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ENCEPHALOMALACIA IN THREE BLACK RHINOCEROSES

(DICEROS BICORNIS)

R. Eric Miller, D.V.M., Richard C. Cambre, D.V.M.,
Alexander de Lahunta, D.V.M., Ph.D., Roger E. Brannian, D.V.M.,
Terry R. Spraker, D.V.M., Ph.D., Carol Johnson, D.V.M., Ph.D.,

and William J. Boever, D.V.M.

Abstract: Fatal encephalomalacia occurred in three female black rhinoceroses (Diceros bicornis)
from three different zoos over a 9-yr period. Rhinoceroses affected included two calves (2 and 6
mo old) from the Denver and St. Louis Zoological Parks and a 2-yr-old from the Kansas City Zoo.
Evaluation of the three rhinoceroses for known causes of encephalomalacia in domestic hoofstock

failed to provide a definitive diagnosis.
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INTRODUCTION

Encephalomalacia describes softening of
the brain that results from central nervous
system (CNS) tissue necrosis.” Polioenceph-
alomalacia results when gray matter necro-
sis predominates, and leucoencephalo-
malacia results when the affected tissue is
white (myelinized) matter. Similar patterns
of encephalomalacia may result from nu-
merous insults to the CNS. Possible etiol-
ogies of encephalomalacia include trauma,
encephalitis, clostridial enterotoxemia,
metabolic diseases, and some neurological
toxins.

A fatal encephalomalacia in which leu-
coencephalomalacia predominated is de-
scribed in three black rhinoceroses housed
at separate zoological institutions. Attempts
to identify an etiology in these cases were
unsuccessful.

From the St. Louis Zoological Park, St. Louis, Mis-
souri 63110, USA (Miller, Boever); the Denver Zoo-
logical Gardens, Denver, Colorado 80205, USA
(Cambre); the New York State College of Veterinary
Medicine, Ithaca, New York 14853, USA (de Lahun-
ta); the Kansas City Zoological Gardens, Kansas City,
Missouri 64132, USA (Brannian); Colorado State Uni-
versity College of Veterinary Medicine, Fort Collins,
Colorado 80523, USA (Spraker); and the Monsanto
Co., St. Louis, Missouri 63110, USA (Johnson). Pres-
ent address (Johnson): Cetus Corp., Emoryville, Cal-
ifornia 95608, USA.
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CASE REPORTS

The first case (#1) of encephalomalacia
occurred in December 1979 in a 2-mo-old,
zoo-born, female, dam-raised black rhinoc-
eros calf at the Denver Zoological Gardens.
The keepers noted acute onset of lethargy
and depression and 18 hr later found the
animal recumbent and comatose. Rectal
temperature was below 34°C; despite sup-
portive therapy with fluids, corticosteroids,
and antibiotics, the animal died 3 hr later.

The second case of encephalomalacia (#2)
occurred in April 1986 at the St. Louis Zoo-
logical Park in a 6-mo-old female calf that
was zoo-born, dam-raised, and in the pro-
cess of weaning herself. Keepers reported
that she was moderately depressed late one
afternoon after being outside in a yard in
which the temperature was approximately
33°C. The calf was given 10 ml of a sulfa-
diazine-trimethoprim antibiotic (Tribris-
sen 48%, Coopers Animal Health, Kansas
City, Missouri 64141, USA) i.m. and was
sprayed with cold water in case of hyper-
thermia. Her condition remained the same
after 6 hr, but 14 hr later, she was found
recumbent and comatose. Her pupils were
dilated and unresponsive to light, and rectal
temperature was 41°C. Administration of
i.v. fluids, corticosteroids, and antibiotics
resulted in no improvement in her mental
status, but her rectal temperature dropped
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to 38°C. The calf died 24 hr after the initial
onset of signs.

