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Abstract

Background Feline infectious peritonitis (FIP), once considered fatal disease with a mortality rate approaching 100%,
has experienced a new therapeutic breakthrough in recent years. The aim of our study was to evaluate selected clin-
icopathological parameters before and after GS- 445124-based treatment of FIP in cats, which could serve as potential
candidates for predicting treatment success and monitoring treatment progress.

Results Pre-treatment haematological parameters in 32 treated cats showed moderate leukocytosis, neutro-

philia, lymphopenia and anaemia, which normalised post-treatment. Pre-treatment values of haemogram-

derived inflammatory markers (ratio of neutrophils to lymphocytes, platelets to lymphocytes, lymphocytes

to monocytes and the systemic immune-inflammatory index) differed significantly from those in the healthy cats
and between patients with effusive and non-effusive disease (p < 0.05). Post-treatment, only the ratio of lymphocytes
to monocytes remained higher; the other three markers were comparable to the control group. The biochemical
results showed characteristic abnormalities (e.g. hyperproteinaemia, hypoalbuminemia, hypergammaglobulinemia,
hyperbilirubinemia), which normalised with treatment. Lactate dehydrogenase activities did not differ significantly
before and after treatment, except in cats with a relapse and one non-responder, which had markedly elevated values
at the time of diagnosis. Analysis of archived blood samples using ELISA revealed significant differences in concen-
tration of acute-phase protein haptoglobin (p=0.004) and pro-inflammatory cytokine tumour necrosis factor-a (p=
0.028) before and after therapy. Therapy didn't elicit any statistically significant changes in concentrations of ferritin,
interleukin- 13 and interleukin- 6.

Conclusions Our findings demonstrate that successful treatment of FIP leads to highly significant changes in most
clinicopathological parameters, including haemogram-derived inflammatory markers. The latter could offer a sim-
ple, inexpensive and readily available alternative to the more commonly used acute phase proteins for monitoring
FIP treatment. Successful therapy leads to a significant decrease in haptoglobin and an increase in tumour necrosis
factor-a. In our study, cats with an unfavourable outcome showed a marked increase in lactate dehydrogenase activ-
ity before therapy, suggesting that this parameter could be a promising prognostic factor in larger studies.
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Background

Feline infectious peritonitis (FIP) is a unique infectious
disease in cats, caused by the feline coronavirus (FCoV).
There are two different biotypes of FCoV: the low-viru-
lence feline enteric coronavirus and the highly-virulent
feline infectious peritonitis virus [1-3]. The majority of
cats overcome the FCoV infection asymptomatically or
exhibit transient upper respiratory or mild gastrointesti-
nal clinical signs [4]. Only a small percentage (up to 10%)
of infected cats develop fulminant systemic disease with
systemic vasculitis and subsequent multiorgan involve-
ment [2]. The mutation, which is responsible for this
scenario, occurs spontaneously in a certain region of the
FCoV genome, leading to a change in cell tropism from
enterocytes to monocytes/macrophages [5]. The fac-
tors contributing to the mutation of the virus and caus-
ing systemic disease are not entirely elucidated and likely
involve a combination of virus mutations and individual
characteristics of each cat, including genetic predisposi-
tion and specific immune response.

Non-specific clinical signs commonly observed in the
early stages of the disease include lethargy, anorexia, fever
refractory to antibiotics, lymphadenopathy and weight
loss [2, 5]. However, in some cases, cats may retain their
body condition [2, 5]. There are two clinical forms of FIP:
wet/effusive and dry/non-effusive, with the former being
easier to diagnose [5]. The most obvious manifestation of
the wet form is ascites; however, thoracic and pericardial
effusion can also occur, leading to dyspnoea and tachyp-
noea. Abdominal organs may be affected by pyogranu-
lomatous lesions and masses [2, 4]. Cats can present with
gastrointestinal signs, including vomiting and diarrhoea.
Ocular and neurological manifestations are also common
in cats with FIP [2, 4].

Until recently, FIP was considered an incurable disease
with an extremely poor prognosis, with a mortality rate
close to 100% [2]. However, in 2019, researchers from UC
Davis published ground-breaking results from a study on
the experimental antiviral drug GS- 441524, a nucleoside
analogue [6]. The study demonstrated an 80% efficacy
rate in treating 31 naturally infected cats. The possibil-
ity of effectively treating a previously untreatable disease,
combined with the drug’s lack of registration for veteri-
nary use, has led to the unique phenomenon of so-called
crowd-sourced antiviral GS- 441524-like therapy [7]. In
the last two years, several studies have been published,
indicating that despite the unlicensed and uncontrolled
production of the drug, it is possible to achieve pro-
nounced clinical effect, leading to up to 94% remission
rate [8—15].

With the advent of a completely new therapy offering
an effective long-term cure, it seems necessary to deter-
mine the predictive and prognostic factors as well as
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parameters that could be used for monitoring the effect
of the therapy. FIP shares some features with COVID-
19: both are caused by a coronavirus infection, and in
both, the infection can either lead to a life-threatening/
fatal form or resolve spontaneously with milder clinical
signs. Numerous predictive factors are known for the
fulminant form of COVID- 19, including neutrophil-
to-lymphocyte ratio (NLR); lymphocyte-to-monocyte
ratio (LMR); platelet-to-lymphocyte ratio (PLR); sys-
temic inflammatory index (SII); lactate dehydrogenase
(LDH) enzyme activity; concentration of cytokines such
as interleukin- 6 (IL- 6), interleukin- 1f3 (IL- 1) and
tumour necrosis factor-a (TNF-a); and acute-phase pro-
teins (APPs) such as ferritin and C-reactive protein [16].
Despite the successful treatment of numerous cats with
GS- 441524-based therapies in the last half decade, only a
few prognostic factors indicating a favourable treatment
outcome have been described. These include a good
appetite and/or activity level, a lower bilirubin concentra-
tion, lower LDH activity [17] and normalisation of alpha-
1-acid glycoprotein (AGP) and serum amyloid A (SAA)
concentrations [11, 18]. Other parameters that can be
used to assess the progress of treatment are the resolu-
tion of lymphopenia and anaemia and the normalisation
of the albumin to globulin (A/G) ratio [5, 11].

