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Viral myocarditis has been suggested as an etiology for cardiomyopathy in several mammalian spe-
cies. Myocarditis and idiopathic cardiomyopathy have been reported in the domestic cat, although a
viral etiology has not been demonstrated. Because of the continuing interest in the potential relation-
ship between viral myocarditis and cardiomyopathy, we evaluated hearts from cats with spontane-
ous, idiopathic cardiomyopathy for viral genomic material within myocytes by polymerase chain
reaction, and for the presence of myocarditis by light microscopy. Thirty-one (31) formalin-fixed
hearts from domestic cats who died of idiopathic cardiomyopathy were randomly selected from
pathology archives. Seventeen (17) formalin-fixed hearts from healthy cats were similarly selected
as normal controls. The polymerase chain reaction (PCR) was used to evaluate myocardial tissue for
the presence of viral genome from feline panleukopenia virus, herpes virus, calici virus, and corona
virus. Hearts were examined using light microscopy for histologic evidence of myocarditis accord-
ing to the Dallas criteria. Panleukopeniaviruswasidentified by PCR in 10 of 31 cats with cardiomy-
opathy but in none of the controls. Neither cardiomyopathic or control cats tested positive by PCR
for herpes virus, calici virus, and corona virus. Myocarditis was detected by histologic examination
in 18 of 31 cardiomyopathic cats and in none of 17 control cats. Myocarditis and or feline panleukope-
nia virus genome was detected in felines with idiopathic hypertrophic, dilated, and restrictive cardi-
omyopathy, suggesting a possible role of vira infection and inflammation in the pathogenesis of
cardiomyopathy inthisspecies. Cardiovasc Pathol 2000;9:119-126 © 2000 by Elsevier Science Inc.

I ntroduction

While the capability of viruses to infect and injure car-
diovascular tissue is well established, a causal association
between viral infection and myocardial cell injury has been
difficult to prove, and the diagnosis of viral myocarditis is
often elusive. Accordingly, an animal model of myocarditis
and cardiomyopathy could be useful to explore relation-
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ships between myocardial inflammation and myocardial in-
jury. The domestic cat providesamodel of spontaneous cardio-
myopathy whose histopathologic features include myocyte
injury, necrosis, and in some cases, myocarditis (1-5). Fe-
line cardiomyopathy is characterized by myocardial dys-
function and structural derangement and is an important
cause of arrhythmias, heart failure, and death (1-3,6,7). The
etiology of feline cardiomyopathy is typically unknown al-
though taurine deficiency has been associated with the de-
velopment of dilated cardiomyopathy and some cases of hy-
pertrophic cardiomyopathy have been demonstrated to be
familial (8,9). While arelationship between viral myocardi-
tis and feline myocardial disease has been suspected (1,2),
the pathogenesis is usualy unknown, and these disorders
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have been diagnosed as idiopathic cardiomyopathy, by defi-
nition a heart muscle disease of unknown etiology. Re-
cently, the polymerase chain reaction (PCR) has been used
to amplify viral genetic material and allow identification of
minute amounts of target DNA (10-12). Since viral myo-
carditis has been implicated in chronic myocardial injury
and dysfunction (13-18), PCR could potentially be used to
identify viral infection in this model of feline cardiomyopa-
thy. The purpose of this study was to evaluate archival myo-
cardial tissues for cardiomyopathy and histopathologic le-
sions of myocarditis and use PCR to detect viral genome in
hearts from these animals.

Materialsand M ethods

The cardiac pathology archive of the Caspary Research
Institute was reviewed for cats that died of idiopathic cardi-
omyopathy. This search identified formalin-fixed hearts
from 120 cases between 1994 and 1997. One-quarter of
these were randomly selected for study and represented 18
cats with hypertrophic cardiomyopathy (HCM), 6 with re-
strictive cardiomyopathy (RCM), and 7 with dilated cardi-
omyopathy (DCM). For comparison, formalin-fixed, age-
and gender-matched cats were selected from the pathology
archives of The Ohio State University Veterinary Teaching
Hospital who died for noncardiac conditions. Between 1995
and 1997, 17 such cases were identified and comprised the
control group. We screened for feline panleukopenia (a par-
vovirus), calici, herpes, and corona virus, agents that are
prevalent in the domestic cat (19), and reported to cause
myocarditisin humans, dogs, rabbits, and pigs (10,16,20-23).

