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Paramyxoviruses in cats composing of feline paramyxovirus (FPaV), feline
morbillivirus genotype 1 (FeMV-1), and feline morbillivirus genotype 2 (FeMV-2).
These viruses had been recently suggested to be associated with kidney disease in
cats. However, pathological consequence of infection is remained restricted. This
study aimed to investigate the association of paramyxovirus infection and
pathological consequence in cats’ kidney. Renal fresh tissues were collected from
routine necropsy in Department of Pathology, Faculty of Veterinary Science,
Chulalongkorn University. Then, tissues were histopathologically categorized into
normal group and pathologic group. To screen paramyxovirus infection, reverse-
transcription polymerase chain reaction (RT-PCR) assays using Res-Mor-Hen pan-
primer set and specific primer set for each virus were carried out. Then, RT-PCR
positive cases were employed for special staining determination using Periodic
acid-Schiff (PAS) and Masson Trichrome (MT), followed by immunohistochemistry
(IHC) and in situ hybridization (ISH). Furthermore, apoptotic activity assay was
employed to detect the expression of cleaved caspase 3. Semiquantitative scorings
were carried out for positive cases according to histopathological parameters such
as degree of interstitial inflammation, tubular detachment, fibrosis, and apoptotic
activity. The statistic data was evaluated using Spearman correlation coefficient
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CHAPTER 1
INTRODUCTION

Pets become important part of human life and offer many benefits such as
improving both mental and physical health of the owner and offer a promising
economic impact (Sterneberg-van der Maaten et al, 2016). According to data
compiled by The European Pet Food Industry Federation (FEDIAF) in 2020, it was
estimated that around 88 million household in Europe continent had at least one
pet animal in their house. Among those pet animals, cat is the most favorable animal
to be raised as pet compared to other animals (FEDIAF, 2020). In 2017, surveying in
pet ownership and demographic distribution by American Veterinary Medical
Association (AVMA) revealed that cats were nominated as the second most favorable
pet to be kept in American households (AVMA, 2018).

Cat, either pure-breed or crossbreed, is possessed by many health issues. A
study conducted in England classified the most common health problems in cats
such as periodontal problem (13.9%), flea infestation (8%), obesity (6.7%), heart
murmur (5%), traumatic injury (4.6%), nail clip (3.7%), chronic kidney disease (3.6%),
cat bite injury (3.6%), abscess (3.2%), and cat bite abscess (3.2%) (O'Neill et al., 2014).
As a terrestrial animal, it is also vulnerable to many exposures from infectious agent
from environment such as Echinococcosis (Bonelli et al., 2018) and Dematiaceous
fungal infections (Bouljihad et al., 2002).

Compared to other animal species, cats are prone to be vulnerable to renal
disease or renal failure (Sugisawa et al., 2016). This vulnerability associates with
several factors such as dietary, breed predisposition, congenital disease and acquired
illness (Finch et al., 2016). Regarding the duration of disease progression, cats could
suffer from acute and chronic renal failures. Acute renal failure is the loss of kidney
function in short period, whereas chronic renal failure is loss of kidney function in
longer course (Newman, 2012). Acute renal failure or known as acute kidney injury
(AKI) is the consequence of exposure of insults such as nephrotoxic substance,
ischemia, obstruction, neoplasia, and infection, onto that kidney undergoes self-

repairment mechanism to compensate the loss. In contrast, chronic renal failure or
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known as chronic kidney disease (CKD) is the stage that kidney fails to serve self-
repairment mechanism any longer (Monaghan et al., 2012).

In human medicine, infections damasge the kidney in several pathways such as
direct alteration on renal tissue structure, formation of antigen-antibody complex,
and triggering systemic inflammatory response syndrome (SIRS) (Prasad and Patel,
2018). In cats, infectious agents such as virus, bacteria, parasite can cause injuries in
feline kidney, even further, it can initiate CKD (Hartmann et al., 2020). Kidney injuries
initiate inflamsmatory response associated with cytokines and chemokines secretion
which aim to repair the damage and activating pro-fibrotic reaction. Although this
mechanism is expected to repair the damage, in contrast, incomplete action or
prolonged response would generate fibrosis (inverted result) (Black et al,, 2019).
Among those infectious agents, viral pathogen takes essential role in feline medicine
(Beatty and Hartmann, 2021). Accordance with its nature as an obligate parasite, virus
hijacks host metabolism system and use them as the instrument to survive, by
undergo replication inside the host cell then shed to environment. Thus, virus is able
to infect animal population rapidly (Bruggeman, 2007; Zwart and Elena, 2015).

Recently, viruses from family Paramyxoviridae have been notified to have an
association with the kidney disease in cats. Those viral pathogens are feline
morbillivirus genotype 1 (FeMV-1), feline morbillivirus genotype 2 (FeMV-2), and feline
paramyxovirus (FPaV) (Sieg et al., 2015; Hartmann et al., 2020; Piewbang et al., 2020).
The evidence revealed that these viruses can be molecularly detected in kidney of
cats possessed both with and without renal diseases (Sieg et al., 2015; McCallum et
al., 2018). To date, the suspicious viruses have been discovered in some continents
such as Asia, Europe, and United States (Sieg et al,, 2015; McCallum et al., 2018;
Mohd Isa et al., 2019; Balbo et al., 2021). However, the pathologic alteration and viral
distribution of the suspicious viruses on infected renal tissue remain restricted.
Therefore, it is worthy to perform viral molecular, pathological and
immunohistochemical investigations of suspicious viruses that could be associated

with feline kidney disease.
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Objectives of study

1. To investigate the occurrence of paramyxoviruses (FeMV-1, FeMV-2, FPaV) in
feline kidneys by molecular detection

2. To study the pathological alteration of feline kidneys associated with the
presence of paramyxoviruses by histopathological examination, special
staining determination and apoptotic activity evaluation

3. To localize and evaluate the viral distribution of paramyxoviruses in kidney
tissues by performing immunohistochemistry (IHC) and in situ hybridization

(ISH) techniques

Keywords (Thai): wsn Sugludalaedl sulvglevslawdu o msiinlelada wesinen
Keywords (English): Cat, Immunohistochemistry, In situ hybridization, Kidney,

Paramyxovirus, Pathology

Hypothesis

The paramyxoviruses will be detected and localized in the feline kidneys by
molecular and immunological investigations. The associated pathological changes

will be elucidated accordingly.
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Advantages of the study
1. Provide the information regarding infection of FeMV-1, FeMV-2, and FPaV
viruses that can be detected in feline kidney
2. Provide the information that associates with pathological alteration on renal
tissue regarding the paramyxovirus infection
3. Reveal viral localization and distribution of paramyxoviruses in feline kidney
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CHAPTER 2
LITERATURE REVIEW

Pathology and associated immune response of feline kidney

Kidney is a pair of complex organs that serve several physiological functions
such as excretory, secretory, and metabolism regulation in mammals. Kidneys are
susceptible for various insults that affect its physiologic anatomy and function,
generating pathologic condition on kidney (Newman, 2012). Regarding the period of
the insults, pathological condition of kidney is differentiated into two types which are
acute kidney injury (AKI) and chronic kidney disease (CKD) (Chen et al., 2020). AKI is
the disturbance on kidney that result in both anatomical and/or functional damage
of kidney occurred in short-certain period (Makris and Spanou, 2016, Chen et al,,
2020). AKI is a reversible condition in both human and animal with life expectancy
around 50% (Long et al, 2016; Chen et al, 2020). Furthermore, CKD is the
disturbance on kidney that occurred for certain-longer period than the AKI
(approximately 3 months) that affect the structural and function of kidneys (Bartges,
2012). CKD is an irreversible condition occurring on all ages but the prevalence is
higher in older animals (Bartges, 2012). It is the most common renal disease in cats
(Reynolds and Lefebvre, 2013). Beforehand in human medicine, AKI and CKD are
acknowledged as two separated cases, in which episodic AKI could lead to CKD.
However, some evidence proves that both cases are the risk factor for each other.
AKI contributes on the occurrence of CKD and vice versa (Hsu and Hsu, 2016). This
similar situation can also be found in cats and dogs. International Renal Interest
Society (IRIS) reported that AKI and CKD are no longer two different separate systems
because they share common biomarkers which are existing in both illnesses (Segev,

2022).
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There are several etiologies could damage kidney, such as feline polycystic
kidney disease (FPKD), amyloidosis, dysplasia, renal lymphoma, nephrotoxic agent
and infectious agents such as virus, bacteria as well as parasite (Monaghan et al,,
2012; Reynolds and Lefebvre, 2013; Lawson et al., 2015; Hartmann et al,, 2020) . The
damage leads to hypoxia which followed by diminishing of ATP storage in the
affected area. This condition initiates the decreasing of glomerular filtration rate
(GFR). The reduction of ATP triggers the elevation of intracellular calcium level. The
ATP reduction also induces the activation of protease and phospholipase which aim
to lead the accumulation of reactive oxygen species and free radicals that initiate
tissue damage. The sequence of this event triggers the response of inflammatory
system by producing cytokines and chemokines, followed by initiation of tissue
repairing process in which benefits for the kidney but also alter the kidney structure,
by leaving scar mark on renal tissue. Further, the continuing of hypoxia generating
extensive inflammatory response due to the presence of apoptosis and necrosis of
tubular epithelial cells, which damage the endothelial cell, lead to activity
enhancement of vasoconstriction components. The endothelial damaging increases
the expression of P- and E-selectin and intracellular adhesion molecule-1 (ICAM-1)
which the mediators of endothelial-leukocytes interaction. These mediators regulate
the leukocytes to ischemic area. This event accelerates the inflammatory cascades;
generate congestion that deteriorates the ischemia, given rise to the damage of
tubular epithelial cells. In contrast, after this sequence of threats, the GFR returns to
normal. However, the apoptotic activity would remain, but the blood flow returns to
normal, which landmark of tissue repairment. Although the GFR returns to normal
rate, there would be possibility that residual of the injury is remained (Monaghan et
al., 2012). This acute response usually present unnoticeable because the

compensatory mechanism still working and clinical signs are absent. If the insult
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reoccurs, the response will reach threshold point then the kidney could not
compensate the damage (Cowgill et al., 2016; Chen et al., 2020).

As known that CKD is very common in cats and the prevalence increases in
senior cats, until now the pathogenesis of CKD remains unsolved. In other animal, it
is suggested that CKD is initiated by the presence of chronic primary renal disease
such as amyloidosis that is found in cats as well. Despite the presence of primary
renal insult, in cats, inherent factors such as breed predisposition and congenital
condition might initiate CKD. Moreover, external factors such as acute insults and
aging play a role to prolong the disease (Brown et al., 2016). Commonly, CKD in cats
is often diagnosed on final stage when the impaired kidneys are unable to
compensate the damage and the irreversible injury has been demonstrated (Chen et
al,, 2020). CKD gives rise to the pathological alteration of glomeruli, tubules,
vasculature, and interstitial tissues of kidney. Tubulointerstitial damage (TID) is the
hallmark of shifting between CKD and end-stage renal disease. The pathological
response that initiate TID is an infiltration of mononuclear cell, tubular injury, and
interstitial fibrosis (Yabuki et al., 2010). TID is the sequelae of myofibroblast activity
that produce extracellular matrix (ECM). This myofibroblastic cell is an underlying
component of wound healing and fibrous connective tissue synthesis in many organs
such as kidney (Bascands and Schanstra, 2005; Yabuki et al., 2010). Myofibroblast has
its origin from interstitial fibroblast. Under physiological condition, interstitial
fibroblast has a role in managing the homeostasis of ECM. Once the insult appears in
renal interstitial area, fibroblastic cell undergo transformation to become
myofibroblast. This myofibroblast proliferates and responds to the chronic injury by
producing fibrous tissue that would generate fibrosis (Strutz and Zeisberg, 2006;
Lawson et al., 2015).

Regarding the immune response on pathological kidney, the sterile insults

(toxins, ischemia, and trauma) damage the renal tissue by generating apoptosis and
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necrosis of the renal cell (Kurts et al., 2013). Apoptosis is programmed cell death that
is physiologically occurs and aims to maintain the homeostasis of cell population in
tissue (Ludes et al,, 2021; Obeng, 2021). In contrast, necrosis is pathological cell
death that induced by extreme environment such as injury (Syntichaki and
Tavernarakis, 2002). Necrotic renal cell releases the damage-associated molecular
pattern (DAMP) filling the extracellular area. DAMP activates the pattern recognition
receptors (PRRs) expressed on renal cell. This activation triggers several cellular
responses in renal tissue such as mononuclear cell e.g; dendritic and macrophage
cells that mostly founded in most kidney disease including AKI and infections.
Furthermore, endothelial cell, mesangial cell, and podocyte cell will produce tumor
necrosis factor (TNF) as well as interleukin-6 (IL-6) that associates with glomerular
disease. In addition, endothelial cell and mesangial cell will produce interferon alpha
(IFN-alpha). Eventually, tubular epithelial cell also gives rise to response on the insult
by producing TNF and IL-6 as well (Kurts et al., 2013).

Kidney is part of urinary tract systems that exhibits high chance of infection.
Regarding this risk factor, kidney is protected by various resident immune cells to
prevent the infections (Abraham and Miao, 2015). The viral infection associated to
kidney Injury can occur for short period (acute) or long period (chronic). It causes
pathological condition directly or indirectly as the consequence of local or systemic
inflammatory response. Once the virus inserts its genetic material in the host cell,
this genomic material plays a role as pathogen associated molecular patterns
(PAMPs). Following the viral invasion, the PAMPs will be recognized by intracellular
pattern recognition receptors such as Toll-like receptors (TLRs) and retinoic acid-
inducible gene 1-like receptors (RLRs) of innate immune system. The outcome of this
action is the host cell undergo endocytic-lysosomal degradation objected to
eliminate the viral genome or induce apoptosis to eradicate infected cell. Further,

the pattern recognition also serves the secretion of interferon and interleukin that
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modulate and activate T and B lymphocyte cells of acquired immune system. The
consequence of this robust response is massive cytokine activation and interstitial
inflammation, given rise to acute renal failure. The chronic response of this infection
would extend the inflammatory response followed by fibrosis. Moreover, antibody-
antigen complex that is deposited in the microvasculature may generate immune-
complex glomerulonephritis (ICGN). In this sequela, adaptive immune cell such as
natural killer (NK) cell might be recruited and aggravate renal tissue damage by cell-
mediated killing-mechanism aiming for the infected cell. Further, epithelial cells loss
due to apoptosis or cell-mediated killing-mechanism initiate tissue recovery by
arranging deposition of temporary matrix, inducing epithelial cells proliferation, and
fibroblast and remodeling matrix recruitment. This sequence of response would
deteriorate the normal renal tissue and affecting the kidney function. Despite the
inflammatory response, the virus would also hijack the cellular homeostasis of
infected renal cell to support the viral replication that causing dysregulation of tissue

repairment process (Bruggeman, 2019).