The purpose of this study was to evaluate selected clin-
icopathologic parameters (hematological parameters
including haemogram-derived inflammatory markers
and biochemical parameters including concentration
of acute phase proteins and cytokines), before and after
treatment of FIP in cats, which could serve for monitor-
ing the progress of the treatment and as possible candi-
dates for predicting therapeutic outcomes.

Methods
Cats
Blood samples from a total of 35 client-owned cats were
included in this study, which was conducted between
2020 and 2022 at the Small Animal Clinic of the Veteri-
nary faculty of the University of Ljubljana, Slovenia. The
inclusion criteria consisted of a FIP diagnosis, confirmed
by a veterinarian, following the AAFP diagnostic guide-
lines [5]. The diagnosis of FIP was based on relevant
clinical signs with typical clinicopathological test results
(haematology, biochemistry and cytologic examination
of effusions) and the detection of FCoV in body effu-
sions and/or affected organs (spleen, lymph node aspi-
rates) with commercially available RT PCR detection of
mutations in spike proteins (FIP virus RealPCR"™, IDEXX
laboratory).

The study was conducted as a retrospective study,
utilizing clinical and laboratory data and archived
blood samples collected for diagnostics and/or clinical
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monitoring. A total of 32 cats were treated with a non-
licensed antiviral drug containing the adenosine nucleo-
side analogue GS- 441524. At the time of the study, there
were no licensed drugs containing GS- 441524 available
in the European Union; therefore, the therapy was carried
out as decribed in previously reported crowd-sourced
GS- 441524-based therapies [7]. Cats that completed
a 12-week observation period after the completion of
therapy without experiencing a relapse were considered
cured. Three out of 35 cats were not treated, but their
results were included in the statistical pre-treatment
group comparison with the control group.

The following clinical information was collected:
weight before/after treatment, age, sex and neuter status,
presenting clinical signs inclusive of effusive/non-effusive
form, ocular and neurological involvement. In treated
cats, clinical examinations and blood sample collections
were performed at the time of diagnosis and 4, 8 and 12
weeks after the start of treatment. Blood samples were
collected from all cats via venipuncture of the cephalic or
jugular vein. Archived serum samples from 19 cats were
stored at — 80°C for further analyses with the permission
of the caregivers.

Haematology analysis and haematology-derived
inflammatory markers

In all included animals, a complete blood count with a dif-
ferential white blood cell count was performed using an
ADVIA 120 automated haematology analyser with spe-
cies-specific software (Siemens, Germany). From these
results, the following haematology-derived inflamamtory
markers were calculated from absolute counts of relevant
parameters: NLR, LMR and PLR. Additionally SII was
calculated as neutrophills x platelets/lymphocytes. Since
reference values for these haematology-derived inflam-
matory markers are not available for cats, a control group
of 28 age-matched healthy cats was included, for which
the same indexes were calculated. In these cats, the anal-
ysis was performed as a part of a wellnes checkup, and
results were used with the permission of the caregivers.

Biochemistry analysis

The biochemical parameters determined at each time
point were selected at the discretion of the attending
veterinarian, based on the clinical status of each animal.
However, the minimal laboratory workup included the
routine determination of serum urea, creatinine, total
protein and albumin concentrations, and ALT activity.
Serum protein electrophoresis and bilirubin mesurement
were performed in 7 treated cats before treatment and 20
cats after treatment. All biochemical analyses were per-
formed at a commercial laboratory (IDEXX Laboratories,
Germany), and individual values were compared with the
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reference ranges reported by IDEXX Laboratories. Addi-
tionally, LDH activity was determined retrospectively in
stored frozen serum samples. LDH activity was measured
spectrophotometrically using an RX Daytona +auto-
mated biochemical analyser (Randox, Crumlin, United
Kingdom) and a Randox lactate dehydrogenase L-lac-
tate—pyruvate reagent kit in the Diagnostic Laboratory of
the Small Animal Clinic.

Cytokine and APP response

Out of the 19 samples stored with caregivers’ permission,
samples from 8 cats were suitable for the determination
of cytokine and/or APP response. The remaining cats had
either missing samples at crucial time points (e.g. before
or after therapy) due to the caregivers’ lack of compli-
ance, or the volume of the stored samples was insufficient
for analysis.

An additional five blood samples from healthy cats,
collected as part of a wellness check-up during routine
examinations, served as a control group. Cats were con-
sidered healthy based on their history, physical examina-
tion and routine laboratory results (routine haematology
and biochemistry parameters within reference ranges).
Species-specific, commercially available quantita-
tive sandwich ELISA tests were used to determine five
selected serum parameters: IL- 6, TNF-a, IL- 1B, fer-
ritin (Cat IL- 6 ELISA kit, Cat. No.: MBS284478; Cat
TNF-a ELISA kit, Cat. No.: MBS1602676; Cat IL- 1p kit,
Cat. No.: MBS9319075; Cat Ferritin ELISA kit, Cat. No.:
MBS096404; all Mybiosource, USA), and haptoglobin
(Feline and Canine Haptoglobin ELISA kit, Cat. No.:
TE1033, Teco, Switzerland). The standards used to gen-
erate the calibration curve were prepared in six different
concentrations for each kit separately according to the
manufacturer’s recommendations regarding the stated
sensitivity for each parameter. All test samples, standards
and quality controls were analysed in duplicate according
to the manufacturer’s instructions. Optical densities were
measured at 450 nm using a Multiskan FC Microplate
Photometer microplate reader (Thermo Fisher Scientific,
USA), and the average absorbance of the two measure-
ments of each sample was calculated. Sample concentra-
tions were determined using the best-fit standard curve.

Statistical analysis

Results from the initial visit (pre-treatment) and final
checkup (post-treatment, 12 weeks after the start of
therapy) were statistically analysed for the study. The
data were analysed using commercially available software
(IBM SPSS 29, Chicago, lllinois, USA). The Shapiro—Wilk
test was used to determine the data distribution. Based
on the results, parametric or non-parametric tests were
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used to compare the data. We performed the following
comparisons:

(a) for haematology, cytokines and APPs, pre-treat-
ment values of selected parameters (including
results of cats that were not treated, where avail-
able) were compared with values of the control
group. Post-treatment values of these parameters
were compared with those of the control group and,
for parameters where paired results for the same cat
were available, pre- and post-treatment values were
compared to determine the effect of the therapy. In
addition, pre- and post-treatment data were also
compared between cats with the effusive and non-
effusive form of FIP.

