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Abstract
Objectives Feline infectious peritonitis (FIP) is a serious disease that arises due to feline coronavirus infection. The 
nucleoside analogues remdesivir and GS-441524 can be effective in its treatment, but most studies have used 
unregulated products of unknown composition. The aim of the present study was to describe the treatment of FIP 
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using legally sourced veterinary-prescribed regulated veterinary compounded products containing known amounts 
of remdesivir (injectable) or GS-441524 (oral tablets).
Methods Cats were recruited via email advice services, product sales contacts and study publicity. Cats were 
excluded if they were deemed unlikely to have FIP, were not treated exclusively with the veterinary compounded 
products, or if there was a lack of cat and/or treatment (including response) data. Extensive cat and treatment data 
were collected.
Results Among the 307 cats recruited, the predominant type of FIP was most commonly abdominal effusive (49.5%) 
and then neurological (14.3%). Three treatment protocols were used; remdesivir alone (33.9%), remdesivir followed 
by GS-441524 (55.7%) and GS-441524 alone (10.4%). The median (range) initial treatment period duration and 
longest follow-up time point after starting treatment were 84 (1–330) days and 248 (1–814) days, respectively. The 
most common side effect was injection pain (in 47.8% of those given subcutaneous remdesivir). Of the 307 cats, 
33 (10.8%) relapsed, 15 (45.5%) during and 18 (54.5%) after the initial treatment period. At the longest follow-up 
time point after completion of the initial treatment period, 84.4% of cats were alive. The cats achieving a complete 
response within 30 days of starting treatment were significantly more likely to be alive at the end of the initial 
treatment period than those cats that did not.
Conclusions and relevance Legally sourced remdesivir and GS-441524 products, either alone or used sequentially, 
were very effective in the treatment of FIP in this group of cats. Variable protocols precluded statistical comparison 
of treatment regimens.
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Introduction
Feline infectious peritonitis (FIP) is a systemic inflam-
matory disease caused by infection with feline coro-
navirus (FCoV), although only a small percentage of 
FCoV-infected cats develop FIP.1–3 The cat’s immune 
response also plays a role in the pathogenesis of FIP.4,5 
When FIP develops, FCoV infection induces (pyo)
granulomatous vasculitis and/or serositis,6 leading to 
disease that may or may not be accompanied by high-
protein effusions. FIP associated with effusion develop-
ment (especially in the abdominal cavity) is the most 
common type of FIP encountered.7–16 A range of other 
systemic signs can occur, such as pyrexia, inappetence, 
lethargy,9,12,13,17,18 abdominal lymphadenopathy,9,19,20  
ocular signs21,22 and/or neurological signs.23,24 A defini-
tive diagnosis usually relies on demonstration of the 
FCoV antigen or RNA in association with typical FIP 
histopathological changes, but a range of supporting 
diagnostic evidence can be obtained from haematology, 
serum and/or fluid sample (eg, effusion) biochemistry 
(eg, hyperglobulinaemia, increased alpha-1-acid gly-
coprotein [AGP], serum amyloid A, hyperbilirubinae-
mia, reduced albumin to globulin [AG] ratio), cytology 
(pyogranulomatous inflammation) and FCoV antigen or 
FCoV RNA detection (on samples such as effusions or 
fine-needle aspirates [FNAs]).1,8,17,25,26

Left untreated, FIP is almost always fatal, with most 
cats succumbing within weeks to months of diagno-
sis.15,27 Early ground-breaking studies showed that the 
nucleoside analogue GS-441524 was effective in the treat-
ment of experimentally induced28 and spontaneous29 FIP, 

although the majority of cases were effusive FIP. Initial 
dosages of GS-441524 were 2–5 mg/kg once daily by sub-
cutaneous (SC) injection for 14–84 days (and occasion-
ally more than 84 days if serum protein concentrations 
remained elevated).28,29 The initial field study29 excluded 
cats with neurological or ocular signs due to concerns 
about poor penetration of GS-441524 into the brain and/
or eye.28 However, subsequently, four cats were suc-
cessfully treated for neurological FIP with higher doses 
(5–10 mg/kg SC) of GS-441524 for at least 84 days.30 
Since then, evidence has mounted for the efficacy of 
GS-441524, administered increasingly by the oral route, 
in large numbers of cats with FIP, although the prepa-
rations used have been unlicensed and unregulated, 
meaning that the content and purity of any GS-441524 
within them and administered to cats was not known 
or determined.10,11,22,31–33 Indeed, in one report of the 
treatment of cats with GS-441524, independent analy-
sis of the unregulated preparation used to treat the 18 
cats showed it to contain more than double the dose of 
GS-441524 than the manufacturer implied on the label,34 
and similar findings were reported in another study,35 
showing that it is not possible to determine the actual 
doses used of unlicensed or unregulated products, 
making generalised treatment recommendations very 
difficult. Despite these limitations, it is clear that oral 
GS-441524 treatment of FIP is effective; all 18 cats (16 
with effusions) recovered in a prospective study using 
84 days of oral GS-441524 treatment.11 Additionally, ret-
rospective studies using 84 days of GS-441524 treatment 
(primarily oral, but SC treatment was used in some 
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cats) showed that 116/141 (82.2%) cats with FIP and 
effusions,32 137/161 (85.1%) cats with ‘mixed’ signs of 
both effusive and non-effusive FIP disease and 153/163 
(93.9%) of cats with FIP without effusions33 were treated 
successfully.

Remarkably, in one study on treatment using owner-
reported data (via surveys), only 8.7% of owners had 
received help from their veterinarian in administering 
treatment to their cat with FIP, and most had obtained 
treatment information from online resources.10 This is 
likely due to the difficulties in veterinary use of unregu-
lated preparations because, in many countries, their use, 
including prescribing and administration, by veterinar-
ians is illegal and/or can result in removal of a veteri-
narian’s licence to practise, depending on the country’s 
regulations. Thus, many veterinarians feel unable to help 
owners directly with the treatment of FIP in the absence 
of legally available regulated or licensed products, 
despite it being suggested that supportive veterinary care  
during the early days of treatment is critical to a success-
ful outcome.11

In 2021, oral GS-441524 became legally available as a 
regulated veterinary compounded ‘Specials’ product in 
Australia (since August 2021), the UK (since November 
2021) and some other countries (dependent on their 
importation regulations), offering a route, in these coun-
tries, for veterinarians to treat cats with FIP using a 
legally sourced veterinary-prescribed GS-441524 prod-
uct of known content and purity. The composition of this 
product is assayed by a validated analytical method and 
must comply with specifications before release. Physical 
and chemical properties are tested in each batch and ‘A 
Certificate of Analysis’ has to be produced.

Remdesivir (GS-5734) is another, more phosphoryl-
ated, nucleoside analogue that is rapidly converted 
to GS-441524 in mammals.36,37 Remdesivir has been  
suggested as a treatment for respiratory coronavirus  
diseases in humans, most notably COVID-19 due to SARS-
CoV-2, although clear evidence for a beneficial effect in 
humans is lacking and the results of different studies 
are contradictory.38 Remdesivir has also been consid-
ered for FIP treatment in cats,39 but its safety and efficacy 
have not been established in controlled peer-reviewed 
publications. However, favourable reports of the use of 
remdesivir to treat FIP in small numbers of cats have 
emerged,40–43 including the use of a regulated veterinary 
compounded ‘Specials’ product of injectable remdesivir 
(of known composition, as outlined above for GS-441524) 
legally available for cats in Australia (since November 
2020), the UK (since August 2021) and some other coun-
tries (dependent on importation regulations, similar to 
GS-441524). As this is a drug that is registered for human 
use in almost all jurisdictions, its use in cats with FIP 
has been subject to fewer legal constraints than the unli-
censed drug GS-441524, and various human formulations 

made under licence are widely available in many coun-
tries, including India, South Africa and Japan (R Malik, 
2023, personal communication). Although a greater 
body of evidence has been published for the efficacy of 
GS-441524 compared with remdesivir, and comparative 
studies of GS-441524 and remdesivir do not exist, in some  
countries only remdesivir is legally available to pre-
scribe for feline use. This is because, in the absence of 
being able to import veterinary compounded ‘Specials’ 
products, some countries’ rules allow veterinarians to 
prescribe human licensed products to animals (ie, remde-
sivir licensed for use in humans). Thus, more data on the 
use of remdesivir in cats with FIP are required to enable 
more cats to receive treatment safely when this is avail-
able. The importation regulations and documentation 
required for veterinary compounded ‘Specials’ products 
in some countries require that peer-reviewed evidence 
on the efficacy of specific products must be provided 
before importation is permitted (E Jones, 2023, personal 
communication).

The main aim of this retrospective study was to 
describe the use of legally prescribed and sourced  
veterinary compounded remdesivir and/or GS-441524, 
containing known amounts of active agents, in a large 
number of cats with FIP, to obtain descriptive information 
on their efficacy and any adverse effects. An additional 
aim was to publish treatment data that might help facili-
tate importation of such products into more countries, 
allowing a greater number of veterinarians to legally 
treat cats with FIP, with resulting advantageous welfare 
outcomes.

Materials and methods
Case recruitment
Cases were recruited to the study by enrolling cats treated 
with the legally sourced, veterinary-prescribed regulated 
veterinary compounded ‘Specials’ preparations (also 
known as extemporaneous preparations) of injectable 
remdesivir and/or GS-441524 tablets, manufactured by 
BOVA in the UK and Australia and imported to some 
additional countries.

Cats were sourced from: (i) records from a free FIP 
advice email service (via FIPadvice@gmail.com) run by 
five of the authors (SST, DGM, ENB, SS and ST) to help 
veterinarians with the diagnosis and treatment of FIP; (ii) 
records of the manufacturer (BOVA) of veterinary prac-
tices treating FIP cases that had given permission to be 
contacted by the authors; (iii) advice emails to another 
author (RM); and (iv) study publicity via social media 
and professional speaker engagements at conferences 
and veterinary continuing professional development 
events (SST, DGM, ENB, ST, SC and JMN). Cases were 
recruited between March 2022 and September 2022 and 
follow-up sought in December 2022; treatment for FIP 
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had been given from 2020 to 2022. All reviewed cat data 
were anonymised and contained no identifying personal 
details of the owner/client, and permission was sought 
from all clients to allow entry of their pets’ anonymised 
data into the study. Where necessary, gatekeeper approval 
for access to social media pages was sought or authors 
themselves were the gatekeepers. A Self-Assessment for 
Governance and Ethics (Animal Research) was under-
taken at the University of Surrey (Application ID: 638929-
638920-91768170), which determined that this project 
did not require a full ethical review by the University of 
Surrey.