Paramyxovirus associated to feline kidney disease

Paramyxovirus is a single-stranded negative-sense enveloped RNA virus
member of family Paramyxoviridae, order Mononegavirales. It infects various host
range such as mammals, birds, fish and reptiles. According to International
Committee on Taxonomy of Viruses (ICTV), family Paramyxoviridae is comprised of
four subfamilies which are Avulavirinae, Rubulavirinae, Orthoparamyxovirinae and
Metaparamyxovirinae (Rima et al., 2019). Among family of Paramyxoviridae member,
some viruses are associated to disease in both human and animals, even has
zoonotic potential such as Nipah and Hendra viruses (Thibault et al, 2017).
Furthermore, several paramyxoviruses are notifiable to be associated with severe

disease in human such as respiratory syncytial virus (RSV), human metapneumovirus
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(hMPV), human parainfluenza virus (hPIV) (Chen et al., 2021), and measles virus (Naim,
2015).

In the veterinary field, paramyxoviruses also associated with diseases in animals
such as newcastle disease, canine distemper (CDV), and rinderpest (Samal, 2008).
Recently, newly discovered paramyxoviruses are suspected to be associated with
feline kidney disease, such as FeMV-1, FeMV-2, and FPaV (Woo et al., 2012; Sieg et
al,, 2015; Sieg et al,, 2019). Although many evidences have revealed the presence of
genomic material of suspicious viruses in clinical samples and tissues (Sieg et al,,
2019; Piewbang et al,, 2020; De Luca et al, 2021), the pathological alteration on
kidney that caused by these viruses remains restricted. Hence, it is worth to perform

further investigation.

Feline Morbillivirus (FeMV)

Feline Morbillivirus (FeMV) is a virus belonged to family Paramyxoviridae,
genus Morbillivirus. It is firstly discovered in 2012 in Hongkong, isolated from stray
cats, and suspected to be associated with tubulo-interstitial nephritis (TIN) (Woo et
al,, 2012), with the subsequent presence of eosinophilic intracytoplasmic inclusion
bodies (ICIB) (Figure 1) (Chaiyasak et al.,, 2022). Since then, FeMV is discovered in
various countries such as Germany (Sieg et al., 2015), the United Kingdom (McCallum
et al,, 2018), Italy (Marcacci et al,, 2016), Japan (Sakaguchi et al.,, 2020), Thailand
(Chaiyasak et al.,, 2020a; Piewbang et al.,, 2020), Malaysia (Mohd Isa et al., 2019),
Turkey (Yilmaz et al., 2017), the United states (Sharp et al., 2016), and Brazil (Balbo et
al.,, 2021). The virion organization of FeMV is consisted of six open reading frames
(ORFs), which encode six structural proteins and two accessories proteins, and
arranged in 16,050 bases of genome length. It indicates the longest genome length
among morbilliviruses.  The structural proteins of FeMV are consisted of

nucleoprotein  (N), phosphoprotein (P), matrix protein (M), fusion protein (F),
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hemagglutinin protein (H), and polymerase protein (L) (Woo et al, 2012). The
compatible host of FeMV is Felidae family such as domestic cats and wild Felidae.
Surprisingly, it is also identified on other non-felidae species such as dog and
opossum (Lavorente et al., 2021; Piewbang et al., 2021b). According to genomic
characterization, FeMV forms two distinct genotypes. FeMV genotype 1 (FeMV-1) was
firstly reported in Hongkong, whereas FeMV genotype 2 (FeMV-2) was initially
discovered in Germany. It is notified on in vitro assay that the tissue tropism of FeMV-
2 is broad wider than FeMV-1 (Woo et al,, 2012; Sieg et al.,, 2019).

The pathogenesis of FeMV remains unclear. Regarding the presence of H
and F envelope proteins, both proteins play a role on attachment, fusion and tissue
tropism respectively (De Luca et al., 2021). The prevalence of FeMV is various among
continents ranging between 5.4-39.4% in Asia, 0.83-22.8% in Europe, and around 3-
23% in America. It is notified that FeMV-1 has higher prevalence compared to FeMV-
2. The association of FeMV infection with the development of CKD in cats is still
debatable, but among the type of sample the virus is presented, the most sample-
type in which the virus mostly detected is kidney and urine (Woo et al.,, 2012; De

Luca et al., 2021).

Figure 1 Formation of eosinophilic intracytoplasmic inclusion bodies (ICIB) (arrows)

(Chaiyasak et al., 2022).
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Despite the genomic material detection on kidney and urine of the cats,
previous study revealed the presence of pathognomonic lesion associate with FeMV
infection such as eosinophilic ICIB (Chaiyasak et al., 2022). Further, the previous study
also reported that FeMV infection generates tubular vacuolation on infected kidney
(Woo et al., 2012). However, it still little to know about pathological consequence as

well as viral distribution in cat kidneys, given rise by infection of FeMV on cats.

Feline Paramyxovirus (FPaV)

Feline paramyxovirus (FPaV) belongs to family Paramyxoviridae. This virus
is firstly reported from cats’ urine with diagnosed CKD in Germany in 2015 (Sieg et al,,
2015). FPaV had been investigated in several countries such as the United Kingdom
and Japan using serological and metagenomic-analysis approaches respectively
(McCallum et al.,, 2018; Sakaguchi et al., 2020). The prevalence of FPaV remains
restricted. In Germany, out of 206 cat urines, three samples were positive for FPaV
genomic material. In Japan, among 51 cat urines, one sample contained FPaV
genomic material according to metagenomic analysis targeting FPaV L-gene.
Furthermore, a seroprevalence study conducted in the United Kingdom found that
out of 72 cat sera, three cats were positive of antibody against FPaV (Sieg et al., 2015;
McCallum et al., 2018; Sakaguchi et al., 2020).

To date, the molecular characteristic of FPaV is largely unknown.
According to phylogenetic analyses, FPaV, found in Germany, shares 72% homology
score with bat paramyxoviruses, and 74% homology score with rodent
paramyxoviruses (Sieg et al., 2015). Moreover, FPaV discovered in Japan has a close
relationship to Jeilongvirus and shares a clade with Mount Mabu Lophuromys Virus 1
(MMLV-1). However, Jeilongvirus is a newly discovered member of Paramyxovirus that

classified as rodent paramyxovirus. Despite the host origin which Jeilongvirus to be
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found, Jeilongvirus is notified to possess tissue tropism on the rodent’s kidney
(Vanmechelen et al., 2018).

In addition, the virion organization of FPaV is comprised as nucleoprotein
(N), phosphoprotein (P), matrix protein (M), fusion protein (F), TM protein, G protein,
polymerase protein (L) (Sakaguchi et al,, 2020). Even though FPaV was firstly found
from cats suffered from episodic of feline lower urinary tract disease and
nephropathy, antibody against FPaV is also discovered in non-azotemic cats as well
azotemic cats (Sieg et al,, 2015; McCallum et al,, 2018). Regarding the host tropism,
FPaV-related virus has been discovered in Guignas (Leopardus guigna) from Chile.
The homology score of FPaV-related viruses were varied. They shared 82-83%
similarity with previous FPaV discovered in Germany and Japan (Sakaguchi et al,,

2020; Sieg et al., 2020).

Apoptotic activity associates with paramyxovirus infection

Apoptosis is known as type of cell death that physiologically occurs to
maintain the cellular homeostasis in both human and animal. Apoptosis is
programmed cell death (cellular suicide) aiming to remove aging, impaired and
unwanted cells from the body. It is involved in several essential actions such as
embryonal development and precaution of cellular metastasis that possibly
threatens the body. It is irreversible process requiring energy-dependent reaction and
activation of cysteine-aspartic proteases (caspase) (Elmore, 2007; Pfeffer and Singh,
2018; D'Arcy, 2019). In general, apoptosis engages to keep cellular homeostasis.
However, it is also a defense mechanism to reveal intracellular antigen; thus, the
antigen will be recognized by immune system (Neumann et al., 2015).

In general, apoptosis occurs in two courses that are extrinsic and intrinsic
pathways which work independently. However, extrinsic pathway can induce the

activation of intrinsic pathway as well (Roy and Nicholson, 2000; Galluzzi et al., 2018).
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Extrinsic pathway of apoptosis

Extrinsic pathway of apoptosis (receptor-mediated cell death pathway) is
initiated by binding of extracellular cell-death ligands to cell-surface membrane
death-receptors (DRs) that belongs to tumor necrosis factor (TNF) receptor
superfamily proteins. Cell-death ligands that involves in extrinsic pathway of
apoptosis are comprised of TNF, Fas-ligand (FasL), TNF-related weak inducer of
apoptosis (TWEAK), TNF-related apoptosis-inducing ligand (TRAIL), and TNF-associated
death domain (TRADD). Moreover, the death receptors for the ligands are comprised
of tumor necrosis factor receptor-1 (TNF-R1), Fas-transmembrane proteins, TNF-
related apoptosis-inducing ligand-1 and -2 (TRAIL-1/-2), and death receptor-6 (DR-6)
(Kumar et al., 2005; Elmore, 2007). Once the ligands bind the receptors, the death
domain (DD) of the receptor is stimulated to consecutively activate death effector
domain (DED). The activated DED will further begin the activation of procaspace-8
and formation of death-inducing signaling complex (DISC). The combination of DISC
and activated caspase-8 will immediately promote the cleavage of caspase-3 as

executor of apoptosis (Cavalcante et al., 2019).

Intrinsic pathway of apoptosis

Intrinsic pathway of apoptosis (mitochondrial-associated pathway) is
triggered by the presence of intracellular-deprivation origin that is capable to lead to
the formation of mitochondrial outer membrane permeabilization (MOMP). Although
the formation of MOMP is the major subject in intrinsic pathway of apoptosis,
endoplasmic reticulum (ER) mediated apoptosis, is possible to occur. The
deprivation, that is called damage associated molecular patterns (DAMPS), is found in
several forms such as withdrawal of growth factor, DNA damage, reactive oxygen
species and the presence of specific viral virulence factors. Apoptosis intrinsic

pathway is orchestrated by B cell lymphocyte -2 (BCL-2) superfamily proteins. BCL-2
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protein is composed of two types of molecular composition which are BCL-2
homology (BH) domain, which comprised of BH1, BH2, BH3, and BH4, and
transmembrane (TM) domain. According to its role in intrinsic pathway, BCL-2
proteins are classified into two families comprised of pro-survival (anti-apoptotic) and
pro-apoptotic families. Later, pro-apoptotic family is divided into two sub-families
regarding the diversity of the BCL-2 chemical compounds. Pro-survival proteins are
consisted of proteins possesses all BH and TM domains, such as BCL-2, myeloid cell
leukemia-1 (MCL-1), and BCL-X_ protein. First subfamily of pro-apoptotic proteins
possesses three BH domains (BH1, BH2, and BH3) as well as TM domain. Proteins in
this sub-family are consisted of BCL-2 associated X protein (BAX), BCL-2 antagonist
killer (BAK), and BCL-2 related ovarium killer (BOK). In contrast, another pro-apoptotic
sub-family protein possesses only BH3 domain, such as p53-upregulated modulator
of apoptosis (PUMA), BH3 interacting domain death agonist (BID), NOXA, and BCL-2
associated agonist of cell death (BAD) (Elmore, 2007; Galluzzi et al., 2018; Cavalcante
et al,, 2019).

The presence of DAMPS and the intense of cell destroying signals, assign
the cell to undergo self-suicide. This couple of initiators induces apoptosis by
activating BH3-only protein through three kinds of mechanisms; transcriptional, post
transcriptional, and post translational activations. Activated BH3-only proteins assist
the apoptosis by hindering activity of BCL-2 pro-survival proteins and/or activate BCL-
2 pro-apoptotic (BAX, BAK, BOK) proteins. Activated BAX and BAK begin the pore
formation of outer-membrane of mitochondria (OMM) then form mitochondrial
apoptosis-induced channel (MAC). Whereas activated BOK that colocalized on ER
mediate apoptosis through ER. MAC formation is followed by the release of several
apoptogenic factors that normally reside inside the mitochondria intermembrane
space, such as cytochrome C, second mitochondrial activator of caspase (SMAC), and

Omi/HtrA,. The release of mentioned above apoptotic initiator factors (AIF) inhibit
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pro-survival response emitted by the cell, hence apoptosis keeps going. Furthermore,
AIF binds to apoptotic protease activating factor (APAF-1) as well as procaspase-9.The
activation of caspase-9 leads to execution stage of apoptosis that involves cleaved
caspase-3 (Cecconi and D'Amelio, 2010; Bose, 2015; Galluzzi et al., 2018; Cavalcante

et al., 2019).

Paramyxoviruses regulating apoptosis

Among RNA virus, paramyxoviruses are notified to regulate apoptotic
activity on infected cell. Some paramyxoviruses such as Measles virus (MeV), Feline
morbillivirus (FeMV) and Sendai virus (SV) are suggested to induce apoptosis in the
infected cell (Esolen et al., 1995; Bitzer et al., 1999; Sutummaporn et al., 2020). In
contrast, Mumps virus is reported to inhibit apoptotic activity (Hariya et al., 2000).
Among paramyxoviruses that suggested to be associated with kidney disease, only
FeMV is reported to elevate apoptotic activity on renal tissue (Sutummaporn et al,,
2020). However, the evidence of FeMV inducing caspase-dependent apoptotic

activity is remained restricted.

Other viral infections associated to pathological alteration in feline kidneys

Cats are very vulnerable to be infected with infectious agents such as virus,
parasite, and bacteria. There are several viruses infecting cat that associated with
pathological condition in feline kidney such as feline leukemia virus (FelV), feline
immunodeficiency virus (FIV), feline coronavirus (FCoV), feline calicivirus (FCV), and

feline panleukopenia virus (FPLV) (Hartmann et al., 2020; Piewbang et al., 2021a).