(b) For biochemistry results, pre-treatment and post-
treatment values were compared for those param-
eters where paired results for the same cat were
available to determine the effect of the therapy.

Accordingly, an independent t-test was used in cases
of normally distributed data, and the Mann—Whitney
U-test was applied for non-normally distributed data to
test for statistically significant differences in the meas-
ured parameters between FIP cats and the control group
before and after therapy and between cats with the effu-
sive and non-effusive form of FIP. Moreover, the Mann—
Whitney test was used to test for statistically significant
differences in weight between young and adult cats. For
FIP cats, a paired sample t-test was used for normally dis-
tributed data, and a Wilcoxon signed-rank test was used
for non-normally distributed data to compare parameters
before and after therapy. A value of p< 0.05 was consid-
ered significant.

Results

Cats

Thirty-five cats diagnosed with FIP (14 females and 21
males) with a median age of 11 months (IQR: 6.0-24.0
months) and 28 healthy cats (10 females and 18 males)
with a median age of 16.5 months (IQR: 10.0-23.8
months) were included in the study. Although the cats
in the control group were 5.5 months (median) older, the
age difference was not significant (p= 0.065). The study
population comprised 16 domestic shorthair/longhair
cats, 11 British shorthair/longhair cats, 4 Maine Coons
and one each of the following breeds: Ragdoll, Bengal,
Persian and Siberian.

In 23/35 cats (65.7%), the effusive form of FIP was
diagnosed, while in 12/35 (34.2%), the non-effusive
form was observed. Eight of the 35 cats (22.8%) exhib-
ited neurological signs, primarily seizures, ataxia and
incontinence. Six of eight cats with neurological signs
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had non-effusive disease and two had effusive form.
Additionally, 10/35 (28.5%) cats had ocular involve-
ment, primarily manifesting as clinical signs related
to anterior uveitis, including blepharospasm, photo-
phobia, conjunctivitis, myosis, positive flare and low
intraocular pressure. Seven of these cats had non-
effusive form of FIP and three had effusive form. There
were six cats which had both neurological and ocular
clinical signs and all of them had non-effusive disease.

Twenty-nine of the 32 patients (90.6%) were consid-
ered cured after a single course of 12-week therapy. In
2/32 patients (6.25%), both six months old at the time
of the first diagnosis, relapse occurred after the com-
pletion of therapy. One cat (Ragdoll) relapsed within
80 days, and another (Maine Coon) within 30 days.
However, both were treated again with an increased
dosage (approximately 50% higher as the initial dose)
of the same medicine and successfully completed a sec-
ond 12-week observation period without relapse. The
results obtained in both treatment cycles were used
independently in the study. One cat (3.1%) in severe
clinical condition died three days after the start of
therapy.

Complete data regarding weight (before and after
therapy) were available for 29 cats. Before treatment,
the treated cats had significantly (p= 0.010) lower
weight compared to the age-matched control group.
After treatment, the treated cats showed a significant
increase in weight (p< 0.001) (Table 1), which was
no longer significantly lower compared to the control
group (p= 0.192). The increase in weight was signifi-
cant and independent of their age (young cats under
one year (p< 0.001) vs. adult cats over one year (p=
0.001)).

Table 1 Weight in treated and control cats before and after
treatment

Weight [kg] Weight before Weight after p value
treatment [kg] treatment [kg]
Median; IQR Median; IQR
All FIP cats; 2.85; 2.38-4.00 4.50;3.80-5.03 <0.001
n=29
FIP cats <1 year old; 2.55;1.83-3.05 4.18;3.19-465 <0.001
n=16
FIP cats > 1 year old; 3.50;3.01-4.35 4.55;4.00-5.38 0.001
n=13
Control group 3.90; 3.53-4.62*
n=22

" Significant difference in weight in control group cats (p= 0.010) compared to
the group of all FIP cats before treatment; p < 0.05 (bold), significant difference
before vs after treatment; IQR, 25 th - 75 th percentile; n= number of data
included in the statistical analysis
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Haematological parameters

Pre-treatment haematological parameters indicated
moderate leucocytosis with absolute and relative neu-
trophilia and lymphopenia and moderate anaemia
(Table 2). All haematological parameters, with the
exception of platelet and monocyte concentrations,
were significantly different compared to those of the
control group of healthy cats (Table 2). Post-treatment
values of these haematological parameters normal-
ised, showing no significant difference in comparison
with those of the control group. Platelet concentration
was the only parameter that was significantly higher
compared to the control group after treatment (p=
0.002). Similarly, all pre-treatment haemogram-derived
inflammatory markers significantly differed from those
in healthy cats, with NLR (p< 0.001), PLR (p= 0.007)
and SII (p< 0.001) having higher values, and LMR (p=
0.014) having a lower value compared to the control
group (Table 2). Post-treatment, only LMR remained
significantly different compared to healthy cats (p=
0.001).
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Statistical analysis of the effects of treatment on hae-
matological parameters was not possible for all included
cats due to missing data (Table 3). However, all selected
haematological and haemogram-derived inflamma-
tory markers were significantly different post-treatment
compared to pre-treatment values (Table 3). Anaemia
improved markedly, as all erythrocyte-dependent param-
eters (RBC, HCT, HGB) increased significantly after
treatment (all p< 0.001). The most profound change in
the white blood cell differential count was a significant
decrease in neutrophils and a significant increase in lym-
phocytes (both p< 0.001). However, we observed a less
pronounced but still significant decrease in total white
blood cell count (p =0.047). Treatment also had a nota-
ble impact on haemogram-derived inflammatory mark-
ers, as the comparison of pre- and post-treatment results
showed significant differences in all these parameters
(Table 3).

An additional comparison of both pre- and post-
treatment haematological parameters between cats with
effusive and those with non-effusive FIP was performed.