Virus Control Sample Preparation

DNA/RNA pellets were extracted from cell cultures of
panleukopenia, herpes, calici, and coronavirusto be used as
positive controls. Genomic material was extracted by add-
ing 1.0 ml of the cell suspensionto EDTA (10 mM) and 2%
sodium dodecyl sulfate (SDS), extracting with two extrac-
tions of a phenol:cholorform:isoamyl alcohol mix (25:24:1,
pH 8), and one extraction with pure chloroform (24). The
DNA pellet was washed with 75% ethanol, and resuspended
in 50 ul of TE buffer (10 mM Tris-HCI, 1mM EDTA, pH
7.5). The final RNA pellet was washed with 75% ethanol
and resuspended in 50 ul of DEPC treated distilled water.

Myocardial Tissue Selection and Preparation

From each heart, cross sectiona slices of myocardia tis-
sue weighing approximately 100 mg were excised from the
left and right ventricles and interventricular septum at the
level of the chordae tendinae. Each tissue sample was pul-
verized using a 99.5% alumina, non-porous mortar bowl
and pestle. A modified RNazol procedure was used to si-
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multaneoudly isolate total RNA and genomic DNA (24).
Samples were analyzed by spectrophotometry to determine
the concentration of the final nucleic acid product. Mortar/
pestles were cleaned and autoclaved for one hour between
homogenizations.

To verify that genomic DNA was extracted from forma-
lin fixed myocardial tissue, a highly conserved region of the
feline B-myosin heavy chain gene was amplified by PCR
from each extraction (Genebank Accession # AF003767).
Fifteen microliters (15 ml) of each reaction mixture was an-
alyzed by electrophoresis on a 1% agarose gel stained with
ethidium bromide.

Virus Primer Desigh and Synthesis

Primers were designed to amplify conserved regions of
each virus based on published sequence. For panleukopenia,
primers were designed to amplify a 397 base pair (bp) re-
gion of the nonstructural protein 1 (25). Herpes virus prim-
ers were designed to amplify a 295 bp region of glycopro-
tein |, located within the unique short region of the viral
genome (26). Calici virus primers were designed to amplify
a 121 bp segment of a nonstructural protein located near the
5" end (27). For corona virus, primers were designed from
previously published sequences to amplify a 177 bp region
from the highly conserved 3' untranslated region of the fe-
line corona virus genome (28). All primers were synthe-
sized by an automated oligonuclectide synthesizer.

Polymerase Chain Reaction

For panleukopenia and herpes virus, 250 ug of extracted
nucleic acid was combined with 2.5 ul of each primer (20
uM), 2.5 ul of 10X PCR Buffer (260 mM Tris-HCI, pH 8.8,
26 mM MgCl,), 2.5 ul of each dNTP (10 mM), and the ap-
propriate amount of distilled water making a 250 ul reac-
tion. After five minute incubation at 95°C, 0.2 ul (1U) Taq
DNA polymerase (Amersham Life Science Inc. Arlington
Heights, IL, USA) was added and 45 cycles at the optimal
conditions were performed (Table 1).

Reverse transcriptase-PCR (RT-PCR) was used to evalu-
ate both RNA viruses, calici and corona virus. Calici virus

Table 1. Polymerase Chain Reaction Conditions for Viral
Amplification

Number
Virus Cell conditions of cycles
Panleukopenia  94° C X 30 seconds, 53° C X 35 seconds, 45
72° C X 35 seconds. 72° C X 10 minutes
Herpes 94° C for 60 seconds, 55° C for 60 seconds, 45
72 °C for 60 seconds. 72° C X 10 minutes
Cadlici 94° C X 30 seconds, 53° C X 35 seconds, 40
72° C X 35 seconds. 72° C X 10 minutes
Corona 94° C X 50 seconds, 55° C X 60 seconds, 35

