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Abstract N )
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Background: Feline Infec S Pe itonitis (FIP) is a severe and often fatal disease affecting
feline species globally. prevalence of Feline Coronavirus (FCoV) infections, the
manifestation of FIP o?s

FIP differential d@n is sist, and a comprehensive understanding of the molecular
mechanisms driving FIP pathogene51s remains elusive.

a small percentage (1-5%) of cases. The intricate aspects of

ObjectN IS Ny aims to conduct a thorough investigation into the characteristics of
FIPV

Ira engompassing sequence analysis, and detailed examination of laboratory and
clinic ndin&. The primary objective is to unravel the hypothesized genesis of the FIP virus,
with a speeific focus on the M gene level.



Methods: Our methodology involved the examination of abdominal or thoracic fluids from 17
cats suspected of FIP, utilizing biochemical tests such as total serum proteift; Albumin to
Globulin (A/G) ratio, and the Rivalta test. Additionally, a molecular approach utilizing RT-PCR
based on the Membrane (M) gene was employed. Sequence analysis of five c Ksidues in
the M genes and the subsequent construction of a phylogenetic tree using five %nced wiruses
further enriched our investigation. \ /

Results: The study confirmed FIP in 6 out of 17 cats through’ the Rivalta test, guiding
subsequent evaluations. Noteworthy gender disparities in F]@r@!&ces among young cats (9-
30 months old) were observed, with males exhibiting a twofeld higher ‘incidence compared to
females. Affected cats within the 9-30 months age fhge consistently exhibited an A/G ratio
below 0.66 and total serum protein exceeding 0.43 g/dl-Cavity fluid cytology indicated non-
degenerated macrophages and neutrophils against a laas ilic l*gckground, due to a high protein
percentage, confirming FIP diagnosis. Importantly, s analysis of five M protein amino
acid hotspots revealed negligible differences‘luc%sequences between FECoV and FIPV,
aligning with their biotypic pattern.

emphasizing the "Internal Mutation s, which suggests viral mutations occur within the
cat's body and there are no si nificant ces in FECoV and FIPV-generating viruses. These
findings contribute Valuablﬁélghx) the discourse surrounding FIP pathogenesis, potentially

Conclusions: the phylogenetic treq thls study displayed a paraphilic pattern,
th&1

guiding future dlagnostc t e@)eu 1c approaches.
Keywords: Biochefiiical Fests) FIPV, Iran, Phylogenetic Analysis, Rivalta test.
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In@ion'
Feline cti&\s Peritonitis is one of the deadliest infections of the cat population and its

causative agent is a Coronaviridae family member. Feline Coronavirus (FCoV) include two

2



separate biotypes; The ubiquitous Feline Enteric Coronavirus (FECV) is more common and
causes a self-limiting moderate diarrhea that often cannot be cleared and generafes a persistent
infection in the cells of the intestinal mucosa and more sporadically type of Felin® Infectious
Peritonitis Viruses (FIPV) that is highly virulent and deadly (Felten et al., 201 &al 2019,
Aksono et al., 2023). ﬁ

FIP is a perivascular pyogranulomatous viral infection that may occu n \116211 forms,
effusive  and  non-effusive, which are characterized presence  of
effusions in the body cavities and of pyogra@t&s les‘lﬂfs in  organs,
respectively (Lorusso et al., 2019). For the development f these lesions, FIPV-infected
monocytes and macrophages have been identified as rn r target cells of FIPVs and are assumed

to play a pivotal role in FIP pathogenesis. FIPVs fﬁc1en!y infect and replicate in
monocytes/macrophages and, the main dlfference FIP %nd moderate diarrhea caused by
FECV is the capability of the FIPV to 1nfect mo oc macrophages (Tekes et al., 2016,

Doenges et al., 2016, Decaro et al., 2021).

