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Summary

Cardiorespiratory syndrome of common foxes has been reported since the 1980s. Although the condition
is observed at a number of farms in Europe and America, its etiology still remains elusive. The study was
conducted at a common fox (Vulpes vulpes) farm located in Central Poland, having a total of 500 females
and 150 males and an average yearly production of 1,900 cubs. Deaths due to cardiorespiratory syndrome
were recorded at the farm in 2012 and 2013, corresponding to 5.32% and 2.14% new young mortality rates,
respectively. Postmortem examination included 38 foxes that died in 2013, as well as 12 hearts collected from
foxes that died in 2012. Gross pathological findings documented in the examined material were generally
typical for the cardiorespiratory syndrome of foxes. However, detailed pathological examination of the hearts
revealed a dilatation of the right atrioventricular opening and abnormal structure of the tricuspid valve in
all cases. The septal cusp was shortened, thickened, and immobilized due to fusion with the interventricular
septum. The fact that tricuspid valve dysplasia was observed on postmortem examination of all animals that
died with the symptoms of cardiorespiratory syndrome confirms a potential involvement of congenital heart
defects in the etiology of this condition.
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Cardiorespiratory syndrome (also called lung-heart
syndrome) among common foxes was described for
the first time in mid 1980s in Poland and Canada and
has been reported as a cause of significant losses in fox
farms (3, 9). However, despite extensive research, the
etiology of the disease still remains elusive. Usually,
the disease affects young, 2- to 6-month-old, animals.
The most characteristic clinical symptom of the car-
diorespiratory syndrome in foxes is severe dyspnea;
furthermore, the animals present with increased heart
rate and complete loss of appetite. Elevating the fox and
holding it by the tail with head down causes massive
foamy bloody nasal discharge, exacerbation of dyspnea
and even death. The symptoms are present suddenly and
persist for several hours to several days. Eventually, the
animal dies with the symptoms of exacerbating dyspnea,
and sometimes also progressive cachexia. Postmortem
examination usually reveals variable volume of fluid

in pleural and pericardial cavities and an enlargement
of the heart. Also pulmonary edema can be observed,
sometimes with signs of pneumonia. Moreover, some
authors documented pathological changes correspond-
ing to dilated cardiomyopathy (6). Motz et al. (7) ob-
served typical signs of hypoxia on histopathological
examination of the myocardial specimens; only few
specimens showed discrete infiltration with mono-
nuclear cells. Based on the results of many studies, the
involvement of infectious factors in etiopathogenesis
of the cardiorespiratory syndrome can be virtually ex-
cluded (2, 11, 14, 15). Also the role of taurine deficiency
was studied extensively, as involvement of this amino
acid in the etiopathogenesis of cardiorespiratory syn-
drome was suspected, similarly as in the case of feline
cardiomyopathy. However, this hypothesis was not
confirmed experimentally; moreover, administration of
taurine did not influence the therapeutic outcomes of the
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cardiorespiratory syndrome (3, 12). Our previous study
conducted on foxes without signs of cardiorespiratory
syndrome revealed that over half of the animals from
three farms in Poland had valve dysplasia (8).

The aim of the study was to examine the frequency of
heart valve dysplasia among foxes dying with symptoms
of cardiorespiratory syndrome to evaluate its role in the
pathogenesis of the disease.

Material and methods

The deaths of common foxes (Vulpes vulpes) due to cardio-
respiratory syndrome were observed during two breeding sea-
sons (2012-2013) on a farm located in Central Poland. A total
of 500 females and 150 males are kept at the farm, and the
average yearly production amounts to 1900 cubs. Previously,
cardiorespiratory syndrome was observed at this farm in 2002
and caused fatal outcomes in 20% of the young. In 2012, the
cases of cardiorespiratory syndrome were observed between
July and October; a total of 96 fatal outcomes were recorded,
which corresponded to 5.32% of new young. The number
of fatal outcomes due to cardiorespiratory syndrome docu-
mented in 2013 was smaller (n = 38, 2.14% of new young).

The study included 38 cadaveric specimens of foxes that
died in 2013 with the typical clinical signs of cardiorespi-
ratory syndrome, as well as 12 hearts of foxes that died in
2012, obtained during postmortem examination and frozen
until analysis.

Cadavers underwent standard postmortem examination
with a detailed analysis of gross pathology of the hearts
(including 12 specimens from 2012). The heart examination
included: (a) changes in heart shape and size, (b) analysis of
ventricular internal diameter and wall thickness, (c) detailed
analysis of the morphology of mitral and tricuspid valve,
papillary muscles and tendinous chords.

Myocardial sections were fixed for 24 hours in 7% buffered
formaldehyde, processed routinely, embedded in paraffin and
cut into 4 um-thick slices. Microscopic slides were stained
with hematoxylin and eosin and subjected to histopathological
examination. The examination included: morphology of car-
diomyocyte (presence of absence of signs of cardiomyocyte
and nuclei degeneration), amount of interstitial tissue and
presence of inflammatory infiltrates. Microphotographs of
the sections were subjected to a computer image analysis on
a computer connected to Olympus BX53 light microscope
equipped with ColorView Illu digital camera (Olympus,
Japan). The digital analysis was conducted with cell"A soft-
ware (Olympus Soft Imaging Solution GmbH, Germany).

