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Abstract

Administration of recombinant feline interferon-w (rFelFN) has been proposed for the prophylaxis of canine and feline
parvovirosis. In the present study, the influence of the administration of rFeIFN on blood markers of inflammation (a-globulins, o-
acid glycoprotein) and immune system activation (y-globulins, IgG, IgM, specific anti-feline parvovirus IgG or IgM) was evaluated
in a cattery developing an outbreak of feline panleukopenia due to feline parvovirus (FPV) infection few days after initial
administration of rFelFN. Kittens (n = 23) were injected with rFelFN (1 MU/kg subcutaneoulsy, once a day for 3 days) and their
blood parameters were compared with those of 17 untreated cats. Cats that survived the outbreak were vaccinated and re-sampled 1
month after the last rFeIFN administration. Time of emergence of clinical signs and survival rate were not significantly different
between the two groups. Controls and treated cats surviving the infection had high levels of y-globulins, total- and anti-FPV specific
IgGs, likely due to passive transfer of maternal immunity. Compared to controls, treated kittens had lower levels of «-globulins and
higher mean values of y-globulins and immunoglobulins. Data from samples collected after vaccination revealed a higher level of y-
globulins, total- and anti-FPV specific IgGs in treated kittens, compared with controls, suggesting that rFeIFN stimulates antibody
production. Based on this results, rFeIFN should be administered to the queen, to increase passive maternal immunity, or to kittens
before introduction in a potentially contaminated environment.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The “Interferon family” includes cytokines with
non-specific antiviral, anti-proliferative, anti-inflam-
matory and immunomodulatory activities. Specifi-
cally, type I interferons (IFN) include IFN-a, IFN-f3 e
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IFN-w (Wonderling et al., 2002). Type I IFNs are
produced by virus-infected cells and interact with
specific receptors on adjacent cells, which are induced
to transcribe genes coding for antiviral proteins. As a
consequence, viral replication and viral protein
synthesis decrease (Ueda et al., 1993b; Uchino,
1995; Tilg, 1997; Stark et al., 1998; Wonderling
et al., 2002). Type II interferons include IFN-vy
(Wonderling et al., 2002), produced by T-lymphocytes
and NK cells. IFN-vy has a prevalent immunomodu-
latory activity, characterized by the activation of
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macrophages, T-lymphocytes, NK cells and, to a lesser
extent, of B cells (Mond et al., 1986; Bohem et al.,
1997). Several virus types have been demonstrated to
modulate IFN production (Uchino, 1995; Stark et al.,
1998). Moreover, the administration of exogenous
IFNs in a population with high prevalence of viral
diseases or during the early phase of viral infection
inhibits viral replication. Thus, the administration of
IFNs may demonstrate a prophylactic effect or may
prevent the worsening of certain viral diseases (Truyen
et al., 2002). The administration of exogenous human
IFN does not induce severe side effects in cats (Miiller,
2002), but, as an exogenous antigen, induces the
production of neutralizing antibodies with inhibition
of the therapeutic effects of the active principle
(Zeidner et al., 1990; Miiller, 2002). The administra-
tion of a species-specific feline IFN is able to by-pass
this problem (Miiller, 2002; Truyen et al., 2002).

Recombinant feline IFN-w (rFelFN) has 65%
homology with human IFNs (Ueda et al., 1993b),
and has antiviral, pharmacokinetic and pharmacological
properties similar to that of human IFN-w (Ueda et al.,
1993a,b). In vitro, rFelFN has a proven antiviral effect
against several viruses including parvovirus, herpes-
virus, calicivirus, coronavirus and rotavirus (Mochizuki
et al., 1994; Miiller, 2002; Truyen et al., 2002). In vivo,
rFelFN has been mainly used in dogs with experimental
or spontaneous parvoviral infections, with consequent
clinical improvement, normalization of CBC results and
reduction of the mortality rate (Ishiwata et al., 1998;
Minagawa et al., 1999; Martin et al., 2002). In dogs,
rFelFN has also been successfully used, associated with
vaccination, to prevent outbreaks of canine parvovirosis
(Uchino, 1995). The efficacy of rFelFN in cats with
feline infectious peritonitis, or infected with feline
immunodeficiency virus, feline leukaemia virus and
feline calicivirus has also been reported (Uchino, 1995;
Mihaljevic, 2003; De Mari et al., 2004; Ishida et al.,
2004). However, no data on the effect of rFeIFN in cases
of spontaneous feline panleukopenia (FP), caused by
the feline parvovirus (FPV), are available. The
administration of rFelFN in kittens with FP seems
not to influence the course of the disease (personal
observations). Nevertheless, in the case rFeIFN would
modulate inflammatory or immune response, the
administration of rFelFN may be integrated in
conventional therapies or it may be considered for
prophylactic plans against FP in catteries.