Exclusion criteria comprised: (i) absence of a  
confirmed, very likely or highly suspicious diagnosis of 
FIP (see below under ‘Diagnosis of FIP’); (ii) treatment, at 
any point, with a nucleoside analogue from a source other 
than the veterinary compounded BOVA remdesivir or 
GS-441524 products (at the time of the study, these were 
the only veterinary compounded products containing 
remdesivir and GS-441524 that were legally available in 
the UK); and (iii) inadequate cat and/or treatment data.

Cat data collected
Cat data collected included: country of origin, signal-
ment, clinical signs and their duration, physical findings 
(pyrexia defined as a rectal temperature of >39.2°C44 or 
the description ‘pyrexia’ recorded in cat data), diagnostic 
tests (including haematology, serum biochemistry, urine 
analysis, infectious disease testing, radiography, ultra-
sonography, advanced imaging [CT or MRI], cytology 
and/or biochemistry of fluid samples, FNAs, histopathol-
ogy samples, testing for FCoV antigen by immunostain-
ing and testing for FCoV RNA by RT-PCR) and treatment 
data (for further details, see below). Whether a sibling 
or housemate had confirmed or suspected FIP was also 
tabulated when recorded.

Diagnosis of FIP
Cat data were used to categorise the diagnosis of FIP by 
one of the board-certified internal medicine specialist 
authors (SST), based on the European Advisory Board 
for Cat Diseases’ FIP diagnostic tool algorithms.1,17 The 
categories of FIP diagnosis used were:

1. Confirmed: consistent signalment, clinical signs, 
physical findings, haematology/serum biochem-
istry/imaging findings AND consistent histo-
pathology or cytology (on body cavity fluid, such 
as effusion, or cerebrospinal fluid [CSF], or FNA 
samples of affected tissues) WITH positive immu-
nostaining for FCoV antigen

2. Very likely: consistent signalment, clinical 
signs, physical findings, haematology/serum  
biochemistry/imaging findings AND consist-
ent histopathology or cytology WITH confirmed 

identification of FCoV RNA by RT-PCR on appro-
priate samples (eg, body cavity fluid, such as effu-
sion, or CSF, or FNA samples of affected tissues)

3. Highly suspicious: consistent signalment, clinical 
signs, physical findings, haematology/biochem-
istry/imaging findings but WITHOUT confirmed 
presence of FCoV RNA by RT-PCR, or FCoV anti-
gen by immunostaining on appropriate samples 
(either negative result or testing not performed).

Any cats that did not meet the above criteria, due 
to their signalment, clinical signs, physical findings,  
haematology/biochemistry/imaging findings and/or 
any other testing performed that was not consistent with 
FIP, were categorised as being unlikely to have FIP and 
were excluded from the study.

Type of FIP
Cat data were used to characterise the predominant (ie, 
main) type of FIP present by one of the board-certified 
internal medicine specialist authors (SST). Cats were 
characterised based on the predominant clinical signs 
and physical findings. When the predominant type of 
FIP could not be determined (due to limited diagnostic 
testing or reported data), the type of FIP was deemed 
‘uncharacterised’. Presence of an effusion (at any loca-
tion) at diagnosis was documented. The following cate-
gorisations were used for the predominant type of FIP:

•• Effusion – thoracic (this included pleural and/or 
pericardial effusions)

•• Effusion – abdominal (this included retroperitoneal 
effusions)

•• Effusion – both cavities (ie, thoracic and abdominal)
•• Neurological signs dominant
•• Ocular signs dominant
•• Abdominal pathology dominant (excluding signs 

and findings due to an abdominal effusion, in 
which case effusion – abdominal was used to cate-
gorise). This category included cases where the 
predominant signs or findings were mesenteric, 
splenic and/or renal abnormalities and/or abdom-
inal lymphadenopathy

•• Uncharacterised.

Where a cat had more than one type of FIP (eg, a cat had 
an abdominal effusion plus ocular signs), the cat was  
categorised based on the predominant type of FIP but the 
other type, or types, of FIP present were also recorded as 
‘additional’ FIP type(s).

Treatment data collected
Treatment data, including response data, were recorded 
as to whether either remdesivir or GS-441524 was used 
alone or both were used serially in the same cat (ie, 
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remdesivir given initially, then a transition to GS-441524). 
It is important to note that the regulated remdesivir was 
available before GS-441524, and this influenced proto-
col use. Additionally, an 84-day period of treatment was  
usually given due to recommendations based on 
Pedersen’s seminal studies and further published studies 
using unregulated nucleoside analogues.11,32,33 The term 
‘initial treatment period’ was used to describe the first 
continuous period of nucleoside analogue treatment (in 
days). Route of administration, frequency of daily admin-
istration, dose (in mg/kg of the cat’s current weight), any 
alterations in dose (to a new dose in mg/kg) and duration 
of treatment (in days) were recorded. Any other treat-
ments given were also recorded. The number of veteri-
nary monitoring reviews each cat underwent, as well as 
the timing of these (in days from the start of nucleoside 
analogue treatment), was also recorded, together with 
the results at each review (clinical signs, physical find-
ings and diagnostic tests, such as blood tests and imaging 
results, if the cat was alive or dead, and if the cat had died 
or had been euthanased).

Each cat was assigned a response-to-treatment category 
at every veterinary review follow-up time point during 
treatment, at the end of their initial treatment period and 
at any further follow-up time points, by one of the authors 
(SST) based on available information (clinical signs, physi-
cal findings and diagnostic test results). Additionally, each 
cat was assigned a response-to-treatment category at the 
follow-up time point as close to (but within) 30 days of 
treatment as possible, if this information was available. 
The response-to-treatment categories were:

•• ‘Complete’ if the cat appeared clinically healthy, 
based on all available information

•• ‘Partial’ if only partial improvement was reported 
and/or some abnormalities were still present 
based on available information

•• ‘No’ if there was no response (ie, no improvement 
based on available information or static or worsen-
ing signs).

The results of each follow-up for the cats with only a  
partial or no response to treatment were collated as 
descriptive data, including whether such cats were alive 
or dead at the end of the initial treatment period and at 
the longest follow-up time point  (see below for further 
information).

The time to normalisation of temperature, clinical 
signs, serum bilirubin concentration, haematocrit or 
packed cell volume and serum globulin concentration, 
time to resolution of effusion and time to achieving a 
serum AG ratio of greater than 0.4 were also recorded.

Cats were also categorised according to whether or 
not they had any relapse of FIP; a ‘relapse’ was defined 
as a recurrence of clinical signs, physical findings and/

or diagnostic test results consistent with FIP (as decided 
by one of the board-certified internal medicine special-
ist authors [SST]) after an initial response to nucleoside 
analogue treatment. Any cats with a relapse were sub-
divided as to whether the relapse occurred ‘during’ the 
initial treatment period or ‘after’ completion of the initial 
treatment period. Details of any management (eg, altera-
tion in drug dose, repeat treatment) and/or outcome of 
the relapse (eg, euthanasia) were also recorded.

The longest follow-up time point  (in days) after start-
ing treatment (ie, day 1 being the first day of treatment) 
for each cat was recorded, as well as the longest follow-up 
time point  (in days) after completion of the initial treat-
ment period, if treatment had been completed (ie, day 1 
being the first day after treatment had been completed). 
Whether the cat was alive or dead at these time points 
was also recorded.

Any perceived adverse effects seen in association with 
remdesivir or GS-441534 treatment were recorded and 
described. For inclusion as a clinicopathological side 
effect, the clinicopathological variable needed to have 
been normal pre-treatment but then measured and found 
to be abnormal during or after treatment.

Any neutering or vaccination elective procedures  
performed during or after the nucleoside analogue treat-
ment were also recorded, as well as any adverse clinical 
response to these procedures.

Statistical analysis
Data were recorded in Excel, version 2212 (Microsoft 
Corp) and exported into SPSS, version 29.0.0.0 (IBM 
Corp) for analysis. Descriptive statistics were used to 
report the data. Data were reported as median (range). 
Categorical data of the number of cats alive or dead at the 
end of the initial treatment period grouped according to 
whether they had achieved a complete response within 
30 days were compared with χ2 or Fisher’s exact tests. 
P <0.05 was considered statistically significant.

Results
In total, 318 cats were initially recruited to the study. 
Eleven of these cats were then excluded: six due to part 
treatment with sources of remdesivir or GS-441524 other 
than BOVA veterinary compounded preparations, three 
had inadequate treatment (including response) data 
available and two were not categorised as having a  
confirmed, very likely or highly suspicious diagnosis of 
FIP (both of these cats were thought ‘unlikely’ to have FIP). 
Thus, 307 cats were included in the main study cohort.

Cat data
The 307 cats comprised 174 from the UK, 115 from 
Australia, 11 from Sweden, five from South Africa and 
two from Japan. In total, 105 clinics provided data for the 
307 cats.
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Breeds were recorded for 306 cats and was unknown in 
one instance. Roughly two-thirds of cats (192/306; 62.8%) 
were purebred, with the three most prevalent breeds 
being British Shorthair (57/192; 29.7%), Ragdoll (32/192; 
16.6%) and Maine Coon (15/192; 7.8%). Other purebreds 
included Oriental Shorthair (14), Bengal (10), Norwegian 
Forest Cat (seven), Scottish Fold (six), Burmilla and 
Russian Blue (six each), Burmese and Persian (five each), 
Exotic Shorthair, Siberian and Tonkinese (four each), 
Birman, Siamese and Sphynx (three each), Devon Rex 
(two), Abyssinian, Australian Mist, Cornish Rex, Minuet, 
Munchkin and Savannah (all one each). The remaining 
cats (113/306; 36.9%) were non-purebreds with 110 listed 
as domestic short-, medium- or long-haired cats and two 
recorded as purebred crosses. 

