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Abstract

An approximately 3-month-old crab-eating fox (Cerdocyon thous) was found by environmental authorities in the State
of Paraiba, Northeastern Brazil and referred to a wildlife care center. The fox was presenting respiratory distress and it was
referred to the Veterinary Hospital of the Federal University of Paraiba (UFPB) for ancillary testing. Abdominal and thoracic
ultrasound and radiographies were performed. These imaging tests indicated the fox had a possible diaphragmatic hernia and
ectopic kidney. The imageology results were confirmed on necropsy, which revealed a postero-lateral focal discontinuity of the
dorsal aspect of the diaphragmatic muscle with protrusion of the gastrointestinal tract into the thoracic cavity. The stomach and
intestinal loops were filled with gas and obliterated the visualization of the heart and lungs. Additionally, only the right kidney
was found, and no vestigial left kidney was identified. Congenital diaphragmatic hernias are not commonly observed in wildlife

but should be considered as a potential differential diagnosis for acute onset of respiratory distress in young carnivores.
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Introduction

The crab-eating fox (Cerdocyon thous) is a
medium-sized canid widely distributed in South America
that inhabits all Brazilian biomes and represents a resilient
species against anthropomorphic threats (19).These canids
have nocturnal habits and an omnivorous diet that ranges
from fruits to small mammals (13).

Among the diseases affecting wild animals, birth
defects are not commonly observed, and there are only a few
reports of congenital abnormalities occurring in wild canids
(8, 20, 22, 24, 30). Diaphragmatic hernias are disruptions of
the diaphragm that result in the misplacement of abdominal
viscera within the thoracic cavity, and they may be acquired
or congenital (2). Renal agenesis has been reported in dogs
and cats, but in wildlife, the reports are scarce and restricted
to one report in a flamingo (18) and in a common-squirrel
monkey (25). To date, congenital diaphragmatic hernias and
renal agenesis have not been described in wild canids.

The aim of this report is to describe antemortem and
postmortem features of a diaphragmatic hernia and unilateral
renal agenesis in a crab-eating fox in Northeastern Brazil.

Case description

An approximately 3-month-old female crab-
eating fox (Cerdocyon thous) was found alone by
environmental authorities in a rural area of the State of
Paraiba, Northeastern Brazil and referred to a wildlife care
center (Centro de triagem de animais silvestres, CETAS)
where it was kept while the authorities were seeking for
a proper destination. The fox was possibly abandoned
by its mother, and although had good body condition, it
continuously presented with abdominal breathing and,
during physical examination, it was observed a mild lateral
angular deformity in the carpal region of the thoracic right
limb. Additionally, a substantial infestation by ticks was
noted. To investigate the cause of the abnormal breathing
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and general health status, the fox was referred to the
Veterinary Hospital of the Federal University of Paraiba
(UFPB) for ancillary testing. The patient was submitted
to ultrasound, abdominal and thoracic radiographies, and
clinical pathology evaluation.

A complete blood count (CBC) was performed,
but all values were within reference intervals. Abdominal
ultrasound at the subcostal window revealed loss of
delimitation of the right diaphragmatic dome, which
suggested the presence of a unilateral diaphragmatic
hernia or diaphragmatic rupture. Hepatomegaly was
observed in association with decreased echogenicity and
increased caliber vessels, suggesting hepatic congestion.
The right kidney was in a non-anatomic region, located
adjacent to the urinary bladder. After extensive scanning,
it was not possible to identify the contralateral kidney. On
the thoracic ultrasound, it was observed intestinal loops as
herniated content, and an anechoic fluid collection free in
the thoracic cavity, which suggested pleural effusion.

The patient was also submitted to a radiographic
evaluation of the abdominal cavity, and dorsoventral and
laterolateral radiographies were taken. No sedation was

Figure 1. Dorsoventral projection of the thoracic radiography of the
crab-eating fox. It is possible to observe an increase of radiopacity in
the right hemithorax with visualization of interlobar fissures (white
arrows) of the lung, suggestive of pleural effusion. Discontinuity in
the musculature of the right diaphragmatic dome (black arrows),
with passage of gas-filled opacities, compatible with the presence
of intestinal loops (black arrowheads), almost complete absence of
intestinal loops in the peritoneal cavity (asterisks).

necessary. Radiographies confirmed the unusual location
of the kidney in the hypogastric region, in addition to
renomegaly and hepatomegaly. Radiographic examination
of the thoracic cavity identified the presence of intestinal
loops filled with gas, partial loss of definition of the
cardiac silhouette, with lateralization of the organ and loss
of visualization of the diaphragmatic dome (Fig. 1 and
2). These findings were compatible with diaphragmatic
hernia.

