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ABSTRACT. This study was aimed at investigating the molecular typing of coronavirus and
histopathological findings of the lungs in a kitten with feline infectious peritonitis. A stray kitten, which
was in respiratory distress and had not responded to a one-week course of antibiotic treatment, was referred
to the Animal Hospital of Faculty of Veterinary Medicine at Atatiirk University. In the physical
examination, acute respiratory failure developed and did not respond emergency therapeutic intervention.
Molecular and histopathological examinations were performed. Feline coronavirus type | was determined
by sequence analysis of the lung and pleural fluid samples. Macroscopic findings revealed hemorrhagic
fluid in the chest cavity. Fibrinoid necrosis, desquamation, edema and lymphoplasmacytic cell infiltrations
were observed in the histopathological examination of the lungs. Thus, feline coronavirus type | was
determined to cause severe lesions with edema, necrosis and lymphoplasmacytic cell infiltrations in the
lungs and respiratory distress.
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INTRODUCTION

Feline coronaviruses widely infect cats, especially cats in multicat households and
animal shelters [1]. The significant percentage of cat population may be persistently
infected with FCoVs, but generally transient infection occurs [2]. However, immune
mediated lethal disease in feline infectious peritonitis develops in about 5% feline cases
infected with FCoV with the high incidence in kittens and to some extent, in the old cats
[3,4].

FCoVs are separated into two biotypes such as feline enteric coronavirus (FECV) and
feline infectious peritonitis virus (FIPV) [5].

FECV usually causes subclinical infection in cats. It causes mild to severe diarrhea in
young Kittens [4, 6]. However, FIPV leads to vasculitis and pyogranulomatous lesions in
different organs [7].

Feline infectious peritonitis (FIP) is a fatal viral infectious disease caused by a virulent
biotype of feline coronavirus (FCoV) [1, 8]. FCoVs have been determined to belong to
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the family Coronaviridae, subfamily Coronavirinae, genus Alphacoronavirus 1 [9].
FCoVs are classified as type I, which is the original FCoV, and type I, which is closely
associated with canine coronavirus [10].

The strains of FCoV can cause FIP. The disease has two clinical forms: a
granulomatous (dry) form and an effusive (wet) form [1]. The clinical manifestations of
FIP vary from subclinical course to fatal condition [10]. Important findings in FIP cases
are pyogranulomatous lesions in several organs and the accumulation of protein-rich fluid
in body cavities [3]. In cases of FIP, the accumulation of fluid in the body cavities is
caused by increased vascular endothelial growth factor in plasma, which is responsible
for vascular permeability [11]. Granulomatous lesions are related to neutrophil survival
factors (tumor necrosis factor alpha, granulocyte colony stimulating factor and
granulocyte macrophage colony stimulating factor) produced by virus-infected
macrophages [12].

The antemortem diagnosis of FIP is difficult because of nonspecific clinical signs, non-
pathognomonic clinicopathological changes, low and medium antibody titers [13]. FIP is
diagnosed by various methods, such as immunofluorescence staining of the FCoV antigen
[14] and reverse transcriptase polymerase chain reaction (RT-PCR) in tissues with lesions
or in effusions [15]. This study was aimed to present physical examination findings,
molecular, and histopathological findings in this case.

MATERIALS AND METHODS
The animal material

The animal material of this study was a kitten referred to the Animal Hospital of
Faculty of Veterinary Medicine at Atatiirk University, because of anorexia, weakness,
and nonresponse to treatment for 1 week. In the physical examination, acute respiratory
failure was observed and did not respond emergency therapeutic intervention. Then,
histopathological and molecular examination was performed.

Pathological Analyses

For histopathological examination, the lungs were fixed in 10% buffered
formaldehyde solution. After routine processes, the sections of the lungs were stained
with hematoxylin-eosin (H&E). The sections were examined and were photographed
under a light microscope.

