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Abstract

Background: Before the discovery of effective antiviral drugs, feline infectious peri-
tonitis (FIP) was a uniformly fatal disease of cats. Multiple antiviral treatments have
been recognized, but optimization of treatment protocols is needed.

Objective: To evaluate the efficacy of PO molnupiravir (MPV; EIDD-2801) to treat
effusive FIP.

Animals: Ten cats with naturally occurring effusive FIP and 10 historical control cats
with effusive FIP treated with PO GS-441524.

Methods: A single-center, prospective, open-label longitudinal, non-inferiority trial
with historical controls. Ten cats with FIP were enrolled and treated with PO MPV
(10-15 mg/kg PO qi12h) for 84 days. Cats were evaluated at O, 6, and 16 weeks, and
the proportion of cats in clinical remission at 16 weeks was determined. Survival and
clinicopathologic features were compared with historical control cats with effusive
FIP treated with PO GS-441524.

Results: Eight of the 10 cats treated with MPV survived and were in remission at
16 weeks. The 2 non-survivors died in the first 24 hours of treatment. No adverse
events that necessitated discontinuation of treatment were observed. Survival of cats
treated with PO MPV was non-inferior to historic control cats treated with PO GS-
441524 (5/9 [55%)] survived), with a difference in survival of 25% (90% confidence
interval, —9.3% to 59.3%). Clinicopathologic features associated with FIP normalized
during the study period, and no differences in clinicopathologic data at each study
time point were observed when comparing cats treated with MPV and GS-441524.
Conclusions and Clinical Importance: Molnupiravir is an effective antiviral treatment

for effusive FIP.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FCoV, feline coronavirus; FECV, feline enteric coronavirus; FIPV, feline infectious
peritonitis virus; MCV, mean corpuscular volume; MPV, molnupiravir.
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1 | INTRODUCTION

Feline coronavirus (FCoV), is a large single-stranded RNA virus in the
family Coronaviridae found in cats worldwide.® The virus exists in
2 biotypes. The first is a ubiquitous, nonpathogenic biotype feline
enteric coronavirus (FECV) with infection rates of up to 90% of cats in
multi-cat housing.? The second biotype, feline infectious peritonitis
virus (FIPV), arises after a change in viral tropism to macrophages,
which is thought to occur because of spike mutations.® The clinical
spectrum of FIP is variable, with some cats presenting with high pro-
tein concentration cavitary effusions and some with pyogranuloma-
tous infiltrates that can affect nearly any organ system. Without
treatment, both forms of the disease are essentially 100% fatal.>*

Safe and effective antiviral treatments for cats with FIP have been
discovered. The nucleoside analog GS-441524 has been most widely
studied, and survival rates range from 55% to 100%.412 Other antiviral
drugs also have been effective in treating FIP.*>"*> The nucleoside ana-
log, EIDD-2801 or molnupiravir (MPV), is an antiviral prodrug that is
orally bioavailable and was developed for treating COVID-19. Molnupir-
avir inhibits FCoV replication in vitro, and a pharmacokinetic study in
cats determined that PO dosing at 10 mg/kg q12h results in plasma
concentrations above the minimum effective concentration for the inhi-
bition of FCoV replication.'® Indeed, some promising clinical outcomes
indicate that MPV may be an effective treatment for FIP, with survival
rates of 78% to 92%.>” These reports include cats that have failed
other antiviral treatments, were treated with unlicensed owner-sourced
medications, or were derived from limited field trials. Further assess-
ment of MPV as a first-line treatment for effusive FIP is needed to
determine efficacy compared with other antiviral treatments.

Our objective was to evaluate the efficacy of PO MPV in treating
naturally occurring effusive FIP in a prospective clinical trial compared
with historical controls from previous clinical trials treating cats with
effusive FIP with GS-441524 using identical enrollment criteria, meth-
odology, and study endpoints.