Feline leukemia virus (FelLV)
Feline leukemia virus (FelV) is a virus belonged to family Retroviridae,

genus Gammaretrovirus. The genome of FelV is made up of two copies of positive
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sense single stranded RNA and approximately 8,464 bp in length (Chin et al., 2020).
The genome of FelV is constituted of three genes which are g¢ag, pol, and env
restricted by long terminal repeat (LTR) region on its 3’ and 5 prime respectively
(Kawamura et al,, 2015; Chin et al.,, 2020). FeLV has the capability to synthesis DNA
from its RNA genome by working of reverse transcriptase (RT) enzyme. This potential
ability, with contribution of integrase enzyme, facilitates FelV to integrate its DNA-
form genome within host genome, composing provirus (Polani et al., 2010; Hartmann

and Hofmann-Lehmann, 2020) (Figure 2).

Envelope glycoprotein gp70
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Protease
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ss RNA

Figure 2 Virion organization of feline leukemia virus (FelLV). The genome of FelV is
comprised of two copies of positive single strand RNA enclosed inside the

capsid (Hartmann and Hofmann-Lehmann, 2020).

The prevalence of FelV infection is varies among countries (Capozza et
al.,, 2021). In South East Asia, studies to investigate the presence of p27 protein by
commercial ELISA test-kits reveal the prevalence of FelV in Malaysia (12.0-12.2%)
(Bande et al., 2012) and Thailand (24.5%) (Sukhumavasi et al., 2012). FelLV infection
gives rise to several consequence diseases in cats that associates with renal disease

such as renal lymphoma, renal neoplasia, and immune-complex glomerulonephritis
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(ICGN). Those are the risk factor that leads to CKD (Brown et al., 2016; Rossi et al.,

2019; Hartmann and Hofmann-Lehmann, 2020).

Feline immunodeficiency virus (FIV)

Feline immunodeficiency virus (FIV) belongs to family Retroviridae, genus
Lentivirus (Maclachlan et al., 2017). It is firstly described in 1986 in California from
cats exhibited immunodeficiency-like syndrome (Pedersen et al., 1987; Sykes, 2014).
FIV and FelV are comorbid pathogens that commonly infect cats (Dunham and
Graham, 2008). The virus is transmitted by saliva, biting, and blood transfusion.
Previous study in Malaysia reported the prevalence of FIV according to serological
assay was around 31.3% (Bande et al., 2012). FIV targets on CD4" T-lymphocyte
which generates continuous immunodeficiency disease. One of the nature of FIV
infection is chronic asymptomatic infection, which give rise to chronic inflamsmatory
response (Maclachlan et al,, 2017). Previous study notified the higher percentage of
proteinuric cats possessed FIV infection compared to uninfected one. Furthermore,
several studies also mentioned that FIV infection is associated with ICGN (Baxter et

al., 2012; Hartmann et al., 2020).

Feline coronavirus (FCoV)

Feline coronavirus (FCoV) is a virus belonging to genus Alphacoronavirus
(Maclachlan et al., 2017). It was firstly reported in 1966 (Jaimes and Whittaker, 2018).
According to amino acid sequence of spike (S) protein and antibody neutralization,
FCoV is classified into two serotypes (type 1 and 2) in which type 1 is more widely
distributed than type 2, but type 1 is poorly propagated in tissue culture
environment compared to type 2. According to homology analysis on S gene,
previous study strongly suggested that FCoV type 2 (FCoV-2) is yielded as the

recombination between FCoV type 1 (FCoV-1) and Canine coronavirus (CCoV).
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Furthermore, the pathogenicity (virulency) of FCoV can be presented in cats as two
distinct  pathotypes  (biotypes) which  antigenically and  morphologically
undistinguishable. The first pathotype is Feline enteric coronavirus (FECV) that cause
mild persistent infection with enterocyte tissue tropism. Furthermore, FECV is
transmitted through oral-fecal routes. In contrast, the second pathotype, known as
Feline infectious peritonitis virus (FIPV), has more variation in tissue tropism and gives
rise to fatal infection (Licitra et al., 2013; Jaimes and Whittaker, 2018).

The notifiable FIPV is brought up by FECV undergoes mutation inside the
host, that increase the virulency of the virus and extend its tissue tropism. Moreover,
the cats are possibly infected by FIPV from external transmission (Kipar et al., 2010).
However, the prevalence of FIPV is lower than FECV. Regarding of the outcome of
the infection, FIPV is classified into 2 clinical forms which are non-effusive (dry) and
effusive (wet) forms. However, the histopathological findings from both forms are
granulomatous inflammatory response, primarily in peritoneal cavity, that might

affect kidneys (Drechsler et al., 2011) (Figure 3).

CU.VET . PATH

Figure 3 Gross lesion of kidney of cats infected with FIPV. The kidney exhibits severe
granulomatous inflammation (courtesy by Department of Pathology,

Faculty of Veterinary Science, Chulalongkorn University).
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Feline Calicivirus (FCV)

Feline calicivirus (FCV) is a virus belonging to family Caliciviridae, genus
Vesivirus. It is positive-strand non-enveloped RNA virus that is very contagious for
Felidae family (Maclachlan et al., 2017). FCV is firstly isolated from gastrointestinal
tract of cats in New Zealand. FCV infection exhibits two clinical manifestations either
acute or chronic. The acute form brings up clinical signs according to the route of
infection; aerosol infection generates clinical signs more severe than oral infection.
Furthermore, the strain of infecting-FCV also associates with the severity of the
clinical signs (Pedersen et al, 2000). While the chronic counterpart causes
plasmacytic stomatitis or chronic ulceroproliferative stomatitis (Reubel et al., 1992).
Recently, there is an emergence of virulent-systemic feline calicivirus (VS-FCV) in the
USA and the UK which causes a high mortality rate and develops severe systemic
disease. Meanwhile, non-virulent FCV is commonly contagious but low in mortality
rate. To date, it is still unclear the etiology that given rise to VS-FCV, but it is
suspected that VS-FCV risen up from particular genotype. Regarding the systemic
infection of VS-FCV, the feline junctional adhesion molecule A (JAM-A) and alfa-2,6
sialic acid are suspected to be the receptor for FCV entry. Furthermore, VS-FCV is
also detected in endothelial cells, in which systemic distribution in infected cats
would occur through bloodstream (Sato et al, 2002; Pesavento et al., 2008).

Therefore, the contributing role of VS-FCV in renal diseases should be monitored.

Feline panleukopenia virus (FPLV)

Feline panleukopenia virus (FPLV) is a virus belonging to family
Parvoviridae that typically causes enteritis and panleukopenia. FPLV was firstly
reported in 1928 in France (Sykes, 2014). As known that FPLV is also a member of
Carnivore protoparvovirus-1 (CPPV-1), besides canine parvovirus (CPV); both viruses

can cause panleukopenic condition in wild and domestic Felidae. FPLV causes feline
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panleukopenia disease with the prevalence at 90-95% of cases (Barrs, 2019). FPLV is
transmitted through oro-fecal route and indirect contact. The infected cats ingest the
feeding or drink the water that contaminated with saliva, urine, feces, or vomitus of
infected cats; and the indirect transmission also occurs through the fomites. The
virion binds to Transferrin receptor (TfR) that existed on many tissues and undergoes
the indirect fusion by endocytosis. The virion collocates in the endosomes to provide
the opportunity for the virion to reach the access to nucleus of host cell and
undergo genome replication, by hijacking the DNA polymerase of the host (Hueffer et
al., 2004).

Regarding the tissue tropism of FPLV, it preferably replicates in active-
dividing cell (S-phase of the cycle), such as lymphoid tissue, bone marrow, and
cryptal intestinal epithelium (Maclachlan et al., 2017; Barrs, 2019). In addition, FPLV is
transmitted from the queen to the fetus during gestation period generates abortion,
mummification, stillborn kitten, and nervous system deficiency (Barrs, 2019). Notably,
a recent study reported the localization of FPLV in kidney of wild fishing cat
(Prionailurus viverrinus) with pathological alteration such as renal tubular vacuolation

and interstitial hemorrhage (Piewbang et al., 2021a).

Diagnostic approaches of viral infection in the kidney

There are several approaches to detect the presence of virus in animals,
such as virus isolation, observation using electron microscopy, serological
detection and molecular detection (Maclachlan et al., 2017). Beforehand, viral
detection is mostly carried out by virus isolation or serological detection.
Although both methods are frequently used, they have some drawbacks such
as time consuming and laboratorial-based practice, hence they are not suitable
to be applied in veterinary primary care that needs immediate response. To
overcome this burden, the application of Polymerase Chain Reaction (PCR) in

viral detection is acceptable for diagnosis. PCR is an in vitro enzymatic reaction
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to amplify specific region of whole genetic material, mimicking DNA replication
in the cell. PCR is a specified method which aims to amplify DNA-based target
pathogens such as viruses from family Parvoviridae. Moreover, Reverse-
Transcription PCR (RT-PCR) is a method to amplify RNA-based target pathogens
such as Flaviridae, Bunyaviridae, Paramyxoviridae, and Coronaviridae viruses
(Belak, 2007; Hoelzer et al., 2008; Tekes et al., 2008; Tong et al., 2008; Artika et
al., 2020). Further, the advancement of technologies leads the development of
real quantification of amplification rate of PCR/RT-PCR that is called real-time
PCR/real-time RT-PCR (Emery et al., 2004).

The application of both PCR and RT-PCR in clinical field bring up many
benefits. Those methods are time saving and applicable to various spectrums of
target pathogens. Thus, the decision of treatment can be administered to the
patient as soon as the result comes out (Yang and Rothman, 2004). In human
medicine, the application of PCR/RT-PCR in detection of viral disease are
purposed to detect several virus infections such as Human Immunodeficiency
Virus type 1 (HIV-1), Hepatitis B Virus, and Human Cytomegalovirus (Valones et
al., 2009). In veterinary medicine, the applications of PCR/RT-PCR are commonly
used to detect the presence of viral disease in livestock and small animal
(Belak, 2007; Daniels, 2013). RT-PCR and PCR can be employed for various type
of samples such as blood (Jeanes et al,, 2022), urine (Woo et al, 2012),
cerebrospinal fluid (Frisk et al., 1999) and homogenized tissue (Wardhani et al.,
2021).

Regarding the pathologic kidney in cats, PCR are commonly to be used
to detect the presence of dominant karyotype that give rise to Feline Polycystic
Kidney Disease (FPKD) (Scalon et al., 2014). Moreover, in viral diagnostic method
associated to pathological condition in kidney, RT-PCR and PCR are applied to
confirm several viral diseases such as FeMV (Woo et al., 2012), FPaV (Sieg et al,,
2015) and FPLV (Piewbang et al., 2021a). Despite molecular detection target on
viral genomic material, other method such as Immunohistochemistry (IHC) and

in situ hybridization (ISH) can be carried out to localize the presence of viral
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protein and partial of genomic material of virus, respectively. IHC and ISH are
both methods that mostly carried out to localize the tissue tropism of virus

infection (Piewbang et al., 2020; Piewbang et al., 2021a).
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CHAPTER 3

MATERIALS AND METHODS

Sample collection and clinical information

The sample in this study was collected from carcass submitted for routine
necropsy in Department of Pathology, Faculty of Veterinary Science, Chulalongkorn
University. The sample collection had been approved by Institutional Animal Care
and Use Committee (IACUC) (Approval no. 2231023) and Institutional Biosafety
Committee (IBC) (Approval No. 2231030). The inclusion criteria from the collected
samples; the carcass was fresh to mild autolysis and included all ages, breeds and
sex. The age of collected cats were classified according to the guidelines of American
Animal Hospital Association (AAHA) and Association of Feline Practitioners (AAFP):
kitten (<1 year old); young adult cat (1-6 years old); mature adult cat (7-10 years old);
senior cat (>10 years old) (Quimby et al.,, 2021). The samples contained both left and
right sides of the kidney.

The samples were collected for one year period (April 2021-April 2022). This
study comprised of kidney-pairs from one-hundred and fifty (n=150) cat carcass. The
collected samples were grouped according to histopathology examination. Normal
kidney group were classified as kidney that histologically normal, whereas pathologic
kidney group were classified as the kidney that exhibit any of microscopic lesions
such as inflammatory cell infiltration or tubular degeneration. Macroscopic
appearance of the collected kidney was vary, ranging from kidney with normal
appearance, contracted or decreased in size, swollen, fibrosis, hemorrhage, infarction,
difficulties to be decapsulated, mass, cyst, amyloidosis, granuloma, and congestion
(Newman, 2012; Brown et al, 2016). The kidney samples were collected for
molecular investigation and histopathological investigation. Before collecting the

samples, both left and right kidneys were cut on midsagittal line. Each halves of right
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and left kidneys were collected for further study. One-third of upper, middle, and
lower parts of both kidneys were subjected for fresh tissue collection (Figure 4). Each
part was chopped and mixed. The chopped-tissue was kept randomly in 1.5 ml
centrifuge tube, then it was stored in -80°C for molecular investigation. The remaining
of middle-part of the kidney (containing cortical, medullar, and pelvis areas) were
preserved in 10% neutral buffer formalin for histopathological evaluation, special
staining determination, as well as in situ hybridization (ISH), immunohistochemical
(IHO) and apoptotic assays (Figure 4). Essential clinical information including Blood
Urea Nitrogen (BUN), serum creatinine, serum Symmetric dimethylarginine (SDMA) (if
available) and the latest medical record of each carcass were retrieved (at least one

month prior the death) (Rossi et al., 2019).

Collected for fresh tissue

Collected for fresh tissue and histopathology
investigation

Collected for fresh tissue

Figure 4 The scheme of sample collection of feline kidney for molecular and

histopathological study (created in BioRender.com).

Molecular investigation of paramyxoviruses (FeMV-1, FeMV-2, FPaV)

Tissue homogenization
The collected samples were individually homogenized to make 10%
suspended tissue solution. Approximately 5 g of the tissue were homogenized in 500

bl of 1x sterile phosphate buffer saline (PBS). The tissue was minced on petri dish
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using surgical blade and needle. Then, it was transferred into a single-use plastic tube
containing 500 pl of PBS. After that, the homogenization was performed using Tissue
Rupture (Qiagen, Germany). The homogenized tissue solution was stored in -80°C

freezer until genomic extraction.

