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Abstract: Seven captive adult flying foxes (Preropus spp.) from the same facility developed
dilated cardiomyopathy during a 2-yr period. The physical, clinicopathologic, radiographic, and
ultrasonographic findings showed congestive heart failure secondary to dilated cardiomyopathy.
Pathologic findings and micronutrient evaluation of the diet, blood, and tissues were indicative of

hypovitaminosis E.
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INTRODUCTION

Idiopathic cardiomyopathy leading to
congestive heart failure was described in a
16-yr-old Indian flying fox (Pteropus gi-
ganteus)."* Primary cardiomyopathy in as-
sociation with hypovitaminosis E has been
reported in several captive animals, includ-
ing artiodactylids,” primates,*® and birds.®
The following is a description of several
cases of dilated cardiomyopathy associated
with possible hypovitaminosis E in a cap-
tive collection of flying foxes.

MATERIALS AND METHODS

Between June 1992 and July 1994, six
island flying foxes (Pteropus hypomelanus)
and one Rodriguez Island flying fox (P.
rodricensis) were diagnosed with dilated
cardiomyopathy (Table 1). All bats were
housed in indoor/outdoor flight enclosures
at the Lubee Foundation, a private breeding
and research facility in north-central Flori-
da. All but one of the affected bats (no. 7)
were male. In March 1993, bats 2, 3, and 4
had undergone abdominal surgery for im-
plantation of telethermometers, which were
removed 1-2 mo later.

All affected island flying foxes, along
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with eight other adult males and 30 fe-
males, had been captured in Indonesia and
imported in June 1990. After arrival, they
were randomly subdivided into several sep-
arately housed breeding groups. The Ro-
driguez Island flying fox was captive bred
and imported in September 1990 from the
Jersey Zoo with four other adult males and
five females. The Rodriguez Island flying
foxes were maintained as a single breeding
group. Other flying fox species housed at
Lubee in 1993 included golden-mantled (P.
pumilus 8.9.1), giant (P. vampyrus 5.15),
dog-faced (Cynopteris brachyotis 2.3.1),
and grey-headed (P. poliocephalus 2.1) fly-
ing foxes.

All bats were fed a mixture of fruits and
vegetables supplemented with commercial
primate diets (Zu/Preem Canned Marmoset
and Hill’s New World Monkey Chow, Hill’s
Pet Products, Topeka, Kansas 66601, USA)
and a vitamin supplement (Vionate Vita-
min—-Mineral Powder, ARC Laboratories,
Atlanta, Georgia 30340, USA). The fruits
and vegetables were processed into 2- X 2-
cm chunks with a commercial food slicer,
and all ingredients were mixed and distrib-
uted in 170-ml cups placed in multiple po-
sitions throughout each pen. Each bat was
offered about half its bodyweight in food
daily. The diet initially contained a calcu-
lated 56 TU/kg (dry basis) of vitamin E. At
the beginning of 1994, the amounts of both
vitamin supplement and primate diets were



Table 1.

Species, identification, sex, dates of diagnosis and death, and clinical signs for seven captive flying

foxes that spontaneously developed dilated cardiomyopathy.

Species Animal no. Sex Diagnosis®

Clinical signs Death®

Pteropus 1 M ND

rodricensis

Pteropus 2 M 9 Apr 93

hypomelanus

ND

29 Sep 93

23 Sep 93

11 Jul 94

27 Aug 93

ND 15 Jun 92

hepatomegaly, 18 Aug 93
hypothermia,

lethargy,

tachyarrhythmia,

venocollapse

ND 11 Sep 93

hepatomegaly, 13 Sep 93 (E)
lethargy,

pale mucous

membranes,

venocollapse

cachexia, 1 Nov 93 (E)
cranial edema,

lethargy,

pale mucous

membranes,

tachyarrhythmia,

venocollapse

anorexia, 24 Sep 93 (E)
cranial edema,

hepatomegaly,

hypothermia,

lethargy

tachyarrhythmia,

venocollapse

abortion, 14 Jul 94 (E)
cranial edema,
heart murmur,
hepatomegaly,

lethargy

» Based on thoracic radiographic and ultrasonographic findings.

b E = euthanasia.

increased to give a calculated vitamin E
content of 641 1U/kg (dry basis). Drinking
water was available ad lib.