2 | MATERIALS AND METHODS

21 | Study design

A single-center, prospective, unblinded longitudinal trial with a single
treatment arm was performed. A historical control group of cats with
effusive FIP recruited between November 2021 and November 2022,
and treated with PO GS-441524 (12.5-15 mg/kg PO g24h), was used
for comparison.® Cats confirmed to have effusive FIP were considered
for enrollment between February and June 2023, and assigned to the
single treatment arm. Our study followed ethical guidelines and was

approved by the University of California, Davis Institutional Animal

Care and Use Committee (Protocol number 23282, approval date
February 15, 2023).

2.2 | Inclusion criteria

Cats suspected of having effusive FIP were considered for enrollment if
pleural, peritoneal, or pericardial effusion was observed ultrasonographi-
cally by a study veterinarian (K.L. Reagan, T. Brostoff). To be included, a
diagnosis of FIP had to be achieved by (a) immunohistochemical or immu-
nocytochemical detection of FCoV antigen in the context of pyogranulo-
matous inflammation as determined by a veterinary pathologist or
(b) positive FCoV RNA using quantitative RT-PCR from a commercial lab-
oratory or University of California, Davis Veterinary Clinical Diagnostic
Laboratory obtained from an effusion specimen with 23 of the following
clinical criteria: rectal temperature >102.5 °F documented twice over
212 hours, whole blood lymphocyte count below the lower limit of nor-
mal, serum globulin concentration above the upper limit of normal, serum
albumin : globulin ratio <0.6, serum bilirubin concentration above the
upper limit of normal, cavitary effusion with total protein concentration
>3.5 g/dL and cytology findings assessed by a veterinary clinical patholo-
gist to be consistent with FIP, or positive FCoV antibody serology tested
by a commercial laboratory or the University of California, Davis Veteri-
nary Clinical Diagnostic Laboratory. Blood test results obtained using in-
house analyzers at the referring veterinarian or a commercial laboratory
were utilized for patient screening.

To be included in the study, cats were required to have negative feline
leukemia virus (FeLV) antigen and feline immunodeficiency virus (FIV) anti-
body test results in the preceding month. Cats were excluded from the
clinical trial if they had been treated with any anti-coronaviral medications
before enroliment. Additionally, cats were excluded if the cat or caretaker
was not able to fulfill the requirements of the study, were assessed to have
a high likelihood of noncompliance, or if the caretaker was not able to
administer PO medications reliably. Further, cats that were critically ill and
not expected to survive for at least 48 hours were excluded (moribund,
agonal, nonresponsive, or stuporous on physical examination), cats with
neutrophil count <2000/uL, platelet count <75 000/uL without platelet
clumps, serum creatinine concentration above the upper limit of normal,
serum alanine aminotransferase (ALT) activity > twice the upper limit of
normal, cats assessed by the study veterinarian as needing blood transfu-
sion, or cats with marked hypothermia (rectal temperature <97 °F). These

exclusion criteria were identical for the historical control group.

2.3 | Treatment and study protocol

Cats were treated with PO MPV 10 to 15 mg/kg PO q12h for
84 days. The drug was sourced from Natural Micron Pharm Tech
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(NM PharmTech; Tai'an, China) with a purity of >99% and com-
pounded into gelatin capsules. High-pressure liquid chromatography
was used to confirm the identity of the drug.*® Caretakers weighed
the cats weekly between visits using a baby scale, and the dose was
adjusted to remain within the prescribed range.

Cats were examined by study veterinarians (K.L. Reagan,
T. Brostoff) at enrollment (week 0), week 6, and week 16. Physical
examination, CBC (Advia 120; Siemens), and serum biochemistry panel
(Cobas ¢501/6000; Roche) were performed at each visit. The FCoV
antibody indirect immunofluorescence serology assay (University of
California, Davis Veterinary Clinical Diagnostic Laboratory) was per-
formed at weeks O and 16. Serial dilutions of patient serum specimens
were tested starting at a dilution of 1:20 to a maximum dilution of
1 : 20 480. Specimens with no staining at 1 : 20 were recorded as nega-
tive. Effusion volume was approximated at each visit. Peritoneal effu-
sion was quantified by a point-of-care ultrasound scan score recorded
from O to 4.'® Pleural effusion was monitored using a thoracic point-
of-care ultrasound scan, and the fluid depth at the area of greatest
accumulation was recorded in centimeters.’” Disease remission was
assessed at 16 weeks and was defined as the resolution of clinical signs
associated with initial presentation, lack of relapse of clinical signs after
study drug discontinuation, resolution of cavitary effusion, and normali-
zation of serum globulin and bilirubin concentrations.