Age was known for all 307 cats; the median (range) age 
at diagnosis was 11 (3–187) months, with just over half 
of the cats (161/307 cats; 52.4%) aged under 12 months.

Sex and neuter status were known for all 307 cats; 
almost two-thirds were male (194/307; 63.2%) of which 
just over three-quarters were neutered (147/194; 75.8%). 
Of the female cats, a similar proportion were neutered 
(79/113; 69.9%).

Of the 257 cats for which data were available for 
housemates or siblings, 12.1% (31/257) were reported to 
have or had a housemate or sibling affected by suspected 
FIP (although unconfirmed as a diagnosis in most cases). 
However, the 31 cats included six from the same multi-cat 
environment in the UK, most likely representing a rarely 
seen ‘outbreak’ of FIP.45–49

Clinical signs and physical findings were reported 
for 306 of the 307 cats (Table 1). Lethargy (287/306; 
93.8%), inappetence (231/306; 75.5%) and weight loss 
(131/306; 42.8%) were the most commonly described 
clinical signs. Neurological and ocular signs were seen in  
20.3% (62/306) and 13.1% (40/306) of the cats, respectively.

For the 297 cats with an adequate history recorded, 
pyrexia had frequently been present (170/297; 57.2%), 
with a median (range) temperature of 39.8 (39.3–41.0)°C. 
An abdominal effusion was the next most commonly 
reported physical finding with 119/306 (38.9%) cats so 
affected. The median (range) weight at diagnosis was  
3.0 (0.96–7.7) kg and body condition was scored or 
described in the records of 268 cats, with 102/268 (38.1%) 
said to be in poor body condition or with a body condi-
tion score of ⩽3/9. An abdominal mass was found in  
10.5% (32/306) of cats. Other clinical signs and physical find-
ings and their frequency are shown in Table 1. The median 
(range) duration of clinical signs prior to diagnosis was  
10 (1–210) days.

Diagnostic testing results were available for most cats 
(eg, haematology in 297/300 [99.0%] and serum biochem-
istry in 300/306 [98.0%]). Table 2 shows the clinicopatho-
logical results, as well as feline leukaemia virus antigen, 
feline immunodeficiency virus antibody, FCoV antibody, 

serum AGP, diagnostic imaging, cytology and histopa-
thology results, and reports the number of cats evalu-
ated with each diagnostic test. A low serum AG ratio 
of ⩽0.4 occurred in 74.8% (175/234) of cats, with only 
8.6% (20/234) of cats having a serum AG ratio of ⩾0.6. 
Hyperglobulinaemia occurred in 74.2% (221/298) and 
hypoalbuminaemia occurred in 54.4% (149/274) of cats. 
Forty-two percent (120/286) of cats were hyperbilirubi-
naemic (compared with 19.0% [58/306] that were jaun-
diced on clinical examination, as shown in Table 1).

FCoV RNA detection by RT-PCR was performed in 
143/303 (47.2%) cats; these included 46/143 (32.2%) by 
FCoV RT-quantitative PCR, 50/143 (35.0%) by IDEXX 
FIP Virus RealPCR and 41/143 (28.7%) by RT-(non-
quantitative) PCR, and the type of PCR was not recorded 
for the remaining six cats. Test results were available for 
140 of the 143 RT-PCRs performed; 111/140 (79.3%) were 
positive, with the remaining 29/140 (20.7%) negative. 
FCoV antigen immunostaining by direct immunocyto-
chemistry was performed in 37/307 (12.1%) cats, and 
was positive in 26/37 (70.3%) cats. FCoV antigen immu-
nostaining by immunohistochemistry (IHC) on tissue 
biopsy samples was performed in 6/307 (2.0%) of cats, 
with all six (100%) positive.

Two cats underwent necropsy after they died or were 
euthanased following deterioration during treatment; 
one that already had a confirmed diagnosis of FIP by 
FCoV antigen immunostaining of pleural fluid and the 
second that had been categorised as a diagnosis of FIP 
being ‘very likely’ due to a positive RT-PCR for FCoV 
RNA on an effusion sample. Samples collected at post-
mortem examination in both cats showed histopathologi-
cal changes, including pyogranulomatous inflammation, 
consistent with FIP, but FCoV antigen IHC was not 
performed.

Diagnosis of FIP
Only 9.5% (29/307) of the cats were categorised as having 
a ‘confirmed’ diagnosis of FIP. One-third (102/307; 33.2%) 
were categorised as ‘very likely’ to have FIP, while most 
(177/307; 57.7%) were categorised as being ‘highly suspi-
cious’ for a diagnosis of FIP.

Type of FIP
The predominant type of FIP was characterised in 299/307 
(97.4%) cats and uncharacterised in the remainder (8/307; 
2.6%) (Figure 1). In total, 213/299 (71.2%) cats had an 
effusion at diagnosis and 86/299 (28.8%) did not. The 
numbers of each predominant type of FIP were: 152/307 
(49.5%) effusion – abdominal, 44/307 (14.3%) neurologi-
cal signs dominant, 35/307 (11.4%) abdominal disease 
dominant, 27/307 (8.8%) effusion – thoracic (pleural and/
or pericardial), 23/307 (7.5%) ocular signs dominant and 
18/307 (5.9%) effusion – both cavities. Additional types 
of FIP were identified concurrent to the predominant 
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Table 1 Clinical signs and physical findings of cats with feline infectious peritonitis

Clinical sign or physical finding Number/total with information recorded Percentage of cats

Clinical sign
 Lethargy 287/306 93.8
 Inappetence 231/306 75.5
 Weight loss 131/306 42.8
 Abdominal distension 86/306 28.1
 Neurological signs 62/306 20.3
 Diarrhoea 46/306 15.0
 Ocular signs 40/306 13.1
 Respiratory signs 37/306 12.1
 Vomiting 24/306  7.8
Physical finding
 Pyrexia 170/297 57.2
 Abdominal effusion 119/306 38.9
  Poor body condition score or body condition  

score ⩽3/9
102/268 38.1

 Jaundice 58/306 19.0
 Abnormal neurological examination 52/306 17.0
  Ataxia 24/52  
  Dull mentation 12/52  
  Nystagmus 7/52  
  Head tilt 7/52  
  Vestibular signs 6/52  
  Reduced proprioception 6/52  
  Tremor or twitch 6/52  
  Tetraparesis 5/52  
Tachypnoea 42/306 13.7
Ocular abnormalities 40/306 13.1
 Uveitis 39/40  
 Iritis 5/40  
 Retinal detachment 4/40  
 Aqueous flare 3/40  
 Anisocoria 3/30  
 Keratic precipitates 3/40  
 Hyphaema 2/40  
Abdominal mass 32/306 10.5
Dyspnoea 16/306  5.2
Dull heart sounds 16/306  5.2

type in 46/299 (15.4%) cats (Table 3), including 12 cats 
with dominant neurological or ocular signs that also had 
effusions, and 10 cats with both ocular and neurological 
signs. Lastly, six cats had a third additional type of FIP 
present, as described in Table 3.

Treatment data
The nucleoside analogue treatments given are shown in 
Table 4; as described earlier, the availability of the treat-
ments determined the specific protocols used. Around 
one-third of the cats (104/307; 33.9%) were treated with 
remdesivir alone. Over half the cats (171/307; 55.7%) were 
serially treated with remdesivir first and then GS-441524 
afterwards. In these cases, remdesivir was transitioned 

to GS-441524 at a median (range) of 15 (2–150) days after 
commencing remdesivir (note that both drugs were not 
given together). Only 32/307 cats (10.4%) were treated 
with GS-441524 alone. Thus, overall, 275/307 cats (89.6%) 
received remdesivir and 203/307 cats (66.1%) received 
GS-441524.

Data on the dose and duration of treatment are pre-
sented in Table 4 and Table 5. Of the 275 cats that received 
remdesivir, the initial administration route was intra-
venous (IV) in around half of those cats (153/275; 55.6%) 
and SC in the remainder (122/275; 44.4%). For the 153 cats 
that initially received remdesivir IV, the administration 
route was changed to SC in 114/153 (74.5%) of cats after a 
median (range) of 3 (1–17) days of IV administration. No 
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Table 2 Diagnostic testing results for cats with feline infectious peritonitis

Test Number/total with 
information recorded  
(% of cats)

Most common (abnormal) results Number/total with information 
recorded (% of cats)

Haematology 297/300 (99.0) Anaemia 162/288 (56.3); non-
regenerative in 98.1% and 
regenerative in 2.1% of 
anaemic cats

 PCV/HCT ⩾25.1% 36/162 (22.2)
 PCV/HCT 20.1–25.0% 66/162 (40.7)
 PCV/HCT 15.1–20.0% 42/162 (25.9)
 PCV/HCT ⩽15.0% 18/162 (11.1)
Neutrophilia 115/283 (40.6)
Lymphopenia 60/287 (20.9)

Serum biochemistry 300/306 (98.0) AG ⩽0.4 175/234 (74.8)
AG ⩾0.6 20/234 (8.6)
Hyperglobulinaemia 221/298 (74.2)
Hypoalbuminaemia 149/274 (54.4)
Hyperbilirubinaemia 120/286 (42.0)
Low creatinine 86/296 (29.1)
Low urea 60/288 (20.8)

Urine analysis 52/303 (17.2) No abnormalities 27/52 (51.9)
Proteinuria 14/52 (26.9)
Urine specific gravity <1.035 9/52 (17.3)
Positive bacterial culture 4/52 (7.7)
Glucosuria 1/52 (1.9)

Coronavirus (FCoV) 
antibody serology titre

79/303 (26.1) ‘High’* or >1260 61/79 (77.2)
600–900 3/79 (3.8)
300–599 2/79 (2.5)
0–299 9/79 (11.4)
Negative 2/79 (2.5)
Positive* 2/79 (2.5)