The bats were anesthetized and main-
tained with isoflurane (Aerrane, Anaquest,
Madison, Wisconsin 53713-2318, USA) in
oxygen for all diagnostic procedures. Blood
was collected from five bats (nos. 2, 4, 5,
6, 7) either at initial diagnosis of dilated
cardiomyopathy or just prior to euthanasia
and was submitted for hematologic and
plasma biochemical analysis (Table 2).
Thoracic and abdominal radiography and

ND = not determined.

ultrasonography were performed in five af-
fected bats (nos. 2, 4, 5, 6, 7) and eight
healthy male adult wild-caught island flying
foxes. Plasma samples from three affected
and 11 unaffected island flying foxes were
submitted for detection of antibodies
against encephalomyocarditis (Dr. Jack
Gaskin, Department of Pathobiology, Col-
lege of Veterinary Medicine, University of
Florida, Gainesville, Florida 32610, USA).
Plasma samples were collected from bats 4,
5, and 6 immediately prior to euthanasia
and submitted for taurine (Veterinary Med-



Table 2.

Sclected hematologic and plasma biochemical values from blood collected at the time of either

diagnosis or euthanasia for five captive, wild-caught adult island flying foxes that spontaneously developed

dilated cardiomyopathy.

Animal no. (blood collection date)

Reference ranges

x * SD)
Variable (6/16/93) (8/27/93)  (9/29/93) (9/24/93) (7/12/94) (n = 175)
WBC (pl™" ND# ND 5,200 2,900 2,000 13,340 = 548
RBC (pl") ND ND 7.3 53 7.11 9.03 + 1.36
Hemoglobin (g/dl) ND ND 11.8 7.5 10.6 154 + 25
Packed cell volume (%) ND ND 34.5 22.8 31.8 47.1 = 8.5
Glucose (mg/dl) 121 93 203 59 94 152 + 35
Potassium (mEg/L) 4.4 4.5 4.6 6.0 5.8 34 04
Blood urea nitrogen (mg/dl) 9.4 10 43 50.7 56 4.4 * 3.6
Creatinine (mg/dl) ND 0.4 0.5 0.6 0.5 0.6 = 0.1
Calcium (mg/dl) 7.7 7.8 7.8 7.8 7.7 8.5 06
Phosphorus (mg/dl) ND 5.6 53 7.8 6.9 55*+24
Protein (g/dl) ND 53 4.7 4.5 4.3 7.2 £ 0.6
Albumin (g/dl) ND 2.7 2.5 2.4 2.3 42 + 0.3
Aspartate transaminase (U/L) 102 154 170 520.5 376 4] + 22
Alanine transaminase (U/L) 48 58 127 113.1 86 10 + 7

* ND = not determined.

icine Molecular Biosciences, University of

California, Davis, California 95616, USA),
L-carnitine (Metabolic Analysis Labs, Mad-
ison, Wisconsin 53713, USA), selenium,
copper, cobalt, magnesium, and zinc (Ani-
mal Health Diagnostic Laboratory, Lansing,
Michigan 48909, USA), and vitamin E con-
centration determinations (Table 3). Vita-
min E levels were determined by high-pow-
er liquid chromatography (HPLC) with fluo-
rescence detection using parameters previ-
ously described.”” Plasma samples from
unaffected male (n = 6) and female (n =
6) wild-caught island flying foxes were sub-
mitted for comparison.

Bats 4 and 5 were treated with the angio-
tensin-converting enzyme inhibitor, enalapril
(Vasotec, Merck & Co., West Point, Penn-
sylvania 19486, USA; 0.5 mg p.o. every 72
hr). Treatment of bat 7 consisted of furose-
mide (Geneva Pharmaceuticals, Broomfield,
Colorado 80020, USA; 1.5 mg/kg p.o. b.i.d.)
with the addition of digoxin (Roxane Lab-
oratories, Columbus, Ohio 43216, USA;
0.005 mg p.o. b.i.d.) after 2 days.

All seven bats were necropsied, and rep-
resentative tissues were examined histo-
pathologically. Tissue samples from bats 4,

5, and 7 were collected at necropsy and fro-
zen at —70°C for later analysis of vitamin
E (a- and vy-tocopherol) concentrations us-
ing HPLC with fluorescence detection.*
These tissue samples were compared with
tissues from three bats that died acutely
from traumatic injuries in 1994 (Table 4).
Mpyocardial samples from bat 6 were placed
in Trump’s solution and submitted for trans-
mission electron microscopic examination.

