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Effect of Feline Interferon-Omega on the Survival Time and Quality
of Life of Cats with Feline Infectious Peritonitis

Susanne Ritz, Herman Egberink, and Katrin Hartmann

Background: There is no therapy with proven efficacy to treat cats with feline infectious peritonitis (FIP).

Hypothesis: Feline interferon-omega (FelFN-m) prolongs survival time and increases quality of life in cats with FIP.

Animals: Thirty-seven privately owned cats were subjects of this study.

Methods: The study was performed as a placebo-controlled double-blind trial. Feline infectious peritonitis was confirmed
by histology or immunostaining of feline coronavirus (FCoV) antigen in effusion or tissue macrophages or both. The cats
were randomly selected for treatment with either FeIFN-o or a placebo. All cats received adjunctive treatment with
glucocorticoids and antibiotics and passive immunization with Feliserin.

Results: There was no statistically significant difference in the survival time of cats treated with FelFN-® versus placebo or
in any other variable evaluated (with the exception of the lymphocyte count). The cats survived between 3 and 200 days
(median, 9 days). There was only 1 long-term survivor (>3 months), and the cat was in the FeIFN-o group.

Conclusion and Clinical Relevance: No effect of FeIFN-o on survival time or quality of life could be demonstrated in this

study.
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eline infectious peritonitis (FIP) is a common
disease of cats that occurs worldwide.' It is an
immune-mediated disease that is triggered by infection
with a feline coronavirus (FCoV).? FCoV exists in 2
serotypes (serotype I and II),’ which differ in growing
behavior and cell cytotoxicity in vitro but not in their
potential to cause FIP.* FIP is a deadly disease, and
there are no confirmed reports of cats that have
recovered from it. Although anecdotal reports state that
some cats might survive 2-5 weeks after onset of clinical
signs,’ the duration of survival is poorly documented.
Several studies of treatment of cats with FIP have
been published. However, only a few had more than 12
cats per group, most studies did not include control
groups, and FIP was not reliably confirmed. Recently 12
cats suspected of having FIP were treated with 10° U/kg
feline interferon-omega (FeIFN-o) every other day until
remission, followed by weekly injections. Four of the 12
cats lived longer than 2 years. No control group was
included in the study.
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The aim of this study was to evaluate the efficacy of
FelFN-o in cats with a confirmed diagnosis of FIP in
a placebo-controlled double-blind trial.

Materials and Methods
Cats Included

The study was designed as a randomized double-blind study
including 37 cats. Inclusion criterion to enter the study was the
definitive diagnosis of FIP. All cats were presented to the Clinic of
Small Animal Internal Medicine, Ludwig Maximilian University
Munich, Germany. Cats were included in the study from August
2004 to April 2006. An informed consent of participation signed by
the owners was obtained for all cats. This study fulfilled the general
German guidelines for prospective studies with owners’ consents.
These cats were consecutive cases with confirmed FIP that had
owners willing to participate in the study.

Effusion was present in 36 of the 37 cats (97%). The diagnosis in
these cats was confirmed by detection of FCoV antigen in
macrophages in the effusion.® Biopsies of the liver, mesenteric
lymph nodes, kidney, spleen, and omentum had typical histologic
signs of FIP and positive immunohistochemical staining of FCoV
antigen in macrophages in the remaining cat.” Only cats that were
feline leukemia virus—(FeLV) and feline immunodeficiency virus
(FIV)-negative on Speed DUO FeLV-FIV test* were included.
Cats were excluded if they survived fewer than 72 hours after
treatment initiation.

Study Design

The study was performed as a placebo-controlled, double-blind
study. A follow-up period of 1| year was planned. Cats were
randomly assigned to 1 of 2 study groups with a table of random
numbers. FelFN-o° dosage was based on a previous study.® Cats of
the interferon group (21 cats) received 10° U/kg (0.1 mL/kg)
FelFN-o subcutaneously every 24 hours for 8 days. After day 8,
cats received 10° U/kg FeIFN-o once a week for a total of 1 year or
until euthanasia. Cats of the placebo group (16 cats) received 0.1-
mL physiologic saline as a placebo at the same schedule. Both
substances were coded and could not be distinguished either by the
clinicians or technicians treating the cats in the teaching hospital or
by the owners. The code was broken after all cats had been treated
and all results had been obtained.

