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Abstract 
With the development of the real-time RT-PCR reaction new diagnostic methods can be 
designed for FIP. This study examined the quantitative measurement of the genomic RNA 
and mRNA in peripheral blood mononuclear cells in cats suspected of FIP. Two different 
detection methods were used for this measurement and compared. One uses a TaqMan probe 
and the other uses SYBR Green chemistry. SYBR Green was shown to be a  bit less efficient 
than the TaqMan probe (87% and 94 % respectively). In CRFK cells infected with the FIPV 
79-1146 SYBR Green detects a higher amount of gRNA of the FCoV than the TaqMan probe. 
Bloodsamples were obtained from different veterinary clinics in the Netherlands and samples 
were divided in groups on likelihood of having FIP. Clinical samples are analyzed for gRNA 
with both the TaqMan probe and SYBR Green and for mRNA with only SYBR Green. Cats 
pathological confirmed with FIP show a higher amount of gRNA copies compared to healthy 
cats and cats with other diseases than FIP. Unfortunately there is a huge variance within each 
group of cats and therefore this test is not useful a tool for diagnosing FIP. Only a high 
amount of gRNA copies makes FIP more likely and those cats are probably the ones with 
specific clinical symptoms. The mRNA measurement in peripheral blood mononuclear cells 
does not show significant differences between groups of cats. Also the reaction is not specific 
enough and should be optimized for a better result in the future.  
 