According to the Polish law studies conducted on animal
tissue (including organs collected post-mortem) do not require
permission from the Ethical Board.

Results and discussion

The postmortem examination of foxes that died in
2013 revealed pulmonary congestion and edema, and
the presence of foamy bloody fluid in large bronchi
and trachea. Additionally, 20-140 ml of straw-yellow
or straw-bloody fluid were revealed in pleural cavi-
ties of 35 (92.1%) of the foxes. Moreover, 17 animals
(44.7%) had fluid in the pericardium, and 11 (28.9%)
in the abdominal cavity.
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Fig. 1. Gross examination of the heart. The heart is round-
shaped with a visible enlargement of the left and right ven-
tricle

The hearts of all the animals were round-shaped and
enlarged (Fig. 1), mostly due to dilatation of the right
ventricle and right atrium. The lumen of the right ven-
tricle was enlarged (up to 6.5 cm in diameter below the
tricuspid valve fibrous ring), and its wall was thinned
down to 2 mm. Moreover, a dilatation of the right atrio-
ventricular opening and abnormal structure of the tricus-
pid valve were documented in all cases. The septal cusp
was shortened, thickened, and immobilized due to fusion
with the interventricular septum (Fig. 2). The tendinous
chords of the septal cusp were completely absent in 29

Fig. 2. Gross examination of tricuspid valve. The septal cusp
is shortened, thickened, and immobilized due to fusion with
the interventricular septum
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Fig. 3. Gross examination of the mitral valve. A. The tendinous
chords of thicker posterior cusp are significantly shortened
and thickened. B. Thickened and dysplastic posterior cusp
with shortened tendinous chords

specimens (58%), or significantly shortened in another
21 cases (42%). The number of papillary muscles in the
right ventricle varied between 2 and 4.

Moreover, an abnormal structure of the mitral valve
was documented in 16 animals (32%). The posterior
cusp was thick and abnormally shaped, and the tendi-
nous chords were shortened, which impaired mobility
of the cusp (Fig. 3). All the hearts with mitral valve
abnormalities showed enlargement of the left atrium;
additionally, the significant dilatation of the left ventricle
(n=11; 22%) was observed, along with the thickening
of its walls, resulting probably from the secondary ste-
nosis of the atrioventricular opening, due to structural
abnormalities of the mitral valve (n = 6; 12%).

Histopathological examination of myocardial speci-
mens showed only a slight congestion. Morphology of
cardiomyocytes, their morphometric relationships, stain-
ing, striation and amount of interstitial tissue were nor-
mal. Furthermore, no signs of inflammation, including
cellular infiltration, were found in the analyzed material.

Detailed examination of the hearts of foxes that died
with the signs of cardiorespiratory syndrome revealed
structural alterations of the tricuspid valve in all of the
cases, as well as concomitant structural defects of the
mitral valve in 32% of the studied animals. The type
of these defects corresponded to the characteristics
of congenital tricuspid/mitral valve dysplasia that are
described in other animal species and in humans, and
may cause the symptoms of heart failure (4, 5, 10). The
complex process of the development of the heart in the
fetal period can be disturbed at many stages, which is
later reflected by the morphological and/or functional
abnormalities of the organ. Retinoic acid, which plays
a vital role in fox nutrition and modulates various de-
velopmental stages of the heart, is listed among many
potential harmful factors (1). Congenital atrioventricular
valve dysplasia results from a disturbed transformation
of endocardial tissue pads into valves during fetal life
(13). In humans, this process starts as early as at the
4t week of gestation. Tricuspid valve dysplasia belongs
to the most common congenital defects in dogs (10).
An abnormal structure of one or more cusps impairs
functioning of the valve, leading to its insufficiency.
A concomitant atrioventricular stenosis can be observed
in some cases. The presence of the defect leads to the de-
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velopment of right ventricular heart failure, manifesting
itself as accumulation of fluid in body cavities, dyspnea,
lack of appetite, and cachexia resulting from the loss
of protein (transudate); i.e. the symptoms that are also
observed in the cardiorespiratory syndrome in foxes.
Left ventricular overload and secondary left ventricular
heart failure, typically with resultant pulmonary edema,
develop at more advanced stages. Clinical manifestation
of mitral valve dysplasia is predominated by the signs
of left ventricular heart failure and pulmonary edema,
which can progress rapidly in some cases. The clinical
signs and anatomopathological lesions of cardiorespi-
ratory syndrome among foxes, previously described by
many authors (2, 3, 7, 9), resemble those documented
in the case of atrioventricular valve dysplasia.

The fact that our postmortem examination revealed
tricuspid valve dysplasia in all our animals that died with
the symptoms of cardiorespiratory syndrome indicates
the potential involvement of congenital heart defects in
the etiology of this condition.
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