All cats were treated with glucocorticoids. In case of effusion,
1-mg/kg dexamethasone® was administered intraperitoneally or
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intrathoracically every 24 hours as long as effusion was present but
no longer than 7 days. After effusion vanished or at day 8, 2 mg/kg
prednisolone®® was administered PO every 24 hours. Cats without
effusion received 2 mg/kg prednisolone every 24 hours from the
very beginning. Additional treatment of all cats included amoxi-
cillin/clavulanic acid® (12.5 mg/kg IV every 12 hours for 8 days),
dalteparin-natrium# (75 IU/kg subcutaneously every 12 hours for
5 days, then gradually tapered during next 2 days), and a product
(Feliserim) containing antibodies" against feline parvovirus (FPV),
feline herpesvirus (FHV), and feline calicivirus (FCV) (4 mL
subcutaneously once). These immunoglobulins were given because
many cats were not properly vaccinated and because of their
increased risk of acquiring an infectious disease due to immune
suppression (use of high-dose glucocorticoids) and their higher risk
of acquiring an secondary infections during the hospitalization
phase. Antibiotics were administered to minimize the risk of
bacterial infection because paracentesis was performed daily. Cats
additionally received nutrition management and fluid therapy, as
needed.

Examination Schedule

All cats were hospitalized during the first 8 days after treatment
initiation. During hospitalization, physical and ultrasound exam-
inations were performed daily. Depending on their health status,
cats were returned to their owners after day 8. The owners were
asked to judge their cats every day and to fill in a provided diary
recording temperature, respiratory rate, weight, length of sleeping
time, eating, playing, and grooming behaviour, as well as any
problem noticed by the owners. Follow-up examinations in the
teaching hospital were scheduled on days 7, 14, 30, 90, 180, and
360, including physical examination and ultrasound to detect the
presence of effusion.

The general condition was characterized by the Karnofsky’s
score. The index enables judgment of quality of life and well-being
in cats by means of a score from 100% (absolutely healthy and
happy) to 0% (dead).” A CBC and a small animal biochemistry
profile were performed on day 0 (day of starting treatment) as well
as on days 7, 14, 30, 90, 180, and 360.

Data Analysis

The cats were assigned to 4 groups according to their survival
time. Cats were defined as “very short-term survivors,” living
<7 days; “‘short-term survivors,” living =7 but <21 days; “medi-
um-term survivors,” living =21 days but <3 months; and “long-
term survivors,” living =3 months (Table 1). Statistical analysis
was performed with SPSS, Version 13.0.0." Variables compared
between both groups included Karnofsky’s score, erythrocytes,
hematocrit, platelets, hemoglobin, leukocytes, monocytes, lympho-
cytes, banded neutrophils, mature neutrophils, eosinophils, baso-
phils, alanine aminotransferase, alkaline phosphatase, bilirubin,
protein, albumin, urea, creatinine, glucose, chloride, and phospho-
rus. A difference in the survival time between both groups was
evaluated with a log-rank test. Differences between the 2 groups at
day 0 (to rule out a bias between groups), day 7, and day 14 were

Table 1.

investigated with a Student’s #-test or a Mann-Whitney U-test. The
t-test was used for normally distributed data; the Mann-Whitney
U-test was used for all other parameters. P values of = .05 were
considered significant. A Bonferroni correction was performed to
rule out multiple test interference. A 5% significance level was
assumed for all variables, and thus, .05 was divided through the
number of tests performed (44). Therefore, a final P = .002 for
each variable was considered significant.

