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Abstract  

Feline infectious peritonitis caused by Feline Coronavirus is a common disease leading to a cytokine 

storm and causes organs failure with high mortality rate in feline patients. This first case report is gained 

by treatment of three cats with feline infectious peritonitis by using allogeneic bone marrow mesenchymal 

stem cells. 

Our aim was to evaluate the effectiveness of cell therapy in the mentioned disease in a shorter period of 

time with higher efficiency.  

Infected cats received five doses of bone marrow stem cells through intravenous infusion. During the 

treatment period, the patients were kept in an isolated place and their clinical conditions were evaluated 

under the supervision of an internal specialist. 
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This treatment resulted in full recovery of all cats within 21 days of treatment. One cat re-infected two 

months later and two cats remained in remission at the time of writing this report.  

This case report suggests the effectiveness of using bone marrow mesenchymal stem cells therapy in 

treatment of feline infectious peritonitis. 

Keywords: Allogeneic, Bone morrow, Cytokine storm, Mesenchymal, Stem cells 

 

 

Case history 

 Clinical Presentation History 

Three female domestic shorthaired cats with the average age of 9 months brought to Pouya Pet Clinic 

with a complaint of lethargy. Other history was recurrent fever, weight loss and anorexia.  All cats were 

born in the street and had contact with feral cats. The condition of the animals at the time of presentation 

is shown in table1.  

Neurological and ocular signs including decreased postural reflexes and ocular opacities were seen in one 

cat (Table 1). 
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History of Feline Infectious Peritonitis 

In 1963, feline infectious peritonitis (FIP) was identified as a specific disease in cat which is caused by 

mutant feline coronavirus (FCoV) (Holzworth, 1963; Poland et al., 1996; Vennema et al., 1998; Pedersen 

et al., 2008). FIP can be categorized in two forms including effusive (wet), with accumulation of 

inflammatory fluid in the abdominal and thoracic cavities, and non-effusive (dry) which is characterized 

by necrotizing vasculitis and multifocal pyogranulomatous inflammation in various organs-such as the 

abdominal viscera, eyes, central nervous system, lungs and also virus-induced lymphopenia (Kennedy et 

al., 2020; Tasker et al., 2023). One of the outstanding features of FIP, is lymphopenia along with 

apoptosis of T cells which is associated with cytokines secretion by the virus-infected macrophages and 

other immune cells. Continuous replication of the virus causes an inflammatory response in FIP which 

case multiorgans failure which currently, there is no effective licensed treatment for this disease (Dean et 

al., 2003; Takano et al., 2007; Tasker et al., 2023).  

According to the recent studies, there are similarities and differences between the Covid-19 and FIP. 

These two diseases are different in terms of some pathogenic, pathological and clinical features. 

However, some similar pathogenic and immunogenic events have been found in both of them. In addition, 

it has been shown that the drug used such as GS-441524, which is the active form of Remdesivir and is 

recommended in the control of the Covid-19, has also shown good responses in the FIP treatment through 

controlling the viruses replication (Bearden et al., 2017; Decaro and Lorusso, 2020; Jiang et al., 2020; 
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Mavian et al., 2020; Sironi et al., 2020; Tiwari et al., 2020; Wong et al., 2020; Malaiyan et al., 2021). 

Since cytokine storm are found in FIP, it is essential to consider a combination of imunmodulatory agent 

for treating cytokine storm and antiviral in inhibiting the virus replication. Mesenchymal stem cells 

(MSCs) have more advantages than many other anti-inflammatory agents because in addition to 

regenerative properties, they have immunomodulatory effects in the host cells of both the innate and the 

adaptive immune system. MSCs by secreting cytokines and modulating the immune response regulate 

cell function and down regulate the inflammatory cytokines (Iyer et al., 2020; Senegaglia et al., 2021).  

We hypothesized that stem cells in the body can simultaneously control the inflammation caused by the 

virus, prevent its proliferation and repair the damaged tissues.  

To the author's knowledge, there have been no reports using of BW-MSCs in successful 

treatment of FIP.  

Diagnostic Testing 

Feline infectious peritonitis was diagnosed by a combination of clinical signs (weight loss, recurrent 

fever, ascites, decrease appetite and anemia) as well as laboratory tests including blood analysis, Rivalta 

test (effusive), and RT-PCR. Radiologic and ultrasonographic studies of the thoracic and abdominal 

cavity were also performed to exclude other factors leading to ascites, such as cardiac failure, incarcerated 

hernias, or neoplastic masses. According to the results of radiology and ultrasound, free fluid was seen 
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around the abdomen in two cases (effusive) which interpretation ascites (figure1). No free fluid was seen 

in one case (none-effusive case) and finding indicated hepatomegaly (figure2).  