Table 2 Haematological and haemogram-derived inflammatory markers in healthy cats and FIP cats before and after treatment

Parameter HEALTHY cats FIP cats
Before treatment p? After treatment p°
WBC (x 109/L) n=28 n=36 0.006 n=30 0225
8.80; 7.65-12.68 14.57,9.07-20.76 10.60; 8.93-12.10
RBCC (x 10"%/L) n=28 n=36 <0.001 n=30 0.065
9.38 +1.56 7.15+1.90 994 £1.16
HCT® n=28 n=35 <0.001 n=30 0.131
(/D) 0413 £0.059 0.279 £0.067 0.394 £0.051
HGB® n=28 n=36 <0.001 n=30 0.362
(9/L) 1276 £16.1 919+223 131.2£14.0
NEUT n=28 n=36 <0.001 n=30 0.560
(x 10%/L) 4.58;2.74-7.23 12.03;8.26-18.17 4.83;4.17-6.05
LYMPH n=28 n=36 <0.001 n=30 0.102
(x 10%/L) 3.24;2.68-4.26 1.55;1.05-2.74 3.98;2.91-6.09
MONO n=28 n=36 0.839 n=30 0.072
(x 10%/L) 0.290; 0.190-0.608 0.390; 0.150-0.680 0.210; 0.130-0.308
PLT n=28 n=27 0613 n=29 0.002
(x 10°L) 263;221-333 258; 168-346 407; 287-435
NLR n=28 n=36 <0.001 n=30 0234
147;0.82-2.45 743;395-11.13 1.16;0.78-1.58
LMR n=28 n=34 0.014 n=29 0.001
10.50;6.41-15.95 6.01;1.71-12.70 18.50; 14.09-26.93
PLR n=28 n=27 0.007 n=29 0.737
74.9;57.8-1286 156.3;94.2-238.5 88.0;62.1-126.9
Sl (x 10%/L) n=28 n=27 <0.001 n=29 0.503

444.5;1854-6524

2265.7;869.3-31584

431.5;264.2-722.6

IQR (25 th to 75 th percentile); WBC white blood cell count; RBC red blood cell count; HGB haemoglobin concentration; HCT haematocrit; NEUT neutrophil
concentration; LYMPH lymphocyte concentration; MONO monocyte concentration; PLT platelet concentration; NLR neutrophil-to-lymphocyte ratio; LMR lymphocyte-
to-monocyte ratio; PLR platelet-to-lymphocyte ratio; S/l systemic immune-inflammatory index; n number of data included in the statistical analysis

2 control vs FIP before treatment, significant difference, p < 0.05 (bold)

b control vs FIP after treatment, significant difference, p < 0.05 (bold)

values reported as mean +standard deviation, other parameters are reported as median
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Table 3 Haematological parameters and haemogram-derived inflammatory markers before and after treatment of FIP

Haematological parameters Before treatment After treatment p

WBC (x 10%/L); n= 30 11.50; 843-18.60 10.60; 8.93-12.1 0.047
RBC? (x 10'%/L); n= 30 711157 994+1.16 <0.001
HCT? (L/L); n=29 0.276 £0.059 0.394 £0.051 <0.001
HGB? (g/L); n=30 91.1+204 131.2+£140 <0.001
NEUT (x 10%/L); n=30 10.94;581-17.17 4.83;4.17-6.05 <0.001
LYMPH (x 10%/L); n= 30 1.48;1.01-248 3.98;2.91-6.09 <0.001
MONO (x 10%/L); n= 30 0.390; 0.143-0.643 0.210;0.130-0.308 0.016
PLT (x 10%/L); n=23 248; 163-346 400; 283-432 0.006
NLR; n=30 743;4.03-10.28 1.16;0.78-1.58 <0.001
LMR; n= 27 6.33;1.75-12.25 18.50; 14.19-26.35 <0.001
PLR; n=23 144.2,92.1-246.3 91.7,67.4-120.5 0.013
SI(x 10%/L); n=23 2160.4; 869.3-31584 431.5; 247.5-749.0 <0.001

WBC white blood cell count; RBC red blood cell count; HGB haemoglobin concentration; HCT haematocrit; NEUT neutrophil concentration; LYMPH lymphocyte
concentration; MONO monocyte concentration; PLT platelet concentration; NLR neutrophil-to-lymphocyte ratio; LMR lymphocyte-to-monocyte ratio; PLR platelet-to-
lymphocyte ratio; Sif systemic immune-inflammatory index; n number of data included in the statistical analysis

? values reported as mean * standard deviation, other parameters are reported as median and IQR (25 th to 75 th percentile); p < 0.05 (bold), significant difference

before vs after treatment

Statistical analysis revealed significantly higher NLR
(p= 0.044) pre-treatment values in effusive FIP (median:
8.90; IQR: 4.63-14.55) compared to non-effusive FIP
(median: 4.98; IQR: 2.37-8.39). Similarly, pre-treatment
SII values were significantly (p= 0.045) higher in effu-
sive FIP (median: 2719.4 x10°/L; IQR: 1190.0 x 10°/L —
3971.5 x 10°/L) than in non-effusive FIP (median: 1056.5
x 10°/L; IQR: 701.5 x 10°/L — 1804.9 x 10°/L). Conversely,
we observed a much lower, though non-significant (p=
0.052), pre-treatment lymphocyte concentration in effu-
sive FIP (median: 1.23 x10°/L; IQR: 1.02 x 10°/L — 2.20
%x10°/L) than in non-effusive FIP (median: 2.40 x 10°/L;
IQR: 1.31 X 10°/L — 4.69 x 10°/L). All other haematologi-
cal parameters and haemogram-derived inflammatory
markers did not differ significantly between these two
clinical presentations either before or after treatment.

Biochemical parameters

Biochemistry profiles of treated cats, which were per-
formed as a part of the diagnostics of the disease,
revealed hyperproteinaemia with hyperglobulinemia,
hypoalbuminemia, decreased albumin/globulin ratio and
hyperbilirubinemia (Table 4).

Post-treatment biochemical parameters were not
available for all patients; therefore, the comparison of
pre- and post-treatment parameters in treated cats was
based on a smaller subset (Table 4). Therapy profoundly
affected the majority of biochemical parameters, which
returned toward reference values: there was a significant
decrease in the concentrations of total proteins, bilirubin
and absolute and relative globulins (all p< 0.001). Albu-
min levels, A/G ratio and alanine aminotransferase (ALT)

activity significantly increased (all p< 0.001). Electro-
phoresis of serum proteins showed a significant decrease
only in the concentrations of alpha- 2 (p= 0.018) and
gamma globulins (p= 0.028); changes in other fractions
did not reach statistical significance.