Supportive care, hospitalization, and additional reevaluations
were allowed at the discretion of the attending veterinarian. All
adverse events were recorded. Cats that died or were euthanized dur-
ing the study underwent complete necropsy examination with care-
taker consent within 24 hours of death. Tissue was collected and
placed in 10% buffered formalin for >24 hours. Tissue from necrop-
sied cats was trimmed, paraffin-embedded, and processed for histo-
logic examination following standard protocols.
Immunohistochemistry (IHC) to detect FCoV antigen (FIPV3-70, Cus-
tom Monoclonals International, Sacramento, CA) was performed as
previously described.2° Interpretation of histopathology and IHC was

performed by a single veterinary anatomic pathologist (B.G. Murphy).

2.4 | Statistical analysis

The study was designed to test a non-inferiority hypothesis compared
with a historical control population of cats treated with PO GS-441524
with a primary outcome measure of disease remission at 16 weeks. A
non-inferiority limit of —15% was chosen, and a power calculation
determined a minimum of 10 cats were needed to achieve 90% power
and alpha of 5% based on a survival rate of 55% in the control group
and an anticipated survival rate of 92.3% in the experimental
group.>*32! Demographic data and secondary outcome measures
including clinicopathologic data were summarized with descriptive sta-
tistics. Parametric or nonparametric testing was performed based on
normality testing using a Shapiro-Wilk test. A mixed-effects model was
utilized, with Tukey's multiple comparisons test, to evaluate clinicopath-
ologic variables throughout the study for cats treated with MPV. At
each study time point, clinicopathologic features also were compared
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TABLE 1 Baseline demographics.
Historical controls treated
Cats treated with
with MPV GS-441524
Total number 10 9
Purebred 1 3
Age (in months)? 11 (5-86) 7 (3-164)
Sex
Intact female = 2
Spayed female 4 5
Intact male 1 1
Neutered male 5 1
Body weight (kg)° 3.6(1.7) 2.8(1.2)
Effusion location
Abdominal 8 8
Pleural 2 1

2Non-normal results presented as median and range.
PNormal results presented as mean and SD.

between cats in the MPV group and the control group using Sidak's
multiple comparisons test. Commercially available software was utilized

for statistical analysis (Prism Version 10.0.0, GraphPad).

3 | RESULTS

3.1 | Study population

Seventy-one cats were screened for enrollment, and 61 were
excluded because they did not meet the study inclusion criteria. Ten
cats met the enrollment criteria and were enrolled in the trial. These
included 1 purebred Burmese cat and 9 domestic short or medium-
haired cats (Table 1). All cats had positive FCoV real-time reverse tran-
scriptase polymerase chain reaction (RT-PCR) obtained from a cavitary
effusion specimen. All cats also fulfilled 23 minor criteria for enroll-
ment, including 10 with serum albumin : globulin ratio <0.6, 9 with
positive FCoV serology, 8 with lymphopenia, 7 with cavitary effusion
cytology performed that was consistent with FIP, 7 with hyperbilirubi-
nemia, 6 with persistent fever, and 6 with hyperglobulinemia. All cats
were FelLV and FIV negative.