Introduction 
Feline infectious peritonitis (FIP) is a fatal cat disease caused by a feline coronavirus. This 
virus is a positive-stranded RNA virus (Horzinek et al, 1979). The feline enteric coronavirus 
(FECV), a biotype of the feline coronavirus, can mutate into a virulent FIP virus (FIPV). This 
mutation appears to occur more frequently when there is more virus replication as seen in 
kittens and during a primary infection (Pedersen et al, 2008) (Pedersen 2009).  
FECV spreads through the fecal-oral route. FECV mainly infects enterocytes causing a mild 
enteritis (Kipar et al, 2006). After entering the bloodstreams FIPV enters monocytes by 
binding to the cell surface. This process is enhanced by antibodies to the FIPV. These 
antibodies facilitate the uptake of virus particles through the complement binding receptors 
(Fc). (Pedersen, 2009) The antibodies are also the cause of the so called early dead syndrome. 
Kittens immunized with antibodies to the FCoV and infected with FIPV were shown to to 
develop clinical symptoms faster than non-immunized kittens. The immunized kittens died 
approximately ten days after the infection contrary to the 28 days non-immunized kittens can 
survive. (Weiss et al, 1981) (Vennema et al, 1990) 
The immune system plays an important role in determining the outcome of the disease. When 
a strong cellular immunity develops immediately after infection with a FIPV replication of the 
virus will be stopped and FIP does not develop. If there is a humoral immunity against the 
FIPV, but no cellular immunity, the wet or effusive form of FIP will develop. If the cat 
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develops a strong humoral immunity and a weak cellular immunity the dry form of FIP will 
develop (Pedersen, 2009).  
The diagnosis of FIP is hard to establish in the living animal. The only way to confirm this 
diagnosis is to perform a histopathological examination of biopsies on tissues. (Hartmann et 
al, 2003). Clinical signs vary from non-specific signs as a chronic fluctuating fever, weight 
loss, anorexia and malaise to signs typical for the wet or dry form of FIP. A typical clinical 
sign seen in cats with the wet form of the disease is accumulation of a viscous fluid in the 
abdomen and the thoracic cavity. Cats with the dry form of the disease develop granulomas in 
different organs. Mostly the organs within the abdomen, the central nervous system and the 
eyes are affected with clinical signs associated with the amount of organ damage. But these 
clinical signs can also be caused by other diseases than FIP (Pedersen, 2009).  
There are different tests a veterinarian can perform in order to investigate whether a cat might 
have FIP. One can measure the amount of different blood parameters like the hematocrit, 
proteins, albumin, γ-globulins, liverenzyme activity, bilirubin, ureum, creatinine but these 
changes are all non-specific and can occur with a lot of other diseases as well. It has been 
established that a albumin to globulin ratio of 0,8 has a sensitivity of 0,80 and a specificity of 
0,82. Also the FCoV antibody titer is frequently used as a tool for diagnosing FIP. According 
to Hartmann et al a FCoV antibody titer of 1600 or higher has a positive predictive value of 
0,94. Of course one should always keep in mind that a cat with FIP can have a low antibody 
titer and a cat without FIP can have a high antibodytiter.  
Reverse transcription polymerase chain reaction (RT-PCR) is a method which immediately 
detects the virus and therefore can confirm an ongoing infection. Unfortunately both healthy 
and FIP infected cats have coronavirus particles in their blood (Gunn-moore et al, 1998) 
(Egberink et al, 1995). Although RT-PCR cannot be used to distinguish FIP cats from non-
FIP cats it can be used to detect asymptomatic FCoV  carriers by screening stool samples.  
In 2005 Simons et al have detected FCoV mRNA instead of genomic RNA in peripheral 
blood mononuclear cells. They suggested that the FIPV replicates in peripheral monocytes 
contrary to FECV which infects monocytes, but will not replicate in it. In their experiment 93 
percent of the cats with confirmed FIP had detectable levels of FCoV mRNA in their 
peripheral blood mononuclear cells, while by cats without clinical symptoms only 5 percent 
had detectable levels of FCoV mRNA. This result suggests that the detection of mRNA 
instead of genomic RNA is good way to diagnose FIP (Simons et al, 2005).  In 2007 Can 
Şahna et al repeated the experiment of Simons et al, but they found quite different results. 
They found 52 percent of the healthy cats positive for FCoV mRNA. (Can-Şahna et al, 2007). 
It is unknown why these two experiments differ so much from each other. Contamination of 
the samples is a possibility, or maybe the cats tested by Can Şahna et al were more 
predisposed to become infected with the FCoV.  
In 1999 Gut et al describes a real-time PCR method (TaqMan) to quantify the amount of 
FCoV. This method uses two primers and a probe specific for the FCoV. The probe is labelled 
with a fluorogenic molecule called FAM (6-carboxyfluorescein) at the 5’ end and a quencher 
molecule called TAMRA (6-carboxy-tetramethyl-rhodamine) at the 3’ end. The quencher 
absorbs the fluorogenic emission of FAM as long as the probe is intact. The probe binds to the 
cDNA of the FCoV between the two primers. When extension of the primers occurs the 
activity of the taq polymerase degrades the probe and as a result the fluorogenic molecule 
FAM is released. This fluorogenic signal is observed in a 7700 detection system and the data 
are transferred to a computer for analysis. After each cycle of denaturation, annealing and 
extension of the cDNA the fluorescence is measured and the cycle number at which the 
fluorescence exceeds a certain threshold is called the Ct value and this value is used for 
further calculations. (Gut et al, 1999) (Grove, 1999) 
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A quantitative analysis of the FCoV infection gives new perspectives for investigations of this 
virus infection. Meli et al used the TaqMan method to determine the viral load in different 
organs after infection of cats with field strains of the FCoV. All the cats remained healthy, but 
had high viral loads in all of the organs tested. Like Gunn-Moore et al in 1998 Meli et al also 
concluded that a systemic infection with FCoV is not associated with the development of FIP. 
(Meli et al 2004) (Gunn-Moore et al, 1998) In 2006 Kipar et al compared the viral loads in 
haemolymphatic tissues from healthy cats and cats suffering from FIP. They also concluded 
that the majority of FCoV infected cats exhibit a systemic infection with this virus. They also 
showed that cats suffering from FIP have higher viral loads in the spleen, lymph nodes and 
bone marrow. This can be due to two reasons. A higher replication rate of the FIPV in 
monocytes can be the key event in development of FIP or a reduced clearance of virus can 
lead to higher viral loads. (Kipar et al, 2006) 
Instead of using the taqman probe for the quantification of RNA SYBR Green molecules can 
also be used. SYBR Green 1 dye binds to any double stranded DNA product and therefore has 
a lower specificity than the TaqMan probe. SYBR Green is also not sensitive for mutations  
and thus useful for a real time PCR to a broad range of genetically related viruses. A 
disadvantage of SYBR Green is the detection of any double stranded DNA which means that 
amplification of nonspecific products can interfere with the results. A meltcurve analysis 
shows if any nonspecific products are amplified. (Escutenaire et al, 2007) (Ponchel et al, 
2003) 
In this study we examined the use of a quantitative PCR as a tool for diagnosing FIP. We 
measured the amount of genomic RNA (gRNA) and the amount of mRNA in peripheral blood 
monocytes originated from blood samples of both healthy and FIP infected cats in the 
Netherlands. We also examined the difference between the TaqMan probe or SYBR Green as 
a method for quantitation of gRNA. We postulated that cats suffering of FIP have a larger 
amount of gRNA and mRNA of the FCoV in their peripheral blood monocytes in comparison 
with healthy cats. We also postulated that the use of SYBR Green might be a better tool for 
diagnosing FIP in comparison with the Taqman probe, because SYBR Green is less specific 
and therefore we expect it to detect more fieldstrains of the FCoV. The FCoV antibody titer is 
still used a parameter in the diagnosis of FIP. Therefore we also examined if there is a 
correlation  between the antibody titer and the amount of gRNA or mRNA measured.  
 

Materials and methods 
Bloodsamples 
Bloodsamples were obtained  from different veterinary clinics in the Netherlands. They were 
collected in EDTA tubes. These samples were centrifuged at 3000 rpm for 20 minutes. 
Plasma was collected and stored at minus 20ºC. The buffy coat was transferred into a new 10 
ml tube and a lysis buffer containing 0,15 M NH4Cl, 1,0 M KHCO3 and 0,1 M Na2EDTA was 
added to this tube. After 10 minutes incubation at room temperature the sample was 
centrifuged at 400G for 10 minutes and the supernatant was removed from the cell pellet. The 
cell pellet was washed with Dulbecco’s phosphate buffered saline (DPBS) without 
magnesium and calcium (Lonza, Breda The Netherlands) and centrifuged again at 400G for 
10 minutes. The supernatant was removed and the cell pellet was stored at minus 20ºC. Also 
white blood cell pellets stored at minus twenty degrees originally obtained for the 
investigation of Simons et al in 2005 were used in this study. 
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White bloodcell pellets  
RNA extraction from the white bloodcells was performed using the RNA blood mini kit 
(Qiagen, Venlo, The Netherlands) according to the manufacturers protocol. All clinical 
samples were diluted 1 to 2 to obtain a larger amount of starting material.  
 