RESULTS
Clinical signs

Two flying foxes (nos. 1, 3) were found
dead. During routine physical examination,
two bats (nos. 2, 4) appeared to have cy-
anotic mucous membranes and poor periph-
eral perfusion, making venipuncture diffi-
cult. Bat 5 was identified as ill during tho-
racic radiography and ultrasonography of
the remaining imported island flying fox
males. Bats 6 and 7 were examined because
of lethargy and cranial swelling.

The clinical signs associated with dilated
cardiomyopathy in these bats were consis-
tent with decreased myocardial function
and development of congestive heart failure
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Table 4. Plasma vitamin E and tissue vitamin E
(a/y tocopherol) levels in island flying foxes (Pteropus
hypomelanus) with and without dilated cardiomyopa-
thy. The tissue vitamin E levels for animal no. 7 may
be inaccurate because of dehydration prior to analysis.

viIt’;iig?laE a/y tocopherol (pg/g wet)
Animal (pg/ml) Heart Liver Kidney
4 0.00 0.60/0.00 0.51/0.00 0.41/0.00
5 0.00 ND» 0.74/0.00 0.54/0.00
6 0.00 ND ND ND
7  0.06 4.04/ND 2.19/ND 1.26/ND
623 ND ND 7.71/0.22 4.81/0.45
661 ND ND 12.5 /0.53 ND
699 ND ND 11.32/0.61 10.76/1.12

*ND = not determined.

(Table 1). These signs included lethargy, re-
luctance to fly, exercise intolerance, hypo-
thermia, tachyarrhythmias, and, in the later
stages, anorexia/cachexia, hepatomegaly,
and cranial edema (Fig. 1). Additionally,
bat 7 had an auscutatable murmur and had
aborted a late-term fetus 1 mo prior to pre-
sentation.

Hematologic and plasma biochemical values

Significant findings included leukopenia,
anemia, hyperkalemia, uremia, hypoprotein-
emia, hypoalbuminemia, and elevated as-
partate transaminase (AST) and alanine
transaminase (ALT) (Table 2).

Radiography and ultrasonography

Thoracic radiographs showed generalized
cardiomegaly and interstitial densities con-
sistent with pulmonary edema (Fig. 2a, b).
Two-dimensional echocardiography re-
vealed ventricular and atrial dilatation,
myocardial wall thinning, and poor contrac-
tility. Additionally, bat 7 had severe mitral
valve insufficiency, as demonstrated by
Doppler echocardiography.

Gross and histopathologic findings

Gross necropsy confirmed cardiomegaly,
cardiac dilatation, and hepatomegaly in the
five bats diagnosed antemortem. Although
both atria and ventricles appeared affected,
dilatation was most common and severe in

Figure 1. Adult male wild-caught island flying fox (Preropus hypomelanus) with cranial edema (left) due to
congestive heart failure secondary to a dilated cardiomyopathy. A male without congestive heart failure (right)
is shown for comparison.



Figure 2. Adult male wild-caught island flying fox (Pteropus hypomelanus). a. Lateral radiograph of male with
congestive heart failure secondary to a dilated cardiomyopathy (top). Note the enlarged cardiac silhouette and pul-
monary densities. A radiograph of a normal male (bottom) is shown for comparison. b. Ventrodorsal radiograph of
male with congestive heart failure secondary to a dilated cardiomyopathy (right). A radiograph of a normal male (left)
is shown for comparison. The radiodense objects overlying the spine are microchips implanted between the scapulae.



the right heart and was associated with ap-
parent ventricular wall thinning (right ven-
tricle wall thickness = 1 mm, left ventricle
wall thickness = 3 mm). In bats 1 and 7,
marked pericardial effusion was also noted.
In bat 6, an irregular 0.5-cm-diameter tan/
purple mass was lightly adhered to the in-
tima of the aortic outflow tract.

