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Abstract

The possible role of some acute phase proteins (APPs) and immunoglobulins in both the pathogenesis and diagnosis of feline

infectious peritonitis (FIP) has been investigated. Serum protein electrophoresis and the concentration of haptoglobin (Hp), serum

amyloid A (SAA), a1-acid glycoprotein (AGP), IgG and IgM were evaluated in cats exposed to feline coronavirus (FCoV) and in

cats with FIP. The highest concentration of APPs was detected in affected cats, confirming the role of these proteins in supporting a

clinical diagnosis of FIP. Repeated samplings from both FIP affected and FCoV-exposed cats showed that when FIP appeared in

the group, all the cats had increased APP levels. This increase persisted only in cats that developed FIP (in spite of a decrease in a2-
globulins) but it was only transient in FCoV-exposed cats, in which a long lasting increase in a2-globulins was observed. These

results suggest that changes in the electrophoretic motility of APPs or APPs other than Hp, SAA and AGP might be involved in the

pathogenesis of FIP or in protecting cats from the disease.

� 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Previous studies on serum from cats with experi-

mentally induced feline infectious peritonitis (FIP) have

shown an early increase in a-globulins, mainly due to

acute phase proteins (APPs) such as haptoglobin (Hp)

and a1-acid glycoprotein (AGP), followed by increases

in c-globulins, reflecting the production of antibodies

against the feline coronavirus (FCoV) which is respon-

sible for the disease (Stoddart et al., 1988). The balance
between these two globulin fractions, together with the

degree of lymphopenia, seem to influence the develop-

ment of lesions (Paltrinieri et al., 2001).

No reports about possible changes of APPs in cats

resistant to the infection are available. Furthermore,

although the electrophoretic changes strongly support a

clinical diagnosis of FIP, they can also be found, under

certain environmental or pathophysiological conditions,
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in cats without FIP (Kristensen and Barsanti, 1977;

Kaneko, 1997). The detection of protein markers would
be very useful in the diagnosis of FIPV infection as has

already been demonstrated for AGP (Duthie et al.,

1997). Moreover, changes in APPs in FCoV-exposed

cats that do not develop the disease, might also be used

as a marker for resistance to FIP.

In the present study, the concentration of some APPs

such as Hp, AGP and serum amyloid A (SAA) have

been evaluated in cats exposed to FCoV infection and in
cats affected by FIP. The aim was to investigate the

possible role of these proteins in the pathogenesis and

diagnosis of FIP or in protecting cats living with FCoV

shedders from the disease. IgG and IgM, were also

studied in order to check the protein composition of the

different globulin fractions.
2. Materials and methods

This study used on 82 blood samples collected from

67 pet cats (Table 1) grouped as follows:
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Table 1