Primer selection 
Viral loads were determined using a one-tube real time RT-PCR. The amount of FCoV gRNA 
in peripheral blood mononuclear cells was detected using primers to the highly conserved 
FCoV 7b gene which gives a fragment of 102 bp. (Gut et al in 1999) The quantitation of 
mRNA in monocytes was performed using new designed primers. Simons et al (2005) used a 
primer chosen from the highly conserved part of the M-gene of the FCoV and a primer aiming 
at the leader sequence of this virus. This gives a fragment of 295 bp which is to large to use in 
a real time RT-PCR. Using the same leader sequence primer and another primer aiming at the 
FCoV M-gene a fragment of 107 bp can be detected (see figure 1). All results were 
normalized to the GAPDH gene. Primers and probe of this gene were already used by 
Leutenegger et al in 1999. Primers and probes are summarized in table 1. 
 
Primer optimization 
For the real-time RT-PCR reactions which uses SYBR Green, the optimal primer 
concentrations had to be determined. Therefore 12,5 µl 2×PCR Mastermix for RT-SYBR 
Green I Assays (Eurogentec, Maastricht, The Netherlands), 0,07 µl euroscript RT and RNase 
inhibitormix (Eurogentec), 2,5 µl template or water was pipetted into a 96 well plate 
(MicroAmp, Applied Biosystems, New Jersey, USA). 0,5 µl, 1,5 µl or 4,5 µl of 5 µM forward 
and reverse primers were added to the wells in all possible combinations. CRFK cells infected 
with the FIPV79-1146 and CRFK cells not infected were used as a template.  
 
 
 

 
Figure 1: In the transcription of the FIPV transcription-regulatory sequence elements (TRS elements) play an 
important role. They form, together with the leader sequence and the sequence of the M-gene, a hairpin-like 
secondary structure. The sequence CTAAC is the central part of the TRS element and is the fusion site of the 
leader sequence and the M-gene sequence (Dye et al, 2005). In this figure the primers used for the detection of 
the M-gene mRNA are shown beneath the sequence and the CTAAC sequence and the startcodon are underlined.  
The two parts of the genome fuse at the CTAAC sequence for transcription of the genome and formation of the 
mRNA. This gives a fragment of 107 bp.  
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Table 1: The sequence and length of the real time RT-PCR primers and TaqMan probes specific for feline 
GAPDH, FCoV and mRNA of the FCoV.  

 
 
 
Infection of CRFK Cells 
Crandell-Rees feline kidney cells (CRFK) were grown in a TC 25 flask (Corning, Amsterdam, 
The Netherlands) in Dulbecco's Modified Eagle Medium (DMEM) (Lonza, Breda, The 
Netherlands) with 10% foetal calf serum and antibiotics. These cells were infected with the 
FIPV strain 79-1146. After 1 hour the virus was removed from the cells and fresh medium 
containing 2 % FCS and antibiotics was added to the cells. Seven hours later the medium was 
removed from the cells and the cells were lysed using Trizol (Invitrogen, Breda, The 
Netherlands). 300 µl of chloroform was added to the cellysate and mixed for 15 seconds. 
After 3 minutes incubation at room temperature the mixture was centrifuged at 14000 rpm at 
4ºC. Two thirth of the upper fluidcompartiment was transferred to a new eppendorf tube. The 
same amount of ethanol (70%) was added slowly to the sample to prevent precipitation. This 
volume was loaded in the RNAeasy mini spin column (RNAeasy mini kit, Qiagen, Venlo, 
The Netherlands) placed in a 2 ml tube and further processing was according to the RNA 
cleanup protocol of the RNAeasy mini kit.  
 
Growth curve FIPV 79-1146 
CRFK cells were inoculated with FIPV 79-1146 with a m.o.i. of 1. At different time points 
the supernatant was removed and stored at minus 20ºC. The cells were lysed using Trizol 
(Invitrogen) and also stored at minus 20ºC. RNA of the supernatant was isolated using the 
QIAamp viral RNA mini kit (Qiagen) and according to the manufacturers protocol. RNA of 
the cellysate was isolated with the above described method.  
 
Real time RT-PCR reaction 
 In this study two different ways of quantifying the amount of RNA were used. The first one 
used a TaqMan probe labelled with a fluorchrome called FAM and a quencher called Tamra. 
The reaction mixture for the detection of the GAPDH gene consisted of 12,5 µl TaqMan 2× 
Universal PCR Master Mix without UNG (Applied Biosystems), 0,625 µl 40× multiscribe 
and RNase Inhibitor mix (Applied biosystems), 2,5 µl the 800nM GAPDH probe 77p, 2,5 µl 
of both 4 µM primers, 1,875 µl water and 2,5 µl template. For the detection of the FCoV with 
the taqman probe 12,5 µl TaqMan 2× Universal PCR Master Mix without UNG (Applied 
Biosystems), 0,625 µl of 40× multiscribe and RNase inhibitormix (Applied Biosystems), 
1,875 µl probe 1200p (4 µM), 0,5 µl of the forward primer (10 µM), 0,5 µl of the reverse 
primer (100 µM) and 4 µl of water had been added to a 96 wells plate (MicroAmp).  
 