The third case (#3) occurred in January
1988 at the Kansas City Zoological Gardens
where a 2-yr-old zoo-born female black rhi-
noceros had been transferred 8 days before
developing severe neurological signs. She
was given 100 mg haloperidol p.o. (Haldol,
McNeil Pharmaceutical Co., Spring House,
Pennsylvania 19477, USA) 72 and 48 hr
prior to her arrival at Kansas City, which
produced satisfactory tranquilization prior
to shipment. The rhinoceros was loaded into
a trailer after receiving 0.6 mg etorphine
(M99, Lemmon Co., Sellersville, Pennsyl-
vania 18960, USA) i.m. After 30 min, the
effects of the etorphine were reversed with
0.6 mg diprenorphine (M50-50, Lemmon
Co., Sellersville, Pennsylvania 18960, USA)
i.m. Four days later (2 days after arrival in
Kansas City), the rhinoceros showed a de-
creased appetite and mild depression, but
she recovered and appeared normal over
the next 2 days. However, on day 8 after
her arrival, she was found in a highly agi-
tated state with epistaxis from charging the
stall walls. She was hyperresponsive to dif-
ferent visual and auditory stimuli and at
times appeared to respond to stimuli that
were not evident to those in attendance. The
rhinoceros was given 20 mg of aceproma-
zine (Acepromazine Maleate Injection,
TechAmerica, Inc., Ellwood, Kansas 66024,
USA) i.m. with no detectable effect. Three
hours later, 280 mg azaperone (Stresnil, Pit-
man-Moore, Inc., Washington Crossing,
New Jersey 62525, USA) was administered
i.m., and within 1 hr the animal was ster-
nally recumbent, but could still rise and
charge the stall walls if provoked by even a
slight stimulus. The following morning the
animal was comatose. Treatment with an-
tibiotics, corticosteroids, flunixin meglu-
mine (Banamine, Schering Corp., Kenil-
worth, New Jersey 07033, USA), and 408
IU vitamin E and 13.14 mg sodium selenite
via an injectable supplement (Bo-Se, Burns-
Biotech Laboratories, Inc., Omaha, Ne-
braska 68127, USA) resulted in no im-
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provement within 48 hr, and the rhinoceros
was euthanized.

Serologic, toxicologic, and gross and his-
topathologic findings are presented below.

RESULTS
Hematology and serology

Results of the antemortem hemograms
and serum chemistries are presented in Ta-
bles 1 and 2. In rhinoceros #3, blood was
obtained on the first day of coma and 48 hr
later immediately preceding euthanasia.
Neutrophilia was noted in rhinoceroses #2
and #3, and there was an increase in band
neutrophils in rhinoceros #1. All animals
tested exhibited elevations of CPK, AST,
and LDH. Rhinoceroses #1 and #2 were
hyperglycemic; this was accompanied by
glucosuria in rhinoceros #2. Rhinoceros #1
also had moderate elevations of BUN and
creatinine values.

In rhinoceros #2, antemortem attempts
at a lumbar spinal tap were unsuccessful,
but CSF from a cisternal tap was obtained
within 5 min of death. Blood contamination
(30,000 RBC/ml) of the CSF was extensive
enough to complicate interpretation of the
sample results. However, the elevation of
CSF total protein (285 g/dl) was considered
significant.!' There were only 30 WBC/ul
(10% lymphocytes, 80% segmented cells, and
10% other cells). The results of aerobic, an-
aerobic, and viral cultures were considered
noncontributory (Table 3). Other diagnostic
tests showed no evidence of mycotoxin (rhi-
noceros #1, feed samples collected after the
death of the calf), lead, copper, or arsenic
poisoning (liver samples from #2 and #3),
clostridial toxins (stomach contents from
#2), rabies (brain and skin from #3), or hy-
pomagnesemia (sera from #3). Serum al-
pha-tocopherol levels were 0.8 ug/ml in rhi-
noceros #2 and 0.04 ug/ml in rhinoceros #3.
In the latter animal, sera levels increased to
0.9 ug/ml 48 hr after receiving the injectable
alpha-tocopherol supplement. In rhinocer-
os #3, haloperidol levels assayed in serum
collected 12 days after the administration
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Table1.
for comparison.
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Hemograms of three captive black rhinoceroses with encephalomalacia. Normal values are presented