Cytokine and APP response

TNF-a concentration (Fig. 1A) significantly increased
after therapy from a median concentration of 77.4 pg/
mL (IQR: 46.5-103.5 pg/mL) to 114.2 pg/ml (IQR:
111.0-158.4 pg/mL) (p= 0.028). Additionally, its median
concentration after therapy was significantly higher com-
pared to the control group (99.0 pg/mL, IQR: 78.7-99.2
pg/mL; p= 0.042). IL- 188 concentration (Fig. 1B) slightly
decreased after therapy, from its median concentration
of 20.3 pg/mL (IQR: 13.9-26.3 pg/mL) to 19.7 pg/mL
(IQR: 15.4-26.3 pg/mL). IL- 6 concentration (Fig. 1C)
decreased from a median concentration of 61.1 pg/mL
(IQR: 36.6—286.0 pg/mL) to 53.4 pg/mL (IQR: 11.2-90.0
pg/mL). However, the changes in these two variables did
not reach statistical significance. Furthermore, there were
no significant differences in IL- 1f3 and IL- 6 concentra-
tions either before or after therapy compared to the con-
trol group.

Of the acute-phase proteins, the haptoglobin concen-
tration (Fig. 2A) showed significant changes after treat-
ment, significantly decreasing (p= 0.018) from 9.91 g/L
(IQR: 6.41. — 10.53 g/L) to 4.77 g/L (IQR: 3.56-5.47).
Compared to the control group, the haptoglobin con-
centration was significantly higher both before (p=
0.004) and after therapy (p= 0.042). However, the post-
treatment concentration almost reached that of the
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Table 4 Selected biochemical parameters before and after treatment of FIP and their reference values

Biochemical parameters Reference values* Before treatment After treatment p

TP? (g/L); n=29 59-87 84.0£15.6 729+6.2 <0.001
ALB? (g/L);n=29 31-47 236+£6.3 36.7+3,6 <0.001
ALB? (%); n=29 44.5-62.3 287 +£89 506+6.2 <0.001
GLOB? (g/L); n=29 28.0-51.0 60.1+16.2 363+7.0 <0.001
GLOB?® (%); n=29 5.9-23 709 +9.6 494 £64 <0.001
A/G%n=29 > 057 0433 +£0.224 1.058 £0.265 <0.001
Alpha- 1 globulins (g/L); n=7 1.6-5.2 1.8;1.6-2.1 2.3;20-25 0.176
Alpha- 2 globulins (g/L); n=7 4.0-128 84;6.1-11.1 5.5;46-74 0.018
Beta- 1 globulins (g/L);n=7 1.9-74 4.5;3.8-5.1 52;50-55 0.150
Beta- 2 globulins (g/L); n="7 2.0-85 7.0;5.8-8.1 6.1;5.0-6.7 0.128
Gamma-globulins (g/L);n=7 3.6-16.9 32.9;,19.0-476 12.7;123-194 0.028
ALT(U/L); n=28 27-110 39.0;31.3-50.8 67.5;50.0-80.0 <0.001
Bilirubin (umol/L); n=25 0-6.8 8.00; 4.05-23.40 3.20; 2.60-3.80 <0.001
LDH (U/L);n=9 21-217 119.0; 80.5-152.5 110.0; 75.5-172.5 0.594

TP total protein concentration; ALB albumin; GLOB globulins; A/G albumin-to-globulin ratio; ALT alanine aminotransferase; LDH lactate dehydrogenase; n number of

data included in the statistical analysis

" IDEXX laboratories; ? values reported as mean =+ standard deviation, other parameters are reported as median and IQR (25 th to 75 th percentile); p < 0.05 (bold),

significant difference before vs after treatment

control group (median: 3.21; IQR: 2.55-3.50 g/L), with
the p-value at the threshold of statistical significance.

Pre-treatment and post-treatment ferritin concentra-
tions (Fig. 2B) of 10.76 ng/mL (IQR: 8.05-12.30 ng/mL)
and 10.52 ng/mL (IQR: 10.00-12.83 ng/mL), respec-
tively, were lower compared to those of the control group
(median: 12.39 ng/mL; IQR: 10.54-13.51 ng/mL); how-
ever, these differences did not reach statistical signifi-
cance in any of the comparisons.

Discussion

Our study demonstrated that clinically successful treat-
ment of FIP in cats results in the normalisation of the
majority of haematological and biochemical parameters
presented at the time of diagnosis, including haemogram-
derived inflammatory markers. This includes parameters
that were severely altered pre-treatment. Furthermore,
we observed a significant decrease in haptoglobin and an
increase of TNF-a following clinical remission.

Specific antiviral treatment with GS- 441524-based
therapy has been demonstrated to be highly successful in
treating FIP in cats. Large-scale studies report remission
rates between 80 and 94%, with some studies even reach-
ing a 100% success rate [6—15, 17, 19, 20]. A relapse rate

(See figure on next page.)

of approximately 10% has been reported in a large-scale
study, which aligns with our findings [19], where relapse
was observed in 2 cats out of a surviving 31. Both of these
cats were successfully treated with a repeated course of
therapy. Notably, one of the two cats that relapsed in our
study was a Ragdoll. Green et al. (2023) reported a poorer
response to therapy in Ragdoll cats, noting a delayed
response to treatment, with 3/5 Ragdoll cats being eutha-
nized [20]. On the other hand, study by Goto et al. [17]
reported that one out of three Ragdoll cats, included in
the study, died. Furthermore, they didn’t observe any
significant differences in short-term mortality between
pedigree and non-pedigree cats. While the number of
Ragdolls in these studies is too low to draw definitive
conclusions, further research should consider investigat-
ing breed-specific responses to treatment, particularly
since pure-bred cats are at higher risk of developing FIP
[5].