Eight cats had peritoneal effusion, and 2 cats had pleural effusion
(Table 2). Of the 8 cats with peritoneal effusion, 6 had an abdominal-
focused assessment with sonography for tracking (AFAST) score of
4/4, and 2 had a score of 3/4 at enrollment. The peritoneal effusion
had a median total nucleated cell count of 990 cells/uL (range,
180-31 000 cells/uL) and a total protein concentration of 5.5 g/dL
(range, 4.8-5.7 g/dL). Two cats had pleural effusion, with a maximum
fluid accumulation of 2 and 3 cm. Pleural effusion nucleated cell count
and total protein concentration were 2100 and 3800 cells/uL and 7.6
and 5.6 g/dL, respectively. A veterinary clinical pathologist reviewed
effusion cytology in 7/10 cases, and no other underlying cause of

effusion was noted in any of those specimens.
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TABLE 2 Baseline clinicopathologic features.
Cats treated Historical controls
with MPV treated with GS-441524
Total number 10 9
Effusion
Cell count (/uL)® 1545 (180-30 820) 2530 (200-26 960)
Protein (g/dL)? 5.6 (4.8-7.6) 6.6 (4.5-8.4)
Hematologic
Hematocrit (%)° 29 (4.5) 27 (8.0)
Lymphocytes (/uL)° 510 (498) 900 (563)

Neutrophils (/uL)® 10 281 (6652-33 852) 15 576 (8414-52 882)

Bands (/pL)? 228 (0-823) 0(0-960)
Biochemical

Albumin (g/dL)®  2.3(0.8) 2.1(0.4)

Globulin (g/dL)® 4.9 (0.86) 5.7 (1.1)

Albumin : globulin® 0.48 (0.17) 0.39 (0.10)

Bilirubin (mg/dL)° 1.9 (1.9) 1.4(1.2)

#Non-normal results presented as median and range.
PNormal results presented as mean and SD.

3.2 | Survival analysis

Two of the 10 enrolled cats died of their disease during the study
period, resulting in overall survival and disease remission at 16 weeks
of 8/10 (80%; 95% confidence interval [Cl], 44.4%-97.5%). One cat
presented with severe hypoglycemia and generalized seizure activity
within 24 hours of study enrollment and was euthanized. A second
cat died at home within 24 hours of study enrollment. The remaining
8 cats survived and were assessed to be in remission at 16 weeks. A
median survival time was not reached in this group. All of the surviv-
ing cats continue to be in clinical remission at the time of manuscript
submission, ranging from 7 to 11 months posttreatment initiation.
Historical control cats with effusive FIP treated with PO GS-441524
had a survival rate of 55% (5/9 cats; 95% Cl, 21.2%-86.3%). The dif-
ference in survival between the groups was 25% (90% Cl, —9.3% to
59.3%).> Molnupiravir fulfilled non-inferiority criteria as compared
with PO GS-441524 (Figure 1).

Two cats that did not survive were submitted for necropsy evalu-
ation. One was a 9-month-old, spayed female domestic short-haired
cat that presented for effusive FIP characterized by peritoneal effu-
sion. The day after study enrollment and administration of 1 dose of
MPV, the caretaker noted seizure activity, and the cat was presented
for euthanasia. Serum blood glucose concentration was 16 mg/dL
(reference interval, 63-118 mg/dL). Upon necropsy evaluation, mod-
erate to severe multifocal pyogranulomatous and lymphoplasmacytic
peritonitis with positive FCoV immunoreactivity and lesions scattered
throughout the kidneys, spleen, urinary bladder serosa, and lymph
nodes were noted. Histopathology of the cardiac tissue disclosed mul-
tifocally extensive acute myodegeneration. No obvious inflammatory

lesions consistent with FIP were identified in the brain. The second

T T T T
-15% 0% 20% 40% 60%

Favors GS-441524 Favors Molnupiravir

Difference in % Survival Between Treatment Groups

FIGURE 1 The percent difference in overall survival between cats
treated with MPV versus historical control cats treated with GS-
441524. The black dot represents the difference in survival between
groups, and the horizontal line represents the 90% Cl of the
difference. A dotted vertical line at —15% represents the
predetermined non-inferiority limit.