Breed, sex, age and FCoV serology results of the examined cats

Group 1: Controls Group 2: FcoV-exposed cats Group 3: Cats with FIP

No. Breed Sex Age FS No. Breed Sex Age FS No. Breed Sex Age FS

1 Persian F 11 y + 25� Persian F 3 y ) 36 Balines M 4 m +

2 DSH M 12 m ) 26� Persian F 2 y + 37 DSH SF 7 y )
3 DSH M 9 m + 27� Exotic M 3 y ) 38 Persian unk unk +

4 Persian M 12 y ) 28� Persian M 5 y ) 39 DSH F unk +

5 Persian F 8 y + 29 DSH nM 3 y ) 40 Persian unk 10 m +

6 Persian F 8 y ) 30 DSH nM 12 m + 41 Persian M 10 y +

7 Persian F 6 y ) 31 DSH nM 18 m + 42 DSH nM 13 y +

8 Persian M 12 m ) 32 DSH nM 4 y ) 43 DSH nM 5 y +

9 Persian F 13 y ) 33 Siamese F 18 m ) 44 DSH M 15 m +

10 Persian M 9 y ) 34 Oriental F 18 m + 45 unk unk unk +

11 Persian F 11 y + 35 Oriental M 18 m ) 46 unk unk unk +

12 Persian M 3 y ) 47 DSH F 12 y +

13 Persian F 4 y + 48 DSH F 7 m +

14 Persian F 5 y + 49 DSH M 12 m +

15 Persian M 12 m ) 50 Persian M unk )
16 DSH M 9 y ) 51�� Persian F 12 m +

17 DSH F 8 y ) 52 unk unk 6 m +

18 DSH F 3 y ) 53 Siames M 3 m +

19 DSH F 2 y ) 54 unk unk unk +

20 DSH F 2 y ) 55 DSH M 10 m +

21 DSH M 12 m ) 56 unk unk unk +

22 DSH F 2 y ) 57��� DSH F 7 m +

23 DSH F 5 y ) 58 unk unk unk +

24 DSH M 9 m ) 59 unk unk unk +

60 DSH F 12 m +

61 unk unk unk )
62 unk unk unk +

63 DSH M 8 m +

64 DSH F 7 m +

65 DSH M 7 m +

66 DSH M 7 m +

67 DSH F 8 m +

FS¼FCoV serology; +¼positive; )¼ negative; DSH¼ domestic shorthair; unk¼unknown; M¼male; nM¼neutered male; F¼ female;

sF¼ spayed female.
* Sampled also 28, 53 and 83 days after the basal sampling.
** Sampled also 28 and 53 days after the basal sampling.

*** Sampled also 40 days after the basal sampling.
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Group 1—Controls: 24 non-SPF (specific pathogen

free) cats without any clinical signs of disease, selected

from single-cat environments (n ¼ 7) or from catteries

with no clinical cases of FIP recorded in the previous

five years (n ¼ 17).

Group 2—FCoV-exposed cats: 11 cats without clinical
signs of FIP, selected from three catteries in which re-

cent cases (1–6 months before the study) of FIP had

been diagnosed. In one of these, five non-symptomatic

cats were sampled: one (cat No. 51) developed a wet FIP

28 days later and results from this animal were not

considered in group 2 and the cat was placed in group 3

and sampled also on days 28 ðT28Þ and 53 ðT53Þ after the
basal sampling ðT0Þ. The four non-symptomatic cats
(Nos. 25–28) remained in group 2 and were also sampled

at T 28, T 53 and T 83.

Group 3—FIP affected cats: 32 cats with spontane-

ously occurring FIP (25 wet and seven dry forms),
diagnosed by necropsy, histology and/or by the detec-

tion of FCoV in the effusion using a direct immunoflu-

orescence test (Paltrinieri et al., 1999). Cats No. 51 and

57 were also sampled 25 and 40 days after the onset of

the symptoms, respectively. Blood (3mL) was taken

from the jugular vein and serum was obtained by cen-
trifugation. Total proteins were measured by a discrete

analyzer (EOS-BRAVO, Hospitex) using the biuret

colorimetric method. Serum protein eletrophoresis was

performed as previously described (Paltrinieri et al.,

2001).

Serology for feline immunodeficiency virus (FIV) and

feline leukaemia virus (FeLV) was tested using com-

mercially available ELISA kits (IDEXX). On 18 samples
(four from group 2 and 14 from group 3) FCoV-serol-

ogy was performed in our laboratory, using an Indirect

Fluorescence Assay (IFA) (VMRD). As suggested by

the producer of the kit, cats with antibody titres higher



Table 2

Mean values (� SD) recorded in the three groups of cats

Controls (C)

(n ¼ 24)

FCoV-exposed (FE)

(n ¼ 11)

FIP(F)

(n ¼ 32)

ANOVA Tukey HSD st Reference

values
* * ***

Total proteins (g/dL) 7:69� 0:83 7:86� 0:67 8:27� 1:49 n.s. 5.4–7.8a

A/G ratio 1:03� 0:24 0:97� 0:32 0:47� 0:25 *** F vs. C,FE 0.45–1.19a

Albumins (g/dL) 3:83� 0:57 3:91� 0:99 2:43� 0:46 *** F vs. C, FE 2.1–3.3a

Globulins (g/dL) 3:86� 0:74 4:29� 1:21 5:85� 1:57 *** vs. FE F vs. C 2.6–5.1a

a1-Globulins (g/dL) 0:55� 0:34 0:64� 0:26 0:53� 0:28 n.s. 0.2–1.1a

a2-Globulins (g/dL) 0:71� 0:33 0:54� 0:21 1:16� 0:43 *** F vs. C, FE 0.4–0.9a

b-Globulins (g/dL) 0:76� 0:18 0:82� 0:39 1:09� 0:51 ** vs. C 0.9–1.9a

c-Globulins (g/dL) 1:84� 0:57 2:29� 0:87 3:07� 1:41 *** F vs. C 2.5–4.1b

Serum amyloid A (lg/mL) 10:21� 8:32

(n ¼ 17)