Aim of the current study was, thus, to investigate the
possible influence of rFelFN administration on the
inflammatory and immune response of kittens living in
a rescue shelter characterized by a high prevalence of

FPV infection and treated just before the occurrence of
an FP outbreak.

2. Materials and methods
2.1. Animals and experimental design

Serum samples were collected from cats living in a
rescue shelter which hosts approximately 80 adult cats
and more than 250 kittens per year. The shelter was
chosen since it had a record of recurring, early summer
severe outbreaks of FP in Kkittens.

All sheltered kittens with an age range of 50-70 days
were included in the study. They were randomly divided
in two groups: 17 ““controls”, which did not receive the
treatment, and 23 ““treated”’, which received 1 MU/kg
of rFelFN (Virbagen omega, Virbac, Carros Cedex,
France) subcutaneoulsy, once a day for 3 days, as
suggested for cats affected by other viral disorders
(Ishida et al., 2004). Approximately 1 week prior to the
expected time of the FP outbreak, the referring
veterinarian started the administration of rFelFN to
the ““treated group”.

After rFelFN administration (day 0), all cats received
a complete daily physical examination for 32 days. Any
abnormal clinical finding or any death were recorded,
especially in the case of clinical signs consistent with
feline panleukopenia. In the case of clinical signs,
supportive therapy (chosen on the basis of the prevalent
clinical signs) was administered, to both controls and
treated kittens.

Blood samples were collected from 9 controls and 12
treated cats, irrespective of the presence of clinical
signs, in a period ranging from days 5 to 11.

In each of the two groups, 7 cats among those that
were still alive and not symptomatic after the outbreak
were randomly selected and were vaccinated against
feline panleukopenia, calicivirosis and herpesvirosis
(Feligen CRP, Virbac) 7 or 14 days after rFelFN
administration.

Additional blood samples were collected on day 32
from 2 vaccinated controls and 5 vaccinated treated
cats.

Blood was taken from the jugular vein and put in
plain tubes. Blood samples were immediately submitted
to the laboratory and processed in a blind manner.
Serum was obtained by centrifugation, separated and
stored at —20 °C until the analysis.

A complete post-mortem examination was per-
formed in 9 out of the 24 cats that died with clinical
signs consistent with feline parvovirosis (5 from the
control group and 4 from the treated group).
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2.2. Serum protein electrophoresis and specific
protein measurement

Total proteins were measured in 28 serum samples
by a discrete analyser (EOS-BRAVO, Hospitex, Fire-
nze, Italy) using the Biuret method (Hospitex Firenze,
Italy). Serum protein electrophoresis was performed
using the semimicro method, with cellulose polyacetate
strips (SEAC, Firenze, Italy) in a barbitone and tris-
buffer (Helena Lab. Italia Spa, Assago, MI, Italy). The
strips were run for 40 min, 150 V and then stained for
15min in Red Ponceau (0.5g in 100ml of 5%
trichloroacetic acid), destained in 5% acetic acid and
put in a diaphanising solution (Helena Lab. Italia Spa).
The gels were scanned in a densitometer (BT512,
Biotecnica Instruments, Roma, Italy).

Radial immunodiffusion (RID) kits were used to
measure IgG, IgM (VET-RID, Bethyl Laboratories,
Inc., Montgomery, USA) and AGP (Tridelta Ltd.,
Dublin, Ireland), according with manufacturer’s
instructions.

Concentration of specific anti-parvoviral serum
antibodies were evaluated using commercially available
multiwell-slides coated with Crandell Feline Kidney
Cells infected by the FPV strain TN/CEK-3 (VMRD
Inc., Pullman, WA, USA). Briefly, 50 ul of each serum
sample, diluted 1:25 in PBS were put in each well. After
an incubation of 30 min at 37 °C and washes with PBS,
an anti-feline IgG (Nordic Immunological Laboratories,
Titburg, The Netherlands) was added to each well. After
incubating the well for 30 min at 37 °C and washes with
PBS, slides were coverslipped with glycerine and
examined at 400x under a fluorescence microscope.
Positive wells were considered those with 30-50% of
fluorescent cells. Positive sera were diluted on a two-
fold basis until a negative result was obtained. The
antibody titre corresponded to the last dilution which
provided a positive result.