AGP measurement 68/303 (22.4) ‘High’* or >3000 μg/ml 39/68 (57.4)
2000–3000 10/68 (14.7)
1000–1999 11/68 (16.2)
500–999 6/68 (8.8)
<499 or ‘normal’* 2/68 (2.9)

FeLV antigen/FIV antibody 
testing

80/303 (26.4) Positive FIV 3/80 (3.8)
Negative FIV 77/80 (96.3)
Positive FeLV 1/80 (1.3)
Negative FeLV 79/80 (98.8)

Radiography 64/303 (21.2) No abnormalities recorded 18/64 (28.1)
Pleural effusion 16/64 (25.0)
Ascites 11/64 (17.2)
Abnormal lung pattern 10/64 (15.6)
Lymphadenopathy (of thorax) 7/64 (10.9)
Loss of detail (abdomen) 3/64 (4.7)
Abdominal mass 1 (1.6)

Ultrasonography 227/301 (75.4) Abdominal lymphadenopathy 108/143 (75.5)†

 Full ultrasound  143/227 (63.0) Abdominal effusion 156/227 (68.7)
 POCUS  80/227 (35.2) Thoracic effusion 44/227 (19.4)
 Type not recorded  3/227 (1.3) Renal abnormality 23/143 (16.1)†

 Eye  1/227 (0.4) Splenic abnormality 17/143 (11.9)†

 Thickened intestinal wall 14/143 (9.8)†

 Hepatic abnormality 11/143 (7.7)†

 Pericardial effusion 3/227 (1.3)

(Continued)
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Test Number/total with 
information recorded  
(% of cats)

Most common (abnormal) results Number/total with information 
recorded (% of cats)

CT scan 12/303 (4.0) Effusion 6/12 (50.0)
 Abdomen and thorax  8/12 (66.7) Lymphadenopathy 3/12 (25.0)
 Head  4/12 (33.3) Brain abnormalities 3/12 (25.0)
MRI 17/303 (5.6) Meningeal contrast enhancement 12/15 (80.0)
 Brain  15/17 (88.2) Ventriculomegaly 9/15 (60.0)
 Spine  2/17 (11.8) Ependymal contrast enhancement 9/15 (60.0)
 Syringomyelia 4/17 (23.5)
 Foramen magnum herniation 6/15 (40.0)
CSF analysis 19/306 (6.2) Results not recorded 4/19 (21.1)

Total protein >25 mg/dl 15/15 (100)
Total cell count ⩾5 WBC/µl 15/15 (100)
Neutrophilic pleocytosis 13/15 (86.7)
Mixed cell pleocytosis 2/15 (13.3)
Lymphocytic pleocytosis 2/15 (13.3)
Mononuclear inflammation 1/15 (6.7)
FCoV RNA RT-PCR positive 6/13 (46.2)
FCoV RNA RT-PCR negative 7/13 (53.8)

Fine needle aspirates
 LN
 
 
 
 
 
 

114/300 (38.0)
 70/114 (61.4)

Pyogranulomatous inflammation
Reactive LN
Mixed inflammation
Neutrophilic inflammation
Macrophagic inflammation
No abnormalities
Non-diagnostic
Results not recorded

30/68 (44.1)
13/68 (19.1)
9/68 (13.2)
8/68 (11.8)
4/68 (5.9)
2/68 (2.9)
2/68 (2.9)
2/70 (2.9)

 Liver
 Spleen
 Kidneys
 Mass lesion
 Pancreas
 
Effusion analysis  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 22/114 (19.3)
 24/114 (21.1)
 8/114 (7.0)
 3/114 (2.6)
 1/114 (0.9) 
 
164/299 (54.9)

FCoV RNA RT-PCR positive  
(18 LNs, 2 kidneys, 2 spleen,  
1 liver, 1 mass)
FCoV RNA RT-PCR negative
FCoV antigen ICC positive
FCoV antigen ICC negative
Result not recorded
Description: modified transudate*
Description: non-septic exudate*
Description: septic exudate*
Pyogranulomatous inflammation
Mixed cell inflammation 
(neutrophils, macrophages, 
lymphocytes)
Neutrophilic inflammation
Septic (degenerate neutrophils, 
intracellular bacteria)
Protein ⩾25 g/l
Protein <25 g/l
AG ⩽0.4
AG ⩾0.6
Cell count ⩾5000/µl
Cell count ⩽4999/µl
Rivalta test performed
 Rivalta test positive
FCoV RT-PCR positive
FCoV RT-PCR negative
FCoV antigen ICC positive
FCoV antigen ICC negative

24/32 (75.0) 
 

8/32 (25.0)
0/3 (0.0)
3/3 (100.0)
31/164 (18.9)
87/133 (65.4)
45/133 (33.8)
1/133 (0.8)
57/108 (52.8)
34/108 (31.5)
  

13/108 (12.0)
1/108 (0.9) 

101/101 (100.0)
0/101 (0.0)
34/67 (50.8)
6/67 (9.0)
33/79 (41.8)
46/79 (58.2)
5/133 (3.8)
5/5 (100.0)
81/95 (85.3)
14/95 (14.7)
26/34 (76.5)
8/34 (23.5)

 
 
 
 
 
 
 

Table 2 (Continued)

(Continued)
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Test Number/total with 
information recorded  
(% of cats)

Most common (abnormal) results Number/total with information 
recorded (% of cats)

Histopathology 11/306 (3.6)  
 LN  6/11 (54.6) Pyogranulomatous inflammation 4/6 (66.7)
 Reactive LN 2/6 (33.3)
 Eye  2 (18.2) Pyogranulomatous inflammation 2/2 (100.0)
 Gut biopsy  2 (18.2) Pyogranulomatous inflammation 2/2 (100.0)
 Liver  1 (9.1) Pyogranulomatous inflammation 1/1 (100.0)
 Spleen  1 (9.1) Pyogranulomatous inflammation 1/1 (100.0)
 Skin  1 (9.1) Hyperplastic, ulcerative dermatitis 1/1 (100.0)
 FCoV antigen IHC positive (1 eye,  

5 LN, 2 other abdominal organs)
6/6 (100.0)

Ocular aqueocentesis 2/306 (0.6) Lymphoplasmacytic inflammation 1/2 (50.0)
Cytology result not recorded 1/2 (50.0)
FCoV RT-PCR positive 2/2 (100.0)

*Text is as recorded in submitted data and relates to text of results obtained from laboratory  
†Calculated as proportion of cats having full abdominal ultrasound  
AG = albumin to globulin; AGP = alpha-1 acid glycoprotein; CSF = cerebrospinal fluid; FCoV = feline coronavirus; FeLV = feline leukaemia 
virus; FIV = feline immunodeficiency virus; HCT = haematocrit; ICC = immunocytochemistry; IHC = immunohistochemistry; LN = lymph node; 
PCV = packed cell volume; POCUS = point of care ultrasound; WBC = white blood cells

Table 2 (Continued)

Figure 1 Pie chart illustrating the number and percentage of each type of predominant feline infectious peritonitis among the 
307 cats in the study
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Table 3 Additional type of feline infectious peritonitis (FIP) seen alongside the predominant type of FIP in 46 of the 307 
cats in the study

Combination of FIP types (predominant type listed in bold, then any  
additional types)

Number of cats (% of 46 cats showing 
evidence of more than one type of FIP)

Effusion – abdominal, neurological signs 7 (15.2)
Neurological signs dominant, ocular signs*,† 7 (15.2)
Neurological signs dominant, effusion – abdominal 6 (13.0)
Ocular signs dominant, effusion – abdominal 5 (10.9)
Ocular signs dominant, neurological signs‡ 3 (6.5)
Ocular signs dominant, abdominal pathology 3 (6.5)
Effusion – abdominal, ocular signs§ 3 (6.5)
Effusion – both cavities, neurological signs 3 (6.5)
Effusion – thoracic, abdominal pathology 2 (4.4)
Abdominal pathology dominant, ocular signs 2 (4.4)
Neurological signs dominant, abdominal pathology 2 (4.4)
Effusion – both cavities, ocular signs 2 (4.4)
Ocular signs dominant, effusion – thoracic 1 (2.2)

Six cats also had a third type of additional FIP described  
*Three cats with neurological signs dominant and ocular signs also had effusion – abdominal 
†One cat with neurological signs dominant and ocular signs also had effusion – both cavities  
‡One cat with ocular signs dominant and neurological signs also had abdominal pathology 
§One cat with effusion – abdominal and ocular signs also had neurological signs

Table 4 Nucleoside analogue treatment data for cats with feline infectious peritonitis, including response and follow-up, 
according to treatment group

Treatment 
protocol

Number of 
cats with 
indicated 
treatment/total 
number of 
cats (%)

Median 
(range) 
starting dose 
(mg/kg)

Median (range) 
duration of 
initial treatment 
period (days)

Number of 
cats with a 
complete 
response at 
end of initial 
treatment 
period* (%)

Number of 
cats alive 
or dead at 
end of initial 
treatment 
period (%)

Number of 
cats alive 
or dead 
at longest 
follow-up time 
point after 
starting initial 
treatment 
period (%)

Median 
(range) 
longest 
follow-up 
time point 
after starting 
initial 
treatment 
period (days)

Remdesivir 
alone

104/307 
(33.9)

10 (5–20) 84 (1–162) 73/104 (70.2) Alive: 76/104 
(73.1)
Dead: 28/104 
(26.9)

Alive: 67/104 
(64.4)
Dead: 37/104 
(35.6)

358 (1–814)

Remdesivir 
then
GS-441524

171/307 
(55.7)

10 (5–27)
12 (5–27)

Duration of 
remdesivir then 
GS-441524 
treatment 84 
(12–330), 
with initial 
remdesivir of 
14 (1–240) then 
GS-441524 of 
70 (2–120)

156/171 
(91.2)

Alive: 166/171 
(97.1)
Dead: 5/171 
(2.9)

Alive: 162/171 
(94.7)
Dead: 9/171 
(5.3)

248 (12–684)

GS-441524 
alone

32/307 (10.4) 12.9 (8.3–20) 84 (7–91) 30/32 (93.8) Alive: 30/32 
(93.8)
Dead: 2/32 
(6.3)

Alive: 30/32 
(93.8)
Dead: 2/32 
(6.3)

181 (7–444)

All treatment 
protocols 
combined

307 (100) 10 (5–27) 84 (1–330) 259/307 
(84.4)

Alive: 272/307 
(88.6)
Dead: 35/307 
(11.4)

Alive: 259/307 
(84.4)
Dead: 48/307 
(15.6)

248 (1–814)

*Initial treatment period is the first period of continuous treatment with nucleoside analogues. For discussion on changing dose 
recommendations occurring during the course of the study, please refer to the text
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further qualitative data (eg, dilution, speed of injection) 
about the method of administration of remdesivir were  
consistently available in records/submitted data (although 
the recommendations for IV administration of remdesivir 
were to dilute the 10 mg/kg dose to 10 ml in saline and 
then administer it over 10–20 mins43). All cats receiving 
remdesivir were treated once a day. Oral GS-441524 was 
administered once daily to most cats (164/203; 80.8%) but 
twice daily to around one-fifth of cats (39/203; 19.2%).