7:92� 7:12

(n ¼ 7)

82:88� 50:23

(n ¼ 26)

*** F vs. C, FE 16:6� 11:4c

Haptoglobin (mg/mL) 1:30� 0:64 1:80� 0:83 2:13� 0:73 *** F vs. FE F vs. C 0.04–3.84d

a1-Acid glycoprotein (mg/mL) 1:20� 0:62

(n ¼ 22)

1:19� 0:49

(n ¼ 11)

2:72� 1:46

(n ¼ 29)

*** F vs. C, FE 0.1–0.48d

Immunoglobulin G (g/dL) 1:73� 1:8

(n ¼ 7)

n.d. 2:25� 3:09

(n ¼ 30)

n.s. 0.4–2.00e

Immunoglobulin M (g/dL) 0:63� 0:63

(n ¼ 7)

n.d. 0:36� 0:31

(n ¼ 30)

n.s. 0.03–0.15e

*P < 0:05; **P < 0:01; ***P < 0:001; n.d.¼not determined; n.s.¼ not significant.
a From Kaneko (1997).
b From Kristensen and Barsanti (1977).
c From Kajikawa et al. (1999).
d From Duthie et al. (1997).
e From Tizard (2000).
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than 1:400 were considered positives. The other 49 cats
were already classified as FCoV-positive or negative by

the referring veterinarians, based on results obtained

using different semiquantitative in-clinic ELISA kits.

Radial immunodiffusion (RID) kits were used to

measure immunoglobulins (Ig) G and M (VET-RID,

Bethyl Lab) and AGP (Cardiotech Services), according

to the manufacturer�s instructions. The concentration of

SAA was determined using an ELISA kit (Tridelta
Development) based on the method described by Mc-

Donald et al. (1991). Hp was measured using a kit

(Tridelta Development) based on haemoglobin (Hb)

binding method (Eckersall et al., 1999). IgG, IgM, SAA,

AGP and Hp were determined on 38, 38, 64, 77 and 82

samples, respectively (see Tables 2–4).

Statistical analysis used specific software (Statsoft).

Results from the three groups were compared with each
other using an one-way ANOVA followed by the honest

significant differences (HSD) Tukey test. If a normality

test showed that data did not have a normal distribu-
Table 3

Results of the cats with FIP repeatedly sampled during the course of the dis

Cat No. 51

T0 T28a

Total proteins (g/dL) 9.1 7.6

A/G ratio 0.38 0.41

Albumins (g/dL) 2.50 2.20

Globulins (g/dL) 6.60 5.40

a1-Globulins (g/dL) 0.34 0.24

a2-Globulins (g/dL) 1.05 0.65

b-Globulins (g/dL) 0.77 0.86

c-Globulins (g/dL) 4.44 3.64

Serum amyloid A (lg/mL) 56.97 119.93

Haptoglobin (mg/mL) 2.23 2.27

a1-Acid glycoprotein (mg/mL) 4.06 3.12

Immunoglobulin G (g/dL) n.d. n.d.

Immunoglobulin M (g/dL) n.d. n.d.

n.d.¼ not determined; T0 ¼first sample; T28; T40; T53 ¼ 28; 40 and 53 days
aAppearance of the symptoms.

Table 4

Results of the four FCoV-exposed cats repeatedly sampled

T0 T28a T53

Total proteins (g/dL) 8:18� 0:43 7:45� 0:44 6:53� 0:

A/G ratio 1:07� 0:19 1:03� 0:26 0:86� 0:

Albumins (g/dL) 4:65� 1:06 3:73� 0:45 2:96� 0:

Globulins (g/dL) 4:46� 1:34 3:72� 0:54 3:56� 0:

a1-Globulins (g/dL) 0:45� 0:16 0:44� 0:17 0:29� 0:

a2-Globulins (g/dL) 0:42� 0:18 0:45� 0:05 0:51� 0:

b-Globulins (g/dL) 1:02� 0:61 0:64� 0:08 0:71� 0:

c-Globulin (g/dL) 2:30� 0:37 2:19� 0:40 2:06� 0:

Serum amyloid A (lg/mL) 4:97� 0:74 31:8� 0:97 15:5� 0:

Haptoglobin (mg/mL) 0:95� 0:74 1:20� 0:97 1:29� 0:

a1-Acid glycoprotein (mg/mL) 0:97� 0:37 1:10� 0:48 0:76� 0:

*P < 0:05; **P < 0:01; T0 ¼first sample; T28; T53; T83 ¼ 28; 53 and 83 da
aAppearance of the symptoms in another cat of the group.
tion, the non-parametric Kruskal Wallis test was used.
ANOVA for repeated measurements or the corre-

sponding non-parametric Friedmann tests were used to

compare data obtained in repeated samplings. The

percentages of positivity for FCoV in the three groups

were compared using the chi-squared test.
3. Results

All cats were FIV- and FeLV-negative, while FCoV-

positive cats were present in all groups. The percentage

of positive animals was higher ðP < 0:001Þ in cats with

FIP (90.6%) than in other groups (group 1: 25%; group

2: 36.4%).

Results from FCoV-exposed cats did not significantly

differ from those of controls, whereas cats with FIP had
increased total globulins and globulin fractions, except

for a1-globulins, and increased APPs (Table 2). How-

ever, b- and c-globulins were higher compared to con-
ease

Cat No. 57

T53 T0a T40

9.8 9.8 12.0

0.38 0.50 0.18

2.70 3.25 1.81

7.10 6.55 10.19

0.16 0.56 0.52

0.30 1.36 0.86

1.14 1.41 1.15

5.50 3.21 7.66

n.d. 120.22 122.05

1.41 2.56 2.10

1.65 2.68 5.41

n.d. 2.089 5.67

n.d. 1.21 0.74

after T0, respectively.

T83 ANOVA Tukey HSD Test

* **

32 7:45� 0:54 ** T 53 vs. T 28; T 83 T 53 vs. T 0

23 0:77� 0:07 n.s.

36 3:23� 0:07 * T 0 vs. T 53

55 4:22� 0:49 n.s.

06 0:49� 0:41 n.s.

20 0:64� 0:16 n.s.

26 0:67� 0:23 n.s.

31 2:41� 0:17 n.s.

87 6:83� 0:46 n.s.

87 1:27� 0:46 n.s.

38 0:92� 0:44 n.s.

ys after T0, respectively; n.s., not significant.
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trols, but not to FCoV-exposed cats. The results from
cats with wet FIP were not significantly different from

those obtained in cats with dry FIP.

After the appearance of clinical symptoms, a1-, a2-
globulins and Hp decreased, while c-globulins increased
in both the cats with FIP (Table 3). b-Globulins and

AGP were however different in these two cats and SAA

did not change in the single cat in which it was
Fig. 3. a1-Acid glycoprotein concentrations (mg/mL) in the four

samples FCoV-exposed cats.

Fig. 1. Serum amyloid A concentrations (lg/mL) in the four samples

from FCoV-exposed cats.

Fig. 2. Haptoglobin concentrations (mg/mL) in the four samples from

FCoV-exposed cats.
measured. Total proteins and albumins significantly
decreased at T 53 in FcoV-exposed cats (Table 4). No

other significant changes were detectable, in spite of an

increase of mean values of a2-globulin from T0 to T83
and of the APPs at T28 and/or a T53 . In fact after the

onset of the disease in the group, transient increases of

the APPs were detected in all four cats, but in different

samplings (Figs. 1–3).
4. Discussion

Cats with anti-FCoVs antibodies were present in both

controls and cats classified as ‘‘FCoV exposed’’, prob-

ably because most of them came from multicat envi-

ronments, where fluctuating antibody titres could be

found (Pedersen, 1995). Nevertheless we considered
separately these two groups due to their different inci-

dences of FIP: in fact, although individual cats with

clinical disease are not more likely to shed the virus than

cats without FIP, the prevalence of FCoV shedding is

higher in catteries with a high incidence of clinical cases

of FIP (Foley et al., 1997). In contrast, the percentage of

seropositivity was higher in cats that developed the

disease, in agreement with previous findings (Pedersen,
1995).

Results from our controls were within reference

ranges (Duthie et al., 1997; Kajikawa et al., 1999; Ka-

neko, 1997; Tizard, 2000), except for IgM and AGP.