Results

Thirty-two cats (87%) were European Shorthair cats,
3 (8%) were British Shorthair cats, and 2 (5%) were
Persian cats. Age ranged from 8 weeks to 7 years (mean,
1 year; median, 0.5 years). Twenty (54%) cats were
younger than 6 months; 34 (92%) cats were younger
than 24 months. Twenty-six (70%) cats were male (14
neutered), and 11 (30%), female (3 neutered). Of the 36
cats that presented with effusion, 31 (86%) had ascites, 2
(6%) had ascites and scrotal effusion, 2 (6%) had
thoracic effusion, and 1 cat (3%) had ascites as well as
thoracic effusion. Twenty cats were randomly assigned
to the FelFN-o group, and 17 cats to the placebo
group.

There was no statistically significant difference in any
variable on day 0 between cats later treated with FeIFN-
o and those that later received placebo (Table 2). There
was a significant difference (P = .001) between the
lymphocyte counts (reference interval 1-4 X 10°/L) of
FelFN-wo-treated versus cats receiving placebo on day 7.
In the FeIFN-o group, the mean lymphocyte count was
0.5 = 0.7 X 10°L; in the placebo group, the mean
lymphocyte count was 1.7 = 2.1 X 10°/L. There was no
statistically significant difference in the Karnofsky’s
score of both groups on any of the days evaluated (day
0 to day 14) (Fig 1). No statistical evaluation was
performed after day 14 because only 5 cats remained in
the study.

Cats survived between 3 and 200 days (median,
9 days). The median survival time of cats belonging to
the FelFN-o group was 9 days. Median survival time of
the placebo group was 8 days. The difference in survival
time between both groups was not significant (log-rank
test, P = .6290) (Fig 2). Thirty-two of 37 (87%) of cats
survived fewer than 4 weeks. Cats were classified in 4
groups according to their survival time (Table 1). Seven
of the 37 cats improved in their general condition during
treatment (2 cats receiving FelFN-w, 5 cats receiving
placebo). Five cats (the long-term survivor and 4
medium-term survivors) developed a secondary infec-
tion (upper respiratory tract disease, panleukopenia, or
bacterial cystitis) during treatment (after 9, 25, 51, and

Classification of the cats in 4 groups according to their survival time.

Very Short-Term Survivors

Short-Term Survivors

Medium-Term Survivors Long-Term Survivors

Cats (<74d) (=7 to <21 d) (=21to <34d) (=3 mo)
FelFN-o group 8 (8/21) 10 (10/21) 2 (2121) 1(1/21)
Placebo group 8 (8/16) 4 (4/16) 4 (4/16) 0 (0/16)
All cats 16 (16/37) 14 (14/37) 6 (6/37) 1(1/37)

FelFN-o, feline interferon-omega.
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Table 2. Variables on day 0 and P value of all parameters showing (bold) or denying a significant difference between

the FeIFN-o and the placebo group on days 7 and 14.

Day 0

Day 0 Day 7 Day 14

FelFN-o Group

Placebo Group FelFN-o vs Placebo  FelFN-o vs Placebo

Parameter Unit (mean = SD) (mean = SD) (P value) (P value)
Karnofsky % 73 = 10 76 = 12 443 .393
Erythrocytes X10"2/L 7.70 = 2.58 6.98 = 1.15 .896 .662
Hematocrit L/L 0.319 = 0.101 0.279 = 0.068 227 .705
Platelets X 10°/L 218.0 = 113.9 307.0 = 218.4 120 519
Hemoglobin mM 6.45 £ 2.04 5.90 = 1.10 .663 317
Leukocytes X 10°/L 18.56 + 9.33 16.20 = 10.25 .664 .024
Monocytes X 10°/L 0.31 =045 0.25 = 0.42 .705 452
Lymphocytes X10°/L 1.24 = 1.70 1.45 £1.23 .001 .143
Band neutrophils X 10°/L 0.94 + 1.36 0.53 = 1.14 .554 786
Mature neutrophils X 10°/L 16.0 = 8.44 13.35 = 9.16 .808 .036
Eosinophils X 10°/L 0.05 = 0.12 0.11 = 0.30 .393 714
Basophils X10°/L 0.00 = 0.00 0.00 = 0.00 .695 1.000
ALT U/L 73.3 £ 749 424 =222 941 .067
ALP U/L 28.0 =243 20.0 = 18.1 1.000 297
Bilirubin uM 29.3 = 32.1 32.3 = 40.5 .051 .879
Protein g/L 77.1 = 164 73.5 £ 19.7 .843 1.000
Albumin g/L 224 =39 23.0 = 4.5 317 1.000
Urea mM 691 = 2.14 6.62 = 1.90 .370 .037
Creatinine uM 60.2 £ 233 57.8 £25.0 341 .620
Glucose mM 7.19 £ 245 5.76 = 1.50 766 .074
Chloride mM 116 = 1 116 = 8 175 .629
Phosphorus mM 2.01 = 0.37 1.90 = 0.41 295 110