Molecular analyses
RNA extraction and Reverse transcriptase polymerase chain reaction (RT-PCR)

Virus RNA was searched in the lung tissue and effusion fluid sent to virology laboratory
for virology analysis. Samples were extracted before PCR. RNA was extracted from
samples using the Virus Nucleic Acids Isolation Kit (GeneDirex, USA) according to the
manufacturer’s recommendations. Virus RNA was converted to ¢cDNA by reverse
transcription and PCR was performed according to the primers and optimization
conditions used by Baydar et al. [16]. For this purpose, complementary DNA (cDNA)
synthesis was carried out using a RevertAid first-strand cDNA synthesis kit (Thermo
Fisher Scientific, USA) as described in manufacturer’s protocol. Consequently, the

63



Hanedan et al.: Pleural effusion associated with feline infectious peritonitis in a kitten: molecular and histopathological investigation

formation of PCR product in the expected size was analyzed using DNA gel
electrophoresis
Sequencing and Phylogenetic Analyses

Sequence analysis was done after PCR. Sequencing of the amplicons of sample was
conducted via service procurement (BM labosis, Ankara). The raw sequencing data were
aligned using BioEdit version 7.0.5 [17] with the Clustal W algorithm. The phylogenetic
map of the aligned sequences was established using MEGA version 6.0 [18].

RESULTS AND DISCUSSION

When this case arrived at the Animal Hospital of Atatiirk University, physical
examination findings were weakness, loss of weight, paleness of mucous membranes, and
dyspnea. In this case, acute respiratory failure was observed, and the cat did not respond
to emergency therapeutic interventions.

In the macroscopic examination, hemorrhagic effusion in the thoracic cavity was
observed (Fig. 1).

Fig. 1. Hemorrhagic effusion in the thoracic cavity and necrotic foci in the medial and
caudal lobes of the lungs.

Histopathological findings include: intense edema in the lungs (Fig. 2a); desquamation
and necrosis in the alveolar epithelium (Fig. 2b); and desquamation, necrosis and
lymphoplasmacytic cell infiltrations in the bronchial epithelium (Fig. 2c).
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Fig. 2 a- Intense alveolar edema in the lung (asterisk), al: alveolar edema and
lymphocyte infiltrations in the pleura; b: fibrinoid necrosis within adjacent alveolar
walls (arrowheads), bl: fibrinoid necrosis (arrowheads); c: necrosis and desquamation
(arrow) in the bronchial epithelium and plasma cells (arrowhead) around the bronchi;
cl: higher magnification, necrosis and desquamation (thin arrow) in the bronchial
epithelium and lymphoplasmacytic cell infiltrations (arrowhead, thick arrow) around
the bronchi. H&E 20x and 40x magnifications.

RNA samples extracted from the FCoV suspected case were amplified to detect FCoV
using RT-PCR. Oligonucleotide primer sequences were selected from membrane protein
region (M), a highly conserved gene region of FCoV. PCR amplicons were run on 1%
agarose gel. Positive sample had specific DNA band.

The phylogenetic analysis showed that the partial sequence of FCoV belonged to the
alpha coronavirus subgroup. In the same analysis, FCoV was typed as type | (Fig. 3). The
case could be diagnosed as FIP through clinical, histopathological and molecular
findings.
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Fig. 3. Reference coronaviruses from GenBank and the phylogenetic analysis of FCoV
strain for this case. The phylogenetic relationship among different coronavirus isolates
as inferred from Neighbor-Joining method in MEGA 6.0 [18]. Data for partial
sequence were subjected to 1,000 bootstrap replicates. FCoV strains, Turkey/Erzurum
are showed as round shape ( @).