Starting doses of remdesivir and GS-441524 are illus-
trated in Figure 2 and Table 4. The median (range) start-
ing dose of remdesivir in the group given remdesivir 
alone was 10 (5–20) mg/kg, while the starting dose of 
GS-441524 in the group given GS-441524 alone was 12.9 
(8.3–20) mg/kg. The median (range) starting doses of 
the group given serial remdesivir and then GS-441524 
were 10 (5–27) mg/kg for remdesivir and 12 (5–27) mg/
kg for GS-441524. Around one-quarter (82/307; 26.7%) 
of cats had their nucleoside analogue dose increased 
during treatment, as shown in Table 5. At the time that 
the newly available veterinary compounded remdesivir 

became available in Australia, the preliminary advice was 
to start with a high dose of remdesivir IV and then reduce 
the dose when given SC; this was later altered in the light 
of evolving experience. Hence, 15/307 (4.9%) cats had a 
dose decrease when changed from IV to SC remdesivir.

The median (range) initial treatment period for the 
307 cats was 84 (1–330) days. Fifty-one of 307 (16.6%) cats 
were treated for longer than 84 days, with the median 
(range) initial treatment period in these 51 cats being 105 
(87–330) days. In total, 52/307 (16.9%) cats were treated 
for less than 84 days with a median (range) of 8 (1–83) 
days. Fourteen of these 52 cats were treated for between 
70 and 83 days, and two of these 14 cats were euthanased 
during their initial treatment period; one with ongoing 
neurological signs and one with the development of hae-
mothorax of unknown cause. Thirty-eight of 52 cats were 
treated for less than 70 days; five were alive at the end of 
the initial treatment period (treatment lasted a median 
[range] of 60 [30–69] days) and the remaining 33 were 
euthanased or died early in the initial treatment period, 
at a median (range) of 3 (1–55) days.

Figure 2 Boxplot showing starting doses of remdesivir and GS-441524 as sole treatment and in the combination group treated 
with remdesivir and GS-441524 sequentially. The boxes are edged by the 25th and 75th percentiles of the data, with the 
median (50th percentile) shown by a line within the box. The crosses indicate the mean of the data. The whiskers mark the 5th 
and 95th percentiles and values beyond these upper and lower bounds are considered outliers, marked with coloured dots
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Corticosteroids were given to 61 of the 307 (19.9%) 
cats; 18 received parenteral dexamethasone (median 
[range] dose 0.13 [0.05–1.3] mg/kg) for a median (range) 
duration of 2 (1–30) days, and 33 cats received oral pred-
nisolone at a median (range) dose of 1 (0.5–2.0) mg/kg 
for a median (range) duration of 7 (3–14) days. Twelve 
cats received topical ophthalmic preparations containing 
corticosteroids, although the dose and duration were not 
recorded.

In terms of other treatments given, these included anti-
biotics (such as cefovecin and doxycycline) to 148/307 
(48.2%) cats, systemic non-steroidal anti-inflammatory 
drugs to 41/307 (13.4%) cats, mefloquine to 14/307 (4.6%)  
cats (dose not recorded) and feline recombinant inter-
feron-omega to one cat (0.3%). No cats received polypre-
nyl immunostimulant.

More than half of the cats (174/307; 56.7%) received 
non-specific supportive therapy with drugs including 
mirtazapine (55/174; 31.6%), maropitant (45/174; 25.9%), 
gabapentin (35/174; 20.1%), opioid analgesia (24/174; 
13.8%), IV fluid therapy (23/174; 13.2%), topical non- 
corticosteroid-containing ophthalmic preparations 
(21/174; 12.1%), ondansetron (8/174; 4.6%), blood trans-
fusions (5/174; 2.9%) and anti-seizure drugs (4/174; 
2.3%). Only two cats received ‘hepatoprotectant’ treat-
ments (such as S-adenosylmethionine and silybin).

The median (range) number of veterinary monitoring 
reviews was 3 (1–10) with the first review occurring at 
a median (range) of 10 (1–114) days after commencing 
treatment.

At completion of their initial treatment period, 272/307 
cats (88.6%) were alive. At the longest follow-up time point 
available (see data below), 259/307 cats (84.4%) were alive 
(Figure 3 and Tables 4 and 5). Of the 13 cats that were alive 
at the completion of their initial treatment period but not 
alive at the longest follow-up time point available after 
completion of the initial treatment period, 11 (84.6%) had 
relapsed with clinical signs consistent with FIP (for details, 
see below), one had died from a road traffic accident and 
one was euthanased for pituitary neoplasia (the attending 
veterinarian did not consider this to be related to FIP).

At completion of their initial treatment period, most 
cats (259/307; 84.4%) cats had a ‘complete’ response to 
treatment and the remainder had either a ‘partial’ (18/307; 
5.9%) or ‘no’ (30/307; 9.8%) response to treatment. More 
details on response to treatment are provided in Table 5.

Of the 18 cats with only a ‘partial’ response at comple-
tion of the initial treatment period, further evaluation 
of their data showed that 10 remained alive and eight 
were dead at the longest follow-up time point. Of the 10 
cats with a partial response that were still alive, four had 
already had the initial treatment period extended beyond 

Figure 3 Bar chart showing the percentage of the 307 treated cats that were alive at the longest follow-up time point after 
starting treatment and also showed a complete response to the nucleoside analogue treatment indicated
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Figure 4 Boxplot showing time to normalisation in days of various clinical and clinicopathological parameters during treatment 
for feline infectious peritonitis. HCT = haematocrit; AG = albumin to globulin ratio. The blue boxes are edged by the 25th and 
75th percentiles of the data, with the median (50th percentile) shown by a line within the box. The crosses indicate the mean 
of the data. The whiskers mark the 5th and 95th percentiles and values beyond these upper and lower bounds are considered 
outliers, marked with blue dots. HCT boxplots represent HCT or packed cell volume, depending on which was reported in the 
haematology profiles

84 days, with a median (range) initial treatment period 
of 119 (104–189) days, one had a repeat 84-day course of 
GS-441524 after stopping briefly, one was treated with 
oral mefloquine (25 mg once daily) and four cats were 
monitored only. Interestingly, 4/10 cats with a partial 
response that were alive at the longest follow-up time 
point had persistent, but static, neurological signs but 
were otherwise normal at 1–240 days after completing 
the initial treatment period, two had persistent hyper-
globulinaemia but were otherwise clinically normal at 90 
and 180 days after 84 days of treatment, two had static 
ocular signs (present at diagnosis) at 10 and 240 days after 
finishing the initial treatment period, one had a persistent 
small volume abdominal effusion and lymphadenopathy 
but remained otherwise normal at review 210 days after 
finishing the initial treatment period, and one had ongo-
ing stable azotaemia and ultrasonographic changes in 
the kidneys 35 days after completion of 84 days of treat-
ment, but was otherwise clinically normal. Of the eight 
cats with a partial response that were dead at the longest 
follow-up time point, the median (range) follow-up time 
point at which they had died or were euthanased was  
55 (2–330) days following the start of treatment.

Of the 30 cats that were recorded with ‘no’ response 
to treatment, all died or were euthanased during the ini-
tial treatment period. These 30 cats had a median (range) 

time of death recorded at a follow-up time point of  
3 (1–55) days following the start of treatment. Of these 30 
cats, 12 died, 10 were euthanased due to deterioration of 
clinical signs, five were euthanased due to the develop-
ment or worsening of neurological signs and three were 
euthanased due to a lack of improvement.

Within the first 30 days of treatment, 271/307 cats 
(88.3%) were re-examined and, of these 271 cats, 76 (28.0%) 
had a complete response, whereas 72.0% (195/271) did 
not. Of the 76 cats with a complete response within  
30 days of treatment, 75 (98.7%) were alive at the end of 
the initial treatment period, significantly more than those 
that did not have a complete response within 30 days of 
treatment but were alive at the end of the initial treatment 
period (160/195; 82.1%) (P <0.001).

Figure 4 shows the time to normalisation (in days) for 
temperature, clinical signs, serum bilirubin concentra-
tion, haematocrit or packed cell volume and serum globu-
lin concentration, as well as time to resolution of effusion 
and time to achieve a serum AG ratio >0.4. These data 
suggest that, during remdesivir and/or GS-441524 treat-
ment, the serum globulin concentration takes the longest 
to normalise of the measurements tracked, as has been 
reported previously.31 Over one-quarter of cats (47/176; 
26.7%) that had serum biochemistry reassessed within 
30 days of starting treatment had an initial worsening of  
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hyperglobulinaemia before subsequent normalisation, as 
has been reported previously.29,42

Overall, 33/307 (10.8%) cats relapsed with a recurrence 
of clinical signs, physical findings and/or diagnostic test 
results consistent with FIP. Considering the 33 cats that 
relapsed, the percentages of each of the predominant types 
of FIP categories at initial diagnosis that relapsed were as 
follows: 5/23 (21.7%) cats with ocular signs dominant; 
4/27 (14.8%) cats with effusion – thoracic dominant; 5/44 
(11.4%) cats with neurological signs dominant; 14/152  
(9.2%) of cats with effusion – abdominal dominant; 2/35 
(5.7%) cats with abdominal pathology dominant: 2/18 
(11.1%) cats with effusion – both cavities dominant; and 
1/8 (12.5%) cats with the uncharacterised FIP category 
relapsed. The 33 cats that relapsed included 17 cats (51.5%) 
that relapsed with neurological signs, five (15.1%) with 
weight loss, inappetence and pyrexia, three (9.1%) with 
effusions, three (9.1%) with uveitis, two with jaundice and 
an abdominal mass, two with severe anaemia and one 
with both uveitis and neurological signs. Of the 33 cats 
that relapsed, 25/33 (75.8%) did so with clinical signs dif-
ferent from their initial predominant FIP subtype.