An important outcome in treated cats was the signifi-
cant increase in their body weight [21, 22], which was
also confirmed in our study. Notably, the weight gain was
not associated with the accumulation of ascitic fluid, as
ascites resolved within the first month of therapy in all
cats enrolled in the study. FIP commonly affects younger

Fig. 1 Tumour necrosis factor-alpha (TNF-a) (A), interleukin- 1 B (IL- 18) (B) and interleukin- 6 (IL- 6) (C) concentrations before and after FIP
treatment and in the control group of healthy cats. The Mann-Whitney U-test was used to test for statistically significant differences in TNF-a (n
=7),Il-1B (h=5) and IL- 6 (n =7) concentrations between FIP cats and the control group (n =5) before and after therapy. A Wilcoxon signed-rank
test was used to compare TNF-a (n =7), IL- 18 (n =5) and IL- 6 (n =7) concentrations before and after therapy. A value of p < 0.05 was considered

significant
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14 - p = 0.004 (before treatment vs control group)
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Fig. 2 Haptoglobin (A) and ferritin (B) concentrations before and after FIP treatment and in the control group of healthy cats. The Mann—
Whitney U-test was used to test for statistically significant differences in haptoglobin (n =7) and ferritin (n =8) concentrations between FIP cats
and the control group (n =5) before and after therapy. A Wilcoxon signed-rank test was used to compare haptoglobin (n =7) and ferritin (n =8)
concentrations before and after therapy. A value of p < 0.05 was considered significant
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or adolescent cats, and thus it was important to dis-
cern whether growth could be influencing the observed
weight gain. To address this, we divided cats into two
subcategories based on their age (young cats under 1 year
and adult cats over 1 year). Weight gain was significant
in both age groups. Therefore, regular weighing should
be recommended for all cats during FIP treatment, serv-
ing as a simple, non-invasive monitoring tool and for the
necessary adjustment of drug dosages.

The focus of our study was the evaluation of selected
clinicopathologic parameters, with an emphasis on
inflammatory markers, to ascertain if they correlate with
clinical improvement. Routine laboratory findings of
cats at the time of diagnosis displayed typical haemato-
logical and biochemical alterations associated with FIP,
as previously described [12, 15, 18-20, 23]. In summary,
these included lymphopenia with neutrophilia and non-
regenerative anaemia for haematological parameters, and
hyperproteinaemia, hyperglobulinemia, hypoalbumine-
mia, low A/G ratio and pronounced hyperbilirubinemia
for biochemical parameters. An important finding was
that treatment had a profound impact on these parame-
ters. We succeeded in demonstrating a significant change
in almost all clinicopathological parameters compared to
pre-treatment values. Furthermore, the post-treatment
values were either within reference ranges (IDEXX labo-
ratories) or did not differ significantly from the healthy
control group. A similar observation was noted in other
studies describing different approaches to the treatment
of FIP, with either parenteral or peroral application of
GS- 441524 or remdesivir [12, 13, 15, 18-21]. However,
in contrast to our study, the majority of previous studies
relied only on descriptive statistics of clinicopathological
changes during treatment, without using statistical meth-
ods to compare measured parameters, or they compared
a much smaller set of laboratory parameters.

Haemogram-derived inflammatory markers, such as
NLR, LMR, PLR and SII, have already been identified as
prognostic and/or diagnostic markers in various neo-
plastic and inflammatory diseases in cats [24—27], yet
their role in FIP has not been previously studied. Our
study demonstrated that cats with FIP have significantly
higher NLR, PLR and SII levels and significantly lower
LMR levels compared to healthy cats. This is similar to
findings in human patients with acute COVID- 19 [28],
where the severity of clinical signs and treatment out-
comes are associated with the values and dynamics of
haemogram-derived inflammatory markers, particu-
larly NLR [28-30]. The post-treatment values of these
inflammatory markers aligned with those of the healthy
control group, with the exception of LMR, which sig-
nificantly increased beyond the healthy group’s values.
This increase can be attributed to a significant increase
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in the absolute lymphocyte count, which influences
the ratio. Similar normalisation of these inflammatory
parameters has been observed in patients with severe
COVID- 19 who successfully recovered [29]. Another
notable finding in our study was that cats with effusive
FIP had significantly higher NLR and SII levels com-
pared to cats with non-effusive FIP. The difference in
lymphocyte count approached the threshold of statisti-
cal significance (p =0.052), with lower concentrations
observed in effusive cases. If left untreated, effusive FIP
is reported to have a worse prognosis compared to the
non-effusive form of the disease, with an MST of 21.3
days and 38.4 days, respectively [31]. Typically, non-
effusive FIP has a more chronic and less severe clini-
cal presentation, and APP concentrations are usually
lower compared to the effusive form [8, 18], which is
also likely reflected in haemogram-derived inflamma-
tory markers.

Recently, Donato et al. studied the relationship
between NLR, MLR (an inverse value of the parame-
ter we included, LMR) and PLR ratios and other mark-
ers of inflammation in cats [32]. The highest values of
these markers were found in cats with hypoalbumine-
mia, hyperglobulinemia and increased SAA — conditions
typically present in FIP patients — but also with a normal
albumin-to-globulin ratio, and the presence of left shift
response. In the group of cats without any indications of
inflammation, the maximum values of NLR, MLR and
PLR were 11.25, 0.42 and 528.3, respectively, which the
authors propose as possible cut-off values for “cats with
no inflammation” In our study, the vast majority of cats
with FIP had values well below these proposed cut-off
values but were still significantly higher compared to our
healthy control group. These findings align more closely
with results obtained from 76 healthy cats (median NLR
of 1.9) and cats with systemic inflammatory response
syndrome and sepsis (median NLR of approximately 9)
[33]. Given that FIP is a disease related to a pronounced
systemic inflammatory response, which is also reflected
in elevated levels of other inflammatory markers (e.g.
SAA, AGP, etc.), it is reasonable to expect an increase
in haemogram-derived inflammatory markers. The dis-
crepancy between our results and those of Donato could
stem from differences in sample size, the age of the cats
included, methodology (analyser), or, most likely, the dif-
ferent diagnoses of the included cats. In Donato’s study,
none of the cats had FIP, and the group of “cats with no
inflammation” consisted of cats without leucocyte altera-
tions suggestive of inflammation, which does not neces-
sarily equate to healthy cats. Therefore, it is plausible that
the cut-off values proposed by Donato might be too high
or at least warrant further investigation. Nevertheless,
these calculated markers could prove beneficial in clinical
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use, as they are easily measurable, inexpensive and acces-
sible parameters.