72° C X 60 seconds. 72° C X 10 minutes




Cardiovasc Pathol Vol. 9, No. 2
March/April 2000:119-126

was evaluated by generating a first-strand cDNA from 0.5
ug of extracted total nucleic acid in the presence of 1 ul (40
U) RNasin RNase inhibitor, 4 ul of 5X reverse transcriptase
buffer (200 mM Tris-HCI, pH 7.5, 30 mM MgCl,, 10 mM
spermidine, 50 mM NaCl), 5 ul (10 mM) of dNTP, 1 ul (20
uM) reverse primer, 1 ul (10 U) AMV reverse transcriptase
(Promega, Madison, WI, USA), and DEPC treated distilled
water to a total reaction volume of 20 ul. The cocktail was
incubated at 37°C for 90 minutes. Five microliters of first-
strand cDNA was combined with 2.5 ul of each virus
primer, 2.5 ul 10X PCR buffer, 2.5 ul dNTP, and 4.8 ul dis-
tilled water. After an initial five-minute incubation at 95°C,
0.2 ul (1U) Tag DNA polymerase (Amersham Live Science
Inc. Arlington Heights, IL, USA) was added and 40 cycles
performed. Corona virus was evaluated by using a previ-
ously published protocol (Table 1) (28). Fifteen microliters
(15 ml) of each reaction was analyzed on a 1% agarose gel
containing 0.5 ug/ml of ethidium bromide. The gels were
placed under ultraviolet light for the visualization of ampli-
fied products. A positive control extracted from cell cultures
of each virus, and negative control (no template) was run si-
multaneously with the samples being tested for each partic-
ular virus. Samples that amplified the correct sized product
in duplicate were considered positive for that particular vi-
rus. All samples were analyzed without prior knowledge of
clinical data.

The PCR product of the panleukopenia reaction (397 bp
fragment) generated from one of the feline myocardial sam-
ples was isolated, purified, and sequenced using an auto-
mated sequencer. Both panleukopenia primers were used to
generate forward and reverse sequence data.

Histopathol ogy

Following a complete necropsy examination in each cat,
myocardium was sampled from basal, mid, and apical ven-
tricular levels, right and left atria. Transmural tissue blocks
were cut perpendicular to the long-axis of the right ventricular
wall (RVW), left ventricular freewall (LVPW), and ventricu-
lar septum (1VS). Hearts were fixed in 10% phosphate-buff-
ered formalin, embedded in paraffin, diced in 5-micron-thick
sections, and stained with hematoxylin-eosin (H&E) and
Masson trichrome stains. Specimens were viewed initially
without knowledge of clinical history. The histologic diag-
nosis of active myocarditis was based upon the Dallas crite-
ria (29).

Satistical Analysis

Statistical analysis was performed using a commercial
software program (SigmaStat® 2.0, Jandel Corp. San Rafael,
CA, USA). Categorical data are presented as absolute num-
ber or percentage. Quantitative data are listed as mean +
standard deviation. The two-tailed Fisher's exact test was
used for comparisons between proportions and between

MEURSETAL. 121

PANLEUKOPENIA IN FELINE CARDIOMYOPATHY AND MYOCARDITIS

groups. Median values of quantitative data were compared
using the Mann-Whitney Rank sum test. Differences were
considered statistically significant when the p value was
<0.05.

Results

Sudy Animals

Age (mean * standard deviation), gender, and breed of
cats included: cats with HCM were 9.2 + 5.3 years old; 13
were male and 5 were female. Representative breeds in-
cluded 11 domestic short hair (DSH), 2 domestic long hair
(DLH), 2 Maine coon cats, 2 Rex, and 1 European short
hair. Cats with RCM were 6.4 = 1.7 years old; 5 were male
and 1 was female. Breeds included 5 DSH and 1 Birman.
Cats with DCM were 7.5 + 3.1 years old; 2 were male and
5 were female. Breedsincluded 6 DSH and one Abyssinian.
The age for this group of 31 cats was 8.4 + 4.5 years. The
age of the 17 normal control cats was 6.1 + 5.3 years; 11
were male and 6 were female. Breeds included 8 DSH, 4
DLH, and 1 case each of Persian, Himalayan, Siamese,
Manx, and oriental short hair.