It was documented by anamnesis report that this case did not respond to the antibiotic
treatment. This finding complied with the report of Tsai et al. [19], who explains that FIP
cases with anorexia and fever do not respond to antibiotics. The clinical findings related
to FIP — such as weight loss, pale mucous membranes, fever, abdominal distention with
ascites, dyspnea with pleural effusion, jaundice, multifocal neurological signs, abdominal
pain, and uveitis — have been reported in other studies [1,14,16,20,21]. In this case,
weight loss, pale mucous membranes, and dyspnea with open-mouth breathing were
determined in the physical examination. The hemorrhagic fluid appearing in the thoracic
cavity was determined to comply with the report of Pedersen [15]. In addition, mucosal
paleness was observed, which might be attributed to anemia, as many cases with FIP
indicate the development of anemia [14,19,20]. The fluid accumulation in the chest cavity
compromises the lung function and leads to pulmonary atelectasis, hypoventilation, and
dyspnea [22]. Effusion in the thoracic cavity can sometimes occur [15]. Similarly, in
another study where the etiology was assessed in pleural effusion in cats, positivity ratio
was determined to be 8.5% in FIP cases (26/306). In addition, the cases with FIP have
been reported to be younger than the cases with cardiac disease and neoplasia [23,24].
Thus, FIP can be suspected in younger cats with pleural effusion. Some other diseases
where pleural effusion occurs in cats are congestive heart failure, neoplasia, pyothorax,
idiopathic chylothorax, and toxoplasmosis [22]. These diseases can be determined using
tests such as effusive fluid cytology, culture, total protein, lactated dehydrogenase levels,
total nucleated cell counts, triglyceride and cholesterol levels, hematocrit levels, serum
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albumin, globulin, radiography, echocardiography, fine needle aspiration biopsy and core
biopsy, hematology, biochemistry, urinalysis, and various Kits [22].

RT-PCR has been shown to be an excellent specificity for the diagnosis of FIP and has
been recommended when sensitivity is higher in body cavity effusion samples than in
peripheral blood mononuclear cells and serum [25]. In the molecular analysis of effusion
fluid and the lung tissues of this case, FCoV was determined as type | and genus
Alphacoronavirus. Type | FCoVs have been determined to predominate in the cat
population in the other countries [4,26,27,28,29]. In addition, Amer et al. [4] have
reported that 97.5% of local isolates are type | FCoV and these isolates have high
sequence homology and phylogenetic similarity with several FCoV isolates from Europe,
South East Asia and USA. There are no serological or morphological discriminations for
FECV and FIPV [3].

Benetka et al. [19] verified FIP caused by FCoV types | and Il. In addition, it was
reported that in healthy cats carrying FCoV, FIP might develop, and that in cats with FIP,
FCoV type | was predominant. Furthermore, FCoV type Il development in the result of
FCoV type | and CCoV recombination was reported in the FIP cases at 14%. In a study
performed in Japan, it was reported that FCoV type 1 was predominant (98%) in cases
with FIP, and that virus neutralization test could be used for the serological discrimination
of FCoV [30]. Thus, our study can lead future studies for FCoV type analyses and the
determination of prognosis.

It has been shown that natural FCoV infection causes intestinal infection with viral
shedding and either systemic infection without clinical signs or FIP. In a study where
FCoV RNA loads in haemolymphatic tissues of healthy, long-term FCoV-infected cats
and cats with FIP were investigated, it was determined that there was a significant
increase in viral loads in cats with FIP and a decrease in the viral clearance in FCoV-
infected cats without disease signs [31]. Pathological examinations related to FIP have
described fibrinous and granulomatous serositis, protein-rich serous effusions, and/or
pyogranulomatous lesions in various organs [3]. Granulomas with and without areas of
necrosis, focal and perivascular lymphoplasmacytic cell infiltrations and granulomatous
to necrotizing vasculitis have also been shown [32]. The macroscopic examination of this
case detected hemorrhagic effusion in the thoracic cavity. In addition, intense edema,
desquamation, necrosis, and lymphoplasmacytic cell infiltrations in the lungs were
determined. FCoV may cause severe systemic infection as FIP. Thus, feline coronavirus
type | was determined to cause severe lesions with edema, necrosis and
lymphoplasmacytic cell infiltrations in the lungs and respiratory distress.

Acknowledgements. This study was presented as a poster.
Ethical Statement. This study does not present any ethical concerns.

Conflict of Interest. The authors declare no potential conflicts of interest with regard to this research,
authorship, and/or publication of this article.

Authors Contributions. B.H.: Writing, M.O.T.: Data Collection, Processing, H.A.: Data Collection,
Processing, S.A.: Data Collection, Processing, S.C.: Data Collection, Processing, K.E.Y: Data Collection,
Literature Search

Financial Disclosure. This research received no grant from any funding agency/sector.