Histologic examination of the seven
hearts showed moderate to severe acute
myocyte degeneration and chronic, multi-
focal myocardial fibrosis. Additionally, bat
3 had a mild, multifocal lymphocytic myo-
carditis. The mass in the aortic outflow tract
of bat 6 was identified as a thrombus, and
left atrial thrombosis was also identified in
bat 1. In bats 5 and 7, there was minimal
multifocal acute myofiber degeneration of
the tongue. In the pectoral muscles of bats
4, 5, and 7, there was also acute to chronic,
mild multifocal myodegeneration. Hepato-
megaly was caused by marked congestion.
Despite the use of special stains, neither
bacteria nor fungi were identified in any of
the histologic sections. Protozoa and para-
sites were not observed.

Electron microscopic findings

Ultrastructural studies of the heart from
bat 6 revealed myocyte degeneration that
included mitochondrial swelling, interrup-
tion of contractile bands, myocytolysis with
myofilaments scattered throughout the sar-
coplasm, and replacement of myocytes by
collagen-producing fibroblasts. These alter-
ations were considered compatible with
acute primary myocyte degeneration and
chronic postnecrotic fibrosis. No viruses or
other infectious agents were identified.

Viral antibody status

All samples were negative for antibodies
to encephalomyocarditis virus.
Micronutrient and toxicologic analysis

Significant findings in 1993 included un-
measurable plasma levels of vitamin E for
three affected bats and low to unmeasurable
levels in many bats without dilated car-

diomyopathy (0.10 = 0.18 pg/ml; range,
0.00-0.57; n = 12) (Table 3). Random plas-
ma samples from island flying foxes in
April (2.02 £ 2.00 pg/ml; range, 0.20—
6.12; n = 8) and August 1994 (0.31 * 0.50
pg/ml; range, 0.01-2.11; n = 18), follow-
ing diet improvements, were greater than
the 1993 values. Random plasma vitamin E
concentrations were also determined for
golden-mantled (1.20 = 1.10 pg/ml; range,
0.19-4.27, n = 18), giant (0.87 = 1.13 pg/
ml; range, 0.05-4.92, n = 20), and Rodri-
guez Island (0.81 * 0.85 pg/ml; range,
0.00-3.00; n = 12) flying foxes in late 1993
and early 1994. Tissue levels of a-tocoph-
erol were much lower in the affected than
in the unaffected bats (Table 4). Addition-
ally, y-tocopherol levels were undetectable
in affected bats. Several bats with and with-
out cardiomyopathy had moderately elevat-
ed zinc levels (Table 3).

Plasma taurine levels in all but one bat
were well above the 20 nmol/ml concen-
tration associated with feline cardiomyopa-
thy (Table 3).'"* Plasma total L-carnitine
concentrations in all bats were lower than
those considered normal in humans (90 *
6 pmoles /L)' but were either within or
higher than normal ranges for dogs (12—-40
pmoles/L)® and cats.> The highest plasma
L-carnitine concentrations (62 and 68
pmoles/L) occurred in two bats (nos. 5, 6)
with cardiomyopathy.

DISCUSSION

All the flying foxes described here had
myocardial degeneration and fibrosis asso-
ciated with dilatation and eventual conges-
tive heart failure. Dilated cardiomyopathy
may result from genetic, infectious, toxic,
traumatic, endocrine, nutritional, and idio-
pathic conditions.!*!” Because fibrosis is a
common end point for many myocardial
diseases, more than one etiology was per-
haps responsible for the disease in these
bats.'” However, the clustering of cases at
the same facility over a 2-yr period is sug-
gestive of a single cause.

A genetic etiology is unlikely because all



affected animals were adults and had been
obtained from several different geographical
regions in Indonesia. Infectious causes of
myocarditis in animals include viruses (e.g.,
coxsackie, encephalomyocarditis, canine
parvovirus), bacterial (e.g., Bacillus pilifor-
mis), protozoal (e.g., toxoplasmosis, trypan-
osomiasis), and fungal (e.g., aspergillosis).'
Although there was no evidence of an infec-
tious agent in these bats, myocyte death may
have been caused by an agent that had been
eliminated by the time dilated cardiomyopa-
thy was diagnosed. Similarly, antibodies to
viruses perhaps were undetectable or had
waned by the time of sampling.