Fifteen of the 33 cats (45.5%) that relapsed did so  
during the initial treatment period at a median (range) 
of 40 (3–90) days into treatment, while the remaining 18 
(54.5%) relapsed after completion of the initial treatment 
period, at a median (range) of 14 (7–450) days after stop-
ping treatment; 15/18 (83.3%) were within 60 days of 
stopping treatment, but three cats suffered later relapses 
at 90, 390 and 450 days. Thus, 30/33 cats (90.9%) relapsed, 
either during their initial treatment period or within  
60 days of stopping it.

Of the 15 cats that relapsed during the initial treat-
ment period, eight were then treated with an increased 
dose of the same drug, of which 7/8 responded; these 
were treated for a median (range) of 148 (114–204) days in 
total during their initial treatment period, with a median 
(range) longest follow-up time point after completing 
their initial treatment period of 370 (7–510) days. The one 
cat that failed to respond to an increased dose, and the 
remaining seven cats that were not treated further, were 
euthanased at a median (range) of 84 (2–330) days into the 
initial treatment period.

Of the 18 cats that relapsed after completing the initial 
treatment period, 10/18 were treated by restarting nucleo-
side analogues and eight responded, 2/10 did not respond 
and 2/10 that responded relapsed again (one euthanased, 
one responded to a third, higher-dose treatment course 
with a longest follow-up time point after completing this 
third course of 520 days). The median (range) longest 
follow-up time point from completion of the initial treat-
ment period for cats that relapsed but  responded to repeat 
treatment was 90 (7–520) days. The remaining 8/18 were 
euthanased at a median (range) of 23 (7–450) days after 
completing the initial treatment period.

The median (range) of the longest follow-up time 
point after starting the initial treatment period was 248 
(1–814) days. The median (range) of the longest follow-up 
time point  after completion of the initial treatment period 
was 180 (0–730) days. Further information on follow-up 
time points according to treatment group is presented in 
Table 4.

Adverse effects of treatment
Adverse effects were recorded in 176/307 cats (57.3%), 
including clinical adverse effects in 122/307 (39.7%) and 
clinicopathological abnormalities in 107/245 cats (43.7%) 
that had blood samples taken during the initial treatment 
period. The most frequent adverse effects are shown 
in Figure 5. Localised pain or discomfort associated 
with SC injection of remdesivir was reported in almost 
half (122/255; 47.8%) of all the cats that received SC  
remdesivir. The clinicopathological adverse effects seen 
(in cats treated with remdesivir alone, GS-441524 alone 
or both drugs) were increased serum alanine transami-
nase (ALT) activity (in 71/250 of cats [28.4%] in which 
this was measured, with a median [range] value of 110 
([47–1260] U/l), eosinophilia (in 38/253 [15.0%] with 
a median [range] of 2.2 [0.9–4.9] × 109/l), lymphocyto-
sis (in 26/244 [10.7%] cats with a median [range] of 8.2 
[6.1–13.3] × 109/l), increased serum alkaline phosphatase 
activity (in 23/281 [8.2%] cats with a median [range] 
81 [range 55–155] U/l) and increased serum creatinine  
concentration (in 8/243 [3.3%] cats, with a median [range] 
of 180 [148–383] µmol/l). The proportion of cats with 
elevated ALT was higher in cats treated with GS-441524 
(either in combination with remdesivir or alone, being 
37.5% and 30.8%, respectively) than cats treated with 
remdesivir alone (8.3%). Conversely, cats treated with 
GS-441524 alone had a lower proportion with eosino-
philia (3.9%) compared with cats treated with remdesi-
vir alone or in combination with GS-441524 (19.4% and 
14.8%, respectively).

Other less frequent adverse effects included sores and 
thickened skin at remdesivir SC injection sites, seen 
in 9/255 of cats (3.5%), change in the colour of the fur 
(from black to white) at the interscapular injection site  
(1/255 cats), subdued demeanour immediately after 
remdesivir injection (both when administered SC and 
IV; seen in 7/275 [2.5%] of cats), hypotension after IV 
remdesivir (seen in 5/255 [2.0%] of cats) and diarrhoea 
after starting oral GS-441524 (seen in 4/203 [2.0%] of 
cats). Three of the cats in the study (3/307; 1.0%) devel-
oped pruritus; one had generalised pruritus that resolved 
after changing from SC remdesivir to oral GS-441524, one 
had facial pruritus during the initial treatment period 
with remdesivir, and one had pruritus around the inter-
scapular remdesivir SC injection site. One cat developed 
thrombocytopenia, without associated clinical signs, with 
GS-441524 treatment (platelet count prior to treatment 
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was within the reference interval, whereas the platelet 
count was 6 × 109/l on day 31 of treatment [not confirmed 
by blood smear examination] and 40 × 109/l on day 80 
[confirmed by blood smear examination]; this persisted 
after GS-441524 was stopped and the thrombocytopenia 
eventually responded to corticosteroid therapy).

Vaccination or neutering elective procedures
Twenty-three cats were vaccinated after finishing 
the initial treatment period at a median (range) of 60  
(21–300) days, while one cat was vaccinated during the 
initial treatment period. Twenty-one cats were neutered 
(both males and females) after finishing the initial treat-
ment period at a median (range) of 60 (1–240) days and 
one cat was neutered during treatment. None of these cats 
had evidence of FIP relapse or other adverse sequelae fol-
lowing vaccination or neutering.

Discussion
The present study describes a very substantial cohort of 
307 cats with a presumed or confirmed diagnosis of FIP 
treated using specific regulated veterinary compounded 
nucleoside analogues of known composition in coun-
tries where these products can be legally prescribed by  
veterinary surgeons to cats under their care. The legality 
of the drugs has facilitated access to data relating to direct 
veterinary input into the care of these cats. In agreement 

with previous studies10,11,22,28–33,40,42 reporting the use 
of varied (usually unregulated or illegal) nucleoside  
analogue preparations, in the present study, all three 
treatment protocols (ie, remdesivir alone, remdesivir then 
GS-441524 and GS-441524 alone) were highly effective 
in treating this previously fatal disease. An impressive 
88.6% of cats were alive at the end of the initial treat-
ment period, and 84.4% at the longest follow-up time 
point after completion of the initial treatment period (ie, 
at a median [range] of 180 [0–730] days). Interestingly, 
these favourable results were obtained without the use 
of additional immunomodulatory treatments (such as 
polyprenyl immunostimulant, and feline recombinant 
interferon-omega was given to only one cat) as reported 
by others.22,31

Importantly, we cannot directly compare the effi-
cacy of treatment with remdesivir alone with the use of  
remdesivir followed by GS-441524, or GS-441524 given as 
monotherapy. This is because this was not a randomised 
controlled clinical trial and, as such, cannot assess effi-
cacy. The protocols used to treat the cats with FIP evolved 
rapidly during the study,42,43,50 as more information was 
obtained through the experience of managing these cases. 
This led to changes, notably increases, in recommended 
doses and duration of treatment, aiming to optimise the 
response to treatment and try to prevent relapses. In 
addition, the type of FIP present influenced the protocol, 

Figure 5 Bar chart showing the percentage of the 307 treated cats showing the most common adverse effects seen during 
injectable remdesivir and/or oral GS-441524 treatment. GS-441524 is an oral medication and so pain on injection relates to 
injectable remdesivir administration only. Figures within bars are the percentage of cats affected. ALT = alanine transaminase
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with higher doses usually recommended for cats with  
ocular or neurological signs.11,30,43,50 The high cost of treat-
ment is likely to be one reason for not giving a simpler 
higher dose to all cases. In terms of drug choice, for the 
cohort of cats described in the present study, remdesivir 
was the first, and initially only, nucleoside analogue to 
become legally available; thus, the initial treatment pro-
tocols comprised remdesivir alone. The regulated veteri-
nary compounded GS-441524 became available several 
months after remdesivir, such that protocols evolved 
to transition from remdesivir (which could be given IV, 
if necessary, to critically ill cats, or SC for longer-term 
use) to oral GS-441524 treatment. Finally, oral GS-441524 
monotherapy was used in the cats recruited later in the 
study, once experience had shown it to be of comparable 
efficacy to the treatment regimens including remdesivir 
(see below). Thus, the first cats recruited into the study 
were given remdesivir alone, and often at a lower dose, 
than those given treatment later in the study; this would 
likely have impacted the response to treatment. This can 
be seen in Figure 2 and Tables 4 and 5, which suggest a 
trend for lower doses of remdesivir being used when it 
was the only treatment given (to cats recruited early in the 
study) compared with the doses used when remdesivir 
was used principally as a prelude to oral GS-441524.

Remdesivir is more expensive (on a per-mg basis) than 
oral GS-441524, and has additional increased costs and 
challenges due to its injectable administration compared 
with an oral tablet that can be readily halved or quartered, 
and this could have influenced the likelihood of owners 
electing to euthanase a cat following a clinical setback or 
slow improvement while remdesivir was being admin-
istered as the only available treatment. The subsequent 
availability of compounded GS-441524 tablets provided 
a cheaper and less stressful form of treatment, which no 
doubt influenced owner and veterinary choice, especially 
once confidence in its efficacy evolved. For this cohort of 
cats, remdesivir, as the only injectable formulation, was 
the only agent used to treat cats that could not tolerate 
oral medications and, because such cats tend to be those 
that are sickest due to their FIP disease, this could have 
biased the population of cats given remdesivir towards 
those that were most sick, which may also have influ-
enced the response to treatment; this further prohibits 
direct comparison of the treatment groups.