67



Hanedan et al.: Pleural effusion associated with feline infectious peritonitis in a kitten: molecular and histopathological investigation

REFERENCES

[1]
(2]

3]
[4]

(5]
[6]

[7]

(8]
(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Pedersen, N. C. (2009): A review of feline infectious peritonitis virus infection: 1963-2008.
Journal of Feline Medicine and Surgery 11: 225-258.

Addie, D. D., Jarrett, J. O. (2001): Use of a reverse-transcriptase polymerase chain reaction
for monitoring feline coronavirus shedding by healthy cats. Veterinary Record 148: 649-
653.

Kipar, A., Meli, M.L. (2014): Feline infectious peritonitis: still an enigma? Veterinary
Pathology 51: 505-526.

Amer, A., Siti-Suri, A., Mohd, H-B., Abdul-Rahman, O., Ibrahim, T., Azmi, T., Faruku,
B., Ajwad, A. (2012): Molecular and pathological identification of feline coronavirus type
I. African Journal of Biotechnology 11: 10451-10461.

Tekes, G., Thiel, H. J. (2016): Feline coronaviruses. Advances in Virus Research 96: 193-
218.

Pedersen, N. C., Boyle, J. F., Floyd, K., Fudge, A., Barker, J. (1981). An enteric
coronavirus infection of cats and its relationship to feline infectious peritonitis. American
Journal of Veterinary Research 42: 368-377.

Simons, F. A., Vennema, H., Rofina, J. E., Pol, J. M., Horzinek, M. C., Rottier, P. J. M.
(2005): A mRNA PCR for the diagnosis of feline infectious peritonitis. Journal of
Virological Methods 124: 111-116.

O'Reilly, K. J., Fishman, B., Hitchcock, L. M. (1979): Feline infectious peritonitis:
isolation of a coronavirus. Veterinary Record 104: 348.

Gonzalez, J. M, Gomez-Puertas, P., Cavanagh, D., Gorbalenya, A. E., Enjuanes, L. (2003):
A comparative sequence analysis to revise the current taxonomy of the family
Coronaviridae. Archives of Virology 148: 2207-2235.

Benetka, V., Kubber-Heiss, A., Kolodziejek, J., Nowotny, N., Hofmann-Parisot, M., Mostl,
K. (2004): Prevalence of feline coronavirus types | and Il in cats with histopathologically
verified feline infectious peritonitis. Veterinary Microbiology 99: 31-42.

Takano, T., Ohyama, T., Kokumoto, A., Satoh, R., Hohdatsu, T. (2011): Vascular
endothelial growth factor (VEGF), produced by feline infectious peritonitis (FIP) virus-
infected monocytes and macrophages, induces vascular permeability and effusion in cats
with FIP. Virus Research 158: 161-168.

Takano, T., Azuma, N., Satoh, M., Toda, A., Hashida, Y., Satoh, R., Hohdatsu, T. (2009):
Neutrophil survival factors (TNF-alpha, GM-CSF, and G-CSF) produced by macrophages
in cats infected with feline infectious peritonitis virus contribute to the pathogenesis of
granulomatous lesions. Archives of Virology 154: 775-781.

Hartmann K, Binder C, Hirschberger J, Cole D, Reinacher M, Schroo S (2003):
Comparison of different tests to diagnose feline infectious peritonitis. Journal of Veterinary
Internal Medicine 17(6): 781-790.

Riemer, F., Kuehner, K. A., Ritz, S., Sauter-Louis, C., Hartmann, K. (2016): Clinical and
laboratory features of cats with feline infectious peritonitis--a retrospective study of 231
confirmed cases (2000-2010). Journal of Feline Medicine and Surgery 18: 348-356.
Pedersen, N. C. (2014): An update on feline infectious peritonitis: diagnostics and
therapeutics. Veterinary Journal 201: 133-141.

Baydar, E., Erdksiiz, Y., Timurkan, M. O., Eroksiiz, H. (2014): Feline infectious peritonitis
with distinct ocular involvement in a cat in Turkey. Kafkas Universitesi Veteriner Fakiiltesi
Dergisi 20: 961-965.

Hall, T. A. (1999): BioEdit: A user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symposium Series 41: 95-98.
Tamura, K., Stecher, G., Peterson, D., Filipski, A., Kumar, S. (2013): MEGAG6: Molecular
Evolutionary Genetics Analysis version 6.0. Molecular Biology and Evolution 30: 2725-
2729.