FelFN-o, feline interferon-omega; Karnofsky, Karnofsky’s score; ALT, alanine aminotransferase; ALP, alkaline phosphatase.

180 days, respectively), after which they deteriorated
rapidly and died or had to be euthanized after 22, 26, 53,
and 200 days, respectively. The effusion resolved in 6
cats during treatment (3 cats receiving FeIFN-o, 3 cats
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Fig 1. Karnofsky’s scores, an indicator of quality of life, of cats

treated with feline interferon-omega and of cats treated with
placebo from day 0 to day 14. The error bars have a coincidence
interval of 95%, and the other bar represents the median.

receiving placebo). Of these 6 cats, the long-term
survivor, 1 medium-term survivor, and 1 very short-
term survivor received FelFN-o. The other 3 cats in
which the effusion resolved received placebo (3 medium-
term survivors). Effusion relapsed in all 6 cats a few days
before they were euthanized.
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Fig 2. Kaplan-Meier survival curve of cats treated with feline
interferon-omega and cats treated with a placebo.
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Discussion

Nearly all cats (36/37, 97%) in this study presented
with effusion. In other studies, between 60 and 84% of
the cats with FIP had effusions.*'®'" It is far more
difficult to diagnose FIP if no effusion is present. More
invasive techniques (biopsies in laparoscopy or laparot-
omy) are required to confirm FIP in such cases.
Therefore, it is likely that the proportion of cats with
effusive FIP might be over-represented in the present
study because only cats with confirmed diagnosis were
enrolled.

There are only a few reports on survival times of cats
with FIP, most of them being only anecdotal reports
without clearly defining survival time after definitive
diagnosis of FIP.>'? Thus, a comparison of the survival
time in the present study with published data is difficult.
There was no significant difference in the survival time
or the Karnofsky’s scores of cats treated with FeIFN-o
versus cats treated with placebo. A difference between
groups was found only in that cats treated with FeIFN-
o had a significantly lower lymphocyte count. The most
likely explanation is a direct effect of the FeIFN-® on
the lymphocyte count.

The reasons for the lack of efficacy of FelFN-o
compared with placebo are uncertain. The FelFN-o
might not reach tissue concentrations sufficient to
exhibit an antiviral effect. FelFN-o could not be found
in the brain, and only traces could be detected in muscle
tissue.” Thus, FelFN-o might not have reached the
necessary concentration in all tissues to affect FCoV
replication in the cats of the present study. In addition,
FelFN-o has a half-life of 31 = 5 minutes, and
treatment intervals in the present study might have been
too long. However, its action is much longer than its
half-life because FeIFN-® activates the cellular enzyme
2',5'-oligoadenylate synthetase, which stays active for
more than 3 days after induction. This enzyme is mainly
responsible for the antiviral action."

Alternatively, treatment might have been initiated too
late. If immune-mediated processes in FIP become
autonomous and proceed independently of the presence
of the virus, a reduction of the virus load through
FelFN-» might not have any appreciable effect. Signs of
FIP become apparent 1-2 weeks after experimental
inoculation of mutated FCoV.'* Ideally, therapy should
start at the time of the mutation, before the mutated
virus replicates and invades different tissues. The time
point of mutation, however, cannot be detected because
mutation precedes clinical signs, and a diagnosis is not
possible until severe immune-mediated reactions are
present.