 

 Primer / 
probe 

Sequence (5’----> 3’) Length 

Feline GAPDH GAPDH.57f GCCGTGGAATTTGCCGT 82 
 GAPDH.138r GCCATCAATGACCCCTTCAT  
 GAPDH.77p CTCAATACATGGTCTACTGTTCCAGTATGATTCCA  
FCoV FCoV1128f GATTTGATTTGGCAATGCTAGATTT 102 
 FCoV1229r AACAATCACTAGATCCAGACGTTAGCT  
 FCoV1200p TCCATTGTTGGCTCGTCATAGCGGA  
mRNA 1704 GGCACAGTAGCGTTCACACATAA 107 
 1705 GTGCTAGATTTGTCTTCGGACACC  
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Table 2: The amounts of mastermix, euroscript, primers and water necessary for each reaction which uses SYBR 
Green. These primer concentrations are the ones used after primer optimization.  
 mastermix euroscript Forward primer 

(5 µM) 
Reverse primer 
(5 µM) 

Water 

GAPDH 12,5 µl 0,07 µl 4,5 µl 1,5 µl 3,93 µl 
FCoV 12,5 µl 0,07 µl 1,5 µl 0,25 µl 8,18 µl 
mRNA 12,5 µl 0,07 µl 1,5 µl 0,25 µl 8,18 µl 
 
 
Thereafter 5 µl template was added to each well. The real-time RT-PCR program used by 
both reactions consisted of a reverse transcription step of 30 minutes at 48ºC followed by 10 
minutes at 95ºC to activate the amplitaq gold DNA polymerase and 40 cycles of  15 seconds 
at 95ºC and 1 minute at 60ºC. 
The second method used SYBR Green for the detection of the amount of RNA in the 
bloodsamples. The reaction mixture with SYBR Green had a total volume of 22,5 µl and 
consisted of 12,5 µl of the 2×PCR Mastermix for RT-SYBR Green I Assays (Eurogentec) and 
0,07 µl of the euroscript RT and RNase inhibitor mix (Eurogentec), primers and water were 
added as described in table 2. This mixture was added into a 96 well plate (MicroAmp) and 
2,5 µl template was also added to each well to make the total volume 25 µl. In addition to the 
above mentioned real-time RT-PCR program a dissociation stage of 15 seconds at 95 ºC 
followed by 20 seconds at 60 ºC and again 15 seconds at 95 ºC has been added after the last 
cycle.  
 
Standardcurve 
A standard template is created by cloning the gRNA of the FCoV into a plasmid. The amount 
of copy numbers in each microliter is determined and this standard template is diluted 
multiple times in water. This dilution series is used in the real-time RT-PCR reaction with the 
gRNA primers and the TaqMan probe or SYBR Green as detection method.   
 
Antibodytiter of FCoV 
An immunofluorescence assay has been used to detect antibodies in plasma or serum of the 
cats. This serum or plasma is diluted eight times and glasses coated with PD5 cells containing 
transmissible gastroenteritis virus were inoculated for one hour with this series of dilution. 
After 1 hour the antigen glasses were washed using PBS Ø and inoculated with fluorescein 
isothyocyanate-labelled goat anti-cat IgG immunoglobulins for one hour. After washing the 
slides fluorescence was determined using a fluorescence microscope. The highest dilution 
where fluorescence could be observed was called the antibody titer.  
 
Analysis of the results 
The bloodsamples of every cat were divided in groups on likelihood of having FIP. This 
classification was made on post-mortem histopathologic examination, clinical signs and 
additional tests for example a blood examination or a ultrasound. The groups are summarized 
in table 3 
Results were expressed as a quantity of RNA copies calculated with the standardcurve. Also 
the 2-∆Ct and the 2-∆∆Ct method were used to express the results as individual data points or as 
a comparison between groups respectively. (livak et al, 2001) (Schmittgen et al 2008) (Kipar 
et al, 2006). If the FCoV could not be detected a CT-value of 40 was assigned to the sample 
so it could still be used for calculations. When SYBR Green was used as detection method 
primer dimers could be observed in blood samples with a low amount of FCoV. The CT-
values of these bloodsamples were also used in study for further calculations. For a statistical 
comparison of the different groups the Kruskall-Wallis analysis of variance has been used.  
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Table 3: The number of cats in each group. Blood samples were divided in those groups based on post-mortem 
histopathologic examination, clinical signs and additional tests.  
Group  Number of cats  
 gRNA with probe gRNA with SYBR 

Green 
mRNA 

Confirmed FIP 23 16 16 
Suspected FIP 21 13 13 
Suspected non-FIP 8 7 7 
Healthy 14 13 13 
Confirmed non-FIP 5 3 3 
Other 14 14 14 
 
 

Results 
Primer optimization 
Different primer concentrations were used to determine the most optimal concentration for the 
reactions based on SYBR Green chemistry. The main points of interest were the plateau in the 
amplification curve, the formation of primer-dimers and the CT-value. Especially primer-
dimers were important, because SYBR Green cannot discriminate the amplification of viral 
RNA from the formation of primer-dimers.  
The most optimal primer concentration for the primers 57f and 138r are 300nM and 900nM 
respectively. For the primers 1128f and 1229r the most optimal concentration is 300nM and 
50nM and for the primers 1704 and 1705 50nM and 300nM respectively. These 
concentrations gave the least primer-dimers as can be seen in figure 2. These concentrations 
did not give the best CT-values, but all samples were easily detected which makes the Ct-
value less important. The plateaus of the amplification curve were approximately the same in 
all three reactions.  
 