Clinical signs associated with the FIPV type e quite variable and non-specific, usually
including fever, lethargy, anorexia, iti g, and diarrhea. Hence, differential diagnosis
with other infectious diseases is dl\Qv d based on laboratory confirmation. Also, clinical
signs can be present in either “wet r ‘mixed’ presentations. The wet form of FIP is
characterized by an effus1o%n thesabdominal and/or thoracic or pericardial cavities, and the

‘dry’ form, by the pre granulomatous lesions (André et al., 2019, Paltrinieri et al.,

2021). Antibody re oc: matology, serum chemistry, and serum protein electrophoresis

give only a strongl suggestive dlagn051s in the non-pathognomonic pattern of FIP (Felten and

Hartmann 2 9) erefore identification of related histopathological lesions with

1mrnun N C) detection of FCoV antigen in tissue macrophages is only
dere 1d standard” of FIP diagnosis (Sangl et al., 2019).

The origin of hP has been a controversial issue among scientists for decades and in general, two
main hypotheses are the “internal mutation” theory that is based on the mutations in FECV and
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consequently its capability to enter and multiply in macrophage as the main step of FIP
pathogenesis and second theory of “circulating virulent-avirulent FCoV” that*consider two
different strains in virus population (Tekes et al., 2016, Myrrha et al., 2019). Thi dy, which
encompasses an analysis of Iranian Feline Infectious Peritonitis Virus (FIPV)_characteristics,
including sequence analysis, as well as laboratory and clinical findings, aims to systematically
investigate these hypotheses at the M gene level in Iranian FIP viruses. \\ |

Materials and Methods

o \
Samples “ \

Samples included the abdominal and/or thoracic fluids of, 17 cats*With symptoms of anorexia,
lethargy, weight loss, and increased abdominal volume, whieh had been confirmed by clinical
examination or ultrasound. The rest of the sam biochemical and Rivalta tests were
preserved at -20 °C. ‘

Biochemical examinations and Rivzgtes\

Albumin and total protein measure @ erJonducted utilizing an autoanalyzer (Selectra,
ElitechGroup, Netherlands). Sgb& ly, ’he albumin value was subtracted from the total
protein value to determine t globuhn amount in abdominal fluid. Additionally, the globulin

amount was calculated b ctlng umin values from total protein, and the ratio of albumin
to globulin was compu%

For the Rivalta test 1xture )f 98% acetic acid with 8 ml of distilled water in a 10 ml clear test

tube was pre uently, a drop of abdominal fluid was added. A negative test result

was de ‘ rop disappeared and its components separated quickly in the liquid.
elysa

positive result was recorded if the drop retained its shape, remained attached to the
surfa and Ved slowly down the solution.

Cellular Examlnatlon



@&
To observe cell contents, 10 pl of abdominal fluid supernatant, centrifuged aty130 g for 10
minutes, was prepared for staining using the Giemsa method. The presence of whiteiblood cells
in abdominal fluid smears was assessed through observation under a microsco;ﬁ D

Molecular Investigations ‘ \ 4
@
\ @

RNA extraction and Reverse Transcription Reaction:

A 1.5 ml microtube containing abdominal fluid from each sample/was c&rifuged at 130g for 5
minutes. The resulting supernatant underwent RNA briﬁcaticﬁ\ using the RNXTM-Plus Kit
(CinaGen, Tehran, Iran) following the manufacture fructions. Briefly, 150 pl of the
supernatant was mixed with 1 ml RNX and left for at least 5 minutes at 48°C. After adding 200
ml chloroform and thorough mixing, the liquid was_¢larified by centrifugation at 12,000g at
48°C for 15 minutes. The supernatant was thén transferréd into a new tube and mixed with an
equal volume of isopropanol, followed by Eeéntri mt 12,000g at 48°C for 15 minutes. The
pellet was washed with 1 ml of 70% etrQ)l. 5&)@ RNA was eluted using 50 pl of 1 mM

RNase-free DEPC-treated water.

.
Subsequently, cDNA synthesis‘ was p r#Jed using the Maxime RT Premix Kit (iNtRON,

Seoul, South Korea). Eight rolil‘%of extracted RNA were added to a ready-to-use tube and
filled to 20 pl with reated water. The mixture was heated for 60 minutes at 45°C,
followed by 5 minuﬁ SO&n the resulting cDNA was immediately transferred to -20°C.