Polymerase Chain Reaction

PCR amplification of panleukopenia genome occurred in
myocardial tissue specimens from 10 of 31 cats (32.2%)
with cardiomyopathy (Figure 1). These included 5 with
HCM, 2 with RCM, and 3 with DCM. Amplification oc-
curred from different ventricular sites as follows: LVPW
only in 4 cats; IVS only in 1 cat; RVW only in 1 cat; both
LVPW and RVW in 2 cats; and in 2 cats, from IVS, LVPW,
and RVW. In contrast, feline panleukopenia virus was not
amplified in any of the control cats. The genetic sequence of
the purified PCR product detected in cardiomyopathy tis-
sues matched the sequence of the panleukopenia (parvovi-
rus) clone obtained through Genebank. No cats (affected or
control) amplified calici, herpes, or coronavirus.

Histopathology Analysis

Active myocarditis was detected in 18 of 31 cats (58%)
with idiopathic cardiomyopathy. These included 10 of 18
cats (55%) with HCM, 4 of 6 cats (66.6%) with RCM, and 4
of 7 cats (57.1%) with DCM. Inflammatory infiltrates were
always located adjacent to myocyte injury or necrosis and
were observed in left atrial myocardium from 13 cats, right
atrial myocardium from 11, LVPW from 5, IVSfrom 3, and
RVW from 4 cats. Myocarditis was observed in more than
one cardiac chamber in 10 of the 18 cases. In the 8 cats with
one chamber affected, these included left atrial myocardium
in 4 cats, right atrial myocardium in 2 cats, and in LVPW in
2 cats. The distribution of inflammatory infiltrate was focal
in 13 cats and in these cases, infiltrates were most com-
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Figure 1. Agarose gel electrophoresis of the 397 base pair region of the nonstructural protein 1 of
panleukopenia. Lanes 1, 2, 4, 7, 8 contain negative samples from cardiomyopathic cats. Lane 1l isa
negative control, lane 12 is a positive control. The initia lane (identified by an asterisk) contains the
DNA ladder.

monly subendocardial in location. In one cat myocarditis
was diffuse. In 4 cats inflammatory infiltrates were diffuse
and were present confluently between endocardial or epi-
cardium and subjacent myocardium. Inflammatory cells
were characterized as predominantly mild lymphocytic in-
filtration with occasional plasmacytes or neutrophils in 15
cats (Figure 2, top), and by predominantly mild to moderate
neutrophilic infiltration with occasional lymphocytes and
plasma cells in 3 cats (Figure 2, bottom). All inflammatory
infiltrates were associated with degenerating or necrotic
myocytes, often in the presence of intertitial or replace-
ment fibrosis.

Relationship Between PCR and Histopathology

Of the 31 cats with cardiomyopathy, myocardial tissues
from 8 had panleukopenia virus DNA amplified by PCR as
well as histopathologic evidence of myocarditis; 2 cats had
panleukopenia DNA amplified but no evidence of myo-
carditis; 10 cats had histopathologic evidence of myocardi-
tis without PCR detection of virus; and 11 had neither PCR
detection of virus or myocarditis. Of the 17 normal control
cats, none had panleukopenia virus DNA amplified by PCR
or histopathologic evidence of myocarditis.

Results of Statistical Analysis

There was no statistical differencein gender (p = 0.824)
or median age (p = 0.052) between the group of control cats
and the group of cats with cardiomyopathy. There was no
statistical difference (p = 0.601) in median age between:
cats that were PCR positive for panleukopenia virus ge-
nome with myocarditis (6.5 years) or without myocarditis (9
years); cats that were PCR negative with myocarditis (9.5
years); and cats that were PCR negative without myocardi-
tis (5.7 years). There was a statistically significant associa

tion (p = 0.003) between the presence or absence of myo-
carditis and PCR status of panleukopeniaviral genome.