Based on our collective experience, it is the opinion 
of the authors that, given the ease of treatment with oral 
GS-441524, its lower cost and the excellent response rate 
seen in the present study, most cats with FIP should 
probably be treated with oral GS-441524, with the use of 
injectable remdesivir reserved for two situations. The first 
is the scenario where remdesivir is the only nucleoside 
analogue available, or the most affordable option, which 
is the case in some countries, including many develop-
ing nations, where it is made inexpensively as a human 

drug under licence, with such formulations being avail-
able for cat owners (R Malik, 2023, personal communica-
tion); in this situation, it is important to note that 73.1% 
of cats treated with remdesivir only were alive at the end 
of the initial treatment period. Further research, ideally 
comprising controlled clinical trials, may reveal protocols 
that can confer greater survival using this agent. Second, 
in some cats and kittens that present late with advanced  
disease, oral administration of GS-441524 might be impos-
sible or unreliable, such that an injectable treatment (IV or 
SC) is required (eg, in cases with severe ileus or gastroin-
testinal malabsorption, neurological signs affecting ability 
to swallow, collapse, risk of aspiration of food after a sei-
zure, etc). It has been suggested31,35 that oral, rather than 
injectable, administration of a nucleoside analogue might 
be more efficacious because it targets the major intestinal 
site of FCoV replication. Studies of successful responses 
to injectable GS-441524 certainly exist,10,28–30 but com-
parative studies on the efficacy and bioavailability of the 
active moieties of oral GS-441524 and parenteral remdesi-
vir (including its efficiency of conversion into GS-441524) 
are currently lacking, although they are emerging  
(S Coggins, 2023, personal communication). The original 
dose and treatment duration (84 days) protocols for these 
agents were based on the recommendations of veterinari-
ans in Australia who had already used these formulations 
successfully in cats with FIP42 (R Malik, S Coggins, D 
Hughes and JM Norris, 2023, personal communication).

The signalment of the cats in the present study was 
broadly similar to that of previously described popula-
tions of cats with FIP; most of the cats were purebred 
(63.4%),51–56 male (63.2%)13,53–57 and under 12 months  
of age (52.4%).9,15,53,54,56 The presenting clinical signs  
and physical findings were also consistent with 
other studies;10,13,58,59 lethargy and inappetence were  
frequently reported as non-specific clinical signs, and 
pyrexia occurred in around two-thirds of cats. Cats 
presented more commonly (71.2%) with effusions than 
without,7–15 and 20% of the cats had neurological signs, 
while 13% had ocular disease (Table 1). One recent 
paper, describing a large case series of cats treated 
for FIP, reported a lower percentage to have effusions 
(57%), with the remainder of cats having neurological 
or ocular manifestations;10 that study was reliant on 
owner-reported clinical signs in cats that were largely 
not being monitored by veterinarians, compared with 
the veterinary assessment of all cats in the present 
study, which should have improved the accuracy of 
descriptions and possibly resulted in earlier presenta-
tion of the cats in their clinical course due to owners 
seeking veterinary care. Importantly for practitioners, 
15.4% of cats had clinical signs of FIP of more than one 
type, suggesting that looking for effusions and examin-
ing the eyes (eg, of cats with neurological signs) may 
aid the diagnosis and full characterisation of FIP cases.
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One study limitation and interesting discussion point 
is that only 9.5% of cats in the study met the stringent 
diagnostic criteria that confirms a diagnosis of FIP, with 
only another one-third of cats (33.2%) having FCoV RNA 
detected in samples, leading to a diagnosis of FIP being 
‘very likely’, the remainder being highly suspicious. This 
lack of definitive diagnosis in many cats is not dissimi-
lar to other studies on the outcome of cats treated for 
FIP10,11,22,29–33,40 because, increasingly, financial resources 
for treatment are being prioritised over those to confirm 
the diagnosis, and the ability to perform further diagnos-
tic testing in a case can be problematic due to access to 
testing or the condition of the cat. A positive response to 
treatment in suspected cases of FIP is sometimes used as 
strong diagnostic support for FIP. However, not confirm-
ing a diagnosis of FIP ahead of commencing antiviral 
treatment does create a risk that (i) an alternative treat-
able diagnosis is overlooked and (ii) these antivirals are 
administered without justification and may increase risks 
of antiviral resistance, with potential One Health impacts. 
We recommend that veterinarians discuss this risk with 
owners ahead of treatment, so that informed decisions 
are made so that the most appropriate approach is taken 
for each case.

It is noteworthy (Table 2) that 85.3% of the effusions, 
75.0% of the tissue FNAs and 46.2% of the CSF samples 
(as well as both of the two aqueous humour samples) 
submitted for FCoV RNA RT-PCR gave positive results in 
the present study. This highlights the usefulness of FCoV 
RNA RT-PCR testing in cases in which FIP is a differen-
tial diagnosis, as has been suggested previously.1,8,20,26,60 
FCoV antigen immunocytochemistry (ICC) staining is 
more specific for the diagnosis of FIP than FCoV RNA 
RT-PCR8,26 but none of the three FNA samples sent for 
ICC testing gave positive results. However, the ICC yield 
from effusion samples was far higher than for FNA, with 
76.5% of 34 effusion samples positive for FCoV antigen 
ICC. Although treatment for suspected FIP in the absence 
of a definitive diagnosis can be effective and, when  
successful, is used by some to ‘confirm’ the diagnosis, as 
outlined above, it is still important for veterinarians to 
be as confident as possible in a diagnosis of FIP before 
starting antivirals. We still recommend, when finances 
permit, that veterinarians try to demonstrate FCoV anti-
gen or FCoV RNA within FNA or fluid samples using 
ICC and RT-PCR, respectively, to make a diagnosis of FIP 
as complete as possible. However, we know that FCoV 
distribution and detection is variable in cats with FIP 
and a negative result for these tests does not exclude a 
diagnosis of FIP.60 Additionally, delaying treatment while 
diagnostic tests are pending is suboptimal for the cat; in-
house cytology and effusion biochemistry can expedite 
exclusion of other causes of clinical signs (eg, pyothorax) 
and facilitate prompt use of antivirals.

The proportion of cats responding to treatment and 
being alive at both the end of their initial treatment 
period and the longest follow-up time point available was  
similar between the predominant FIP types (Table 5). This 
may be, in part, because of the rapid evolution, adoption 
and availability of optimised protocols to treat different 
types of FIP.30,50,61 As mentioned earlier, initial protocols 
from when remdesivir first became legally available in 
the countries in which the authors and their collaborators 
practise included recommendations to administer higher 
doses of nucleoside analogues to cats with neurological or 
ocular involvement, and this dose recommendation was 
adopted in some of the cats in the present study, as shown 
in the median dose values in Table 5, although a range 
of doses was used. A study that used owner-reported 
dose data from surveys reported similar results, in that 
cats with neurological or ocular manifestations received 
higher doses of nucleoside analogues than those with-
out these signs.10 It is not possible, however, to directly 
compare doses administered in different studies due to 
the unknown purity and content of the unlicensed and/
or unregulated products. The present study highlights 
the need for more treatment response data to be gener-
ated in cats treated with known and accurately quantified 
nucleoside analogues and veterinary care to guide treat-
ment decisions, as well as data on any effect of route of 
administration and formulation.

As seen in previous studies,10,29 relapses of FIP did 
occur, and many were successfully managed with 
extended or repeated treatment courses, typically at 
increased doses. It is possible that some of these relaps-
ing cats initially presented with occult ocular or neuro-
logical involvement, such that initial dose selection was 
inadequate. Indeed, previous studies62–65 have shown 
the presence of ocular and neurological inflammation 
and FCoV at higher frequencies on extensive diagnostic 
testing than was suspected based on clinical signs alone. 
The vast majority (90.9%) of relapses occurred during the 
initial treatment period, or within 60 days of stopping. It 
is not possible to say whether more frequent veterinary 
monitoring reviews in these cats might have resulted in 
earlier detection of a lack of response to treatment and 
subsequent appropriate dose escalation. Given the lack 
of toxicity observed with remdesivir and GS-441524 
treatment, the decision to use appropriate higher doses 
according to FIP type is appropriate. In addition, serum 
levels may vary between cats, necessitating higher doses 
for individual cats based on response (D Gunn-Moore, 
2023, personal communication). Three-quarters of relaps-
ing cats did so with clinical signs different from their 
initial predominant FIP type, and half were with neuro-
logical signs, as reported previously.10 Hence, vigilance 
for novel clinical signs during and after antiviral treat-
ment is recommended.
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Treatment with nucleoside analogues in the present 
study was well tolerated, but potential side effects were 
observed in 57.3% of the cats, the most common reported 
being pain on injection in 47.8% of cats treated with SC 
remdesivir. Previously reported adverse effects when 
treating cats with parenteral nucleoside analogue prod-
ucts have included, similar to the present study, pain or 
discomfort at SC injection sites (with both remdesivir 
and GS-441524),10,28-30 as well as transient exacerbation 
of pleural effusion (when given IV remdesivir),42 which 
was not clearly seen in the present study (although cats 
with thoracic effusions can require repeat thoracocentesis 
early in the treatment course as fluid can re-accumulate 
before the cat responds to treatment). The cause of pain 
on injection is unclear and may be multifactorial (eg,  
volume of fluid injected, injection site used, temperature 
of the fluid injected); however, most clinicians suspect 
that the low pH of the solution is a significant factor. The 
pH of the veterinary compounded remdesivir used in the 
present study (pH 4.1) was considerably less acidic than 
the human-licensed remdesivir product available in the 
UK (pH 1.4; Veklury) (N Bova, 2023, personal communi-
cation) and it was hoped that any injection pain would 
thereby be minimised. Not all reports describe pain  
following SC remdesivir, with one case report of success-
ful treatment in a cat with confirmed FIP using remdesivir 
IV for 3 days followed by remdesivir SC for an additional 
77 days without problems; this cat remained in remis-
sion at the 7-month follow-up at the time of publication.41 
Injectable SC GS-441524 has similarly been associated 
with pain on injection; 82.0% of cats treated with owner-
sourced GS-441524 were reported to have vocalised at the 
time of injection and 76.1% were reported to have exhib-
ited signs of pain at the injection site, while around half 
(51.7%) reported scarring and scabbing.10 Pain or discom-
fort on injection has also been reported during adminis-
tration of the protease inhibitor antiviral agent GC376 for 
FIP.66 These reactions are often a major reason for prefer-
ring oral medications, even though advice is available to 
try to help minimise the pain on injections (such as the 
use of gabapentin, which was commonly used and help-
ful in many cats treated in the present study).43,50