Rhinoceros #1

Rhinoceros #2

Rhinoceros #3 (Kansas City)

(Denver) (St. Louis)
Parameter 12/26/79 4/27/86 1/25/88 1/27/88 Normal values®
WBC (ul) 5,500 21,400 10,800 6,900 9,700
Differential
Segmented
neutrophils (%) 53 (2,915 78 (16,692) 84 (9,072) 48 (3,312) 66 (6,400)
Band neutrophils (%) 14 (770) 1(214) 11 (1,188) 31(2,139) 3 (300)
Lymphocytes (%) 22 (1,210) 20 (4,280) 2(216) 6 (44) 24 (2,300)
Monocytes (%) 4(220) 1(214) 3(324) 14.5 (1,000) 5(524)
Metamyelocytes (%) 7 (385) - - - -
RBC (10%/ml) — 8.2 6.21 6.19 5.2
PCV (%) 33 49.9 49 52 47.9
Hemoglobin (g/dl) 11.9 — 16.8 17.5 16.6

= See reference 6.
®* Numbers in parentheses represent absolute values.

of the drug were <2.5 ug/ml, below the de-
tection limit of the assay.
Pathology

Significant necropsy findings in rhinoc-
eros #1 included cloudy meninges and hem-

orrhage in the cerebral sulci. The terminal
colon contained watery green feces.

In rhinoceros #2, the external surface of
the brain contained numerous pale yellow-
green foci located primarily in the frontal
lobes. Both cerebral hemispheres were dif-

Table 2. Clinical chemistry values from three black rhinoceroses with encephalomalacia. Normal values are

presented for comparison.

Rhinoceros

Rhi #
Rhinoceros inoceros #3

#1 #2 (Kansas City) Normal

Parameter (Denver) (St. Louis) 1/25/88 1/27/88 values?
BUN (mg/dl) >60 20 17 28 14.3
Creatinine (mg/dl) 7.2 1.9 1.1 0.7 1.3
Glucose (mg/dl) 234 380 126 127 61
Total protein (g/dl) 6.1 8.9 9.7 9
Globulin (g/dl) 2.9 5.8 6.8 5.8
Potassium (mEq/L) 2.6 5.5 4.0 4.2 4.9
Sodium (mEq/L) 126 128 134 137 137
Chloride (mEq/L) 94 102 105 96.2
Calcium (mg/dl) 11.8 18.1 10.4 10.1 12.3
Magnesium (mEq/L) 2.3
Phosphorus (mg/dl) >10 4.8 6.4 3.9
Uric acid (mg/dl) 7.1 1.3 0.9
Cholesterol (mg/dl) 140 57 47 76.7
Total bilirubin (mg/dl) 0.8 0.3 0.3 0.6
Alkaline phosphatase (IU/L) >170 87 88.5
AST (SGOT) (IU/L) >225 1,560 3,535 132
ALT (SGPT) (IU/L) 78 15 191 118 8.7
GGT (IU/L) 17 66
CPK (IU/L) >1,000 5,620 128,560
LDH (IU/L) >350 2,660 384

2 See reference 6.
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Table 3. Central nervous system culture results from three captive black rhinoceroses with encephalomalacia.

Test

Rhinoceros #1
(Denver)

Rhinoceros #2
(St. Louis)

Rhinoceros #3
(Kansas City)

Aerobic bacteria

Anaerobic bacteria

Cryptococcus

Viral cultures for malig-
nant catarrhal fever
and equine herpesvi-
rus-1

Viral culture in bovine
embryonic lung, fetal
aoudad kidney, bo-
vine turbinate, equine

Meninges, brain stem:
light growth Esche-
richia coli (nonhemo-
lytic)

ND®

ND
ND

ND

CSF=: rare staphylococci
and streptococci

CSF: neg.