Genomic material extraction

Genomic material extraction was performed using Viral Nucleic Acid Extraction
Kit Il (Geneaid, Taiwan). The homogenized tissue was thawed and then centrifuged
prior the extraction to separate the supernatant from the pellet. Two hundred
microliters of each sample were employed for the extraction. The genomic material
extraction was done according to manufacturer protocol. The obtained nucleic acid
was quantified and qualified using spectrophotometer analysis (NanoDrop,
Thermo ScientiﬁcTM, USA), then the concentration and purity of DNA/RNA was

recorded. It was stored in -80°C prior to molecular screening.

Reverse transcription-polymerase chain reaction (RT-PCR) / PCR

The molecular investigation was performed to screen the paramyxoviruses
which are feline morbillivirus genotype 1 (FeMV-1), feline morbillivirus genotype 2
(FeMV-2), and feline paramyxovirus (FPaV). Further, the positive cases from respective
virus was employed for selective virus screening to rule out the virus that may
associates with pathological condition in kidney including feline leukemia virus
(FeLV), feline immunodeficiency virus (FIV), feline coronavirus (FCoV), feline calicivirus
(FCV), and feline panleukopenia virus (FPLV) (Hartmann et al., 2020).

Either conventional one-step RT-PCR (cRT-PCR) or conventional PCR (cPCR) was
employed using QIAGEN OneStep RT-PCR Kit (Qiagen, Germany) and GoTag® Green
Master Mix (Promega, USA), respectively. The sequence of forward and reverse
primers, target gene, and product size (Table 1), as well as thermocycling
arrangement (Table 2) were listed below.

In regard to ensure that the reaction is performed appropriately, the positive control

of sequenced known template or vaccine of respective viruses was used. The non-
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template control containing distillated water was used as negative control. The PCR
products was analyzed using QlAxcel advance capillary electrophoresis machine or
was visualized in 1.5-2% agarose gel electrophoresis containing 5% of ethidium
bromide, then observed under UV light. Those samples showing the band was
compared to respective positive controls. The sample representing the band on
expected position was further purified using Macherey-Nagel™ NucleoSpin™ Gel and
PCR Clean-up Kit (Macherey-Nagel, Germany) according to manufacturer protocol.
The purified PCR product was sent for bi-directional sequencing. The sequencing
result was analyzed and confirmed using BioEdit alisnment editor and Basic Local
Alignment Search Tool (BLAST) from National Center for Biotechnology Information

(USA).



Table 1 List of primer sets for virus detection in this study.

a2

. Target . . Product
Virus 8 Direction Primer sequence 5’-3’ .
gene size (bp)
Feline leukemia Forward AAACAGCAGAAGTTTCAAGGCCGCTACCAG
. 1
Vi Reverse CTGATGGCTCGTTTTATAGCAGAAAGCGCG 145
CG
LTR Forward AAATTTCAAGGCCGCTACCAGCAGTCTCCA
GG
101
Reverse AGAAGCGAGAGGCGTGGGGATTGGTTAGTT
AA
Feline Forward AGGGAGAAGTTTGGATTAGCA
immunodeficiency 391
o Reverse TCCTTATCTGCTGCACAACCT
virus
a
sa8 Forward AGGTAGAGGAGCCTCCACAG
134
Reverse GTTGGACCTCCTCTCCTCCT
Feline Forward GCCATA GTGGAATAATHATHAAYGG
paramyxovirus> L Reverse CTCATTTTGTAIGTCATYTTNGCRAA ~500
Feline Forward CAGAGACTTAATGAAATTTATGG
morbillivirus® L Reverse CCACCCATCGGGTACTT 155
Feline coronavirus® Forward GGGTTGGGACTATCCTAAGTGTGA
ORF1b Reverse TAACACACAACICCATCATCA 405
Feline calicivirus® Forward GAACTACCCGCCAATCA
ORF1 Reverse AGCACRYCATATGCGGC 120
Feline Forward ATGGCACCTCCGGCAAAGA
panleukopenia Reverse TTTCTAGGTGCTAGTTGAG
VP +2246

virus’

YLacharoje et al., 2021); ATechakriengkrai et al., 2018); ¥Tong et al., 2008); AWoo et al., 2012); *(Ksiazek et al.,
2003; Wardhani et al., 2021); %Piewbang et al.,, 2019; Wardhani et al., 2021); "(Mochizuki et al., 1996; Wardhani et

al,, 2021).

8Abbreviation of target gene : LTR (long terminal repeat); gag (gag gene); L (polymerase gene); ORF (open reading

frame); VP (Viral protein).



a3

Table 2 Thermocycling arrangement of viral screening that used in this study.

Virus
Thermocycler FeLV' FIV? FPaV’  FeMV' FCoV> FCV®  FPLV'
arrangement 1 2" 1 2"
round round round round

RNA 60°C,

denaturation 1m
Reverse 50°C,  50°C,  50°C, 50°C,

Transcriptase 30 m 30m 30m  30m

Initial 94°C, 94°C, 94°C, 94%C, 94°C, 94°C, 95°C, 95°C, 957,
denaturation 5m 5m 3m 3m 15m 15m 15m 15m 5m

Denaturation ~ 94°C, 94°C, 94°C, 94°C,  94°C, 94°C, 94°C,  95°C,  94°C,
45 s 30 s 30 s 30 s 30 s 30 s 1m 30 s 30 s

Annealing 65°C, 65°C, 55°C, 55°C, 49.7°C, 55°C, 54°C, 60°C, 557,
1m 45 s 30's 30s 30 s 30 s 1m 30 s 2m

Extension 73°C,  73°C, 712°C, 72°C, 712°C, 72°C, 72°C,  T72°C,  72°C,

1m 45 s Im 1m 1m 1m 1m 30s 2m

Final 73°c, 73°C, 712°C, 712'C, 72°Cc, 72°C, 72°C, 72°C, 727,
extension 5m 5m 10m 10m 10 m 10 m 10 m 10 m 10 m
Cycle 40x 45x 35x 35x 40x 40x 45x 40x 30x

YLacharoje et al., 2021); ATechakriengkrai et al., 2018); Tong et al., 2008); AWoo et al., 2012); *(Ksiazek et al.,
2003; Wardhani et al., 2021); %Piewbang et al,, 2019; Wardhani et al., 2021); "(Mochizuki et al., 1996; Wardhani et
al,, 2021).
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Histopathology examination

Tissue processing on formalin-fixed paraffin embedded tissue (FFPE)

The formalin-fixed kidney tissues (containing cortical, medullar and pelvis
areas) were incubated in 60°C for 48 hours before embedding it into Formalin-fixed
paraffin embedded tissue (FFPE). After the incubation, the tissue was trimmed into 2
mm thickness then kept in tissue cassette. Then, it was employed to pre-embedding
step consisted of dehydration and clearing steps. The tissue was dehydrated into
graded series of ethanol to remove the water containment from the tissue
completely. After dehydration step, the tissue was subjected into clearing step in
series of xylene. After pre-embedding step, the tissue was embedded into paraffin
wax (58-60°C) and transferred onto cold plate to make it harden. Embedded tissue
was cut in 5-um thickness using microtome, then the paraffin ribbon was placed on
warm water bath followed by transferring the ribbon on a clean glass slide before

further staining process.

Hematoxylin and eosin (H&E) staining

For staining process, the sections were employed for deparaffinization
and rehydration steps, staining step, followed by dehydration, clearing steps, and
mounting. For deparaffinization, sections were soaked into two xylene solutions for
10 minutes respectively, followed by rehydration step in graded series of ethanol for
5 minutes. Further, the slides were stained using Mayer hematoxylin and eosin Y
solutions. Finally, the stained sections were dehydrated using graded series of
ethanol followed by clearing steps using xylene, then mounting. Sections were

examined under a light microscope.
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Special staining determination

To further investigate the pathological alteration of renal tissue, special
staining was performed on paramyxoviruses RT-PCR-positive cases by using Masson
trichrome and Periodic acid-schiff’s (PAS). Masson trichrome staining was used to
evaluate the infiltration of fibrotic tissue on interstitial of associated renal tissue,
whereas PAS staining was used to evaluate the condition of tubular basement

membrane of respective tissue kidney.

Masson trichrome (MT) staining

The sections were incubated in 60°C incubator for 15 minutes followed by
cooling down the sections in room temperature. Then, they were employed for
deparaffinization in series of xylene followed by rehydration steps in series of
alcohol. Following the steps, the sections were washed in the water flow and
distillated water for 5 minutes respectively. After deparaffinization, rehydration and
washing steps, the slides were fixed in Bouin’s solution at room temperature
overnight. Followed the incubation, the sections were washed in running water for 10
minutes. Firstly, the slides were stained using Weigert’s iron Hematoxylin for 10
minutes to stain the nucleic acid. The iron containment in Weigert’s iron Hematoxylin
prevented the decolorization of the nucleic acid caused by acidic stains that used in
further steps. Then the slides were washed in running water for 10 minutes.
Secondly, the slides were stained in Biebrich scarlett-acid fuchsin solution for 1 hour
to coloring both muscle and collagen material in respective tissue (because its
molecule is small, hence it will bind to all components of tissue). Then, the slides
were rinsed on distillated water (dip the section quickly). After that, the slides were
soaked in Phosphomolybdic-Phosphotungstic acid for 15 minutes to discolor Biebrich
scarlett-acid fuchsin from stained-collagen and leaved the muscle in red color.

Moreover, Phosphomolybdic-Phosphotungstic acid was the mordant fixative agent for
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Aniline Blue. Thirdly, the slides were stained using Aniline Blue, for 40 minutes in
room temperature, to stain the collagen in blue color. This step was followed by
rinsing the slides in distillated water, then soaking the slides in 1% Glacial Acetic Acid
for 3 minutes to remove excessive stain of Aniline Blue. Finally, the slides were
employed for dehydration in series alcohol, clearing in series of xylene and
mounted. Masson trichrome staining was objected to evaluate the degree of fibrosis
in tissue. Fibrosis is an event when the fibrous connective tissues such as collagen
excessively accumulate on interstitial area of renal tissue and observed as blue color

(Figure 5).

Figure 5 The infiltration of fibrous connective tissue in renal tissue is marked by blue

color, located on interstitial of renal tissue (McLeland et al.,, 2015).

Periodic acid-schiff’s (PAS) staining
The slides were incubated in 60°C incubator for 15 minutes followed
by cooling down the sections in room temperature for 5 minutes. The sections were
employed for deparaffinization in series of xylene followed by rehydration in series
of alcohol and washing in running water as well as distillated water. After
deparaffinization, the slides were subjected for oxidation in 0.5% Periodic acid for 5
minutes. Periodic acid reagent oxidized the carbon compound in the renal tissue.

Following the oxidation, the sections were rinsed in running tap water for 5 minutes.
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The oxidized-carbon compound in the tissue was further subjected for incubation in
Schiff’s reagent for 40 minutes. Then, the slides were soaked in 0.5% Sodium
metabisulfite for 5 minutes. The slides were rinsed in running tap water for 5 minutes
and distillated water for 15 seconds. After this step, the slides were counterstained
using Mayer’s Hematoxylin. This step was followed by dehydration step and
mounting. PAS staining will stain the tissue containing polysaccharides. It is reported
that tubular basement membrane of kidney is composed by glycoprotein. Hence, by
performing PAS staining, we can evaluate the condition of the tubular basement

membrane (Figure 6).
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Figure 6 PAS staining on tubular basement membrane of renal tissue is marked by

magenta color (arrows) (Thomsen et al., 2006).

Apoptotic activity assays

To date, it was remained unknown that paramyxovirus such as FeMV
would increase caspase-dependent apoptotic activity on renal tissue. Thus, apoptotic
activity assay was aimed to detect the activity of activated (cleaved) caspase-3 on
nucleus of tubular epithelial cells. The immunohistochemistry was conducted
according to manufacturer protocol of SignalStain® Proliferation/Apoptosis IHC
Sampler Kit (Cell Signaling TECHNOLOGY, United States). To begin the procedure, the
positive charged slides of each positive case were incubated in 60°C incubator for 45
minutes. Following the incubation, the slides were preceded for deparaffinization and

rehydration. The antigen retrieval was performed by using citrate buffer pH 6.0 in
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95°C water bath, for 20 minutes. After antigen retrieval, the endogenous peroxide
digestion was performed in 0.3% hydrogen peroxide for 30 minutes. Further, non-
specific binding was blocked using 2.5% bovine serum albumin (BSA) incubated in
room temperature for 1.5 hours. The primary antibody was diluted using Antibody
diluent (Cell Signaling TECHNOLOGY, United States) with concentration 1:400. Primary
antibody was incubated in 4°C overnight. After triple wash using 1X PBS, the slides
were incubated with secondary antibody (anti-rabbit Dako REAL Envision Detection
System, Dako) in room temperature for 1 hour. The colour was developed using DAB
(1:50) generated brown colour on nucleus tubular epithelial cells that undergone
apoptotic activity. The slides were counterstained using haematoxylin. After

dehydration, the slides were mounted.
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Figure 7 Apoptotic activity was marked by brown colour exhibited by nucleus of

tubular epithelial cells.

Histopathological evaluation

The histopathology evaluation was blindly performed by three
investigators (AZ, CP, ST). The result of H&E staining, special staining, and apoptotic
assay were analyzed by using semi-quantitative histopathology scoring. The renal
tissues of positive paramyxovirus cases were evaluated against normal histologic
renal tissue using low-power magnification (40x) on 5 fields area, as well as higher
power magnification (100X and 400X). The semi-quantitative histopathological scoring

was performed according to previous study with necessary modification (McLeland et
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al.,, 2015). The histopathologic variables and the score are mentioned below (Table

3).
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Table 3 Guidance of semiquantitative scoring for histopathology evaluation.

Histopathologic variables Score Further description
Percentage of interstitial inflammation’
- No inflammation 0 - Pattern of inflammation: focal,
- <25% inflammatory cell infiltrate the renal 1 multifocal, extensive, diffuse
interstitial area - Type of inflammatory cell
- 25-50% 2 infiltrate
- 51-75% 3 - The most affected area: cortical
- >75% a area, medullar area, and pelvis
area
Percentage of intact tubular basement
membrane
- <25% tubular basement membrane of 1 The most affected area: cortical area,
renal tissue intact medullar area, and pelvis area
- 25-50% 2
- 51-75% 3
- >75% a4
Degree of fibrosis'
- No fibrosis 0
- <25% renal tissue is affected with fibrosis 1 The most affected area: cortical area,
- 25-50% 2 medullar area, and pelvis area
- 51-75% 3
- >75% 4
Apoptotic activity
- No apoptotic activity 0
- <25% apoptotic activity occurs in renal 1 The most affected area: cortical area,
tissue medullar area, and pelvis area
- 25-50% 2
- 51-75% 3
- >75% 4

Y(McLeland et al., 2015)
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The score of each examiner were summarized then the mean was retrieved.
Further, it was analyzed using non-parametric statistical analysis two-tailed Spearman

coefficient correlation (Landmann et al., 2021).