Standardcurve 
A standardcurve is compiled to get an idea about the number of RNA copies which belong to 
a certain Ct-value. Figure 3 shows the standardcurve with the probe and SYBR Green 
chemistry as detection method. The slope of both curves are approximately equal. The PCR  
efficiency can be calculated with the formula : 
 
% PCR Efficiency = 10-1/-slope -1 × 100% (Schmittgen et al, 2008) 
 
The curve of the TaqMan probe has a slope of -3.46 and the curve of SYBR has a slope of -
3.67. Detection of the FCoV with the taqman probe has an efficiency of 94 % and the 
detection with SYBR Green has an efficiency of 87 %. 
 
Growth curve of the Feline coronavirus 
After infection of the CRFK cells with FIPV 79-1146 the gRNA and the mRNA of the FCoV 
was measured every two hours in the cells and in the supernatant. Also the housekeeping gene 
GAPDH was measured and used for normalization. As can be seen in figure 4 the Ct-value of 
the GAPDH gene remains approximately the same. After 24 hours the Ct-value decreased a 
little bit, indicating an increase in cells which could also be observed with a light microscope.  
Figure 5 shows the amount of RNA copies calculated from the standardcurve expressed in the 
time. The amount of RNA copies in the cells increased exponentially until eight hours post 
inoculation after which the growth declines. A striking difference between the measurement  
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with the probe and with SYBR Green was observed. SYBR Green detected a larger amount of 
gRNA copies compared to the TaqMan probe.  
In figure 6 the gRNA of the FCoV is normalized to the GAPDH gene and expressed relative 
to time t0 calculated with the 2-∆∆Ct  method. Also in this graph the curve of SYBR Green is 
higher than the curve of the TaqMan probe. The curve of the mRNA follows the curve of the 
gRNA measured with the TaqMan probe.  
In the supernatant an immediate increase of virus could be observed after two hours, but then 
the amount of RNA copies decreased and stabilized until eight hours p.i. (figure 7). After 
eight hours the amount of RNA copies was raising exponentially. This could be observed for 
both the gRNA of the virus and the mRNA although only a slight raise in mRNA could be 
seen after two hours p.i. and the second increase started after ten hours instead of eight hours. 
The difference in viral load between the supernatant and the cells is shown in the figures 8, 9, 
10. Here can be seen that the number of gRNA and mRNA copies in the supernatant is lower 
than the number of copies in the cells.  
To confirm that only one product has been amplified, a meltcurve has been made. The 
Meltcurves of both the gRNA and the mRNA (figure 11 and 12) show one single steep peak 
indicating that one single product has been amplified.  
 
 
 
 
 
 
     (+)              (+)  
 
 
 
        (-)  
                       
         (-)  
 
 
 
a        b 

 
Figure 2:  The meltcurves of the primers GAPDH 
(a), gRNA of the FCoV (b) and mRNA of the 
FCoV (c).  The (+) indicates the curve which 

   (+)     detected FIPV 79-1146 and the (-) indicates the  
 curve of the no template control. The most optimal 
primer concentration for the primer specific for 
GAPDH was 300 nM for the forward primer and 
900 nM for the reverse primer. The primers 
specific for the gRNA of the FCoV had the most 

                         (-) optimal  concentration at 300 nM for the forward 
primer  and 50 nM for the reverse primer. The 
mRNA primers were also optimal at a 
concentration of 300 nM for the forward primer 
and 50 nM for the reverse primers. The arrows 
indicate the primer-dimer peak in the three 
meltcurves. These primer-dimer products  arose 
when primers hybridize and were elongated. 

c        
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Figure 3: The standardcurve of the gRNA of the FCoV with a TaqMan probe or SYBR Green as detection 
method.  
 
 
 
Clinical samples 
In total 85 blood samples from cats were analyzed. Thirty-six of these samples were originally 
obtained by Simons et al in 2005 and it was unknown if the RNA was still intact. Therefore 
all samples were first examined with the housekeeping gene GAPDH. This gene served as an 
indicator if the RNA in the monocytes still had a good quality and later it is used to normalize 
the data obtained in the other experiments. All samples gave a positive result using the 
TaqMan probe of the GAPDH gene indicating that sufficient amount of GAPDH was present 
in the samples. When SYBR Green chemistries was used all samples gave also a positive 
result, but meltcurve analysis showed that another product is also amplified in 19 blood 
samples (figure 13). This might be due to degradation of the RNA and therefore these samples 
were excluded from the experiment with SYBR Green as detection method. The other blood 
samples gave better meltcurves, but also these curves did not show the one peak as would be 
expected. These curves gave, next to the expected peak, one or two additional small peaks 
(figure 14) and this could be observed in almost every blood sample. 
 
 

 
Figure 4: The Ct-value of the housekeeping gene GAPDH in CRFK cells after infection with FIPV79-1146. The 
line approximately horizontal, indicating that the amount of GAPDH gene remains the same during the 24 hours 
of the experiment.  
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Figure 5: The amount of RNA copies of the FIPV in the CRFK cells. With SYBR Green more RNA copies of 
the FIPV could be detected compared tot the Taqman probe.  
 