Discussion

There is mounting evidence to suggest that viruses are a
cause of myocarditis (10,11,13-16,30-33). Traditional di-
agnostic methods have been insensitive for establishing vi-
ral etiology (10), while PCR has been sensitive in detecting
viral DNA or RNA from endomyocardial biopsies and post-
mortem cardiac tissues, thereby providing new insights into
infectious heart disease (11,14,32,33). An animal model of
cardiomyopathy and myocarditis could help advance the
understanding of vira heart disease. Domestic cats are
noted for naturally occurring cardiomyopathy (3,5,7,34),
and viral myocarditis has been suspected on the basis of his-
topathologic abnormalities (1,2). In this report, PCR was
used to screen feline myocardial tissues for viruses, and we
report the first association of panleukopenia virus genome
from feline hearts with spontaneous cardiomyopathy and
myocarditis.

There is accumulating evidence linking viral myocarditis
to the development of cardiomyopathy (30,33,35,36). Mor-
phologic disruption of the cytoskeleton caused by viral in-
fection may contribute to the pathogenesis of acquired di-
lated cardiomyopathy (37), and cardiomyopathy characterized
by diffuse thickening of the left ventricular endocardium
and diastolic dysfunction has been associated with mumps
virus (32). It is also conceivable that myocarditis contrib-
utes to the pathology of hypertrophic cardiomyopathy or its
final common pathway, given the cascade of events which
affect sarcomeric protein, cardiac function, cause myocar-
dial injury, or promote heart failure (36,38-41).

Our study further supports the concept that a molecular
mechanism involving viral myocarditis may be involved in
the development or progression of cardiomyopathy. We de-



Cardiovasc Pathol Vol. 9, No. 2 MEURSETAL. 123
March/April 2000:119-126 PANLEUKOPENIA IN FELINE CARDIOMYOPATHY AND MYOCARDITIS

Figure 2. Photomicrographs of representative myocardial sections from cats with cardiomyopathy
and myocarditis. (Top) Section from the left ventricular free wall. Extensive mixed inflammatory infil-
trate islocated predominantly in the subendocardia region consisting of lymphocytes, neutrophils, and
plasmacytes. Adjacent myocyte necrosisis severe. Hematoxylin and eosin stain (H& E); magnification
X 200. (Bottom) Section from the right auricle. Diffuse neutrophilic infiltrate is associated with exten-
sive myocardia necrosiswhich is particularly prominent in the subendocardial region. Subendocardial
hemorrhage is present. Hematoxylin and eosin stain (H& E); magnification X 100.
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tected feline panleukopenia virus genome in a high percent-
age of feline hearts with idiopathic dilated, hypertrophic,
and restrictive cardiomyopathy, while these findings were
absent in hearts from normal cats. Myaocardial inflammatory
infiltrates ranging from neutrophils to lymphocytes were
detected in 55% of the cats with HCM, and both myocardi-
tis and panleukopenia virus genome were identified in 11%
of these hearts. Myocarditis has been documented in young
competitive athletes experiencing sudden death with HCM
and with other from of myocardial disease (42), and is com-
mon histopathologic feature of arrhythmogenic right ven-
tricular cardiomyopathy (ARVC) (43,44). Although ARVC
has been associated with coxsackievirus in humans, we are
not aware of an association between viral myocarditis and
HCM (45). The detection of feline panleukopenia virus
from a high proportion of hearts from cats with HCM isin-
triguing and somewhat unexpected. Similar to human be-
ings, a familial association has been demonstrated in some
breeds of cats with HCM (8,46). However, there are many
cases in which there is no evidence of afamilial nature, and
an etiology is not detected (8). Although a cause and effect
relationship between viral myocarditis and HCM has not
been proven, it may be speculated that a virus may have a
direct effect on a sarcomeric gene or sarcomeric protein
leading to the development of HCM (37). Thistype of rela-
tionship has been previously observed in the development
of DCM secondary to enteroviral myocarditis and would be
consistent with the final common pathway theory that has
been proposed for HCM (38).