Previously reported clinicopathological changes asso-
ciated with oral GS-441524 administration in cats have 
included a mild increase in liver enzyme activities for 
ALT, lymphocytosis or eosinophilia.11 Eosinophilia was 
reported in the present study in around 20% of cats 
treated with remdesivir, although it did not result in  
premature drug withdrawal and resolved after comple-
tion of the course of therapy. By contrast, eosinophilia 
was not seen as frequently in cats treated with GS-441524 
(3.9%). Increased serum ALT activity was seen in over 
30% of cats treated with GS-441524; again, it did not lead 
to premature withdrawal of treatment and resolved on 
completion of treatment, without the administration 

of ‘hepatoprotectants’. Elevated ALT activity was seen 
less frequently in cats treated with remdesivir alone 
(8.3%). The causal pathomechanisms underlying these 
clinicopathological changes are unknown at this time. 
Development of, or worsening of, azotaemia was not 
reported in any cats treated with remdesivir in the  
present study. This is of note because acute kidney injury 
has been associated with remdesivir use in humans,67,68 
although causality remains unproven.69

When to stop nucleoside analogue treatment has been 
a topic of some debate in communications with several 
of the authors via the FIP advice line they contribute to 
(SS Taylor, S Tasker, EN Barker, D Gunn-Moore and S 
Sorrell, personal communications), particularly if abnor-
malities (especially certain clinicopathological changes 
in the absence of clinical signs) persist at 84 days, which 
is the typical time of completion of the primary course 
of therapy. One small retrospective study of 42 cats with 
confirmed or suspected FIP documented the successful 
use of attaining normal serum AGP measurements to 
differentiate cats that fully recovered from FIP (26 cats) 
from those did not (16 cats),31 and it may be that AGP 
could be used as an indicator to stop antiviral therapy, 
including allowing for treatment courses of shorter 
durations. Further prospective studies are required to  
confirm this. Although further research is required, it is of 
interest that four cats in the present study had persistent 
static neurological signs yet showed long-term survival, 
two cats with hyperglobulinaemia that persisted at the 
end of the initial treatment period had not relapsed up 
to 180 days after stopping therapy, and one cat with a 
persistent small volume effusion and lymphadenopathy 
remained well at 210 days after completing the initial 
treatment period. Further research is required, but our 
current advice is to initially investigate and then closely 
monitor such cases for relapse; lack of a complete response 
may be because these signs are due to, for example, fibro-
sis or permanent loss of neurons following severe FIP 
pathology and inflammation, although this has not been 
confirmed. Lymphadenopathy has been reported in a cat 
following treatment with GS-441524 and recovery from 
FIP, without any apparent clinical effect and no associated 
FCoV immunostaining.34

The limitations of the present study included its retro-
spective nature, with data derived from a collaboration 
of a large number of clinicians working in different envi-
ronments and countries, during a period of flux when 
FIP treatments and availability, as well as specialist rec-
ommended treatment doses and duration, were chang-
ing and evolving. The present study does not provide 
answers to all of the questions we have regarding the 
treatment of FIP with regard to optimal treatments, doses, 
duration and routes of administration. Ultimately, in the 
present study, the diagnosis, treatment and monitoring 
employed by the veterinarians were at their individual 
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discretion. As well as the science of therapeutics, deci-
sions were impacted by discussion with owners regard-
ing affordability of treatment and compliance preferences. 
Recruitment of cases via multiple routes could have intro-
duced bias regarding case submission.

The strength of the present study, which sets it 
apart from most other studies, is the exact knowledge 
of the strength of diagnosis alongside what nucleoside  
analogue was administered and at what dose, which 
helped our understanding of the response to certain 
treatment decisions (Table 4). FIP is fatal without effec-
tive treatment. These data described herein may permit 
clinicians who have access to these products to predict 
the likelihood of response if administered at the doses 
described, pending description of prospective clinical tri-
als upon which treatment decisions are ideally based.

By virtue of the treatment success in the present study, 
the majority of cats that had a complete response to treat-
ment remain alive. This, alongside the variations in dos-
age and follow-up time points after treatment when 
data were collected (eg, 2020 compared with 2022), pre-
cludes survival data analysis. It is hoped that survival 
will continue over a far longer period than we were able 
to report at our longest follow-up time point. Of inter-
est in this regard is that one of the 18 ‘cured’ cats in an 
oral GS-441524 treatment study in which all 18 cats with 
FIP recovered (the shortest follow-up time was 99 days 
after completion of the 84-day treatment course)11 sadly 
died as a result of a road traffic accident 164 days after 
finishing treatment.34 That cat underwent necropsy and 
no gross or microscopic evidence of FIP was found, nor 
were FCoV antigen or FCoV RNA found in any tissues 
(although lymphadenopathy was found, as described 
above). This supports the theory that there is elimination 
of FCoV from all tissues following successful treatment of 
FIP using oral GS-441524, again giving hope for longevity 
of life and permanent cure following treatment.

This retrospective study also reports the successful 
vaccination and neutering of cats that have completed 
treatment for FIP, which is encouraging due to previous 
concerns that possible stress associated with these proce-
dures may lead to a relapse of FIP. However, we recom-
mend that cat friendly practices are always adopted to 
minimise stress.70

Conclusions
The nucleoside analogues remdesivir and GS-441524, 
both alone and used sequentially, are highly effective in 
the management of FIP when administered at the doses 
and duration described in the present study. These data 
have been used to make summary recommendations 
for veterinarians for whom these products are legally 
available, which sadly does not include all feline prac-
titioners at this time.50 The easier administration of 
GS-441524 tablets over injectable remdesivir, which is 

often associated with pain when given by SC injection, 
makes it more likely to be the first-line treatment in coun-
tries in which GS-441524 tablets are available. However, 
remdesivir is still appropriate to use where this is the 
only nucleoside analogue legally available or in rare cases 
in which cats do not tolerate oral medications, at least  
during initial treatment until clinical improvement 
results in tolerance of oral medication. Positive responses 
within the first 30 days of therapy may be associated with  
better outcomes. Randomised controlled clinical trials are 
required to further compare and optimise treatment and 
monitoring regimens.
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 58 Černá P, Ayoob A, Baylor C, et al. Retrospective survival 
analysis of cats with feline infectious peritonitis treated 
with polyprenyl immunostimulant that survived over 365 
days. Pathogens 2022; 11.  DOI: 10.3390/pathogens11080881.

 59 Spencer SE, Knowles T, Ramsey IK, et al. Pyrexia in cats: 
retrospective analysis of signalment, clinical investiga-
tions, diagnosis and influence of prior treatment in 106 
referred cases. J Feline Med Surg 2017; 19: 1123–1130.

 60 Barker EN, Stranieri A, Helps CR, et  al. Limitations of 
using feline coronavirus spike protein gene mutations 
to diagnose feline infectious peritonitis. Vet Res 2017; 48.  
DOI: 10.1186/s13567-017-0467-9.

 61 Barker E and Tasker S. Update on feline infectious perito-
nitis. In Pract 2020; 42: 372–383.

 62 Felten S, Matiasek K, Gruendl S, et al. Utility of an immuno-
cytochemical assay using aqueous humor in the diagnosis 
of feline infectious peritonitis. Vet Ophthalmol 2018; 21: 
27–34.

 63 Felten S, Matiasek K, Leutenegger CM, et  al. Diagnostic 
value of detecting feline coronavirus RNA and spike 
gene mutations in cerebrospinal fluid to confirm feline  
infectious peritonitis. Viruses 2021; 13. DOI: 10.3390/
v13020186.

 64 Gruendl S, Matiasek K, Matiasek L, et al. Diagnostic utility 
of cerebrospinal fluid immunocytochemistry for diagno-
sis of feline infectious peritonitis manifesting in the cen-
tral nervous system. J Feline Med Surg 2016; 19: 576–585.

 65 Sangl L, Felten S, Matiasek K, et  al. Detection of feline 
coronavirus RNA, spike gene mutations, and feline 
corona virus antigen in macrophages in aqueous humor of 
cats in the diagnosis of feline infectious peritonitis. J Vet 
Diagn Invest 2020; 32: 527–534.

 66 Pedersen NC, Kim Y, Liu H, et  al. Efficacy of a 3C-like 
protease inhibitor in treating various forms of acquired 
feline infectious peritonitis. J Feline Med Surg 2018; 20: 
378–392.

 67 Wu B, Luo M, Wu F, et al. Acute kidney injury associated 
with remdesivir: a comprehensive pharmacovigilance 
analysis of COVID-19 reports in FAERS. Front Pharmacol 
2022; 13.  DOI: 10.3389/fphar.2022.692828.

 68 Wong CKH, Au ICH, Cheng WY, et  al. Remdesivir use 
and risks of acute kidney injury and acute liver injury 
among patients hospitalised with COVID-19: a self- 
controlled case series study. Aliment Pharmacol Ther 2022;  
56: 121–130.

 69 Seethapathy R, Wang Q, Zhao S, et al. Effect of remdesivir 
on adverse kidney outcomes in hospitalized patients with 
COVID-19 and impaired kidney function. PLoS One 2023; 
18. DOI: 10.1371/journal.pone.0279765.

 70 Taylor S, St Denis K, Collins S, et al 2022 ISFM/AAFP cat 
friendly veterinary environment guidelines. J Feline Med 
Surg 2022; 24: 1133–1163.