Viral localization and distribution

The study of viral localization and cellular tropism was carried out by
performing Immunohistochemistry (IHC) and /n situ hybridization (ISH). IHC and ISH
were performed on positive cRT-PCR samples. Moreover, IHC and ISH were employed
for semiquantitative scoring according to intensity of signal that exhibited by
cytoplasm of renal tubules and ICIB. The scoring was blindly conducted by three
examiners as mentioned above. The score of each examiner was summarized, the
mean value was retrieved, then it used for statistical analysis. The obtained score
value was used as variable to determine the association between paramyxovirus

infection and severity of histopathologic variables.

Immunohistochemistry (IHC)

The IHC was performed according to previous study (Piewbang et al,,
2020). The FFPE kidney tissue was cut at 4 um thick, then placed in positive-charged
slide. The slides were incubated in 60°C then employed for deparaffinization and
hydration, followed by antigen retrieval step in citrate buffer pH 6.0 by autoclaving at
121°C for 5 minutes. The endogenous peroxide digestion was carried out by
incubating the slides in 3% hydrogen peroxide in room temperature for 15 minutes.
Later, they were subjected to block non-specific reaction using 5% skimmed milk
solution at 37°C for 30 minutes. Then, the slides were incubated with primary
antibody at 37°C for one hour (rabbit polyclonal antibody against His-rFeMV-M), using
dilution 1:250. After the primary antibody incubation, the slides were employed for
series of rinsing, following by incubation in secondary antibody (Horseradish
peroxidase conjugated secondary antibody) in room temperature for 1 hour (anti-

rabbit Dako REAL Envision Detection System, Dako). The staining signal was visualized
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by adding 3,3-diaminobenzidine (DAB) (1:100) to allow the expression of
antibody-antigen reaction. Finally, the slides were counterstained using Mayer’s

Haematoxylin. The positive signal was observed as brown colour (Figure 7).

Figure 8 Positive immunostaining signal of IHC against Feline morbillivirus M gene

(arrows).

In situ hybridization (ISH)

ISH was performed to detect the presence of specific genetic material of
paramyxovirus on feline renal tissue. Non-radioactive digoxigenin (DIG) labelled
nucleotides was used in this study and was employed based on the specific gene
target of each paramyxovirus (partial of L-gene). The assay was comprised of two

steps which were probe construction and hybridization step.

Probe construction

Probe for ISH was constructed from gel purified RT-PCR product of
positive paramyxoviruses cases. DIG-labelling was carried out according to
manufacturer protocol of PCR DIG Probe Synthesis Kit (Roche, Germany). The
labelled-probe was visualized on 1% of agarose gel to assure that the probe had

been successfully constructed (Appendix; Supplementary Figure 1).
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Hybridization step

Briefly the slides were subjected to deparaffinize, rehydrate, and rinse in
PBS. Prior to hybridization step, the slides were employed for antigen unmasking
step. The slides were incubated in citrate buffer pH 6.0, autoclaved at 121°C for 5
minutes following the antigen unmasking step, the slides were then washed in 1X
Tris-NaCl-EDTA (TNE) buffer for 5 minutes. Then, the slides was employed for
endogenous peroxidase digestion in 3% hydrogen peroxidase for 15 minutes and
non-specific reaction blocking in 0.5% bovine serum albumin in 37°C for 1 hour.
Hereinafter, the hybridization buffer was applied on the slides followed by
incubation in light-protected-humidified-chamber containing deionized-formamide at
37°C for 1 hour. After the hybridization step, the slides were employed for washing in
series of saline sodium citrate (SSC) buffer for 5 minutes respectively following the
steps, HRP-labelled anti-DIG (1:200) was applied to each respective slide. The probe
binding was visualized using ImmPACT®VIP Substrate Kit, Peroxidase (Vector
Laboratories, USA) according to manufacturer protocol. Finally, the slides were
counterstained with methyl green then mounting. Evaluation of detected signal was
observed under light microscope by presenting purple color at particular infected
cell. The distribution of positive hybridized signal expressed on the tissue was

counted on 3 areas of kidney; cortical area, medullar area, and pelvis area.
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Figure 9 Positive ISH signals were exhibited by ICIB that marked with purple colour

(Arrows).
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Data analysis

The result of molecular screening was elucidated accordingly. The
obtained data of semi-quantitative scoring were employed for quantile-quantile (Q-
Q) plot using Microsoft Excel to confirm the normality of the distribution. The
correlation of paramyxovirus infection (that examined by IHC and ISH) with
histopathological variables was examined using two-tailed Spearman correlation
method with confidence interval 95% and p-value <0.05 to find the association of
the paramyxovirus infection and the pathological alteration in the kidney (Landmann
et al,, 2021). The statistical correlation was employed using GraphPad Prism version
9.0. The obtained Spearman correlation coefficient (r) was interpreted according to
guidance in Correlation coefficients : Appropriate use and interpretation (Schober et

al., 2018).
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CHAPTER 4
RESULTS

Clinical background of collected samples

One-hundred fifty kidney samples were collected during April 2021-April
2022. The collected samples were comprised of various cat breeds such as Domestic
short hair (DSH) (n=92), Persian cat (n=16), Scottish fold (n=14), American shorthair
(n=4), Serval cat (n=3), British shorthair (n=3), Exotic shorthair (n=2), Maine coon
(n=2), Siamese cat (n=2), Tonkinese (n=1), Caracal cat (n=1), British longhair (n=1),
Sphynx (n=1), Devon Rex (n=1), Burmese cat (n=1), Ragdoll (n=1) and unknown (n=5)

(Figure 10).
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Figure 10 Pie chart of breed diversity of collected samples.

The samples were collected from various age of cats; kitten (21.33%; n=32),
young adult (53.33%; n=80), mature adults (10%; n=15), and senior cats (9.33%;

n=14) and unknown (6%; n=9). The background of lifestyle of each sample was
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various; ninety-seven (64.67%) of the samples were recorded as household cats
(raised indoor, outdoor, or both), eleven (7.33%) cats were stray cats, two cats
(1.33%) were raised in breeding farm, one cat (0.67%) was raised in shelter, and
thirty-nine  cats (26%) were unknown. Further, collected samples were
histopathologically classified into histopathologic kidney group and normal kidney
group.

Among 150 kidneys, 115 kidneys (76.67%) were assigned as histopathologic
kidney (pathologic group), which comprised of normal appearance to various gross
lesion such as irregular surface, mild to moderate contracted kidney, patchy
hemorrhage, renal infarction, and formation of multifocal cyst (polycystic kidney
disease (PKD) (Figure 11). Moreover, 35 kidneys (23.33%) were assigned as normal

kidneys (normal group).

Figure 11 Kidney, cat. Gross lesions of histopathologic kidney group; (A) contracted

kidney. (B) patchy hemorrhage.

Molecular screening of paramyxoviruses in feline kidneys
Molecular screening of paramyxoviruses were initially carried out using
degenerated pan-primer-pairs that amplify specific region of polymerase protein gene

(L-gene) of Respirovirus-Morbillivirus-Henipavirus (Res-Mor-Hen) from previous study
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(Tong et al,, 2008). The positive control that used was sequence-known template of
FeMV genotype 1 (FeMV-1) strain Lapdn from Germany (courtesy by Dr. Michael Sieg).
However, the result of the screening was not capable to detect any genomic
material of FeMV-1, FeMV-2, and FPaV from collected samples. Concerning the lack
of fulfillment in detecting the genomic material of the respective viruses from the
samples, a minor investigation was carried out to confirm the sensitivity of Res-Mor-
Hen primer pairs with FeMV-1 strain Thailand from previous study (Chaiyasak et al.,
2020Db).

Herein after, second attempt to detect the presence of paramyxoviruses in
feline kidney was carried out using specific primer to detect partial of L-gene of
FeMV-1 from previous study (Woo et al,, 2012). The result of the screening revealed
that nine (6%) out of 150 samples were exhibited bands accordance to positive
control (Figure 12). Bi-directional sequencing of the samples confirmed that the
respective samples were FeMV-1 (Table 3). Moreover, all positive cases were

considered as DSH breed cat (Table 3) and included in pathologic kidney group.
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Marker 21P229T 21P251K 21P239D 21R098C 21P240D 21P242D 21P179K 21P249K 21P245D 21R196C PTC*
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Figure 12 QlAxcel advance capillary electrophoresis of positive cases of FeMV-1

(arrows). The expected product size according to the primer is ~155 bp.

*PTC= Positive template control

Furthermore, selective viral screening to detect viruses associated with kidney
disease such as FelV, FIV, FPV, FCoV and FCV were carried out. Among those

selected viruses, FelV pro-viral was detected on four FeMV-1-positive cases (Table 4).
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Table 4 List of FeMV-1 positive cases confirmed by bi-directional sequencing and

selective screening of other feline viruses

Age

Case (years) Breed FeLV FIV FPV FCoV FCV
21P240D 3 DSH - - - - -
21P276C 1 DSH + - - - -
21P346Y 10 DSH - - - - -
21P413W 16 DSH - - - - -
21P603Y 1 DSH - - - - -
22P060Y 3 DSH + - - - -
22P118R 2 DSH + - - - -
22P119R 3 DSH + - - - -
22P126C 1 DSH - 3 - - -

Histopathological finding and viral localization of FeMV-1 positive cases
21P240D/Domestic shorthair/3 years old
In gross lesion, there was no remarkable lesion to be observed from the
kidney (Figure 13). In H.E staining, the interstitial area of renal tissue was infiltrated
with lymphoplasmacytic inflammatory cells mainly in cortical area. The tubular

epithelial cells possessed the formation of eosinophilic ICIB (Figure 14).

Figure 13 Kidney, cat, 21P240D. No remarkable lesion was observed on the kidney.
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Figure 14 Kidney, cat, 21P240D. (A) Renal interstitial was infiltrated with inflammatory
cell (HE, 100x). (B) Lymphoplasmacytic inflammatory cells (red arrow) and
eosinophilic ICIB in the tubular epithelial cells were presented (black

arrow) (HE, 400x).

PAS staining revealed that the tubular basement membrane was ruptured. In
consequence, it was difficult to distinguish the basement membrane of one tubule
to another. Hereinafter, the detachment of tubular epithelial cells to the lumen
(sloughing) was observed. Moreover, mild membranoproliferative glomerulonephritis
(MPGN) that marked by thickening of bowman capsule and glomerular basement
membrane (GBM) was observed as well (Figure 15). MT staining showing that
interstitial scaring (fibrosis) was not able to be observed (Figure 15). In this case,

apoptotic activity was not able to be observed.
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Figure 15 Kidney, cat, 21P240D. (A) Tubular basement membrane of the renal tissue
was ruptured, and tubular epithelial cells sloughed into tubular lumen
(black  arrow)  (PAS, 400x). (B) Mild  membranoproliferative
glomerulonephritis (MPGN) was observed (PAS, 400x). (C) Fibrosis was not

observed to infiltrate interstitial renal tissue (no blue color) (MT, 100x).

According to IHC assay against matrix protein of FeMV, the tissue did not
exhibit the immunostaining signals. However, ISH assay revealed that in-situ signals
was only exhibited on cortical area of renal tissue. In-situ signal was expressed by
cytoplasm of tubular epithelial cells. Interestingly, in-situ signal was also expressed
by the nucleus of tubular epithelial cells in which the cytoplasm did not exhibit in-

situ signal (Figure 16).
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Figure 16 Kidney, cat, 21P240D. (A) The renal tubular epithelial cells exhibited
positive ISH signal (black arrow) (ISH, 400x). (B) Nucleus of tubular
epithelial cells expressed ISH signal, hallmark the presence of genomic

material of FeMV-1 occupied the nucleus (red arrow) (ISH, 400x).

21P276C/Domestic shorthair/1 year old

In gross examination, there was no remarkable lesion was observed. In H.E
staining, renal tissue exhibited infiltration of lymphoplasmacytic inflammatory cell
mainly in cortical area (Figure 17). The tubular epithelial cells exhibited the formation
of pale eosinophilic ICIB particularly in proximal tubules (Figure 17). PAS staining
showing that tubular basement membrane was intact with slightly tubular epithelial
cells detachment (Figure 18A). Furthermore, MT staining showed mild infiltration of
fibrous tissue on cortical area of renal tissue (Figure 18B). Apoptotic activity was

expressed by nucleus of tubular epithelial cells (Figure 19).
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Figure 17 Kidney, cat, 21P276C. (A) Lymphoplasmacytic inflammatory cells infiltrate
renal interstitial tissue (red arrow) (HE, 100x). (B) The tubular epithelial cells
exhibited formation oﬁEosmophrlﬁ/i(jB (black arrow) (HE, 400x).

Figure 18 Kidney, cat, 21P276C. (A) The tubular basement membrane was intact with
detachment of tubular epithelial to lumen of the tubules (PAS, 400x). (B)
The interstitial of renal tissue was infiltrated with fibrous tissue marked by

the accumulation of collagenous matter-stained blue (MT, 100x).
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Figure 19 Kidney, cat, 21P276C. Immunosignal of cleaved caspase-3 was exhibited by
nucleus of the tubules that marked by brown color (black arrow)

(Apoptotic activity, 400x).

IHC assay against M-protein indicated that positive immunostaining signal was
exhibited on cortical, medullar, and pelvis areas. The formation of eosinophilic ICIB
exhibited positive immunostaining signal as well (Figure 20). Furthermore, the
immunostaining signal was exhibited by the cytoplasm of tubular epithelial cells
(Figure 20). It was also observed that immunostaining signal was exhibited by nucleus
of epithelial cells on proximal tubule in which the formation of eosinophilic ICIB was
absence (Figure 20). In accordance with the findings in IHC assay, ISH assay revealed
that in-situ positive-signal was exhibited on cortical, medullar, and pelvis area of
renal tissue. Moreover, the formation of eosinophilic ICIB expressed in-situ signal. /n-
situ signal was expressed by cytoplasm of epithelia of distal tubule, collecting
tubule, and proximal tubule (absence of formation of eosinophilic ICIB). Interestingly,
nucleus of proximal tubule, in which the formation of ICIB was absence, expressed

in-situ signal as well (Figure 21).
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| 21P276C. () Fe
Figure 20 Kidney, cat, 21P276C. \EX_formatlorﬁ of eosinophilic ICIB expressed

immunostaining sig al_rjﬁr”-kéﬁ by brown color (black arrow) (IHC, 400x).

