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Pathological Roles of Feline Morbillivirus
Infection in Cat Kidney Tissues

Abstract

Feline Morbillivirus (FeMV, originally named as FmoPV) was discovered in Hong
Kong in 2012 and has been detected across different regions of the world since
then. FeMV is officially classified as a member of genus Morbillivirus by the
International Committee on Taxonomy of Viruses (ICTV), though its genome
sequence is relatively distant from the other members in the genus, and has some
distinctive biological characteristics, such as infection in kidney tissues and lack of
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Although the association between FeMV infection and
tubulointerstitial nephritis was suggested in the first report of

FeMV detection, lack of correlation between detection of the
virus and apparent clinical symptoms of kidney disfunction in cats
was reported in subsequent reports of FeMV in other countries
[1-8]. Therefore, it was important to find more clear evidence for
whether FeMV infection involves in kidney diseases in cats, for
the researchers interested in finding ways to prevent and treat
kidney diseases in cats, which are unproportionally common for
geriatric cats comparing to other animal species [9]. For this
purpose, we aimed at obtaining the evidence of the link between
FeMV infection and kidney tissue injuries in cats [10]. We
obtained thirty-eight cat kidney tissues samples and determined
their status of FeMV infection using Immunohistochemistry (IHC)
and Immunofluorescent Assays (IFA) with specific antibodies
against the FeMV N and M proteins as shown in Figure 1.

We also scored severity of their pathological changes in the
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different regions in the kidney tissues such as glomerular, tubular
and interstitial tissues based on the observations of HE-stained
tissue sections and compared the severity scores of the FeMV-
positive samples to the negative ones as shown in Figure 2. As a
result, we observed the severity scores were markedly higher in
the FeMV-positive samples than the negative ones for multiple
tissue lesions also explained in Figure 2, which were more
eminent in the tubular and interstitial than glomerular legions.
Such legions included tubular atrophy, luminal expansion,
urinary casts, and inflammatory cell infiltration and fibrosis of
interstitial tissues, many of which were common tissue damages
seen in chronic kidney diseases [11]. Based on these findings, we
concluded that the FeMV infection in the kidney tissues in cats
were strongly associated with multiple pathological damages, and
could contribute to chronic kidney diseases which are common in
geriatric cats [9].

\with some modifications.

Figure 1: Representative images for IHC and IFA staining of formalin
fixed paraffin embedded feline kidney tissues with antibodies against
the FeMV antigens. A, IHC; B, IFA. Figures are from reference [10]
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Figure 2: The correlation between FeMV antigens and pathological changes in the cat kidney
tissues (upper panels). Scores of detailed pathological changes are plotted for groups positive
(+) or negative (-) for FeMV. The scores in the two groups were analyzed with two-sided Mann
Whitney U test using a publicly available tool (http://astatsa.com/WilcoxonTest/). Lower panels,
representative images for the corresponding specific pathological changes observed in cat
kidney tissues. (A) Tubular atrophy (B) Urinary casts (C) Fibrosis (D) Interstitial cell infiltration.
Figures are from reference [10] with some modifications.
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This study was the first report of the definitive contribution of
FeMV infection to the kidney tissue damages with clear statistical
evidences [10]. Since our report described above, there have
been more articles published regarding association of FeMV
with kidney disease in cats. In 2019, a feline Morbillivirus with
78% genome sequence identity to the previously reported
FeMV was isolated from a urine sample from a cat with urinary
tract symptoms in Germany and tentatively named as Feline
Morbillivirus Genotype 2 (FeMV-GT2) [12]. Besides notably larger
difference in the genome sequence from the one of the FeMV
strains reported previously, FeMV-GT2 may have wider tissue
tropism comparing to FeMV, since it could infect to immune
cells including monocytes, B lymphocytes, CD4+ and CD8 T
lymphocytes, brain slice culture of cerebellum and cerebrum,
primary pulmonary cells, in addition to primary kidney cells [12].
Notably, small syncytia were observed in FeMV-GT2-infected
brain slice culture cells, while no CPE was observed in any other
infected tissue cells. This report suggests this distinct genotype
of FeMV may have broader tissue tropism than previously
reported FeMV, and may have some pathogenesis in central
nervous tissues, which were common for other members of
Morbillivirus, such as canine distemper virus and measles virus

[3].

Subsequently, serological study was conducted for both
genotypes of FeMV and FeMV-GT2 in free-roaming domestic
cats in Chile using IFA [13]. They found 63% of seroprevalence
to FeMV or FeMV-GT2, 24% and 9 % to FeMV only and FeMV-
GT2 only, respectively, and 30% to both the genotypes, although
higher seroprevalence than previous studies might be due to
the use of their newly developed IFA assay [13]. Using the same
IFA assays, a larger FeMV-seroprevalence study with 840 serum
samples from cats in Germany was conducted and demonstrated
49% of the samples were positive for antibodies against either

FeMV or FeMV-GT2. Importantly, they also demonstrated higher
creatinine levels in the donor cats seropositive for either FeMV or
FeMV-GT2 than the FeMV-negative donor cats [14].

Finally, there are two reports about FeMV infection in the field
species other than domestic cat. In Thailand, FeMV was detected
in two black leopards in a zoo showing clinical chronic kidney
diseases [15]. Gene sequences of the L gene of the detected
FeMV was 98.2% identical to the one of the FeMV strain
from domestic cats in Thailand. Based on their histological
examination of the kidney tissues from the infected animals
they observed prominent degeneration in the tubular epithelial
cells where they detected FeMV antigens using IHC and IF assays
with a FeMV- specific antibody. They detected the FeMV
antigen in infiltrating lymphocytes in cytoplasm and histocytes
of the spleen tissue of the infected black leopard. Another
FeMV infection in non- domestic cat felid was reported in white-
earedopossums, wild felid species in Brazil [16].

Using RT-PCR for the L and N genes of FeMV with RNA extracted
from lung and kidney tissues they detected the FeMV genes in
26% (6 /23) of the samples from the animals. Based on histological
and immunohistochemical examinations they detected interstitial
pneumonia in the lung tissues, and tubular interstitial nephritis/
tubular necrosis in the kidney tissues in 66.6% (4/6) and 50% (3/6)
of the FeMV-infected opossums, respectively. They found that
FeMV antigens were primarily localized in the cytoplasm of renal
tubular epithelium in the kidney lesions and within the epithelial
cells of the bronchus and peribronchial mixed glands on lungs.
These findings suggest that FeMV infects some felid species other
than domestic cat and may possess higher pathogenicity in some
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non-domestic cat felid species when infected. For this reason,
we should study FeMV infection in animals of felid and non-felid
species other than domestic cats, since FeMV infection may affect
those animal species more severely than domestic cats.

Conclusion

In summary, despite some contradicting reports in early studies,
more findings have been reported about contribution of FeMV
infections to the clinical conditions in kidney and urinary tracts
in domestic cats. Also, a genotype of FeMV was detected that
exhibits distinctive tissue tropism and potentially distinctive
pathogenicity. Cases of FeMV infections in different felid species
from domestic cat were reported and may reveal different tissue
tropism and pathogenicity of FeMV in these species from the
ones in domestic cats. In addition to the importance in studies
of common chronic kidney diseases of domestic cats, FeMV
may affect other felid species in zoos and wild environments.
Therefore, more studies are necessary not only for prevention
and treatment of kidney conditions in cats, but for sustainment
of animal ecosystem in the wild environment in the world.
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