Myocarditis caused by parvovirus has been reported in
humans (10,30), dogs (47), and pigs (16), and feline panleu-
kopenia virus is a member of the genus Parvovirus. Spe-
cies-specific strains of parvovirus are characterized by
strong conservation of a central DNA sequence and feline
panleukopenia virus shares substantial sequence similarity
with canine parvovirus (25). Because panleukopenia virus
preferentially affects cells undergoing rapid mitosis and is
comparablein this respect to canine parvovirus (48,49), my-
ocardial infections might be expected to occur similarly,
that is, soon after birth. Thus, as with dogs infected with
parvovirus, cats surviving panleukopenia vira myocarditis
might later develop cardiomyopathy. Chronic myocardial
inflammation and persistence of viral myocarditis may have
played a role in the development of myocardial injury or
cardiomyopathy in our study, and similar pathogenesis has
been reported in human patients (12,29,47,50) and in a mu-
rine model of myocarditis (51). Alternatively, since hyper-
trophic growth is also accompanied by DNA synthesis, viral
infection might have occurred after cardiac hypertrophy
was initiated by an unrelated process (52).

Although myocarditis was not detected in some cats in
which panleukopenia virus genome was amplified by PCR,
the insensitivity of light microscopy for establishing adiag-
nosis of myocarditis according to the Dallas classification
has been demonstrated (15,53,54). Moreover, histopatho-
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logic lesions of myocarditis correlate poorly with PCR (10),
even though the long term sequelae of viral myocarditis
with persistence of viral genome has been documented
(36,37,55).

Limitation of Study

We selected to screen cats for the presence of herpes,
cdlici, parvovirus, and corona viruses by PCR because of
the prevalence and importance of these agents in the feline
population (19). While histopathologic myocardia lesions
have been reported only rarely from cats infected with pan-
leukopenia virus (56-58), our data suggests that this virus
has substantial cardiotropic activity in cats. Neither herpes,
calici, nor corona virus genome was detected in any of the
cardiac tissues. Although herpes virus myocarditis has been
reported in humans and canines (10,59), it is possible that
herpes virus, as well as coronaand calici virus are non-car-
diotropic in the cat. Technical factors in PCR could have
limited our ability to detect viral myocardial infection, but
since PCR consistently amplified positive controls from cell
cultures, this would seem unlikely. It is conceivable that
cats with cardiomyopathy were infected by vira strains,
which were substantially different from our primer se-
quences and positive control, and therefore, could not be
amplified using our methodologies. However, primers were
carefully selected from conserved regions of the virus, and
would be expected to be consistent between strains. Sample
selection or handling can affect the ability to detect myo-
carditis (13,53,54). We sampled multiple regions of myo-
cardium to improve sampling efficacy. Nevertheless, focal
regions of infection may have been missed. Although suc-
cessful PCR amplification of viral genome from long-term
formalin fixed biopsy tissues have been reported (10,11),
nucleic acid degradation over time may have negatively in-
fluenced PCR because archival samples were maintained in
buffered formalin until time of analysis.

In the present study, the precise relationship between in-
flammation, cardiomyopathy, and the molecular detection
of panleukopenia virus DNA in formalin-fixed myocardial
tissue is uncertain. Our data derives exclusively from a ret-
rospective evaluation of such factors. Therefore, additional
studies are required to better define these rel ationships.

Summary

In summary, we have demonstrated an association be-
tween myocarditis and panleukopenia virus genome in the
myocardium of cats with idiopathic hypertrophic, dilated
and restrictive cardiomyopathy, and lack of these findings
in normal feline hearts. Thus, we infer a potential link be-
tween inflammation, infection, and myocardia disease in
this feline model. The precise relationship between myocar-
dial inflammation and the molecular detection of feline pan-
leukopenia virus in formalin-fixed myocardial tissue is un-
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certain, and further studies are required to elucidate the role of
these factorsin the pathogenesis of acquired cardiomyopathy.
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