(B) Strong mmunos;_gn

~Was
AN/

s emitted by cytoplasm of tubular epithelial
N\ (/2
— {

cells (IHC, 40&W@nal was expressed by nucleus
of proximal tubule (red arrow) (IHC ,40@9).
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Figure 21 Kidney, cat, 21P2/f/ /5) 1C1Bi©;(natlon of the tubules exhibited ISH signal

’BJ\/\

(black arrow) (ISH, ZLQ (‘“iytpptasm of tubular epithelial cells of

collecting tubHLe expressed m=5rfu s1gnal,(lSH 400x). (C) In-situ signal was

exhibited by ¢ sm of epithelia o Ifeélmat tubules (ISH, 400x) and (D)

nucleus of proxmal tubule (white arrow) (ISH, 400x).

21P346Y/Domestic shorthair/10 years old

Gross lesion of the kidney showed pale-mild contracted kidney with dilatation
of renal pelvis area and presence of renal calculi (Figure 22). According to H.E slide
examination, the tissue exhibited infiltration of lymphoplasmacytic inflammatory cell
mainly on cortical area. The inflammatory cell scattered to medullar area as well.
The tubular epithelial of proximal tubules presented the formation of pale

eosinophilic ICIB (Figure 23).
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Figure 22 Kidney, cat, 21P346Y. The kidney was mild contracted with pale

appearance.
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Figure 23 Kidney, cat, 21P346Y. (A) The inflammatory cell infiltrates the interstitial

area of the renal tissue (HE, 100x). (B) Type of inflammatory cell infiltrated
the interstitial area is lymphoplasmacytic inflammatory cell (red arrow).

The tubular epithelial cell exhibited pale eosinophilic ICIB (HE, 400x).

PAS staining revealed that tubular basement membrane was ruptured
followed by the detachment of tubular epithelial into lumen (Figure 24). MT staining
indicated that fibrous tissue was observed to infiltrate renal interstitial, particularly
cortical and medullar area (Figure 24). The apoptotic activity that marked by the
presence of cleaved caspase 3 immunostaining signal was unable to be observed in

this case.
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Immunostaining signal against M-protein was observed on cortical, medullar
and pelvis areas of renal tissue. ICIB of proximal tubule expressed pale
immunostaining signal. However, cytoplasm of collecting tubules expressed strong
immunostaining signal (Figure 25). Accordance with the expression of immunostaining
signal through all areas of renal tissue, ISH signal was observed on cortical, medullar
and pelvis area of renal tissue. In contrast with the intensity of immunostaining signal,
ISH signal was observed to be stronger. The in-situ signal was exhibited on ICIB,

cytoplasm of distal tubule and collecting duct (Figure 26).

r)
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Figure 24 Kidney, cat, 21P346Y. (A) The tubular basement membrane was ruptured

followed with sloughing of tubular epithelial cells into lumen (PAS, 400x).
(B) Interstitial of renal tissue was exhibited infiltration of fibrous tissue (MT,

100x).
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Figure 25 Kidney, cat, 21P346Y. (A) Pale immunostaining signal was exhibited by ICIB

(IHC, 400x). The cytoplasm of,@ké ting tubule exhibited immunostaining
< \\\:"‘ %
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signal (IHC, 400x).

Figure 26 Kidney, cat, 21P346Y. (A) Formation of ICIB exhibited ISH signal (ISH, 400x).
(B) Cytoplasm of collecting tubule exhibited strong ISH signal (ISH, 400x).

(CO) Cytoplasm of distal tubules exhibited ISH signal (ISH, 400x).
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21P413W/DSH/16 years old

Macroscopic lesion of the kidney showed mild irregular surface (Figure 27). HE
staining showing that lymphoplasmacytic inflammatory cell was observed in the
interstitial area of the renal tissue prominently in cortical area. The inflammatory cell
was observed in medullar area as well. Proximal tubular epithelial cells exhibited
pale eosinophilic ICIB formation (Figure 28). The basement membrane of tubules was
ruptured with sloughing of the epithelial cells into tubular lumen. Moreover,
moderate membranoproliferative glomerulonephritis was observed (Figure 29).
Moderate infiltration of fibrous tissue was observed (Figure 29). Low apoptotic activity

was observed on nucleus of tubular epithelial (Figure 30).

Figure 27 Kidney, cat, 21P413Y. The kidney showed mild-irregular surface.



71

Figure 28 Kidney, cat, 21P413Y. (A) The inflammatory cell infiltrated the interstitial
area of the renal tissue (HE, 100x). (B) Type of inflammatory cell is
lymphoplasmacytic (HE, 400x). (C) Tubular epithelial cells exhibited pale

eosinophilic ICIB (red arrow) (HE, 400x).
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Figure 29 Kidney, cat, 21P413Y. (A) Tubular basement membrane was ruptured with

accumulation of epithelial cells into tubular lumen (PAS, 400x). (B)
Glomerulus suffered from MPGN (PAS, 400x). (C) Fibrous tissue was
infiltrated the renal interstitial area (MT, 100x).

Figure 30 Kidney, cat, 21P413Y. Apoptotic activity of cleaved caspase-3. Brown color
on nucleus of tubular epithelial cells marked the immunostaining signal of

apoptotic activity (400x).
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The immunostaining signal against M protein of FeMV disclosed that the
immunostaining signal was expressed on cortical and medullar area of renal tissue.
Pale immunostaining signal was exhibited by ICIB formation that been observed on
proximal tubule. Cytoplasm of distal tubule and collecting duct were expressed
immunostaining signal (Figure 31). In contrast to immunostaining signal, ISH signal was
to be observed more intense and expressed on broader area such as cortical,
medullar, and pelvis area of renal tissue. Furthermore, the in-situ signal was exhibited
by ICIB of epithelial and cytoplasm of tubules such as distal tubule. Surprisingly, the

inflammatory cell and nucleus of Henle loop also exhibited in-situ signal (Figure 32).

Figure 31 Kidney, cat, 21P413Y. (A) The immunostaining signal was exhibited by ICIB
(black arrow) (IHC, 400x). (B) The immunostaining signal was exhibited by

cytoplasm of epithelial cells of distal tubule and collecting duct (IHC,
400x).
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Figure 32 Kidney, cat, 21P413Y. (A) The in-situ signal was exhibited by ICIB (ISH, 400x).
(B) Cytoplasm of distal tubules was exhibited strong in-situ signal (ISH,

400x). (C) The nucleus of Henle loop exhibited in-situ signal (ISH, 400x).

21P603Y/Domestic shorthair/1 year old

There was no remarkable gross lesion was observed on the infected kidney.
H.E staining revealed that the interstitial area of renal tissue was infiltrated with
lymphoplasmacytic inflammatory cell mainly in cortical area. Further, the
inflammatory cell infiltrates the medullar area of the renal tissue. Eosinophilic ICIB
formation was observed in proximal tubule (Figure 33). PAS staining showing that
tubular basement membrane was intact with the detachment of tubular epithelial
cells. Moreover, severe membranoproliferative glomerulonephritis was observed
(Figure 34). MT staining showing that the interstitial area of the renal tissue was
infiltrated with moderate degree of fibrous tissue (Figure 34). The tissue also

exhibited cleaved caspase-3 immunosignal (Figure 35).
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Figure 33 Kidney, cat, 21P603Y. (A) The inflammatory cell infiltrate interstitial of the
renal tubules (HE, 100x). (B) Interstitial of renal tubule was infiltrated with
lymphoplasmacytic inflammatory cell (red arrow). The tubules exhibited

formation of eosinophilic ICIB (black arrow) (HE, 400x).
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Figure 34 Kidney, cat, 21P603Y. (A) The bular basement membrane was intact.
7 ¥

However, the tubular ebri’heim?ﬁvﬁsj observed to be detached (PAS, 400x).

(B) Severe mempranoprouxerauve glomer uLdnephrltls was observed on the

glomerulus (400>ﬂ%)|—‘brouv‘rm’ue/wz§sﬂobserved to infiltrate interstitial

area of renal tissue (MT, 400x).
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Figure 35 Kidney, cat, 21P603Y. Nucleus of epithelial cells exhibited apoptotic

activity (Apoptotic activity, 400x).

Immunostaining signal against M-protein was expressed on cortical, medullar,
and pelvis of the renal tissue. Immunostaining signal was exhibited by ICIB in
proximal tubule. Moreover, the immunostaining signal was exhibited by cytoplasm of
collecting and distal tubules. An appealing finding showing that immunostaining
signal was exhibited by nucleus of proximal tubule in which the eosinophilic ICIB
formation was not presented (Figure 36). Accordance with the immunostaining
expression through all area of kidney, viral localization using ISH assay supported the
finding. ISH signal was exhibited on cortical, medullar, and pelvis of the kidney. ISH
signal was exhibited by ICIB of proximal tubule. Interestingly, cytoplasm of proximal
tubule, in which ICIB was not presented, expressed ISH signal. Furthermore, nucleus
of proximal tubule and nucleus of Henle loop were expressed in-situ signal as well

(Figure 37).
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22P060Y/Domestic shorthair/3 years old

In macroscopic examination, there was no remarkable gross lesion was
observed. Histopathologically, the interstitial renal tissue was infiltrated with
lymphoplasmacytic inflammatory cell. Furthermore, the tubular epithelial cells
exhibited the formation of eosinophilic ICIB (Figure 38). PAS staining revealed that the
tubular basement membrane was intact; however the detachment of tubular
epithelial cell was observed. The PAS staining also revealed that mild
membranoproliferative glomerulonephritis was observed (Figure 39). MT staining
revealed that interstitial area of renal tissue exhibited infiltration of fibrous tissue

(Figure 39).



80

Figure 38 Kidney, cat, 22P060Y. (A) Inflammatory cell infiltrate interstitial of renal
tissue (HE, 100x). (B) Interstitial inflammatory cell was comprised of
lymphocytes and plasma cells (red arrow). The tubular epithelial cells

exhibited eosinophilic ICIB (black arrow) in cytoplasm (HE, 400x).

Tubular epithelial cells exhibited immunostaining signal of cleaved caspase-3
(Figure 40). Immunostaining signal against Matrix protein of FeMV was expressed on
cortical, medullar, and pelvis area of kidney. The immunostaining signal was
expressed by ICIB of proximal tubule. Furthermore, immunostaining signal was
expressed on nucleus of proximal tubule in which the formation of ICIB was absence.
The cytoplasm of distal tubule expressed immunostaining signal as well (Figure 41).
In accordance with [HC assay, ISH assay revealed that partial of genomic material of
FeMV-1 was detected on cortical, medullar, and pelvis area of the tissue. Moreover,
in-situ signal was exhibited by the ICIB on proximal tubule. It was observed that in-
situ signal was expressed by the nucleus and cytoplasm of proximal tubule in which
eosinophilic ICIB formation was absent. Nucleus of Henle loop expressed in-situ

signal as well (Figure 42).
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detachment of epithelial cel’[s (PAS 400x) (B) Membranoproliferative
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observed mﬁltrz‘fMﬁksue marked by the presence of

blue color (MT, 400x).
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Figure 40 Kidney, cat, 22P060Y. Expression of cleaved caspase-3 was observed in

/
nucleus of renal tubu&e‘(Apop(gj}t' ctivity, 400x).

Figure 41 Kidney, cat, 22P060Y. (A) Immunostaining signal was exhibited by ICIB
located on proximal tubule (red arrow) (IHC, 400x). (B) Cytoplasm of distal
tubules exhibited immunosignal (IHC, 400x). (C) The nucleus of proximal

tubule exhibited immunostaining signal (black arrow) (IHC, 400x).
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Figure 42 Kidney, cat, 22P94)

tubule (black arrow) (|SH,V\4’@0X) (B) The nucleus of proximal tubule
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in-situ signal (reg rrow i

22P118R/Domestic shorthair/2 years old

There was no remarkable gross lesion on the kidney. Histolosgically, very mild
infiltration of lymphoplasmacytic inflammatory cell was observed on renal interstitial
area. Moreover, the tubular epithelial cells exhibited the formation of eosinophilic
ICIB (Figure 43). PAS staining revealed that the basement membrane was intact;
however the detachment of tubular epithelial was observed. The renal tissue
exhibited cleaved caspase 3 immunosignal (Figure 44). Furthermore, the renal tissue
exhibited the presence of mild membranoproliferative glomerulonephritis (Figure 44).

Renal scarring was mildly observed (Figure 45).
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Figure 43 Kidney, cat, 22P118R (A) Lym%masmacytlc inflammatory cell infiltrate
interstitial of renﬁ;su {HE,ﬁﬂrGGx)/ (B) Tubular epithelial exhibited

formation of eo%/? B (black arrow) (HE, 400x).
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Figure 44 Kidney, cat, 22P118R. Apoptotic activity marked by the presence of
cleaved caspase 3 was expressed on nucleus of tubular epithelial cell

(Apoptotic activity, 400x).
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Figure 45 Kidney, cat, 22P118R. (A) Tubular epithelial cell was observed to be

detached from basement membrane (PAS, 400x). (B) Mild thickening of
Bowman capsule was observed (PAS, 400x). Fibrous tissue was observed

to be infiltrated the renal interstitial (MT, 400x).

IHC assay against M-protein revealed that the areas of renal tissue such as
cortical, medullar, and pelvis area. Moreover, immunosignal was exhibited by ICIB
and cytoplasm of collecting tubule (Figure 46). Accordance with immunostaining
signal, in-situ signals were exhibited on cortical, medullar, and pelvis area of the
tissue. In-situ signal was expressed by ICIB and cytoplasm of distal tubule epithelial

cell (Figure 47).
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Figure 46 Kidney, cat, 22P118R. (A) Immunosignal was expressed by ICIB of proximal
/’ '
tubule (black arrow) (IHC, 400x). (B) Cytoplasm of collecting tubule
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Figure 47 Kidney, cat, 22P118R. (A) Formation of ICIB exhibited ISH signal (ISH, 400x).

(B) Cytoplasm of distal tubules exhibited in-situ signal (ISH, 400x).