 In all cases, the A/G ratio was low (with mean of 0.46) and total protein was high (with mean of 9.6 

g/dl). Two cats had severe anemia considering Hgb and HCT levels (Table 2).  

Treatments Performed  

Paracentesis was performed in cases with ascites, during which a needle was inserted into 

the peritoneal cavity to obtain ascitic fluid by surgeon on the first day.  

Frozen Bone morrow stem cells were provided from Treatacaspian Co stem cells bank with number of 

106 stem cells. For each dose administration, one vial was removed from the azoth tank. The outside of 

vials was wiped with 70% ethanol, then the cells were quickly thawed in 37°C water bath by gently 

swirling the vials. 20 µL aliquot of cells was mixed with 20 µL of the medium and then stained by Trypan 

Blue for cell counting. The remaining cell suspension were transferred to conical tube using a pipette and 

rinsed with 1 ml medium (DEMEM high glucose) by centrifuging the cell suspension at 300 x g for 10 

minutes at room temperature. The cells pellet resuspended by gently flicking the tube and then 5 ml of 

medium was added to conical tube (Bearden et al., 2017; Zhang et al., 2018). All patients received BM-

MSCs at days 1, 4, 7, 14 and 21 with dosage of 1x106 in 15 ml of normal saline and injected 
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intravenously during one hour (Webb et al., 2013).  Any reaction following the medical administration, 

such as skin rash or loss of appetite, were considered and noted in table 3. 

All treated cats underwent physical examination, blood work consisting of CBC and serum biochemistry 

each week. (Table 2). Three days after the first treatment, the appetite was regained. Also, the lethargy 

and fever were regressed in all cats. The blood sample and radiological studies were done to follow the 

condition of the cats after recovery. The blood factors in all cats showed normal level.  

After the period of 21 days of treatment, no detectable ascites and abnormality in organs were seen on 

sonography and radiography pictures (figure1, 2). 

At the follow-up, two months after the treatment, two cats had remained healthy, showing no signs of 

relapse but one cat was reinfected. It had come in contact with a severely diseased cat. In this stage, the 

continuation of the treatment with Remdesivir with the dose of with dose of 30mg/kg went ahead, but 

was not successful and recovery was not gained. The outcomes of this report are summarized in Tables1, 

2 and 3. 

The results clearly revealed that BM-MSCs showed a striking efficacy and treated cats 

responded to the treatment with rapid improvement of clinical signs. In this report, all cats 
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achieved remission after 21 days of treatment. The stem cells with Follow-up of the cats in our 

report is currently ongoing and more cats with FIP are being treated using this method. 

Assessments  

The main reason of the progression of FIP in patients are the immune abnormalities. When 

Corona viruses invading the body, it will rapidly replicate and triggering the immune system for 

releasing inflammatory cells and antibodies (Akkoc, 2020; Addie et al., 2020). It leads the 

immune regulatory network to unbalance, which resulted the release of a large number of 

inflammatory cytokines and cytokine storm syndrome. MSCs have immunoregulatory abilities 

which can regulate both the adaptive and innate immune system (Pinky et al., 2021; Guy et al., 

2021; Chen et al., 2022). This ability may make them the most promising cell-based therapy for 

FIP.  

In addition to immunomodulatory and anti-inflammatory effects of MSCs, these cells also can 

aid to repair the damaged tissues, and in this way can significantly reduce the number of 

damaged organs associated with FIP (Salari et al., 2020). Liver is one of the organ which is 

affected during FIP. Since Remdesivir and GS-441524 are used as a choice of FIP treatment, will 

be metabolized in the liver and could worsen the liver function or even it may not be possible to 
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continue the treatment (Grein et al., 2020; Wang et al., 2020). So it is necessary to use a 

component to repair the damaged tissues during the treatment. Regenerative properties of stem 

cells along with their immunomodulatory property would make it as the best option in FIP 

treatment with the minimum side effects.  