P=0.13297
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All the above steps were repeated on different slides
using an anti-feline IgM antibody (VMRD Inc.) as a
secondary antibody instead of the anti-feline IgG. Both
positive (FPL positive control, VMRD Inc.) and
negative controls (PBS alone) were included in each
session of tests.

2.3. Statistical analysis

Statistical analysis was performed utilizing the
software Statistica (Statsoft Inc., Tulsa, OK, USA).
Survival curves were designed using the Kaplan—-Meyer
method, and differences between groups were calcu-
lated using the Gean’s Wilcoxon test. Data from
controls and treated animals were compared with a
Student’s r-test for independent samples or, when a
normality test showed that data had a non-normal
distribution, with the corresponding Mann—Withney
non-parametric U-test. Data from repeated samples of
the same animal were compared with a Student’s 7-test
for dependent samples or with the corresponding
Wilcoxon non-parametric test.

3. Results
3.1. Clinical findings and survival rates

An outbreak of feline panleukopenia occurred in the
cattery during the week following rFelFN administra-
tion (from days 2 to 14 after the beginning of the study
period). Clinical signs consistent with FP (vomiting,
diarrhoea, anorexia and sudden death after hyperacute
gastroenteric episodes) were recorded in 13/17 control
cats (76.5%) and in 17/23 treated cats (73.9%). Among
the symptomatic cats, 10/13 controls (76.9%) and 14/17
treated kittens (82.4%) died. Survival rates were 41.2%
(7/17) among controls and 39.1% (9/23) among treated
animals. No significant differences between the two

P=0.27120
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Fig. 1. Time of appearance of signs consistent with feline panleukopenia (A), survival times (B) and results of the statistical comparison between

controls and treated animals.
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Fig. 2. Distribution of results regarding serum protein electrophoresis, AGP, and total and FPV specific IgG and IgM recorded during the outbreak of
feline panleukopenia in controls (C) and in cats treated with rFeIFN (T). White dots: cats that survived the outbreak; black dots: cats that died during

the outbreak.

groups were recorded in terms of time of appearance of
clinical signs or of survival rates (Fig. 1).

Necropsies confirmed the diagnosis of acute feline
parvovirosis in all nine cats examined. All cats had
necrotizing and hemorragic enteritis involving the small
intestine (jejunum and/or ileum). Histology was
characterized by necrosis of the crypt epithelium of
variable severity. Crypts were often dilated, contained
abundant luminal cellular debris and, in some areas,
showed a flattened epithelial lining. In some crypts,
epithelial cell dysplasia was detected. Additional
findings were severe lymphoid depletion in lymph
node cortex and splenic white pulp. Bone marrow was
also moderately to severely hypocellular. The severity
of lesions in lymphoid organs and bone marrow was
similar in controls and treated cats.

3.2. Blood tests

Individual data obtained from control and treated
cats during the outbreak (Fig. 2), evidenced that most
cats surviving the outbreak had higher levels of +y-
globulin, IgG and specific anti-FPV IgG, compared with

those that died. Treated cats had significantly lower
levels of a;-globulins and of AGP compared to controls
(Table 1).

In the blood samples collected at day 32, treated cats
had a significantly higher level of y-globulins, IgG and
anti-FPV specific IgG (Table 1). The same parameters
were significantly higher in treated cats sampled at 32
days after rFelFN administration compared to treated
cats sampled during the outbreak (Table 1).

4. Discussion

The aim of this study was to evaluate the possible
influence of the administration of recombinant feline
IFN-w on serum markers of inflammation and immunity
in kittens living in a rescue shelter characterized by a
high prevalence of feline parvovirus infection. This is,
to our knowledge, the first “in field” study evaluating
the influence of rFelFN. As in any other “in field” study
in feline rescue shelters, this type of approach has the
advantage to correspond to the routine daily practice.
However, the major pitfall is the consequent lack of
standardization. As a matter of fact, in ‘“field studies’ it
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Table 1
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Mean £ S.D. (median) and reference interval at 95th percentiles recorded during the outbreak (CI: controls; TI: cats treated with recombinant feline
interferon-w) and 1 month later (CII: controls; TII: cats treated with recombinant feline interferon-w)