A large group of toxic agents (e.g., co-
balt, catecholamines, antihypertensive and
antineoplastic agents, ethanol) are known to
produce myocardial injury.'*"” However, the
bats described here had no known exposure
to such toxic agents. Although in several
animals, zinc levels were moderately ele-
vated relative to values in other mammals,'?
there was no apparent relationship to af-
fected bats. Furthermore, zinc toxicity has
not previously been associated with car-
diomyopathy in either animals or hu-
mans.'®” However, zinc is known to inter-
fere with the gastrointestinal uptake of se-
lenium and may thus exacerbate deficien-
cy.'® The elevated zinc levels may have
been caused by ingestion of rainwater in
contact with the corroded galvanized-iron
wire on the bats’ enclosures.

Nutritional deficiencies known to be as-
sociated with cardiomyopathy include those
of selenium, vitamin E, potassium, copper,
iron, thiamine, magnesium, protein, tryp-
tophan, choline, taurine, and L-carnitine.!®"
The plasma selenium, potassium, copper,
iron, magnesium, protein, taurine, and L-
carnitine concentrations in these bats were
within normal mammalian ranges.>*'? Plas-
ma thiamine, tryptophan, and choline levels
were not evaluated.

The observed myodegenerative changes
and low plasma and tissue vitamin E levels
in the cardiomyopathic bats are consistent
with hypovitaminosis E.>*'® Confirmation of

a direct relationship would require controlled
nutritional studies using diets of known vi-
tamin E content. This clinical study is fur-
ther limited by point sampling of vitamin E
levels. Vitamin E levels normally may fluc-
tuate in flying foxes. Further information is
required on vitamin E nutrition and blood
and tissue levels in free-ranging flying foxes
to more accurately interpret the observations
described in this study.

Vitamin E is synthesized only by plants,’
and natural sources include grains and
green leafy plants. The original bat diet of
primarily fruits and vegetables was low in
these sources. Although large flying foxes
have traditionally been thought to feed ex-
clusively on fruits and/or flowers, it has re-
cently been shown that some species chew
leaves and ingest the fiber-free juices.'!
These leaves may be an important source
of essential nutrients lacking in a purely
fragivorous diet. The Lubee Foundation
keepers have observed several species of
flying foxes crawling to the ground to con-
sume or chew grasses.

Traumatic causes of myocardial injury
include central nervous system injury,
stress, exertional rhabdomyolysis, radiation,
electrical defibrillation, and hemorrhagic
shock.'® Of these, only stress could be im-
plicated in the development of cardiomy-
opathy in these bats. Stress-induced cardiac
necrosis without accompanying skeletal
muscle lesions has been observed in a va-
riety of small mammals and primates.'® The
presence of cardiomyopathy in adult male
wild-caught animals, three of which had un-
dergone surgery just months before presen-
tation, is suggestive of stress as a contrib-
uting factor. An argument against this is
normal food intake and high fecundity in
the wild-caught breeding groups as well as
absence of overcrowding and abnormal be-
haviors. Stress can exacerbate and/or pre-
cipitate cardiomyopathy in bats with mar-
ginal to deficient tissue vitamin E levels.
There was no evidence in these bats of en-
docrine causes of myocardial injury, such
as glucocorticoid excess, functional pheo-



chromocytomas, diabetes mellitus, hyper-
thyroidism, hypothyroidism, and growth
hormone excess.'®

The abnormal clinicopathologic changes
are consistent with organ dysfunction sec-
ondary to congestive heart failure. Moder-
ate to severe uremia and hyperkalemia with
normal creatinine probably reflect de-
creased renal blood flow and impaired func-
tion. The elevated AST and ALT levels in-
dicate hepatic injury, possibly due to severe
congestion. The anemia may be due to ei-
ther hemodilution from fluid retention and/
or impaired red cell production secondary
to hypovitaminosis E.'

No attempt was made to parenterally ad-
minister high doses of vitamin E to affected
bats because of the delay in determining a
possible cause. The efficacy of this ap-
proach is questionable because the damage
that produces cardiac dilatation is probably
irreversible by the time of diagnosis. Vita-
min E treatment is, however, indicated to
prevent further myocardial injury. The
change in the diet at the beginning of 1994
appears to have increased the dietary intake
of vitamin E sufficient to produce tissue
levels within normal mammalian ranges.
No further cases of dilated cardiomyopathy
have been diagnosed since July 1994. The
diet has recently been modified by decreas-
ing the vitamin supplement to give a cal-
culated vitamin E content of 240 mg/kg dry
weight, in balance with other nutrients. This
change was made to reduce the dietary in-
take of some micronutrients (e.g., iron)
present in the vitamin supplement.
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