In our cell therapy results, the duration of treatment is shorter (21 days) compared to the duration 

of treatment with Remdesivir (84 days) (Murphy et al., 2018; Pedersen et al., 2019). Since there 

is no access to oral Remdesivir/GS-441524 for animals in the country under study, the need to 

visit the patient's case daily to receive injectable medicine is eliminated. And since the majority 

of the infected cases are found among the street cats, if the shortest treatment period can be 

introduced, more cases will have a chance to be cured. On the other hand, the costs related to 

treatment in this way are much lower compared to the aforementioned treatment, which will be 

considered a positive factor of cell therapy. 

The small number of studies of using MSCs products in cats, reveal that this treatment is mostly 

still in the discovery phase. Cell sources, administration routes and dosages can have different 

results. In current report, bone marrow stem cells were used for the first time in the treatment of 

FIP disease. Despite the failure of adipose stem cells in FIP treatment in some reports, this type 
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of stem cells with the recommended dose and method of administration has been able us to 

achieve he positive results in treatment of FIP in cats.  

 

 

Conclusion 

The results showed that the stem cells had the ability to cure the disease by controlling the 

inflammation and proliferation of the virus, as well as repairing the damaged tissues caused by 

the virus in the animal's body. This makes this treatment especially superior to other routine 

treatments. In order to check the long-term effectiveness of stem cells, more cases are needed. 
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  هاي بنيادي مزانشيمي) با استفاده از سلولFIPسانان (آميز پريتونيت عفوني گربهدرمان موفقيت

سامان   6پازوكيعلي اكبري 5مينو سلطاني 4مهسا كيا  3علي طاهري ميرقائد 2،1پژمان كازروني 4،1سميرا محمديان
 8پوريا عسگري 7آهني

  

  نبخش داخلي، كلينيك دامپزشكي پويا، تهران، ايرا1
 گروه داخلي، دانشكده دامپزشكي، دانشگاه اهواز، خوزستان، ايران 2

 گروه آبزيان، دانشكده دامپزشكي، دانشگاه تهران، تهران، ايران3

 بنيادي، شركت تريتا كاسپين پارسيان، تهران، ايران بخش فني تحقيقات سلول هاي 4

  ران، تهران، ايران، دانشكده دامپزشكي، دانشگاه تهرستگار بخش آزمايشگاه مرجع 5
 گروه سلولي و مولكولي، دانشكده زيست شناسي، دانشگاه تهران، تهران، ايران6

 ، دانشكده دامپزشكي، دانشگاه آزاد اسلامي، تهران، ايرانتصويربرداري تشخيصيگروه 7

 گروه علوم باليني، دانشكده دامپزشكي، دانشگاه آزاد اسلامي، اروميه، ايران8

 

 چکيده

 

 يیو نارسا نيتوکياست که منجر به طوفان س عيشا یماريب کو يگربه  روسياز کروناو یناشسانان گربه یعفون تيتونيپر

 درمان سه گربه با در یگزارش مورد نياول مطالعه حاضر شود.یم ماريب یهابالا در گربه ريمرگ و م ميزانها با اندام

 .باشدمیمغز استخوان   کيآلوژن یميمزانش یاديبن یهالبا استفاده از سلو سانانبهگر یعفون تيتونيپر بيماری
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   .استبالاتر بوده نراندماکوتاه تر و  یبازه زمان رمذکور د یماريدر ب یسلول درمان یاثربخش یابيارزاين مطالعه هدف 

در طول دوره کردند.  افتيدر یديداخل ور ونيانفوز قيرا از طر ی مغز استخواناديبن یاهدوز سلول 5آلوده  یهاگربه

قرار  یمورد بررس یآنها تحت نظر متخصص داخل ینيبال طيشدند و شرا ینگهدار زولهيمکان ا کيدر  مارانيدرمان ب

 گرفت.

گربه دو ماه  کي های تحت درمان،روز شد. در بين گربه 21در مدت زمان ها هکامل همه گرب یدرمان منجر به بهبود نيا

   .برندکامل به سر می سلامتگزارش در  نيدر زمان نوشتن اديگر و دو گربه  ه شدآلوددوباره از اتمام درمان بعد 

 سانانگربه یعفون تيتونيمغز استخوان در درمان پر یميمزانش یاديبن یسلول ها یدهنده اثربخشنشان یگزارش مورد نيا

 .باشدمی

  یاديبن یهاسلول ،یميمزانش ن،يتوکيمغز استخوان، طوفان سا ک،يآلوژن ها: واژه ديکل
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