CI TI
Alb 2.72 £0.72 (2.75) 2.25 £ 0.49 (2.45)
(g/dl) 1.57-3.58 1.41-2.78
a;-glob 0.48 = 0.16 (0.45) 0.32 £ 0.12" (0.34)
(g/dl) 0.31-0.77 0.11-0.49
as-glob 0.72 & 0.38 (0.67) 0.57 £ 0.27 (0.57)
(g/dl) 0.36-1.44 0.24-1.07
B-glob 0.98 + 0.33 (0.86) 0.87 = 0.26 (0.85)
(g/dl) 0.64-1.58 0.49-1.38
~-glob 1.00 £ 0.42 (0.86) 1.06 + 0.63 (1.05)
(g/dl) 0.58-1.67 0.13-2.15
AGP 0.17 £ 0.08 (0.17) 0.10 = 0.07" (0.09)
(mg/ml) 0.04-0.28 0.03-0.25
IgG 0.55 & 0.43 (0.35) 0.67 & 0.53 (0.59)
(g/dl) 0.19-1.32 0.14-1.78
IeM 0.24 + 0.13 (0.20) 0.56 = 0.46 (0.55)
(g/dl) 0.07-0.38 0.07-1.37
IgG-FPV 1:144 + 1:169 (1:50) 1:194 + 1:457 (1:25)

1:4-1:400 0-1:1270
IgM-FPV 1:16 &+ 1:19 (1:12) 1:50 & 1:58 (1:25)

0-1:46 0-1:172

CII TI

3.48 £ 1.92 (3.48) 3.31 £ 0.86 (2.96)
2.19-4.76 2.50-4.43

0.18 & 0.09 (0.18) 0.24 £ 0.15 (0.18)
0.11-0.24 0.15-0.48

0.40 & 0.21 (0.40) 0.60 & 0.12 (0.55)
0.26-0.54 0.49-0.75

0.70 + 0.39 (0.70) 0.72 + 0.10 (0.76)
0.43-0.96 0.57-0.81

0.81 £ 0.29 (0.81) 2.44 £ 0.717 (2.66)
0.61-1.00 1.65-3.23

0.06 & 0.04 (0.06) 0.05 £ 0.04 (0.03)
0.03-0.09 0.02-0.11

0.66 + 0.31 (0.66) 1.64 +0.35" (1.85)
0.45-0.87 1.15-1.91

0.22 + 0.03 (0.22) 0.39 & 0.21 (0.38)
0.20-0.24 0.20-0.69

1:300 + 1:141 (1:300) 1:1160 = 1:1268' (1:400)
1:205-1:395 1:220-1:3040
1:37 + 1:18 (1:37) 1:75 £ 1:79 (1:50)
1:25-1:50 1:2-1:190

* P<0.05vs. CL
f P <0.05 vs. CII and vs. TL

is not possible to define the time intercurring between
initial infection and IFN-administration. Additionally,
some cats were not completely worked up since they
died during the night or in the weekends impeding the
collection of “fresh’ blood or tissues. Also, in some
instances, samples were hemolytic and had to be
excluded from the study.

Although the day of the FP outbreak could not be
calculated with precision, the rFelFN administration
was initiated based on the mean outbreak starting dates
recorded in the past years. As expected, the outbreak
occurred during the week after the beginning of the
administration. Specifically, the first clinical signs and/
or deaths were recorded on day 2, when kittens from the
“treated” group were still receiving rFelFN.

The dose of rFelFN was the same administered to
cats with other viral diseases (Ishida et al., 2004). Our
protocol closely resembled the one applied to the canine
species that is characterized by rFeIFN administration
followed by vaccination either during the introduction
of animals in a contaminated environment or immedi-
ately after the appearance of clinical signs consistent
with the disease (Uchino, 1995; Martin et al., 2002;
Truyen et al., 2002) Unfortunately, it was not possible to

perform necropsies in all dead cats due to the poor
conditions of the carcasses or to investigate the presence
of feline panleukopenia viruses in the faeces of
survivors or to perform leukocyte counts in all the
alive symptomatic animals. The incomplete collection
of material as a consequence of the high temperatures,
the long lapse time from death and collection of
samples, did not allow the demonstration of FPV in all
cats included. Nevertheless, the clinical signs recorded
were consistent with acute forms of FP, and necropsies
and histology confirmed this diagnosis in the nine cats
that could be examined. These findings, coupled with
our knowledge regarding FPV ecology, epidemiology
and clinical presentation, together with the finding of
specific anti-FPV IgM, which are produced during acute
phase of infection, allowed us to conclude that FP was
present in the cattery, and likely affected all cats.
Contrarily to what reported in dogs, in this study the
administration of rFelFN did not influence the
development of clinical signs or the survival rate
during the outbreak (Minagawa et al., 1999; Martin
et al., 2002; De Mari et al., 2003). Nevertheless, the
analysis of serum levels of indirect markers of
inflammation/immunity demonstrated that rFelFN
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influenced the development of inflammation and the
immune response to the FPV.