 

 
Figure 6: The amount of RNA copies of the FIPV in the CRFK cells, normalized to GAPDH and relative to time 
t0 calculated with the 2-∆∆Ct method.  
 
 

 
Figure 7: The amount of RNA copies of the FIPV in the supernatant, normalized to the GAPDH gene and 
relative to time t0 as calculated with the 2-∆∆Ct method.  
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Figure 8: The number of gRNA copies measured with the TaqMan probe, normalized to GAPDH and relative to 
time t0 as calculated with the 2-∆∆Ct method in the cells and the supernatant.  
 

 
Figure 9: The number of gRNA copies measured with SYBR Green, normalized to GAPDH and relative to time 
t0 as calculated with the 2-∆∆Ct method in the cells and the supernatant. 
 
 

 
Figure 10: The number of mRNA copies measured with SYBR Green, normalized to GAPDH and relative to 
time t0 as calculated with the 2-∆∆Ct method in the cells and the supernatant 
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Figure 11: The meltcurve of the gRNA of the FCoV determined from the CRFK cells infected with FIPV 79-
1146. One steep peak could be observed at a melting temperature of approximately 75ºC 
 
 
 
The detection of gRNA with the TaqMan probe gave clear results contrary to the detection of 
gRNA and mRNA with SYBR Green. SYBR Green detects primer-dimers which influenced 
the CT-value. Nevertheless all Ct-values were used for further calculations, because we 
wanted to examine the usefulness of the complete method with SYBR Green as a diagnostic 
tool. Primer-dimers are a consequence of this method and therefore these samples should not 
be neglected. The most meltcurves of  the mRNA primers only showed primer-dimers. Five 
blood samples gave a positive result with the mRNA primers as could be observed in the 
meltcurves of these samples. One of these meltcurves is shown in figure 15. These five blood 
samples originated from cats confirmed with FIP. Another ten samples gave a broad peak 
around the melting temperature of the mRNA in the meltcurve (figure 16). Of these ten 
samples five originated from cats confirmed with FIP, four samples originated from cats 
suspected of FIP and one sample was classified as other, because the clinical signs were not 
specific enough to match the criteria of the other groups.  
 
 

 
Figure 12: The meltcurve of the mRNA of the FCoV determined from the CRFK cells infected with FIPV 79-
1146.  A high steep peak could be observed at a melting temperature of 76.40 ºC 
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Figure 13: The meltcurve of a clinical sample stored in the -20ºC freezer for five years. The arrow indicates the 
peak specific for GAPDH, the other peak is a non-specifik product with a higher melting temperature. This is 
probably due to degradation of the sample.  

 
 
 

The amount of RNA copies as could be determined from the standardcurve is shown in the 
figures 17 and 18. These values are not normalized, but as can be seen in figure 19 the Ct- 
values of the GAPDH gene of the different groups are approximately equal, which indicates 
that the mean sample size of each group is approximately the same. As can be seen in the 
figures 17 and 18 cats confirmed with FIP had much higher viral loads compared to the other 
groups. This was a significant difference (P = 0.0014 for the probe and P = 0,0005 for SYBR 
Green) and could be seen in both tests. The group of cats suspected of having FIP did not 
show a significant difference with the healthy or confirmed non-FIP cats.  

 
 
 

 
Figure 14: The meltcurve of the GAPDH gene of one of the bloodsamples. The arrow indicates the additional 
peak observed in almost every bloodsamples. 
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Figure 15: The meltcurve of one of the blood samples which gave a positive result with the mRNA primers. Five 
blood samples gave such a curve and all blood samples originated from cats confirmed with FIP 
 
 
 
Figure 20 and 21 show the relative viral load of the peripheral blood mononuclear cells 
measured with the probe or with SYBR Green. Figure 22 shows the amount of mRNA copy 
numbers relative to each other. It was remarkable that there was a huge variance in every 
group for the gRNA tested with the probe and SYBR Geen as well as the mRNA. The mean 
of the 2-∆Ct –value measured with the TaqMan probe seems higher in cats confirmed with FIP 
compared to the other groups, but this difference is not significant (P = 0.44). With the use of 
SYBR Green the same difference could be observed in the gRNA   In this case the group cats 
confirmed with FIP was significant different (P = 0.025) from the group cats confimed with 
another disease than FIP, but not from the other groups. The detection of mRNA showed a 
slight difference between the groups, but this difference is not significant (P = 0.54).  
 
 
 

 
Figure 16: The meltcurve of the mRNA of the FCoV from one of the blood samples. A broad peak around the 
melting temperature of the mRNA could be observed.  
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Figure 17: The amount of RNA copies of the FIPV 
measured with the TaqMan probe and calculated 
from the standardcurve 
 

Figure 18: The amount of RNA copies of the FIPV 
measured with SYBR Green and calculated from 
the standardcurve 
 

 
 
 

 
Figure 19: The mean Ct-values of the GAPDH gene of the clinical samples. The mean Ct-value of every group 
was approximately the same, which suggested that the sample sizes were also approximately the same.  
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Figure 20: The amount of gRNA copies of the FCoV normalized to GAPDH and relative to each other 
determined with the probe. The values were calculated with the 2-∆Ct method. The lines in the graph were the 
mean value of each group. The cats confirmed with FIP seem to have a higher mean value of the group 
compared to the others although a huge variance could be seen within each group. 
 