22P119R/Domestic shorthair/3 years old

Macroscopic examination of the kidney showing there was no remarkable
lesion found on the kidney. HE staining revealed that interstitial of the renal tissue
was infiltrated with lymphoplasmacytic inflammatory cell, mainly in cortical area.
The tubular epithelial cells exhibited with the formation of eosinophilic ICIB (Figure

a8).
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Figure 48 Kidney, cat, 22P119R. (A) Lymphoplasmacytic inflammatory cell infiltrate
interstitial of renal tissue (HE, 400x). (B) Tubular epithelial exhibited

formation of eosinophilic ICIB black arrow (HE, 400x).

PAS staining revealed that tubular basement membrane was ruptured.
Tubular epithelial cells were detached and sloughing into tubular lumen (Figure 49).
Fibrous tissue was observed infiltrating the interstitial of renal tissue (Figure 49). The
tissue exhibited immunostaining signal against cleaved caspase 3 (Figure 50). The
immunostaining signal was exhibited on cortical, medullar, and pelvis of the renal
tissue. Immunostaining signal was exhibited by ICIB as well as cytoplasm collecting
tubule (Figure 51). In accordance with immunostaining signal, ISH signal was exhibited
in cortical, medullar, and pelvis area of renal tissue. Furthermore, in-situ signal was

exhibited by ICIB and cytoplasm of collecting tubule (Figure 52).
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Figure 49 Kidney, cat, 22P119R. (A) Tubular basement membrane was ruptured and
the tubular eplthellal cell sloug/hr;g into tubular lumen (PAS, 400x). (B)

Fibrous tissue mﬂt@enat mterstrtra{/area (MT, 400x).
//

7/

Figure 50 Kidney, cat, 22P119R. Nucleus of epithelial cells exhibited apoptotic

activity marked by brown color (Apoptotic activity, 400x).
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Figure 51 Kidney, cat, 22P119R. (A) Formation of ICIB exhibited immunostaining signal

marked by brown color (IJ-LC /W (B) Cytoplasm of collecting tubule

exhibited immunosi IHC ’AOOE/—//

Figure 52 Kidney, cat, 22P119R. (A) Formation of ICIB expressed in-situ signal (ISH,

400x). (B) Cytoplasm of collecting tubule exhibited in-situ signal (ISH,
400x).

22P126C/Domestic shorthair/1 years old
There was no remarkable gross lesion on the kidney. HE staining showing the
tissue was infiltrated with lymphoplasmacytic inflammatory cells. The tubular
epithelial cells exhibited formation of eosinophilic ICIB (Figure 53). PAS staining
showing that tubular basement membrane and tubular epithelial cells were intact.

However, basement membranes of some tubules were erupted followed by
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sloughing of tubular epithelial cells into lumen (Figure 54). Infiltration of fibrous
tissue was observed (Figure 54). The tissue exhibited immunosignal of cleaved

caspase 3 (Figure 55).

v

Figure 53 Kidney, cat, 22PIZ6C )(rA) Lymphoplasmacytlc inflamlmatory cell was

7 /

observed mﬂltratrng mter‘strﬂé( area of renal tissue (HE, 400x). (B) Tubular

Figure 54 Kidney, cat, 22P126C. (A) Basement membranes of the tubules were intact.
However, tubular epithelial cell of some tubules were detached (PAS,
400x). (B) Fibrous tissue was observe to infiltrate the renal interstitial area

(MT, 400x).
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Figure 55 Kidney, cat, 22P126C. Nucleus of tubules exhibited immunostaining signal

1] 4
of apoptotic activity (Apoptotic activity, 400x).

e () T,
\/‘ ( . i“‘\\,
IHC assay againsL//Ng// }'n of FeMV revealed that there was no
/'\_‘J »

immunostaining signal observed. ’,@Vé\“),ej, the in-situ signal is exhibited on cortical,

medullar, and pelvis area of t e"'f”ééaﬁ\tiésue. Su;brisingly, nucleus of the tubules

expressed ISH signal (Figure

Figure 56 Kidney, cat, 22P126C. ISH signal was exhibited by nucleus of the tubules

(ISH, 400x).



Table 5 Summary of histopathological finding of FeMV-1 positive cases.
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IHC ISH
Gross ICIB-like Interstitial Apoptotic
Case PAS
lesion formation inflammation activity
Signal Area*** Signal Area***
21P240D NRL* + + MPGN** - - - + C
21P276C NRL + + - + + C, M, P + C, M, P
Renal
calculi;
mild
irregular
21P346Y + + - - + C, M, P + C, M, P
surface;
dilatation
of renal
pelvis
Mild
21P413W irregular + + MPGN + + CM + C M P
surface
21P603Y NRL + + MPGN + + C, M, P + C,M, P
22P060Y NRL + + MPGN + + C, M, P + C,M, P
22P118R NRL + + MPGN + + C, M, P + C, M, P
22P119R NRL + + - + + C, M, P + C, M, P
22P126C NRL + + - + - - + C,M, P

*NRL : No remarkable lesion

**MPGN : Membranoproliferative glomerulonephritis

***C: Cortical area; M: Medullar area; P: Pelvis area
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Semiquantitative scoring

Semiquantitative scoring was carried out by three examiners. The scores for
histopathological variable from each examiner were accumulated then the mean
value was obtained. Moreover, the scores of ISH and IHC were preceded in the same

manner (Table 5).

Table 6 Summary of semi-quantitative scoring (means) of signals exhibited by ISH,

IHC and parameters of pathological alteration.

Intact of tubular

Case ISH IHC 2957 ot basement Fibrosis  Caspase 3
inflasmmation N Brane
21P240D 0.7 0 2 1.5 0 0
21P276C 2 2.85 1 2 1 2.3
21P346Y 0.5 0.85 2 2 2 0
21P413W 1.8 1.2 2 1.5 3 1.3
21P603Y 2.65 2 1 35 2 2.3
22P060Y 1 2.35 1 2 1 1
22P118R 1 2.65 1 2 1.5 1
22P119R 2.65 2.65 1 125 1.5 3.7
22P126C 0.7 0.5 1 3 1 0

According to Q-Q plot evaluation, the obtained data was not normally
distributed; hence Spearman correlation test was carried out to define the

correlation of FeMV-1 infection and pathological consequence in kidney.
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Spearman correlation test

In the beginning, the correlation test was carried out on ISH and IHC score
against histopathological variables. The summary of the correlation was presented
below (Table 7-8).

Table 7 Summary of Spearman coefficient correlation of ISH against histopathologic

variables.
Histopathologic Spearman coefficient . Significancy
Interpretation
variables correlation (p<0.05)
Moderate negative Not significant
Inflammation degree -0.5085
correlation (p=0.1786)
Tubular basement Not significant
-0.01796 Negligible correlation
intact (p=0.9651)
Not significant
Fibrosis 0.2814 Weak positive correlation
(p=0.4562)
Very strong positive Significant
Caspase 3 0.9741
correlation (p=0.0003)

Y(Schober et al., 2018)

Table 8 Summary of Spearman coefficient correlation of IHC against histopathologic

variables.
Histopathologic Spearman coefficient Significancy
Interpretation1
variables correlation (p<0.05)
Moderate negative Not significant
Inflammation degree -0.6417
correlation (p=0.0833)
Tubular basement Not significant
-0.02226 Negligible correlation
intact (p=0.4778)
Not significant
Fibrosis 0.09444 Negligible correlation
(p=0.403)
Strong positive Significant
Caspase 3 0.7500
correlation (p=0.0130)

(Schober et al., 2018)



CHAPTER 5
DISCUSSION AND CONCLUSION

Prevalence of FeMV-1 infection in cat kidneys

Paramyxoviruses such as FeMV-1, FeMV-2, and FPaV had been suggested to
be associated with kidney disease in cats (Woo et al., 2012; Sieg et al,, 2015; Sieg et
al,, 2019). Investigation of the presence of paramyxovirus genomic material had been
carried out on various types of clinical sample such as blood, oral swab, rectal swab,
feces, and urine (Woo et al., 2012; Furuya et al., 2014; Sieg et al., 2015). Moreover, it
also had been carried out in several tissues such as kidney, lymph node, spleen,
lung, intestine, liver, brain, and urinary bladder (Yilmaz et al,, 2017; De Luca et al,
2020; Sieg et al, 2020; Chaiyasak et al, 2022). Among those samples,
paramyxoviruses was detected more frequent in kidney and urine (De Luca et al,,
2021).

In this study, paramyxoviruses screening was carried out in renal tissue of cats
submitted for routine necropsy. Among paramyxovirus-associated with kidney
disease, FeMV-1 was detected on 9 samples (6%) using FeMV-1 specific primers (Woo
et al, 2012), instead of pan-primer pairs (Tong et al., 2008). This study did not
investigate further the underlying reason of the inability of the pan-primer to detect
genomic material of FeMV-1. However, it might be suggested that L-gene of feline
morbillivirus, particularly FeMV-1, possessed genetic heterogenicity which affecting
the compatibility of the pan-primer. Previous study had categorized FeMV-1 into
three distinguished clusters which was FeMV-1 cluster A, B, and C (Park et al., 2016;
Chaiyasak et al., 2020b). In this study, genomic material of FeMV-2 and FPaV were
not detected. Regarding the prevalence of FeMV-2 and FPaV from previous study,
both FeMV-2 and FPaV had lower prevalence rate compared to FeMV-1. To date,
FeMV-2 was firstly and only discovered in Germany (Sieg et al., 2019). Moreover, FPaV
was discovered in Germany (Sieg et al., 2015), Japan (Sakaguchi et al., 2020), and
Chile (Sieg et al., 2020).

In this study, FeMV-1 positive cases were comprised of seven young cats with
age range 1-3 years old (77.8%), and two senior cats with age range 10-16 years old

(22.2%). This finding revealed that genomic material of FeMV-1 was prone to be
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found in young adult cats (1-6 years old) compared to senior cats (>10 years old).
However, this study was not aimed to investigate the association of FeMV infection
and life stage of cats, as the collected samples were consisted of cats from various
life stages that predominant by young adult cats (1-6 years old) (53.33%). The
association of FeMV infection and life stage of cats was investigated on previous
study conducted in [taly; they showed that the genomic material of FeMV-1 was
profoundly detected in blood, urine, and kidney of young and middle aged cats (~2-
7 years old), whereas antibody of FeMV was prominently detected on serum of older
cats (>8 years old) (De Luca et al., 2020).

Pattern of FeMV-1 infection was suggested to be classified into three patterns;
pattern 1 portrayed by the presence of viral RNA and antibody (RNA+/Ab+); pattern 2
portrayed the presence of viral RNA and the absence of antibody (RNA+/Ab-); pattern
3 portrayed the absence of viral RNA and the presence of antibody (RNA-/Ab+).
Moreover, it reported that young and middled age cats were profoundly to express
pattern 1 and 2. In contrast, pattern 3 was only expressed by senior cats (De Luca et
al,, 2020). One of the consequences of FeMV-1 infection was the presence of
persistent infection, approximately more than two months after the initial infection.
During persistency, the virus was shed to environment through urine excretion.
Hereinafter, it was notified that antibody against FeMV was detected on day 5 and 7
after initial infection (Nikolin et al., 2022).

Unfortunately, the antibody against FeMV was not investigated in this study.
However, 77.8% of FeMV-positive cases were considered as young adult cats, which
of the respective cats had longer lifespan; they would likely to possess all FeMV-
infection-patterns that had been described before (De Luca et al., 2020).

Regarding the breed association, all cases were considered as DSH. High
prevalence of positive FeMV-1 cases occurred in DSH might be associated with the
number of DSH breed that collected which constituted 53.33% of all samples. This
finding was in line with latest study that carried out in Italy (2021), in which
prevalence of FeMV-1 was higher in DSH compared to other breeds, as DSH

constituted 84.3% of the overall collected sample (Donato et al., 2021).
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Seven positive cases of FeMV-1 were raised in household as a family-pet.
Case 21P240D was considered as stray cat. However, environmental lifestyle, in
which case 22P126C was raised, was not able to be retrieved. To date, FeMV-1 had
been discovered from cats raised in various environments such as household cats
(indoor or outdoor), colony cats, and stray cats (Mohd Isa et al,, 2019; Chaiyasak et
al.,, 2020b; Donato et al., 2021). Among the positive FeMV-1 cases, it was remained
unknown how would they got infected with FeMV-1. Case 21P240D was recorded as
stray cat, which FeMV-1 was firstly discovered in Hongkong in 2012 (Woo et al., 2012).
Moreover, case 21P276 was recorded to be missing then returned with feverish
condition and followed by sudden death. This finding notified that FeMV circulated
in environment and capable to infect the susceptible host (cat). In addition, case
21P346Y and 21P603Y were recorded living in household with multiple cats and
dogs. Regarding this co-living circumstances, interspecies transmission between cat
and dog were possible. Previous study in Thailand had revealed that FeMV-1 was
detected from lung of dogs that possessed respiratory disease (Piewbang et al,,
2021b). Up to now, FeMV was suspected to be transmitted through urine excretion.
However, in vivo study from the group in Germany marked that FeMV was also shed
through nasal (nasal swab), although the amount was lower than viral RNA that
excreted in urine (Nikolin et al., 2022), that this remained debatable whether progeny
virus excreted through nasal would likely to cause the infection on other susceptible
cats.

Among these positive cases, four cases (21P276C, 22P060Y, 22P118R, and
22P119R) were marked to be co-infected with FelV. In contrast, other viruses such as
FIV, FCoV, FCV, and FPV were not detected on all cases. In this study, FelV screening
was carried out by detecting the presence of pro-virus on the renal tissue. Regarding
the latest medical record of those FelV co-infected cases and the current finding, it

would likely to be suggested that 22P060Y and 22P119R were showing progressive



98

and regressive infection, respectively. Previous study had investigated that infection
of FelV generates several consequences on kidney such as renal neoplasia and
formation of immune-complex glomerulonephritis (ICGN) (Rossi et al, 2019,
Hartmann et al., 2020) that contributed to cause chronic kidney disease (CKD) in cats
(Brown et al., 2016). Regarding this finding, it would likely to be suggested that co-
infection of FeMV-FeLV might contribute on kidney impairment. Unfortunately, the
clinical data such as BUN, SDMA, and creatinine values from each cases were not

capable to be retrieved to prove this suggestion.