68



Hanedan et al.: Pleural effusion associated with feline infectious peritonitis in a kitten: molecular and histopathological investigation

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[32]

Tsai, H. Y., Chueh, L. L., Lin, C. N., Su, B. L. (2011): Clinicopathological findings and
disease staging of feline infectious peritonitis: 51 cases from 2003 to 2009 in Taiwan.
Journal of Feline Medicine and Surgery 13: 74-80.

Norris, J. M., Bosward, K. L., White, J. D., Baral, R. M., Catt, M. J., Malik, R. (2005):
Clinicopathological findings associated with feline infectious peritonitis in Sydney,
Australia: 42 cases (1990-2002). Australian Veterinary Journal 83:666-673.

Oguzoglu, T. C., Muz, D., Timurkan, M. O., Maral, N., Gurcan, 1. S. (2013): Prevalences
of feline coronavirus (FCoV), feline leukaemia virus (FeLV), feline immunodeficiency
virus (FIV) and feline parvovirus (FPV) among domestic cats in Ankara, Turkey. Revue
De Médecine Véterinaire 164: 511-516.

Beatty, J., Barrs, V. (2010): Pleural effusion in the cat: a practical approach to determining
aetiology. Journal of Feline Medicine and Surgery 12: 693-707.

Konig, A., Hartmann, K., Mueller, R. S., Wess, G., Schulz, B. S. (2018): Retrospective
analysis of pleural effusion in cats. Journal of Feline Medicine and Surgery 21(12): 1102-
1110.

Ruiz, M. D., Vessieres, F., Ragetly, G. R., Hernandez, J. L. (2018): Characterization of and
factors associated with causes of pleural effusion in cats. Journal of the American
Veterinary Medical Association 253: 181-187.

Doenges, S. J., Weber, K., Dorsch, R., Fux, R., Hartmann, K. (2017): Comparison of real-
time reverse transcriptase polymerase chain reaction of peripheral blood mononuclear cells,
serum and cell-free body cavity effusion for the diagnosis of feline infectious peritonitis.
Journal of Feline Medicine and Surgery 19: 344-350.

Hohdatsu, T., Okada, S., Ishizuka, Y., Yamada, H., Koyama, H. (1992): The prevalence of
types | and Il feline coronavirus infections in cats. The Journal of Veterinary Medical
Science 54: 557-562.

Kummrow, M., Meli, M. L., Haessig, M., Goenczi, E., Poland, A., Pedersen, N. C.,
Hofmann-Lehmann, R., Lutz, H. (2005): Feline coronavirus serotypes 1 and 2:
seroprevalence and association with disease in Switzerland. Clinical and Diagnostic
Laboratory Immunology 12: 1209-1215.

Lin, C.N.,, Su, B. L., Wang, C. H., Hsieh, M. W., Chueh, T. J., Chueh, L. L. (2009): Genetic
diversity and correlation with feline infectious peritonitis of feline coronavirus type | and
Il: a 5-year study in Taiwan. Veterinary Microbiology 136: 233-239.

Li, C., Liu, Q., Kong, F., Guo, D., Zhai, J., Su, M., Sun, D. (2019): Circulation and genetic
diversity of feline coronavirus type I and Il from clinically healthy and FIP-suspected cats
in China. Transboundary and Emerging Diseases 66: 763-775.

Shiba, N., Maeda, K., Kato, H., Mochizuki, M., Iwata, H. (2007): Differentiation of feline
coronavirus type | and Il infections by virus neutralization test. Veterinary Microbiology
124, 348-352.

Kipar, A., Baptiste, K., Barth, A., Reinacher, M. (2006): Natural FCoV infection: cats with
FIP exhibit significantly higher viral loads than healthy infected cats. Journal of Feline
Medicine and Surgery 8: 69-72.

Kipar, A., Bellmann, S., Kremendahl, J., Kohler, K., Reinacher, M. (1998): Cellular
composition, coronavirus antigen expression and production of specific antibodies in
lesions in feline infectious peritonitis. Veterinary Immunology and Immunopathology 65:
243-257.

69



