]
121 1949
5 a
121 %ag
5 3]
121 1949
5 a
121 1949
5 3]
121 2949
5 a

a1y

al1v

all

911

-
—

-

- -
&}

A A dF-dbF- dF- db- d - d b Jd - -

[

-

[

[

[

[

[

[

[

[

1219

1219

1219

129

1219

229

229

229

229

2319

1219

119

2249

119

1219

1219
W

a1y

a1y

a1y

91

a1y

91

91w

92w

91w

a1y

a1y

a1y

a1y

a1y

a1y

a1y
W

PIVLIUCD gy anBLg



PCT/NL2011/050027

WO 2011/087366

1

4408

A66E

&0

AR0T EE0LObLGL
‘deal” ST0L00sEL
AL ELHOLO0SEL
A051T LE0LaRLEL
dBbL FTOLO0CEL
ALELT OLOLOOCEL

4401 GO0LGFLEL

450274001 i 6d
AR IFOLGRLEL

TALT GLOLOFLAL

Adid ON

112

113

113

119

113

112

113

113

113

113

113

113

112

113
1

034
179
179
1749
1 u.u
034
o979
179
9749
9749
1 u.m
1349
139

1349
W

aw%

WW

awa

awad

awad

aw%

awa

WW

awad

awad

g%

g%

wWa

L
[i]

a.14
w14
114
A
914
A
914
a.14
al14
.14
914
A
914
A
g.14
g.14
.14

9149
o~

W

L

L

WR

WR

W

W

L

WR

WR

WWa

WWa

Lol

W

a.1%
961
961
4]
0%
9 L%
[
LI
961
9 L%
(4]

9 L%
(4]
I
I
LI

a9 1%
Wl

-
L]

— [} — L}
[da} [da} [ [

I

L R AR A B S B B S R T (R B S I S S
[ba

— — [} [} [} L} L]
fha} [} [} [da} — [ L]

(=]
L]

L]

—
T P T S P B T S T S P e O P T T S T LTl =l Py =

L 132 119 139 %19 129
d M o M o
1l 133 219 1239 919 w9
d A W A W
1l 133 919 2329 119 1239
d A W A W
1l 12373 wla 1a¥ 919 vav
d A 1 A d
1l 13273 219 129 %19 329
d M o M W
1L 132 9l1la 23239 219 129
d A W A o
1l 13323 119 (29 @919 129
d A W A W
1l 933 219 129 919 1239
d A W A W
1l 2373 219 w29 w19 129
d A W A L
1l 123273 9l1l9a 129 w19 129
d A o A o
1l 123 119 329 919 129
d M o M W
1l 123 219 129 %19 32329
d A W A o
1 1223 219 23239 wig 1329
d A W A W
1l 12373 119 129 919 139
d A W A L

€r/¢t

I
AR

wr D oo 0w O o

[L L T R T A T

WY

[

)

WY

WY

1av

1av

L)

209

WY

WY

WY

WY

1aw
1

S
0o

[
LT e T R T 2 T o T o B )

QL1% 139 alW
L] o L]
91l% 1239 9.1%
91l% 1239 9.1%
91l% 229 91%
91l% 129 9 - -
gL01 1239 al¥
9Ll% 1239 9.1%
91l% 1239 9.1%
911l 129 9l1%
9l% 129 91%
(4] o (4]
9l% 229 91%
9l% 129 9l1%
Ol 229 9l1¥

91% 129 91%

N

Q¥ 9an31y



INTERNATIONAL SEARCH REPORT

International application No

PCT/NL2011/050027

A. CLASSIFICATION OF SUBJECT MATTER

INV. C12Q1/70
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

C12Q

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, BIOSIS, Sequence Search, EMBASE, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

JP 7 327683 A (KITASATO INST)

19 December 1995 (1995-12-19)

the whole document

WO 94713836 Al (SYNBIOTICS CORP [US])

23 June 1994 (1994-06-23)

the whole document

WO 95/08575 Al (CORNELL RES FOUNDATION INC
[US]) 30 March 1995 (1995-03-30)

claims 1-3

WO 02/066686 Al (ID LELYSTAD INST

18,19

17

17

11,12,14

FRANSISCUS [NL];)

A claim 6

DIERHOUDERIJ [NL]; EGBERINK HERMANUS
29 August 2002 (2002-08-29)

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

4 April 2011

Date of mailing of the international search report

13/04/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Gabriels, Jan

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/NL2011/050027

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 2004/063093 Al (MILLER TIMOTHY J [US]
ET AL) 1 April 2004 (2004-04-01)

claim 1

ROTTIER PETER J M ET AL: "Acquisition of
macrophage tropism during the pathogenesis
of feline infectious peritonitis is
determined by mutations in the feline
coronavirus spike protein",

JOURNAL OF VIROLOGY,

vol. 79, no. 22, November 2005 (2005-11),
pages 14122-14130, XP002583147,

ISSN: 0022-538X

cited in the application

the whole document

GAMBLE D ET AL: "Development of a nested
PCR assay for the detection of feline
infectious peritonitis virus in clinical
specimens",

JOURNAL OF CLINICAL MICROBIOLOGY, AMERICAN
SOCIETY FOR MICROBIOLOGY, WASHINGTON, DC,
us,

vol. 35, no. 3, 1 March 1997 (1997-03-01),
pages 673-675, XP002171735,

ISSN: 0095-1137

the whole document

WO 97/20054 Al (VIROGENETICS CORP [US])

5 June 1997 (1997-06-05)

claims 1,7

REED E P ET AL: "Cloning and sequence
analysis of the spike gene from several
feline coronaviruses",

ADVANCES IN EXPERIMENTAL MEDICINE AND
BIOLOGY, SPRINGER, US,

vol. 342, 1 January 1993 (1993-01-01),
pages 17-21, XP002109384,

ISSN: 0065-2598

the whole document

PEDERSEN NIELS C: "A review of feline
infectious peritonitis virus infection:
1963-2008.",

JOURNAL OF FELINE MEDICINE AND SURGERY APR
2009 LNKD- PUBMED:19254859,

vol. 11, no. 4, April 2009 (2009-04),
pages 225-258, XP002583148,

ISSN: 1098-612X

the whole document

1

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/NL2011/050027
Patent document Publication Patent family Publication

cited in search report date member(s) date

JP 7327683 A 19-12-1995 JP 3565579 B2 15-09-2004

WO 9413836 Al 23-06-1994  EP 0651826 Al 10-05-1995
JP 7503620 T 20-04-1995
us 5246831 A 21-09-1993

WO 9508575 Al 30-03-1995  NONE

WO 02066686 Al 29-08-2002  NONE

US 2004063093 Al 01-04-2004  NONE

WO 9720054 Al 05-06-1997 AT 237691 T 15-05-2003
AU 724172 B2 14-09-2000
AU 1278097 A 19-06-1997
CA 2237807 Al 05-06-1997
DE 69627526 D1 22-05-2003
DE 69627526 T2 01-04-2004
EP 0868522 Al 07-10-1998
ES 2210401 T3 01-07-2004
JP 2000501930 T 22-02-2000
JP 2007105040 A 26-04-2007
PT 868522 E 29-08-2003
us 5858373 A 12-01-1999

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - wo-search-report
	Page 64 - wo-search-report
	Page 65 - wo-search-report