Although the number of animals included in the
study was comparable with, or greater than, previous
laboratory experiments (Martin et al., 2002; De Mari
et al., 2003), the total number of cats per group was too
low to detect statistically significant differences
between cats with or without clinical signs. Moreover,
a type I statistical error (e.g. overestimation of statistical
significance) might have affected data analysis, due to
the multiple different analyses of biochemical data.
Nevertheless, individual data collected during the
outbreak evidenced high levels of total- and anti-FPV
specific IgG in cats of both groups that were non-
symptomatic at sampling, especially if they survived the
infection. These data support the hypothesis of Pollock
and Carmichael (1982) that maternal passive IgG
transfer protects against parvovirus and allows the
kittens to mount a moderate systemic inflammatory
response that seems to protect them from worsening or
from death. On the contrary, symptomatic cats,
including one kitten that was vaccinated 2 days before
sampling, did not have major electrophoretic changes
(data not shown), likely due to the hyperacute course of
the disease.

The AGP levels from symptomatic and non-
symptomatic control cats were within the range
reported in controls included in previous studies
(Kajikawa et al., 1999). The lack of inflammatory
changes in symptomatic controls may be the conse-
quence of the hyperacute course of the disease although,
in experimentally induced inflammation AGP increases
within 24 h (Kajikawa et al., 1999). Most cats included
in the present study died within few hours from the
appearance of clinical signs or, in some cases, were
found in pre-agonic or agonic state, thus, probably
before the possible increase of circulating AGP. The
concentration of AGP and of a-globulins (the electro-
phoretic fraction on which AGP and other acute phase
proteins migrate) in treated cats was lower than in
controls, suggesting that rFeIFN treatment depressed
the so called ““acute phase reaction’’, most likely trough
its possible influence on the ‘“cytokine network™
responsible for the systemic response to inflammation.
On the contrary, rFelFN administration did not induce
significant changes in y-globulins or in total and FPV
specific antibody classes. However, this should not be
considered surprising, since the interval between the
last treatment and the blood samplings was too low (3-8
days) to evidence changes in these parameters. Never-
theless, the analysis of individual data indicated that
most cats from the treated group had higher levels of

IgM and higher anti-FPV IgM titres compared with
untreated cats, thus, suggesting that, in spite of the short
delay mentioned above, cats from the treated group
were mounting an early IgM-mediated immune-
response against FPV. The mechanism by which
rFelFN exerts this effect cannot be inferred from this
study. However, the hypothesis that rFelFN stimulates
an immune system response was confirmed by the
results obtained on day 32, when treated cats had a more
intense response to the vaccinal trial, with higher levels
of y-globulins, total and FPV specific IgG compared to
control cats.

5. Conclusion

The results of the present study suggest that, in
spontaneous feline panleukopenia, rFelFN does not
have an antiviral effect typical of type I interferons
contrary to what reported in vitro and in dogs
(Mochizuki et al., 1994; Truyen et al., 2002; Ishiwata
et al., 1998; Minagawa et al., 1999; Martin et al., 2002;
De Mari et al., 2003). In treated and in controls kittens,
the viral spread caused similar morbidity and mortality
rates. However, due to the limits of “‘in field” studies it
is not possible to conclude that rFeIFN does not have an
immunotherapeutic role in FPV. On the contrary, treated
animals seem to have a more reactive immune system
(as demonstrated by the vaccinal trial) and a reduced
acute inflammatory responsiveness. This powerful
immunomodulatory activity suggests that rFelFN
treatment of kittens 2 weeks prior to their introduction
into a high risk environment, followed by vaccination,
or preceded by the treatment of the queen to improve the
transfer of passive maternal immunity, may provide
kittens with a good level of IgG when exposed to the
virus. This immunomodulatory effect should be taken
into consideration when designing prophylactic
schemes for the prevention of feline parvoviral
outbreaks.
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