- 4

PCR

Polyme in thion was conducted following the method outlined by Barker et al., 2013,
for amplification of a 1040 bp segment of the FIPV M gene (Barker et al., 2013). In brief,
12.5 f PCR master mix (Cinnaclone, Iran), 2 pl of cDNA, and 1 pl each of forward and
reverse primers were combined with 8.5 ul of distilled water to achieve a total volume of 25 pl
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for the PCR reaction. Subsequently, the PCR reaction was carried out using a Thermocycler
(Techne, England) with the following protocol: initial denaturation at 98°C for 30 seconds,
followed by 40 cycles of denaturation at 98°C for 10 seconds, annealing at 59°C 0 seconds,
extension at 72°C for 30 seconds, and a final cycle of extension at 72°C for 2 mi KThe PCR
product (5 pl) was then subjected to analysis by electrophoresis on a 2% agar% and'stained

with ethidium bromide. \ |
Sequencing of M gene, sequence analysis, and generation of the hyld'genetic tre

.
Moreover, nucleotide sequencing was conducted using Qomati\?equencer (ABI-377;
Applied Biosystems, Foster City, CA, USA) for the \maining\ECR product after purification
from the gel. The obtained sequences were analyzed compared using current algorithms
from the National Center for Biotechnology Institut I, Rockville Pike, Bethesda MD,
USA). Multiple alignments were performed usinQ tal\N program, and the sequences
were scrutinized to compare important hots ucleotides with a reference sequence extracted

from NCBI GeneBank (Accession number: 388 g CLC sequence viewer 6.

J

Furthermore, sixty-four M gene Seq es(!f Feline Infectious Peritonitis Virus (FIPV) from
various regions worldwide, extracted fr enBank, were selected for comparison with the five
M genes obtained in this study (F INITS). Finally, a phylogenetic tree was generated using the

neighbor-joining methﬂitWA 7 software with a bootstrap value of 1000.
A

Results

Clinic@{chﬂ”
O cats mcluded in this study, eight (47%) were female, and nine (53%) were male. The age

range of these cats varied from 4 to 14 months. The total protein content in abdominal fluids
ranged from3.3 g/dL to 10.6 g/dL, while the ratio of albumin to globulin (A/G ratio) spanned
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from 0.12 to 0.9. Additionally, apart from abdominal fluids, two out of the seventeen studied cats
exhibited fluid accumulation in the thoracic area. Notably, only one of thesef€ats (5%) had

exclusive fluid accumulation in the thoracic area (refer to Table 1). \
Table: Clinical, biochemical, and PCR result h

3
N

Number | Sex* | Type of | A/G*** | Total Riv& - A onth)
secreted protein t |\P l\
fluid** resul
1 M AT + 15
2 M A + 11
3 M A . - 21
4 F A ( - 9
5 F Ay 220 | 9.41 + - 4
6 F *‘ 0.28 6.23 + - 7
7 F CAW\ 0.22 10.17 + + 9
8 F A 0.36 9.53 + + 30
W A 0.32 7.51 + - 50
\ﬂ M | A 0.16 | 102 | + : 10



11 F T 0.8 33
*F: 12 M A 0.35 54
13 M A 0.72 3.95
14 F A 0.26 7.28
15 M A 0.12 10.6
16 M A 0.36 5.31
17 F A 0.24 8.59

Female, M: Male. **A: Abdominal, T: Thoracic

**% A /G: Albumin to Globulin ration

Cellular examination:

Cytologic examination

macrophages and neutrophi
observed in the background u

S

Q \\

X

of abdom
\ridlt
re

racw ﬂuld revealed the presence of non-degenerate
, granules and basophilic protein strands were



Figure 1: Cytologic examination of fluids shows non-d rated&orophages and neutrophils.
*Black stars indicate Macrophages and bl s show neutrophils.

cR 2}
The RT-PCR result was positive in six & cats (35%), displaying 1040 bp bands

(Figure 2).