 
Figure 21: The amount of gRNA copies of the FCoV normalized to GAPDH and relative to each other 
determined with SYBR Green as detection method. The values were calculated with the 2-∆Ct method. The lines 
in the graph were the mean value of each group. The cats confirmed with FIP seem to have a higher mean value 
of the group compared to the other groups and the cats without FIP seems to have a lower mean value although a 
huge variance could be seen within each group 
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Figure 22: The amount of mRNA copies of the FCoV normalized to GAPDH and relative to each other 
determined with SYBR Green as detection method. The values were calculated with the 2-∆Ct method. The lines 
in the graph were the mean values of each group. A huge variance could be seen within each group and also the 
mean values seem to be approximately the same 
 
 
 
Antibody titer of FCoV 
The mean antibody titer was determined in each group of cats. As can be seen in figure 23 the 
cats suspected of FIP and confirmed with FIP had a significant (P < 0.001) higher antibody 
titer than cats in the other groups. Figure 24 shows that cats confirmed with FIP could also 
have a low antibody titer. This indicated that cats with a high antibody titer probably had FIP, 
but a low antibody titer does not exclude the diagnosis FIP. In the figures 25, 26 and 27 we 
compare the relative amount of RNA copies of the FCoV and the antibody titer of each 
sample. There was not any correlation between these two values. The slope of the regression 
line of all three detection methods is almost zero indicating that an antibody titer can have all 
kind of relative RNA copies  
 
 

Discussion 
In this study we examined the quantitative analysis of gRNA and mRNA of the FCoV in 
peripheral blood monocytes. In cats suffering from FIP Kipar et al already showed a higher 
viral load in haemolymphatic tissues. This can be caused  by a higher replication rate of the 
virus or a reduced virus clearance (Kipar et al, 2006).  In 2005 Fermin et al showed that in  
cats suffering from FIP mRNA of this virus could be detected, while this could only be 
detected in 5% of the healthy cats.  
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Figure 23: The mean antibodytiter of each group. The mean antibody of cats suspected of FIP and the cats 
confirmed with FIP was significant higher than the cats which did not had FIP or were suspected of another 
disease than FIP.  
 
 
 

 
 
Figure 24: The antibodytiters measured in every blood sample collected. The highest antibodytiters were only 
seen in cats suspected of FIP or confirmed with FIP. A low antibodytiter did not exclude the diagnosis FIP.  
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Figure 25: The antibodytiter compared with the relative amount of gRNA copies of the FCoV measured with the 
TaqMan probe. The relative amount of gRNA copies was calculated with the 2-∆Ct method. The regression line is 
almost horizontal, no correlation between the antibodytiter and the number of RNA copies could be detected.  
 
 
 
We also compared SYBR Green chemistries with the TaqMan probe already used in different 
studies (Gut et al, 1999) (Leutenegger et al, 1999) (Meli et al, 2004) (Kipar et al, 2006). The 
TaqMan probe detects only specific PCR products, while SYBR Green detects any double 
stranded DNA. Primers can anneal to eachother and this can lead to amplification of non-
specific products called primer-dimers. These products were detected when SYBR Green was 
used as detection method and therefore was it necessary to perform a meltcurve analysis to 
detect any of these non-specific amplification products. SYBR Green was not used before 
with these primers and therefore the primer concentrations had to be optimized before they 
could be used in the real-time RT-PCR reaction. For the GAPDH gene the most optimal 
primer concentrations were 300 nM for the forward primer and 900 nM for the reverse 
primer. The FCoV primers and mRNA primers had the most optimal concentration when 
using 50 nM as reverse primer and 300 nM as forward primer. These concentrations gave the 
least primer-dimer amplification products, although these primer-dimers could not be 
excluded.  
To compare the real time RT-PCR reaction which uses the TaqMan probe and the one which 
uses SYBR Green chemistry a standardcurve has been made. This curve could also be used to 
calculate the amount of RNA copies in the other experiments. There is a slight difference 
between SYBR Green and the TaqMan probe in efficiency (87 % and 94 % respectively) of 
the real time RT-PCR reaction.  
To further examine the reaction with the TaqMan probe and with SYBR Green and to test the 
primers designed for the mRNA of the FCoV a growth curve of FIPV 79-1146 in CRFK cells 
has been made. This curve showed an exponential increase in virus particles of which the 
growth started to decline after eight hours post inoculation. These findings were confirmed by 
Dewerchin et al in 2005 although they found the virus growing exponentially until twelve 
hours post inoculation. The growth curve of the FCoV showed a striking difference between 
the measurement with the TaqMan probe and the one using SYBR Green. SYBR Green 
measured more RNA copies than the TaqMan probe did. This difference could also be 
observed in the clinical samples used. The standardcurve showed that SYBR Green was not 
more sensitive than the TaqMan probe. A possible explanation is that SYBR Green detected 
fieldstrains of the FCoV that the TaqMan probe cannot detect.  
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Figure 26: The antibodytiter compared with the relative amount of gRNA copies of the FCoV measured with 
SYBR Green. The relative amount of gRNA copies was calculated with the 2-∆Ct method. The regression line is 
almost horizontal, no correlation between the antibodytiter and the amount of RNA copies could be detected.  
 