Pathological findings and viral localization of FeMV-1

Gross lesion of FeMV-1 positive kidney

Gross findings of kidneys of all positive cases were varies from non-
remarkable lesion to mild irregular surface. The obvious gross lesion was found on
case 21P346Y and 21P413W which considered as senior cats with age range 10-16
years old. In contrast, other positive cases that was considered as young cats, did not
exhibited any gross lesion on their kidney. According to the length of the course,
kidney disease in cats was classified into acute kidney injury (AKI) and chronic kidney
disease (CKD) (Monaghan et al., 2012; Brown et al., 2016). The occurrence of AKI was
usually investigated by considering the clinical examination data such as BUN,
creatinine, and SDMA. In contrast, for the occurrence of CKD, other than confirming it
using such clinical examinations, post-mortem examination was able to use to
suspect that the kidney suffered from CKD (Bartges, 2012; MclLeland et al., 2015).
Considering the gross lesion on cases 21P346Y and 21P413W, those cases might
suffer from CKD. The remarkable gross findings of CKD is renal fibrosis which
characterized by irregular surface, contracted kidney, and difficulty to detach the
renal capsule (Bartges, 2012; Reynolds and Lefebvre, 2013; Brown et al,, 2016).

Unfortunately, the latest medical record such as BUN, creatinine, and SDMA of all
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cases were not able to be retrieved to confirm this suggestion. Furthermore, CKD was
prone to be found on aging cats, although the occurrence of CKD on young cats was
also notified (Bartges, 2012).

There were several gross lesions might associate with the FeMV-infection such
as pale appearance, congestion on corticomedullary junction, contracted kidney, and
granuloma formation. However, in previous study, no-remarkable lesion was also
observed on FeMV-infected kidney (Yilmaz et al, 2017; Muratore et al., 2020;

Piewbang et al., 2020; Chaiyasak et al., 2022; Nikolin et al., 2022).

Histopathological findings of FeMV-1 positive kidney

HE examination

HE staining examination showed that all positive cases exhibited
lymphoplasmacytic tubulointerstitial nephritis (TIN) and profoundly found on cortical
area of renal tissue. The first report of FeMV (formerly named as FmoPV) mentioned
that FeMV infection might associated with the occurrence of tubulointerstitial
nephritis (TIN) (Woo et al,, 2012) which also one of hallmark of chronic kidney
disease (CKD) in cats (McLeland et al., 2015; Rayhel et al., 2020). Previous studies had
reported that FeMV infection might associated with the infiltration of
lymphoplasmacytic inflammatory cell on renal interstitium (Crisi et al., 2020; De Luca
et al.,, 2020; Piewbang et al,, 2020). Demonstration of TIN became the hallmark of
FeMV infection (both FeMV-1 and FeMV-2). Particularly, this pattern was not only
observed on FeMV that infect domestic cat but also wild Felidae from previous study
(Woo et al.,, 2012; Piewbang et al., 2020; Nikolin et al., 2022). In regards of immunity
response of kidney, infection that occurs in kidney might trigger several inflammatory
cells such as dendritic cells, macrophages, neutrophils, mast cells, natural killer cells
(NK) and lymphocytes (Soos et al., 2006; Kurts et al., 2013; Abraham and Miao, 2015).

The infiltration of lymphocyte and plasma cell in the interstitial area of kidney might
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associate with pathogenicity of FeMV which previous study suggested being in line
with other morbillivirus such as Measles virus (MeV). The underlying of this suggestion
that was lymphocyte and plasma cell expressed signaling lymphocytic activation
molecule (SLAM) or CD150, which was considered as the receptor of morbillivirus
including FeMV (De Salort et al.,, 2011; De Luca et al,, 2020; Nambulli et al., 2022;
Nikolin et al., 2022).

Another histopathological finding from HE slide evaluation is the presence of
eosinophilic-ICIB  formation on tubular epithelial cells of proximal tubules. The
presence of eosinophilic-ICIB-like formation on renal epithelial cells, particularly on
proximal tubules, was considered as pathognomonic lesion that might associate with
FeMV infection, particularly FeMV-1 (Chaiyasak et al, 2022). Other than FeMV
infection, the formation of eosinophilic-ICIB would likely associate with hyaline

droplet in kidney (Decker et al., 2012).

Special staining determination

Special staining using PAS and MT revealed several histopathological findings.
In PAS staining, the tubular basement membrane of each case had various
conditions. The lesion comprised from intact renal-tubules to ruptured-tubular
basement membrane followed by detachment of tubular epithelial cells. In
association of FeMV infection, it was remained debatable whether FeMV-infection
could rupture the tubular basement membrane of infected kidneys. However, it had
been confirmed that cats infected with FeMV had showed the declining of amount of
uromodulin and cauxin in the urine. The declining of both proteomes marked the
damage of kidney tubules as both proteins were produced by tubules (Woo et al,,
2012; Crisi et al., 2020). Unfortunately, in this study both proteomes (uromodulin and
cauxin) were not measured. Furthermore, other histopathological finding of PAS

staining was the occurrence of membranoproliferative-glomerulonephritis (MPGN) on
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five cases (21P240D, 21P413W, 21P603Y, 22P060Y, 22P118R), range from mild to
severe level. MPGN was one of hallmark of the occurrence of Immune-complex
glomerulonephritis (ICGN). Previous study conducted in Japan had reported the
occurrence of immune-complex formation of FeMV infection by localized the
presence of feline 1gG on glomerulus (Sutummaporn et al,, 2019). However, in this
study the sub-localization assay of feline-lgG was not carried out to confirm the
accumulation of feline-IgG on the glomerulus. Regarding selective viral screening, two
cases of MPGN-cats (22P060Y and 22P118R) were co-infected with FelV. Hence, it
would likely that FelV infection might contributed on formation of MPGN formation
as previous study had reported (Inoue et al., 2001). Regardless the severity of MPGN,
it had been reported that MPGN could be found on cats as young as 9 months old
(Asano et al., 2008). ICGN on kidneys occurred in two ways; it was the consequence
of immune-complex accumulation on glomerulus or the inability of immune system
to completely neutralize the antigen that run-in blood circulation. Occurrence of
MPGN would likely to contribute as initiator to induce CKD on cats (Rossi et al., 2019).
However, according to viral localization assays, there was no immunostaining signal
and ISH signal of FeMV were exhibited by the glomerulus.

MT special staining revealed that FeMV-infected kidney suffer from interstitial
fibrosis, except case 21P240D. According to semiquantitative scoring, the most severe
fibrosis was observed on case 21P413 (score 3) that was considered as senior cat (16
years old) and also possessed gross lesion of irregular surface. Furthermore, the
prominent interstitial fibrosis was also observed on 21P346Y (score 2) that considered
as senior cat (10 years old). In contrast, case 21P603Y (score 2) was also exhibited
fibrosis although it was considered as young cats (1 year old), which also exhibited
severe-MPGN. Previous study that carried out in Japan suggested the significant
association of FeMV and formation of interstitial fibrosis (Sutummaporn et al., 2019).

However, on that study, positive-FeMV-antigen-cases were consisted of cats with age



102

range 2-18 years old (n=14), that was dominated by senior cats (n=9) (Sutummaporn
et al,, 2019). Hence, the occurrence of interstitial fibrosis would likely to be obvious
which accordance with the aging of the cats. In contrast, in this study seven out of
nine cases were considered as young cats (1-3 years old) which were obviously
different compared to that study. However, the interstitial fibrosis did occur on six
cases that considered as young cats. Hereinafter, if those cats had longer life span,
FeMV infection might contribute on early involvement of CKD. The presence of
interstitial fibrosis on most cases could be the hallmark of chronic response on injury
that occurred in renal tissue. The degree of fibrosis might have reverse correlation
with the rate of self-repairment carried out by kidney, to counterattack the
consequence of the insult (Lawson et al., 2015). However, in this study, proliferative

activity was not investigated.

Caspase-dependent apoptotic activity

Paramyxoviridae was one of virus family that had been reported to be
associated with regulation of apoptosis (Sun et al,, 2004; Del Puerto et al.,, 2011).
Previous study had investigated apoptotic activity associated with FeMV infection.
However, apoptotic assay was carried out by using TUNEL assay, which could not
confirm whether the apoptotic activity was undergone caspase-dependent or not
(Sutummaporn et al,, 2020). In this study, apoptotic assay was carried out by
detecting immunostaining signal of activated (cleavaged) caspase-3, as the executor
of caspase-dependent apoptotic activity, to confirm that FeMV infection might
induce caspase-dependent apoptotic activity. Among nine cases, seven cases
exhibited apoptotic activity. The apoptotic activity was exhibited by nucleus of
tubular epithelial cells. It was still remained unknown the underlaying process of
how FeMV induced caspase-dependent apoptosis. However, apoptosis is one of

mechanism that kidney undergone as the response to injury (Cowsill et al., 2016;
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Chen et al., 2020). Moreover, apoptosis was other mechanism to eliminate the virus
from infected cell (Bruggeman, 2019) and a viral strategy to spread to adjacent cells
without inducing inflammatory response which is the extension of immune response
(Roulston et al., 1999). Furthermore, the continuing of apoptotic activity on renal
cells was capable to induce interstitial fibrosis that the hallmark of CKD (Jang and
Padanilam, 2015). One of counterattack that kidney used to compensate apoptotic
activity on renal tissue is by performing proliferation activity. However, in this study
proliferation activity was not investigated further. It was remained unknown what
pathway that FeMV uses to induce apoptosis. However, another morbillivirus such as
Peste des petits ruminants induce apoptosis through extrinsic pathway had been

reported (Sahoo et al., 2020).

Viral localization assays

Viral localization assay was conducted by performing IHC against M-protein of
FeMV and ISH to detect partial L-gene. The result of IHC showed that seven cases
exhibited immunostaining signal. The cases which did not exhibit any immunostaining
signal were 21P240D and 21P126R. Immunostaining signal was exhibited on all areas
of renal tissue (cortical, medullar, and pelvis). However, one case 21P413W did not
exhibit immunostaining signal on pelvis area. In details, immunostaining signal was
exhibited by eosinophilic-ICIB formation and cytoplasm of tubular epithelial cells.
Interestingly, in some cases such as 21P603C, the immunostaining signal was
exhibited by nucleus of tubular epithelial cells. IHC assay was aimed to detect the
presence of M-protein of FeMV. The presence of M-protein that meant that FeMV
had produced the protein then might already assemble the progeny virus (active
virus). Previous study reported that immunostaining signal was exhibited by
eosinophilic-ICIB  formation (Chaiyasak et al., 2022) and cytoplasm of tubular

epithelial cells (Crisi et al., 2020). Regarding the findings in this study, it would likely
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reveal that FeMV undergo replication and viral assembly not only on cytoplasm but
also on nucleus. However, glomerulus of the renal tissue did not exhibit
immunostaining signals. ISH assay showing that in-situ signals was exhibited by all
FeMV-1 positive cases including cases that did not exhibit immunostaining signal
(21P240D and 22P126C). ISH signal was exhibited on all renal tissue areas (cortical,
medullar, and pelvis). Accordance with immunostaining signals, ISH signals was
exhibited by eosinophilic-ICIB formation and cytoplasm of tubular epithelial cells.
Nucleus of some FeMV-cases exhibited ISH signals (21P240D and 22P126C).

Regarding the result of IHC and ISH assay, it would likely to be notified that
although immunostaining signal against M-protein did not exhibit, the partial of L-
gene was remained to be detected. Although all cases demonstrated eosinophilic-
ICIB-like formation, not all ICIB-cases exhibit immunostaining signal or ISH signals. The
presence of eosinophilic-ICIB-like formation in cats kidney might associate with
hyalin-droplets formation (Decker et al., 2012). However, in this study the presence
of hyalin-droplets was not investigated further. Moreover, the IHC and ISH assay
detect different target of FeMV. Between M-protein or L-protein of FeMV, L-protein
was notified to be the most conserve gene/protein in FeMV. Similar approach was
conducted from previous study by detecting P and N protein which generated
different outcomes (Sutummaporn et al., 2019). Other than the difference of tools in
detecting the viral localization of FeMV, it was likely possible that the difference in
outcome of IHC and ISH assay might associate with stage of replication of FeMV, in
which for cases that only exhibit immunostaining signals would likely represent the
active progeny virus. In contrast, the case that only exhibited ISH signal would likely

on subclinical stage.
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Association of FeMV-1 and histopathological consequence of renal tissue

Spearman correlation statistical analysis revealed the correlation between
intensity of ISH and IHC signal compared to histopathological parameters in this
study; degree of inflammation, tubular basement membrane integrity, fibrosis, and
amount of expression of cleavage caspase 3. The Spearman coefficient comprised of
various correlations. However, the significancy was observed on ISH-IHC signal
intensity compared with the degree of apoptosis. Moreover, the correlation revealed
to be strong positive correlation that means apoptotic proportion might be increasing
as the intensity of ISH-IHC signal increasing. This finding was accordance with previous
study that suggests FeMV-1 infection increased proportion of apoptosis
(Sutummaporn et al., 2020).

In this study, apoptotic activity assay was conducted by detecting the activity
of cleavage caspase 3 which works as executor of apoptosis. Apoptosis occurred
through two pathways that are extrinsic and intrinsic pathway. However, it was
suggested to investigate further to clarify which pathway FeMV would likely to induce
apoptosis.

Although in this study correlation of ISH-IHC signals and interstitial fibrosis was
negligible and not significance, interstitial fibrosis in kidney was hallmark that chronic

infection might occur as the result of severe injury (Brown et al., 2016).
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CONCLUSION

In this study, among paramyxoviruses, FeMV-1 partial genomic material was
detected on nine cases. In contrast, FeMV-2 and FPaV were not detected. It was
suggested that FeMV-1 had higher prevalence compared to other paramyxovirus-
associated kidney diseases. The ISH and IHC signals that was exhibited by the nucleus
of tubules would likely gave rise an understanding that subcellular localization of
FeMV was not only on cytoplasm but also in nucleus which might suggest FeMV
used nucleus to carry genomic replication and virion assemble. Moreover, it was also
proved that FeMV infection might contribute to increase apoptotic activity of renal
tubules. However, in this study the association of FeMV infection and
histopathological consequences was carried out by comparing ISH-IHC signals to
histopathological scoring.  In the future study, real-time RT-PCR for FeMV

quantification might be needed to be carried out to confirm this finding.
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APPENDIX

Marker A B

Supplementary Figure 1 Probe construction of partial of L-gene of FeMV-1. A:
purified RT-PCR product of partial of L-gene (155 bp); B: DIG-labelled probe. The

probe would have bigger molecular weight compared to purified RT-PCR product due

to containment of DIG (Arrow).
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