Mean AGP values were slightly higher than those re-

ported by Duthie et al. (1997), but that study was un-

dertaken on SPF cats, while we used cats from multicat

environments, where a variety of antigenic stimuli can
induce changes in serum proteins even in the absence of

clinical signs (Kristensen and Barsanti, 1977). IgG and

IgM levels showed a high standard deviation, due to cat

No. 1 (2 and 5.7 g/dL, respectively) which did not show

any clinical symptoms.

No statistically significant differences were detected

between FCoV-exposed cats and controls, most likely

due to the high individual variability of group 2. Com-
pared to controls, cats with FIP shared the typical

electrophoretic changes (Sparkes et al., 1991), and in-

creased APP levels. In particular, a 10-fold increase of

SAA was detectable, thus confirming its role as an APP

in cats (Kajikawa et al., 1999). Although no cats with

diseases other than FIP were included in this study, the

high SAA concentration detected in sick cats suggests

that this protein might also be a marker of FIP, as has
been reported for Hp and AGP (Duthie et al., 1997;

Stoddart et al., 1988). It is interesting to note that the

APPs were particularly high at T0 in cat No. 51, sug-

gesting that an inflammatory reaction was already oc-

curring before the appearance of the symptoms

(Kajikawa et al., 1999). Furthermore, cats with FIP had

high IgG levels, most likely due to antibody production,
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but low IgM concentrations probably reflecting the fact
that most of the cats were at an advanced stage of dis-

ease: in fact, b-globulins, where IgM migrate, increase

only in cases of FIP with recent lesions (Paltrinieri et al.,

2001). Unfortunately it was not possible to repeat the

sampling in the two cats with FIP which were not eu-

thanasized after the diagnosis. The behaviour of b-
globulins and of APPs was different in the two cats

probably depending on the different clinical forms or on
the different times of sampling: in experimentally in-

duced FIP, Hp decreases during the first 20 days post-

infection, then increases (Stoddart et al., 1988).

When a clinical form of FIP appeared in a cattery,

however, all cats of the group shared a transient increase

of SAA and Hp and strong fluctuations of AGP. These

changes were not statistically significant because they

did not simultaneously occur in the different cats. Nev-
ertheless, they suggest the presence of an acute phase

reaction also in cats that did not develop the disease,

maybe as a consequence of the spread of mutated

FCoVs in the cattery.

IgG and IgM levels were quantitatively lower than the

corresponding electrophoretic band (c- and b-globulins,
respectively), in particular in cats with FIP. Non-Ig pro-

teins with c-motility have been already reported (Pal-
trinieri et al., 1998). Although APPs with b-motility (e.g.,

transferrin or CRP) might account for the increase of

b-globulins recorded in FCoV-exposed cats, one could

speculate that the electrophoretic motility of some APPs

might change during FIP, as occurs in humans, maybe

due to changes in their glycosylation pattern (Mackiewicz

and Mackiewicz, 1995; Ducret et al., 1996). This

hypothesis is supported by the finding that AGP con-
centration was often higher than the total amount of

a1-globulins, where AGP should migrate. Moreover the

decrease of a2-globulins, observed in both the cats with

FIP during the course of the disease, is not due to a

quantitatively similar decrease of APPs. SAA concen-

tration was too low (lg/mL) to influence the total a2-
globulin concentration, but changes of Hp levels should

induce changes in the corresponding electrophoretic
band. In contrast, the decrease of a2-globulins in cats with
FIP was higher than that of Hp, probably due to the de-

crease of some other ‘‘negative APP’’ (Kaneko, 1997) or

to changes of electrophoretic motility of APPs. The be-

haviour of a2-globulins needs to be further investigated

because it might play a crucial role in the pathogenesis of

the disease. This fraction decreased during FIP, but

slightly increased in FCoV-exposed cats.
In conclusion, this study confirms the possible diag-

nostic role for APPs in FIP. After the onset of a clinical

form of FIP, the concentration of APPs increased in all

the exposed cats in the cattery. These changes were

transient in cats that did not develop FIP, but persisted

in one cat that developed the clinical form of the disease.

Furthermore, a2-globulins increased in FCoV-exposed
cats, but decreased in cats that developed the disease.
Further studies on APPs might allow us to understand

better the pathogenesis and possible mechanisms of re-

sistance or susceptibility to FIP.
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