 
 
In the supernatant the amount virus raised the first two hours to decrease thereafter. Probably 
there had been some virus left behind after removing the virus one hour post inoculation. 
There still might be some uptake of virus by the cells and that could be the reason why the 
extracellular virus amount decreased after the first two hours. After eight hours the cells 
started to excrete virus. The mRNA was increased after 10 hours p.i. which indicates that cells 
were dying ten hours after virus infection and mRNA was released in the supernatant. The 
initial raise in RNA in the supernatant could also be observed for the mRNA. This could have 
two explanations: The frozen FIPV also contained some mRNA or the mRNA primers were 
not specific enough and could also detect gRNA. The amplification product of the mRNA 
primers could be sequenced or the mRNA primers could be used on the standard template of 
the FIPV to determine which explanation is the right one. The meltcurve of the mRNA 
showed only one steep peak, indicating the amplification of only one product.  
All clinical samples were first examined with the housekeeping gene GAPDH to detect the 
quality of the RNA. SYBR showed that a non-specific product was also amplified probably 
due to degradation of the RNA. The probe just detected a smaller amount of the GAPDH 
gene. When the meltcurve detected multiple products the blood sample has not been used in 
the tests using SYBR Green, because the Ct-value cannot be used for normalization. Those 
samples were still used with the TaqMan probe, because the probe only detected the specific 
product. We assumed that degradation of virus is proportional to degradation of the GAPDH 
gene.  
Another point of interest concerning the GAPDH gene was the meltcurve of this gene in the 
peripheral blood mononuclear cells. This curve gave, next to the expected peak, one or two 
additional small peaks. These peaks could be seen in almost every bloodsample, so we 
accepted this deviation of the expected curve. This will not influence the outcome of the 
results, because every sample had approximately the same additional peak and this peak is so 
small it could probably be neglected.  
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Figure 27: The antibodytiter compared with the relative amount of mRNA copies of the FCoV measured with 
SYBR Green. The relative amount of mRNA copies was calculated with the 2-∆Ct method. The regression line is 
almost horizontal, no correlation between the antibodytiter and the amount of RNA copies could be detected.  
 
 
 
To compare the number of copies between the different groups two detection methods were 
used. The detection of gRNA copies of the FCoV with the TaqMan probe or SYBR Green 
gave only a significant different result when expressing it as the amount of RNA copies  
detected. In the blood samples of cats confirmed with FIP significant more gRNA copies can 
be detected than in the other groups of cats. This counted for the detection with the TaqMan 
probe as well as the detection with SYBR Green. When these results were normalized to the 
GAPDH gene a significant difference could only be observed when SYBR Green has been 
used as a detection method and only between the group cats confirmed with FIP and cats wit 
confirmed non-FIP. Also with the TaqMan probe it seems that the group cats confirmed with 
FIP had more RNA copies, but this difference was not significant. Probably the high variance 
within each group and the low group size were the reason this difference is not significant.  
The relative amount of mRNA copies of the FCoV showed a slight difference between the 
groups, but this difference is far from significant. Only 5 samples of the 66 gave a good 
positive result and these samples all originated from cats in the confirmed FIP group. Another 
ten samples showed a broad peak around the specific melting temperature of the mRNA. This 
peak probably indicates that some mRNA was detected, but such a broad peak is also a sign 
of nonspecific products which are amplified. To use this method for diagnosing FIP the real 
time RT-PCR should be made more specific, for example through designing a probe for the 
detection of mRNA.  
In this study we have also determined the FCoV antibody titer of all blood samples. Our 
results suggest that the two highest antibody titers measured in this experiment were 
diagnostic for FIP. This experiment did not take into account the age, breed or living 
environment of the cats. Hartmann et al  concluded in 2003 that measuring the highest 
antibodytiter had  a positive predictive value of 0,94. Our results support this conclusion. We 
could not find a correlation between the antibody titer and the amount of RNA copies of the 
FCoV.  
In Summary we can conclude that the real time RT-PCR with the TaqMan probe for the 
FCoV remains the main method for quantification of this virus. SYBR Green seems to give 
good results when used on a standard template, but when different RNA parts are present as is 
the case in CRFK cells or peripheral blood mononuclear cells the result of a measurement 



 

  22 

with SYBR Green are harder to interpretate. The conditions used in this study were not good 
enough to completely eliminate primer-dimers and these primer-dimers interfere with the 
results. The conditions of this experiment can be improved by determining the optimum 
annealing temperature. The Bio-Rad iCycler iQ system allows different annealing 
temperatures within one run (Ugozolli, 2000). If this does not give better results the primers 
should be redesigned into primers which are less prone to hybridize together. The real time 
RT-PCR using the primers specific for the mRNA of the FCoV needs to become more 
specific. If a probe can be designed for this reaction it can be a valuable tool for diagnosing 
FIP, but also qualitative measurement might still be usefull.  
In this study we showed that cats confirmed with FIP might have higher number of RNA 
copies in their peripheral mononuclear blood cells. These results suggest a new method for 
diagnosing FIP, but unfortunately the variance in each group is large. Only the detection of 
one of the highest relative amount of RNA copies could be used as a diagnostic tool, but 
probably these are the cats showing typical clinical signs of FIP. If a cat has a low relative 
amount of RNA copies the cat still can have FIP. In our opinion this test is not a real 
contribution to the tests already available.  
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