Previous publications have reported that approximately
30—40% of cats with FIP exhibit an increase in ALT activ-
ity at the time of diagnosis, which can persist until the
completion of therapy [9, 20, 21]. In our study, only 3
out of 35 cats with FIP (8%) exhibited a minor increase
in ALT activity — the highest value was 178 U/L, which
is approximately 50% above the upper reference limit.
For all these cats, the values normalised after treat-
ment. However, we observed that four cats (11%) with
ALT values within reference limits pre-treatment devel-
oped an increase in ALT activity after treatment. Three
of them had just minor increases (between 119 and 168
U/L, with a reference range of 27 to 110 U/L), and the
fourth, a Ragdoll cat with a relapse, exhibited a three-
fold increase over the upper reference range. This par-
ticular cat also experienced an increase in the activities
of alkaline phosphatase (two-fold increase) and aspartate
transaminase (20% over the higher reference limit) fol-
lowing the second cycle of treatment, which persisted
for at least 6 months. However, the cat remains asympto-
matic and in remission two years later. The measurement
of plasma levels of the therapeutic drug and a liver biopsy
would be of particular interest in this cat to identify any
problems with the metabolism of GS- 441524 and the
mechanism of its possible hepatotoxic effect. There have
been reports of minor and reversible increases in ALT
in human patients with COVID- 19 following treatment
with remdesivir, without any other signs of liver damage
[34]. In feline patients, there have been sporadic obser-
vations of increased ALT during treatment of FIP [9, 19,
20], and they were more pronounced when treatment
included GS, compared to monotherapy with remdesivir
[19]. However, the precise cause of possible hepatopa-
thy associated with administration of remdesivir and
GS- 441524 is still not fully understood [20]. It should
also be noted that all cats in our study were receiving an
unauthorised treatment, so it is possible that this is the
cause of the increase in ALT activity. As more and more
authorised drugs become available, it will become clearer
in the future whether the hepatotoxic effect is intrinsic to
the therapeutic agent or caused by possible unidentified
ingredients in unauthorised products.

Several reports from human medicine have demon-
strated that increased LDH activity indicates a negative
clinical prognosis and higher mortality in human patients
with COVID- 19 [35, 36]. In cats, it is proposed as a prog-
nostic factor in various diseases, such as acute kidney
injury, malignant diseases [37—39] and most recently FIP
[17]. Goto et al. (2025) showed that plasma LDH activ-
ity >323 U/L is associated with short-term mortality in
treated cats with FIP [17]. Our study’s statistical analysis
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of paired LDH activities in cats before and after therapy
did not reveal significant changes. However, LDH activ-
ity above the reference range of our analyser (217 U/L)
was detected in three samples prior to treatment: in both
patients that relapsed (375 U/L in the Ragdoll and 440
U/L in the Maine Coon) and in the only cat that died
within a few days of starting treatment (1080 U/L). This
extremely high LDH activity in the non-surviving cat
supports the findings of Goto et al. [17]. However, in our
study, the two cats with relapse had LDH activities well
above the suggested threshold for short-term mortality
[17], but survived long-term (over 2 years) after the sec-
ond treatment. This is also in contrast to the LDH values
reported by Goto et al. in two presumed relapses, both
of which had LDH activities below 201 U/L. Although
different chemistry principles were used for LDH meas-
urements in Goto’s study compared to our study (dry vs.
wet chemistry), the upper reference limits established for
both analysers are similar (up to 187 U/L vs. up to 217
U/L), so the absolute values of these results are generally
comparable.

Both studies shed light on LDH activity as a promising
prognostic or predictive factor in cats with FIP. There-
fore, future attempts should be made to investigate this
enzyme in more detail as a marker of cell damage. At this
stage, it is not possible to determine whether the increase
in LDH activity in these patients is a consequence of spe-
cific tissue/organ damage or an indicator of a general
inflammatory response. In our case, the cats had no par-
ticular clinical or laboratory features compared to other
cats that would allow speculation as to the cause of the
increased LDH activity. The only common feature of all
three cats was the effusive form of the disease, which is
usually considered to be more acute with a more pro-
nounced systemic inflammatory response. The major-
ity of non-responder cats in the Goto et al. study (12/13
cats) also had the effusive form of the disease. This fact
may support the theory that LDH elevation is more
indicative of generalised inflammation. However, simul-
taneous determination of other tissue enzymes, including
creatine kinase, cardiac troponin I, aspartate aminotrans-
ferase, gamma-glutamyl transferase and ALT, may help to
identify the exact pathophysiology of the elevated LDH in
these patients. Another interesting approach could be the
determination of different LDH isoenzymes in plasma/
serum or in effusions of treated cats [40-42]. However,
measurement in effusion would not be feasible for moni-
toring of therapy, as effusions usually resolve in less than
6 weeks (sometimes as quickly as 1 week) with successful
treatment [19-21], which was also observed in our study.
Therefore, any long-term serial monitoring is not possi-
ble. Furthermore, fluid is not available in the non-effusive
form of the disease.
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In a small number of included cats with sufficient
archived serum samples, the pre- and post-treatment
concentrations of selected APPs and proinflammatory
cytokines were determined. In FIP, concentrations of
haptoglobin, SAA and AGP are known to increase [18,
43-45], with the latter two aiding in diagnosis [3, 18];
however, increased concentrations are not pathogno-
monic for the disease. We decided to include hapto-
globin, which has not been extensively studied in cats
with FIP, and ferritin, which has previously been dem-
onstrated to have a prognostic value in people with
COVID- 19 [16, 46]. Haptoglobin was significantly higher
compared to the healthy control and showed significant
decline post-treatment, aligning with control group lev-
els. Its normalisation after treatment is a novel finding,
making it another candidate for treatment monitoring,
along with previously described AGP and SAA, which
exhibit similar dynamics [8, 18, 19].