cat that did not survive was a 5-month-old male Burmese cat diagnosed
with peritoneal effusive FIP. Upon study enrollment, the cat was noted
to have abnormal pulmonary sounds auscultated in the caudodorsal
lung fields, and thoracic radiographs indicated a multilobar alveolar pul-
monary pattern consistent with bronchopneumonia. The cat was noted
to be in respiratory distress the day after enrollment and, after 1 dose
of MPV, died at home. On necropsy, peritoneal and pleural effusion
was noted. Lung histopathology indicated severe bronchopneumonia
with intralesional bacteria and foreign material in the airways, consistent
with aspiration pneumonia. Furthermore, extensive pyogranulomatous,
fibrinous interstitial pneumonia, and pleuritis were noted as consistent
with FIP. Moderate pyogranulomatous pericarditis also was noted.
Severe, multifocal pyogranulomatous serositis was noted in the liver,
spleen, gastrointestinal tract, adrenal glands, lymph nodes, urinary blad-
der, and kidneys with positive immunoreactivity for FCoV. The pericar-

dium was not tested for FCoV immunoreactivity.

3.3 | Adverse events and comorbidities
No adverse events that necessitated withdrawal from the clinical trial
were noted. During the study period, 1 cat was diagnosed with
Enterococcus sp. bacteremia on treatment day 1 and was hospitalized
for 5 days on IV antimicrobials and supportive care. One cat with
pleural effusion was hospitalized on treatment days 1 and 2 for thora-
cocentesis and oxygen support. Two cats initially experienced hypor-
exia and were treated with transdermal mirtazapine. One cat had
intermittent small bowel diarrhea throughout the study period, which
was actively monitored without direct intervention. Two cats had ocu-
lar discharge; 1 cat had historical herpesvirus keratitis treated with PO
lysine supplementation during the study period, and 1 cat had 1 day
of serous ocular discharge that resolved without intervention. One cat
had a single episode of vomiting during the car ride to the hospital for
a reevaluation, and 1 other cat had an episode of vomiting after MPV
administration on treatment day 51 that was self-limiting.

No biochemical or hematologic adverse events that necessitated
discontinuation of the study drug were noted during the study period.
Hematologic abnormalities noted at the 6 week reevaluation included

2 cats that developed microcytosis of 41.9 and 40.6 fL (reference
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interval, 42-53fL), 1 cat with basophilia of 287 cells/uL
(reference interval, 0-200 cells/uL), and 1 cat with eosinophilia of
1527 cells/pL (reference interval, 150-1100 cells/uL) that persisted
after study completion. One cat had neutrophilia of 11 180 cells/uL at
the 16-week reevaluation (reference interval, 2000-92000 cells/uL).

Biochemical abnormalities that were noted at the 6-week reeva-
luation included 1 cat with hypocholesterolemia of 71 mg/dL (refer-
ence interval, 89-258 mg/dL), 1 cat with an increased BUN : Cr ratio
with a BUN concentration of 36 mg/dL (reference interval, 18-33 mg/
dL) with serum creatinine concentration within the normal reference
interval. Both were resolved at the 16-week reevaluation. Hepatopa-
thy was noted in 2 cats at the 6-week reevaluation. One cat had ALT
activity of 105I1U/L (reference interval, 27-1011U/L). Serum
ALT activity was normal at study conclusion. The second cat had
serum ALT activity of 165 IU/L, aspartate aminotransferase (AST)
activity of 107 IU/L (reference interval, 17-58 IU/L), and alkaline
phosphatase (ALP) activity of 73 IU/L (reference interval, 14-71 1U/L)
at the 6-week reevaluation. This cat had vomited en route to the hos-
pital before blood collection. The cat was reevaluated 1 week later
and treated with maropitant before car rides. At reevaluation, normal
ALT and AST activities were noted, with mildly increased ALP activity
of 82 IU/L. At study conclusion, all liver enzyme activities were nor-
mal for this cat. Hyperglycemia was noted in 2 cats (129 and 136 mg/
dL; reference interval, 63-118 mg/dL) at the 6-week reevaluation.