Previously 4 of 12 cats treated with FeIFN-o survived
longer than 2 years.® However, in this current study the
longest survival time was 200 days in 1 single cat. There
are 3 potential reasons why the results of the present
study are different from those in the study of Ishida et al
(2004).% The first reason for the discrepancy could be the
predominance of different serotypes of FCoV (serotype
I versus serotype I1).* In Japan, 30% of cats having FIP
are infected with serotype I1,'* whereas in Europe, only

14% harbor serotype I1.'* The prognosis might be better
in cats infected with serotype II.

A second possible reason could be the additional
drugs used in the study. Cats received an immunosup-
pressive dose of glucocorticoids (2 mg/kg) in the present
study, which seemed to promote secondary infections in
5 cats. These cats had improved, and other infections
preceded the recurrence of the signs of FIP. Potentially,
a slow tapering of the glucocorticoids might be better in
cats living longer than 3 weeks to reduce the risk of
secondary infections. In the present study, cats received
amoxicillin/clavulanic acid and passive immunization in
addition. Amoxicillin/clavulanic acid was chosen be-
cause of its broad antimicrobial spectrum and because
of its few adverse effects, especially in young cats.
However, amoxicillin/clavulanic acid is reported to
inhibit the interferon-gamma (interferon-y) activity in
human lung epithelia cell lines in vitro,'” but no effect
could be detected in an in vivo study in humans.'® Thus,
it might have suppressed endogenous interferon-y in the
cats, which is reported to play an important role in the
battle against the virus.' Potentially, it also might have
decreased the effect of the FeIFN-». The immune serum
used as adjunctive therapy reduces the risk for virus
infections.” No adverse effects of the immune serum are
known, and thus, it is unlikely that its application had
influence on the outcome of the study.

The third reason explaining the different results could
be the fact that the cats in the study of Ishida et al
(2004)* had other diseases and not FIP. FIP was not
confirmed in any of the 4 cats living at least 2 years in
their study.

There are a few studies that used human interferon-
alpha (interferon-o) to treat cats with FIP. In vitro, the
antiviral efficacy of human interferon-o against a FIP-
causing FCoV strain was demonstrated.”’ Bolcskei and
Bilkei (1995)** treated 29 cats suspected of having FIP
with different drugs (in 5 groups), and 1 group received
human interferon-oo (6 X 10° Ul/cat 5 days a week for
3 weeks), but in this study, FIP was not confirmed but
only suspected. Weiss et al (1990)'* did a study in 74
specific pathogen-free cats (52 treated, 22 controls) in
which FIP was induced experimentally."* Neither the
prophylactic nor the therapeutic administration of high
doses of interferon-o (10* U/kg or 10° U/kg) or feline
interferon-beta (10° U/kg) significantly reduced mortal-
ity in treated versus untreated cats. However, in cats
treated with 10° U/kg interferon-o;, the survival time
was significantly increased (from 5 days in untreated
cats to 14 days in treated cats) when treatment was
started before virus inoculation. The major difference
between the study of Weiss et al (1990)"* and the
present study is the time point of treatment initiation.
Weiss et al (1990)"* started the human interferon-
o treatment before virus was inoculated, whereas the
FelFN-o treatment in the present study was started
after FIP had developed. FeIFN-o also might be more
effective if started earlier, but this is not of relevance in
the treatment of cats with FIP in the field because
a diagnosis needs to be obtained before treatment is
started.
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Footnotes

#Bio Veto Test-Diagnostic Veterinaire, La Seyne-sur-mer, France

®Virbagen Omega, Virbac SA, Carros, France

©Hexadreson, Intervet, UnterschleiBheim, Germany

4 Prednisolon, 2 mg, GALENpharma GmbH, Kiel, Germany

¢ Prednisolon, 5 mg, CP-Pharma, Burgdorf, Germany

fAugmentan, GlaxoSmithKline GmbH & Co KG, Munich,
Germany

€ Fragmin, Pfizer Pharma GmbH, Karlsruhe, Germany

" FELISERIN, Impfstoffwerk Dessau-Tornau GmbH, Rodleben,
Germany

'SPSS Inc, Chicago, IL
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