To evaluate the changes in pro-inflammatory cytokines
in treated cats, we measured the concentration of the
three main feline proinflammatory cytokines TNF-a, IL-
6 and IL-1pB [47]. These are also among the most impor-
tant prognostic factors in COVID-19 [48]. In cats with
coronaviral infection these three cytokines have been
studied by Safi et al. (2017) [1] using different method-
ologies, including real-time PCR and a multiplex bead-
based immunoassay. They found that IL- 1p and IL- 6
could not be detected in the serum of the majority of
cats with FIP but were present in their abdominal effu-
sions. In contrast, TNF-a production was detected in
both FCoV-positive and negative groups. Our study dem-
onstrated a significant increase of TNF-a concentration
after therapy. TNF-a is a major contributor to the inflam-
matory response and pathogenesis of FIP, causing apop-
tosis of lymphocytes and subsequently lymphopenia [18,
49]. It would be reasonable to expect that TNF-a would
be elevated before therapy and normalise after treatment;
however, our study showed the opposite. Similar out-
come has been previously reported in people with severe
COVID- 19 treated with antiviral therapy, such as favi-
piravir or lopinavir/ritonavir [50]. The concentration of
TNF-a at the time of diagnosis did not differ compared to
the control group but significantly increased after ther-
apy, especially in patients requiring intensive care. The
authors suggested that might be due to the inability of the
anti-viral therapy to suppress the systemic inflammatory
response, despite clinical improvement and improvement
in other inflammatory markers associated with COVID-
19 infection.

On the other hand, the concentrations of IL- 1p and IL-
6 decreased during therapy, although this change was not
significant. These two proinflammatory cytokines play a
crucial role in both acute and chronic inflammation, for
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example in the recruitment of leukocytes, in changes
in vascular permeability and in the production of APPs
[51]. They are also a driving force behind platelet activa-
tion, which is another important aspect of the systemic
inflammatory response [52]. In our patients, the plate-
let concentration increased significantly during therapy,
although the values were within the reference range both
before and after treatment. There are several possible
causes for the increase in platelet count after treatment,
e.g. reduction of the inflammatory response leading to
resolution of immune-mediated thrombocytopenia and
restoration of bone marrow function. As both median
values remained within the reference ranges, the quanti-
tative measurement of platelet count is probably less use-
ful for monitoring response to treatment. Other methods
that could be used to assess platelet activation are spe-
cific haematological markers (e.g. mean platelet volume,
plateletcrit or assessment of platelet morphology on
blood smears) or functional platelet activation tests (e.g.
platelet aggregometry or flow cytometry for expression of
P-selectin, CD62P and platelet-leukocyte aggregates) [52,
53]. As far as we know, platelet activation in cats with FIP
has not been specifically studied, so it is not possible to
speculate on the specificities in this patient population.
Based on the pathophysiology, it is possible that there is
a marked difference between the wet and dry forms of
the disease. Furthermore, the degree and speed of nor-
malisation most likely depends on the severity of the dis-
ease, which can vary greatly in cats with FIP. However,
this could be another aspect that future studies should
focus on to evaluate another possible venue of treatment
monitoring.

It must be emphasised that the number of samples
in the part of our study dealing with the dynamics of
cytokines and APPs was very small and that the con-
centrations were measured using the ELISA method.
Although the ELISA method is accurate and can be use-
ful for clinical laboratories, it has drawbacks that need
to be considered when interpreting these results. These
include limitations in sensitivity and specificity for
selected biomarkers, possible cross-reactivity or interfer-
ence with other substances present in complex samples
(sample matrix effect) and batch-to-batch variations.
The use of species-specific commercial kits is essential
to ensure discrimination between closely related mol-
ecules. All sandwich ELISA measurements reported in
this study were performed by the same operator in the
same laboratory on the same plate in duplicate per bio-
marker measured to minimise assay-related variability.
Ideally, the same parameters should be analysed with kits
from different manufacturers, but few species-specific
commercial kits are available in veterinary medicine.
Nevertheless, validation of the results on a larger sample
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is necessary and the inclusion of alternative validation
methods, such as Western blot, magnetic bead-based
multiplex ELISA system, would improve the reliability
of our results. Although the statistical analysis showed
statistically significant differences in haptoglobin and
TNF-a concentrations, the small sample size could influ-
ence these results. Unfortunately, due to the retrospective
nature of the study, only such a small number of samples
were available. However, we think that these results may
be a useful starting point for future studies evaluating the
inflammatory response in cats with FIP.

The findings of this study must be viewed in light of
several limitations. The main limitation of this study is
the nature of the treatment. Since GS- 4441524 is cur-
rently produced without a licence and uncontrolled, it is
not possible to ascertain the exact quantity of the active
ingredient received by the cats. However, two research
groups have recently reported the results of quality
assessments of a wide range of products (30 vials from
17 brands by Mulligan and Browning and 127 different
products by Kent et al.) [54, 55]. All parenteral prod-
ucts marketed as GS- 44125 contained this active ingre-
dient at the advertised or higher concentrations, with
peroral products showing more variable concentrations.
Although procuring licensed GS- 441524 is currently
not possible in the majority of countries worldwide, the
patients appear to be treated with the advertised drug,
as evidenced by the high survival rate of treated cats.
However, it should be emphasised that the uncontrolled
manufacture of this drug may affect the consistency and
accuracy of dosing, leading to variations in treatment
protocols that could affect laboratory results. Another
limitation is the unavailability of all studied parameters
for every treated cat before and after therapy, due to the
retrospective nature of the study and issues with client
compliance. This is particularly true for the small number
of samples in which cytokines and APPs were determined
using the ELISA method, which has its own set of limita-
tions. Furthermore, AGP and SAA, as the two routinely
available APPs were not included in the measurements
due to limited amount of available serum.

Conclusions

In conclusion, we demonstrated that successful treat-
ment of FIP results in significant changes in the majority
of clinicopathological parameters in treated patients. For
the first time, we demonstrated that haemogram-derived
inflammatory markers follow a similar pattern and signif-
icantly differ between effusive and non-effusive FIP. They
could serve as simple, cost-effective and readily avail-
able parameters for diagnostic and monitoring purposes,
similar to the currently more commonly used but more
expensive or less available APPs. Haptoglobin normalised
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with treatment of FIP, and TNF-a increased after therapy.
We suggest that LDH activity may be a new prognostic
factor for cats with FIP. Our results encourage further
studies on LDH activity, cytokines and APP responses to
treatment of FIP in a larger group of cats and to inves-
tigate other aspects of systemic inflammation, such as
platelet activation.
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