3.4 | Secondary outcomes
Weight loss in the first 2 weeks of treatment occurred in all 6 cats for
which weights at enrollment and week 1 were recorded, and all sur-
viving cats gained weight during the 16-week study period (Figure 2).
Effusion resolved in 7/8 surviving cats at the week 6 reevaluation.
One cat with pleural effusion had a scant amount of fluid noted ultra-
sonographically that could not be sampled safely. The cat also had a
scant volume of pleural effusion noted at week 16.

During the study period, mean hematocrit increased by 8.6% (95%
Cl, 2.4%-14.8%), and lymphocyte count increased by 2209 cells/uL
(95% Cl, 982-3435 cells/uL). No significant changes in mean corpuscu-
lar volume (MCV) or neutrophil count were observed during the study
period. When compared with historical control cats treated with GS-
441524, no differences in hematocrit, neutrophil count, MCV, or lym-
phocyte count were noted between groups at any study time point
(data not shown). During the study period, serum albumin concentration
increased by 1.8 g/dL (95% Cl, 0.7-3.0 g/dL), serum globulin concentra-
tion decreased by 1.2 g/dL (95% Cl, 0.5-1.9 g/dL), serum albumin :
globulin ratio increased by 0.7 (95% Cl, 0.3-1.1), and serum total biliru-
bin concentration decreased by 1.8 mg/dL (95% Cl, 0.06-3.6 mg/dL;
Figure 3). When compared with historical controls treated with GS-
441524, no significant differences in albumin, globulin, or bilirubin con-
centrations were observed between groups at any study time point
(data not shown).

Anti-FCoV serology titers were measured at enrollment for 9/10
cats. Of these cats, 8 had titers 21:20480, and 1 had a titer of
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Caretaker reported weights

Weight (kg)
N

24
1 1 1 1 L 1 L 1
L] T T T 1 T 1 T
2 6 10 14
Study Week
FIGURE 2 Caretaker reported weekly weights. Each line

represents weekly weights for individual cats.

1:2560 at the time of diagnosis. Antibody titers measured at the
study conclusion were identical to enrollment titers for all surviving

cats (data not shown).

4 | DISCUSSION

In this open label, prospective trial evaluating MPV as a first line treat-
ment for cats with naturally occurring effusive FIP, MPV treatment
resulted in clinical remission in 8/10 enrolled cats. The non-surviving
cats both died or were euthanized within 24 hours of treatment initia-
tion. The treatment was safe, with no adverse events noted that
necessitated discontinuation of the medication. When MPV was com-
pared with historical control cats treated with GS-441524, using the
same enrollment criteria, MPV met non-inferiority criteria for the pri-
mary endpoint of survival and disease remission at 16 weeks.

Survival rates observed here were similar to the other report of treat-
ing cats with MPV as a first-line drug for FIP.” Two cats succumbed to
their disease in our trial. Both cats died within 24 hours of study enroll-
ment, and necropsy identified pathology associated with FIP and positive
IHC staining for FCoV antigen, indicating the initial diagnosis was correct
and the cats likely died from FIP-related disease. In 1 case, signs of aspira-
tion pneumonia were present that likely occurred after force feeding and
probably contributed to the clinical decline. Of the 8 surviving cats, all
were documented to be in clinical remission at 16 weeks without any
documented relapses at the time of manuscript preparation, at minimum,
5 months since discontinuation of MPV. One cat had a scant volume of
pleural effusion noted at the study's conclusion. The fluid could not be
safely collected, and all other clinical and pathologic signs associated with
FIP had resolved, and thus the cat was assessed to be in clinical remission.
The cat was still in clinical remission at the time of manuscript submission,
9 months after study conclusion.

The FCoV antibody titers were measured at study initiation and
study conclusion. As in other studies, all cats remained seropositive at

the end of the treatment period.?? Long term follow-up of cats
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treated for FIP has shown positive titers months beyond disease
remission, which may be a result of long-lasting humoral immunity or
reinfection with enteric FCoV. Regardless, FCoV serology should not
be relied upon to gauge treatment success.