1040bp &

TF e B .
Figure 2: RT-PCR of the fluid cell %O % size band of the M gene.
Protein alignment:
The generated data indicated that t i cid motif YVIAL (positions 108, 120, 138, 163,
and 199, based on the reference ¢ for Feline Infectious Peritonitis Virus, GenBank no.
JN183882) was predicted for, eV analyzed in this study. Therefore, in line with the

findings presented by Barkeriet al., 2013, these crucial amino acids were unable to differentiate

between Feline Corona@ V) and Feline Infectious Peritonitis Virus (FIPV) in the current
study.

Phylogenetic
Nucleoti ences,of cats with FIP and FECoV cats were distributed in paraphilic groups,
anddi 1PV, and FECoV sequences were placed together in different clusters (Figure 3).

e generated phylogenetic tree, FIT1 is closely related to certain strains of Feline

Enteric virus (FECoV) and Feline Infectious Peritonitis Virus (FIPV) found in the USA,
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Netherlands, and the UK. FIT2 is closely associated with some FECoV strains observed in
Japan, and FIT3 shares proximity with certain FECoV and FIPV strains erved in the
Netherlands, Brazil, USA, and Germany. FIT4 aligns with some FECoV and FI rains from
Japan, Taiwan, and some Canine Coronaviruses from Taiwan, the UK, and Ital
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closely related to certain FECoV and FIPV viruses observed in the UK.
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Figure 3: Phylogenetic tree based on M gene sequences of FIPVs of this study (FIT1-FIT5)
compared with other FIPVs from different regions of the world generated by neighbor-joining
algorithm and Mega 7 software with a bootstrap value of 1000. \

Discussion h

Coronaviral infections are widespread and often can cause life—threateniﬁ/[ Nirf livestock
and pets (Anaraki et al., 2022, Ramezanpour Eshkevari., et al., 2023, ‘Mojtahedzadeh, et al.,
2023, Rasooli et al., 2023). Among the animal coronavi Feline Coronavirus (FCOV)
infection is common in cats worldwide but most infections, are inapparent and only 1-5%
terminate to highly fatal form of the FIP. It is one of the most serious viral diseases due to its
lethality, complexity of pre-death diagnosis, and contr its spread. This investigation is the
first study of epidemiology parameters, evaluation® of rgmon diagnostic methods, and
molecular and phylogenetic analysis of FIP in Iran.”

Rohrbach et al., 2001 showed cats with FIP \M sithly more likely to be young between 6
months to two years old, purebred, sexyally intact,males, and significantly less likely to be
spayed females, but Pederson., 2009 re oﬁlthe 1sease is more prevalent between 6-12 months
old cats. Mosallanejad et al., 2012 sjvprevalence of feline coronavirus infection by
immunochromatography assay infAh i%in the southeast part of Iran and the results showed
a significantly higher rate of E IPinfectionsif young kittens less than 6 months and mean-age cats
6 months — 3 years compar%\z)vith ove 3 years. Also, it was higher in male than female cats.
Mohammed Ibrahim et ali2 etected the feline coronavirus genome by Real-time PCR in 10
out of 50 FIP-suspectéc:a 0) in Baghdad, Iraq, and showed the very suitable age of
infection was in yolingerieats with ages lower than 2 years old. In this study number of males
with positive RT-PCR results was two times more than females and all patients were young 9-30
months_old cats. w, our result is similar and confirms the results of the other studies
(Rohrba &, &, Pedersen, 2009, Mosallanejad et al., 2012, Mohammed Ibrahim et al.,

FIP is of\w cat diseases without any specific clinical signs or blood protein profile and
therefore, the number of cats executed for incorrect diagnosis is usually more than the number of
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cats dying from the nature of the disease. So, one of the purposes of this study is to reach a
reliable protocol and in other words, to investigate how much each laboratofy and clinical
finding is reliable. According to Tasker 2018 study, 50% of wet and 70% of dry cats show
increased serum protein. So, serum protein level alone cannot be a definite dia tictest. Also,
Kennedy, 2020 and Addie et al., 1995 indicated antibody titer against FCOV is not significantly

different in healthy vs FIP affected cats, and therefore the presen bod}es is not
diagnostic for FIP detection as well (Addie et al., 1995, Tasker 2018, Kex‘ne&)