The fox died during transportation on the second
visit to the Veterinary Hospital, and the carcass was sent
for necropsy at the Veterinary Pathology Laboratory at
UFPB. At necropsy, the fox had adequate nutritional
status and slightly pale ocular, oral and vaginal mucosa.
A postero-lateral focal discontinuity of the dorsal aspect
of the diaphragmatic muscle with protrusion of the
gastrointestinal tract into the thoracic cavity (Fig.3) was
observed. The stomach and intestinal loops were filled with
gas and obliterated the visualization of the heart and lungs.
The discontinuity was approximately 10 cm in diameter
with smooth edges and no evidence of bleeding or fibrosis.
There were multifocal to coalescing areas of atelectasis
on the left lung, which was cranially dislocated and
compressed by the stomach. Additionally, only the right
kidney was found on an ectopic location near the urinary
bladder, and no vestigial left kidney was identified (Fig.4).
Although the ultrasound examination suggested hepatic
congestion, on necropsy, the liver was pale brown and
enlarged. There were no other remarkable abnormalities,
and signs of polytrauma were absent.

Figure 2. Thoracic and abdominal radiography in latero-lateral
projection of the crab-eating fox. Note the loss of delimitation of
the diaphragmatic dome (arrows) with gas-filled opacities in the
thoracic cavity, suggesting a diaphragmatic hernia containing
stomach (asterisk) and intestinal loops (arrowheads). Hepatomegaly
is evident (black arrowheads). Almost complete absence of intestinal
loops in the peritoneal cavity. Ectopic right kidney (white circle) in
adjacent topography cranial to the urinary vesicle.
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Figure 3. Diaphragmatic hernia in a crab-eating fox (Cerdocyon
thous). Abdominal perspective. Note the intestinal loops (asterisk)
projecting into the thoracic cavity through the diaphragmatic
hernia. The hernia has smooth borders (arrow) and no signs of
hemorrhage or lacerations are observed.

Discussion

In Veterinary Medicine, acquired diaphragmatic
hernias are more common and may result from blunt trauma,
most associated with vehicular collisions. Congenital
diaphragmatic hernias are rare and result from aberrant
embryogenesis(2).

Birth defects in wild canids are rare and usually
associated to ocular (8), cardiac (22, 24) or musculoskeletal
abnormalities (20, 22, 30). There are only a few reports of
hernias in wild carnivores and they are restricted to wild
felids (12, 14) and a maned wolf (10).

Reports of congenital diaphragmatic hernias in zoo
and wildlife animals are scarce, and restricted to llamas (4),
alpacas (6, 7) and a Golden Lion Tamarin (21). Most cases
of congenital diaphragmatic hernias are idiopathic (15),
and although several etiologies have been proposed, which
includes vitamin A maternal deficiency (29), pesticides such
as nitrofen and cadmium chloride (3, 15) and autosomal
recessive disorders (23), its etiology remains obscure.

Some studies have indicated that the pathogenesis
of the congenital diaphragmatic hernias is associated with
impairments of the retinoic acid signaling pathway (RSP)
(9). Experimental models have demonstrated that mice
deficient of retinoic acid receptors produce offspring
with congenital diaphragmatic hernias and a high rate of
comorbidities including bone, cardiac, gastrointestinal and
pulmonary malformations (17).

Although it was not possible to confirm the
congenital nature of the hernia, the concomitant presence of
renal agenesis, the smooth non-fibrotic borders of the hernia,
and the absence of findings such as hemorrhage, exudate,
and fractures that would indicate a possible traumatic
cause, reinforced this hypothesis. In humans, a study of
143 fetuses, revealed that 272 malformations presented an
association between congenital diaphragmatic hernia and

Figure 4. Diaphragmatic hernia and renal agenesis in a crab-eating
fox (Cerdocyon thous). Note the gas-filled stomach (arrow) and
intestinal loops (arrowhead) in the thoracic cavity. Only the right
kidney (asterisk) was observed.

genitourinary abnormalities, including renal agenesis, which
corresponded to 13,8% of all genitourinary malformations
(31). In one report of congenital diaphragmatic hernia with
concurrent renal agenesis (11), the infant was tachypneic
and chest radiography indicated that parts of the bowel were
present in the thoracic cavity, similar to the present case.
The compression of the lung parenchyma by the herniated
content can induce circulatory and respiratory dysfunctions,
and in severe cases, the atelectatic lung can represent a life-
threatening condition (28).

In Veterinary Medicine, renal agenesis has been
reported mainly in dogs (1, 5, 16, 26, 27), and reports of wild
and zoo animals presenting this malformation are limited to one
case in a flamingo (18) and in a common-squirrel monkey (25).

This case illustrates the importance of radiology and
ultrasound for evaluation of malformations in wild animals,
and the crucial role of pathology to confirm the diagnosis.
This is presumably the first report of diaphragmatic hernia
and renal agenesis in a wild canid. Congenital diaphragmatic
hernias are not commonly observed in wildlife but should
be considered as a potential differential diagnosis for
respiratory distress in young carnivores.
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