The MPV dosage utilized in our study was determined based on
previous feline cell-based in vitro assays, pharmacokinetic studies
conducted in healthy laboratory cats, and anecdotal reports that
indicated favorable outcomes at 10 to 20 mg/kg PO q12h. 131617
We chose a dosage of 10 to 15 mg/kg PO q12h for our trial, which
appeared to be effective. The minimal effective duration of treat-
ment needed has yet to be systematically determined for MPV.
Treatment for 12 weeks has been reported but additional studies
evaluating shorter courses of treatment are needed to better define
the optimal treatment protocol.

A group of cats with effusive FIP treated with PO GS-441524 in a
previous clinical trial was utilized as a historical control population.®
Enrollment criteria, study protocol other than the drug administered,

and outcome measures were held constant between these trials to pre-
serve the integrity of the control group. Doing so allowed comparisons
between survival rates and clinicopathologic findings, but may be a limi-
tation because the study was unblinded and occurred at different times.
Nonetheless, MPV met the non-inferiority criteria compared with PO
GS-441524, and no significant treatment effects were observed in any
clinicopathologic data between survivors in each group.

No clinically relevant adverse events necessitating drug discontin-
uation were observed in our trial. Previous reports have indicated that
hepatopathy, panleukopenia, and folded ear tips may be adverse
effects associated with MPV treatment. Two cats at the 6-week reeva-
luation were noted to have hepatopathy develop during the study
period. Hepatopathy was characterized by mild increases in ALT activity
in both cats, with increased AST and ALP activity also reported in 1 cat.
The cat with increased ALT, AST, and ALP activity had vomited on the
car ride to the hospital before a blood specimen was collected. On ree-

valuation 1 week later, with maropitant pretreatment before the car
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ride, the hepatopathy resolved without intervention. The other cat also
had spontaneous resolution of its increased ALT activity. No documen-
ted panleukopenia, hypersalivation, pruritus, or curled ear tips were
noted during the study. Molnupiravir's mechanism of action includes
introduction of mutations into the viral genome during replication,
which raises concern for genetic selection of antiviral resistant strains
of FIPV.2% No cats in our study exhibited relapse of their disease to indi-
cate that a mutated resistant strain was present, but this aspect of
treatment was not evaluated in a comprehensive manner in our study.
Furthermore, host mutagenicity has been a concern, and long term
safety studies monitoring for adverse outcomes and teratogenicity are
indicated.?*

A limitation of our study was reliance on a historical control group
rather than a blinded prospective study. The study design was imple-
mented because there were no prospective clinical trials evaluating
MPV at study initiation, and the full extent of adverse effects had not
been determined. Therefore, blinding to the study drug was not deter-
mined to be in the patients' best interest, and an open-label trial was
commenced. Future studies comparing MPV to other antiviral treat-
ments should be performed in a randomized, blinded fashion for fur-
ther evaluation of efficacy.

Other limitations of our study include the limited number of reeva-
luations. If transient hepatopathies or leukopenias occurred, they may
not have been identified. Furthermore, the drug utilized in our study
was compounded in-house from the bulk chemical compound and is
not a commercially available medication. Severely ill cats and those not
expected to live for at least 48 hours were excluded from the study.
This design feature may have biased the population toward cats with a
higher chance of survival. However, FIP is considered a highly fatal, pro-
gressive disease, and therefore all cats enrolled in the study had a grave
prognosis without treatment. Cats enrolled in our study all were diag-
nosed based on identifying effusion-associated FCoV RNA in the con-
text of the appropriate clinical presentation, similar to other clinical
trials, but no cats had antemortem tissue biopsy with IHC as a confirma-
tory diagnostic test at study enrollment.*>®

In conclusion, MPV administered at 10 to 15 mg/kg PO q12h for
12 weeks is an effective treatment for naturally occurring effusive
FIP. The medication is well tolerated without observation of any
adverse events that necessitated drug discontinuation. Additional
studies are needed to determine optimal treatment duration and if
shorter antiviral courses are adequate for certain patients and to fur-
ther understand the drug safety profile. Additionally, the efficacy of
MPV for treating other clinical presentations of FIP, such as neuro-

logic FIP, should be explored.
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