During 1979-2000, a comprehensive study performed on@isﬁpatholﬂgy-conﬁrmed FIP
cases by Hartmann et al., 2003 showed that 81% of cats wete affectediby effusive form and
albumin to globulin ratio of the serum of more than 0.8idemonstrated the highest impact in FIP
serum diagnostic tests. Shelly et al., 1988 determined a for FII‘diagnostic value of 0.8 but
Duthie et al., 1997 decreased it to 0.7 (Shelly et a Duthie et al., 1997, Hartmann et al.,

2003). Results of this study show A/G ratio germ able and reliable for FIP detection
and confirms previous results. <

In the investigation conducted by Hartﬁm eN, the utility of serum total protein as a
dependable marker for Feline Infecti 'tor’s (FIP) was questioned. Their findings reveal
that a total protein level exceeding does not reliably indicate the presence of FIP. This
ambiguity arises due to the obs'ervaga’ within this subgroup, 50% of cats exhibited other
infections, such as calicivi coring the limitations of total protein concentration as a
definitive dlagnostlc m 0 I ey believe the diagnostic value of measuring all factors,
including total prot gels\lb

abdominal fluids, 1 much higher than serum levels alone. Among them, the total protein level
showed the &est n stlc value, and they demonstrated total protein level of more than 0.8
ed

in to globulin ratio, and gamma globulin concentration in

g/dl in nt for FIP detection. Although in our study 50% of FIP-positive cats
wete matc ith this cutoff point, the other 50% showed a lower total protein level of serum.

Xultiannot confirm Hartmann's study results and showed a cutoff of 4.31 g/dl. Paltrini
et al., 2 reported a total serum protein level of higher than 3.5 g/dl in 87% of FIP-confirmed
cases and 67% of non-confirmed cases (with fluid) which their results match with this study
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(Hartmann et al., 2003, Paltrinieri et al., 2002). Hartman also evaluated the positive and negative
predictive value of the Rivalta test to 86% and 97% respectively. Results of this sfidy show both
are 100% but Rivalta shows many false positives that decrease its positive predictive value.
Also, Hartmann showed the positive predictive value is low for RT-nPCR with Kdesigned
for super-conserving 3’UTR part of the FCOV genome in serum, but in fluids of the cavities is
relatively high. As we used cavities fluid for RT-PCR, our positive resu §Iartman s
results) would be reliable. However, there is a possibility that we m;y x\e ositive cats
due to the presence of inhibitors in the cavity’s fluids. F1na1 an conclu ed there is not
one test that is reliable for the diagnosis of FIP, and the ou d xmdered together for

conﬁrrnatlon of FIP, and histopathology would be th@old standard of dragnosis (Hartmann et

I, 2003).
Herrewegh and Gamble and their colleagues in differentistu 1e\rep0rted 95% and 90% positive
predictive values of RT-PCR respectively, Wthh ith our results, and it demonstrates
the RT-PCR result of fluids is conﬁrmatl et al., 1995, Gamble et al., 1997).
Paltrini and colleagues reported that amo FIP cases, 63% had abdominal fluids,
22% had chest fluids, and 15% had bo&ado and chest fluids. In our study, out of 6
confirmed cases, 5 (83%) had ab whlle only 1 (17%) had chest fluids. This

observation highlights a higher pr ncg of posmve confirmed cases with effusive form
exhibiting abdominal ﬂUIdS Iso, Paltrint and colleagues reported that 90% of confirmed FIP
cases exhibited typic gy Nles In our study, all six cases demonstrated similar
characteristics, 1nd1cat1€;| h ytology of fluids, showcasing non-degenerated macrophages
and neutrophils with»a basop 11c background, serves as a robust and promising marker for
confirmation. (Paltrlnlerl et'al, 2002). Recently Farsijani et al., 2023 evaluated the sensitivity
and spec1ﬁc of Mlﬁc modulation frequency (SMF) test in Iran and compared it with
electrop ymerase chain reaction (PCR) tests to determine their diagnostic value for

fectlo They demonstrated 100% sensitivity and 81.1% specificity for SMF and
mtrod d 1t an effective and safe test in FIP diagnosis (Farsijani et al., 2023)

16



The unknown origin poses the most significant challenge in the case of Feline Coronavirus
(FCoV) and Feline Infectious Peritonitis (FIP). In 2009, Brown et al. conducted a@n investigation
on viral sequences obtained from clinically healthy and sick cats infecte ith Feline
Coronavirus (FCoV). The study involved 8 cases of FIP and 48 asymptomat -infected
animals. A total of 735 sequences from four gene segments (S, Pol, M, and ﬁre generated
and subsequently subjected to phylogenetic analyses. They showed a t19 tree and
indicated viral sequences from healthy cats were distinct from sick % on genetic
distances observed in the membrane and nonstructural prot s. These data demonstrate
distinctive “circulating virulent and avirulent strains” in nﬁmp lations. In addition, they
reported 5 membrane protein amino acid residues with functional pote al for differentiating
healthy cats from cats with FIP (Brown et al., 2009). Before a\ﬁd fter the publication of this
study, many scientists challenged the hypothesis and indicated someiind of ”internal mutation”
in FCOV strains gives them the capability to rm n macrophages and monocytes and
therefore they can generate FIP infection. Chang &t studied the ORF 3c gene of FCOV
and reported the nucleotide sequences of FIP: W M genes distributed into paraphyletic

patterns rather than in monophyletic ¢ ters atlng the “internal mutation” hypothesis
(Chang et al., 2010). They addition e M sequence at five hotspots in Brown's
study but did not attain similar resu helrs n another study, Barker et al., 2013 examined

the nsp2, nsp12, S, and M genes; 1n viruses derived from cats with FIP, and FECV-infected cats.
Phylogenetic trees of all th gen owed a paraphilic pattern, and FIPVs and FECVs were
placed in the same clus % the in vivo theory of mutation. They also evaluated the
amino acid sites which ro% . identified as valued diagnostic sites. However, they did not
confirm Brown's ﬁlﬁngs in this study (Barker et al., 2013). Lately, Chang et al., 2012 showed S
gene is the mest inqﬁortant gene in changing FECV to FIP and mutations of M1058L and
S1060 tspa\ is transformation (Chang et al., 2012). Also, Lutz et al., 2020 reported
an he‘;&po f I1T08T in the heptad repeat 1 (HR1) region of the S gene, which is important
in V to FIPV transition (Lutz et al., 2020). Finally, and in this study there appears to be no
discernible correlation between our confirmed FIP viruses (FIT1-5) and either FECoV or FIPV,
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the other reason for rejecting the “circulating virulent and avirulent strains” and confirming the”
internal mutation” hypothesis. &

Conclusions \

Numerous uncertainties persist regarding the molecular pathogenesis of ‘Eeline In&ctious
Peritonitis (FIP). The S gene sequence is insufficient to explain all!lh \wﬁs in FIP
pathogenesis, particularly those related to virus entry into cells. @onsequently, some recent
studies have redirected their focus to other genes such as 3@nd@he M-gene. In this study,
the five sequences of the M gene were subjected to molec and phylogenetic analysis. The
sequence analysis of five hotspot amino acids in thesM protein, as reported by Brown and
colleagues, revealed that the nucleotide sequences of t enes inFeline Enteric Coronavirus
(FECoV) and Feline Infectious Peritonitis Virus (FIPV) do exhibit separation according to
the biotypic pattern. Additionally, the phyloge@t displayed a paraphyletic pattern,
suggesting that the virus mutated within the,cat's'body. At is recommended that future studies
concentrate on reverse genetic investigations 1n l&e 3¢, 7b, and M genes, as well as the
crucial residues of these proteins, to Qlor& transition from FECV to FIPV form.
Additionally, research efforts shoul ctatoward identifying potential ligands or drugs
capable of addressing this transitbr@na‘ely leading to the development of a treatment for
cats afflicted with FIP.
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