CSF: neg.
CSF: neg.

CSF*: no cytotoxic or
cytopathic effects ob-
served after 8 weekly
passages

Brain: Streptococcus
(beta-hemolytic) and
occasional Pseudomo-
nas spp. and Esche-
richia coli (nonhemoly-
tic)

Brain: Bacteroides melan-
inogenicus

ND

Brain: neg.

Brain: no cytotoxic or cy-
topathic effects ob-
served after 8 weekly
passages

skin fibroblast, and
black rhinoceros skin
fibroblast cell cultures

2 Cerebrospinal fluid.
® Not done.

< Tests performed on sample stored at room temperature for 72 hr.

ficult to section transversely because they
were extremely soft, especially in the regions
of the internal capsule and corona radiata,
which had a gray to brown discoloration.
Similar softening and discoloration were also
present in the diencephalon and midbrain.
There was also marked edema of the stom-
ach wall and numerous nonhemorrhagic
punctate ulcers in the mucosa of the squa-
mous portion of the nonglandular stomach.
The stomach contents had a yeastlike odor.
There were mucosal hemorrhages at the tips
of the jejunal folds.

Gross lesions from rhinoceros #3 includ-
ed subdural hemorrhage with approximate-
ly 30 ml of blood in the subdural space.
Hemorrhage was also noted in the nasal si-
nuses, with bruising of the overlying sub-
cutaneous tissues. Punctate ulcers were
present in the glandular portion of the stom-
ach.

Microscopic findings in the brains of the
three rhinoceroses were remarkably similar
with primary involvement of the cerebrum

and lesser involvement of the diencephalon
and midbrain. No significant changes were
observed in the pons, medulla, or cerebel-
lum of any animal. Cervical segments of the
spinal cord and sciatic nerve from rhinoc-
eros #1 were normal; however, in the brain
there was cavitation in the centrum se-
miovale and corona radiata with involve-
ment of both gray and white matter (Fig. 1).
In all three rhinoceroses, the white matter
showed cavitation and a widely separated
pale-staining neuropil attributed to edema
and sometimes hemorrhage. In some areas,
only spongiform change was evident, but in
others, the parenchyma was heavily infil-
trated with neutrophils, accompanied by a
focal necrotizing vasculitis and scattered
hemorrhages. The vascular changes ap-
peared to be secondary to the extensive sur-
rounding parenchymal necrosis. Segments
of the internal capsule had extensive vac-
uolation, resulting in a spongiform appear-
ance. In some areas, gray matter was in-
volved; however, these changes appeared to
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Figure 1. Transverse section of the prosencephalon
from a 2-mo-old captive black rhinoceros (#1) with
encephalomalacia. Note discolored corona radiata of
gyri with cavitation of cerebral cortex and adjacent
white matter at bottom of dorsolateral sulcus (arrow).

be secondary to the lesions in the subcortical
white matter (Figs. 1, 2).

The cerebrocortical lesions in the three
rhinoceroses were most severe in the middle
and deep laminae and in some areas con-
sisted of spongiform change with large emp-
ty perineural and perivascular spaces as-
sumed to represent swollen glial processes.
Affected neurons were shrunken, with an
occasional pyknotic nucleus and eosino-
philic cytoplasm evident. Some of the cor-
tical lesions were packed with neutrophils
and occasionally contained numerous pro-
liferating blood vessels with hyperplastic
endothelial cells often associated with neu-
rons that appeared ischemic. Usually there
was sparing of the outer molecular layer.
Macrophages and mineralization were rare-

JOURNAL OF ZOO AND WILDLIFE MEDICINE

ly a part of the cortical lesion proper but
occurred in the lentiform nucleus accom-
panied by severe necrosis and hemorrhage.
Although a few vessels in necrotic cortical
areas were degenerate, primary vasculitis or
thrombosis was not evident. Gram stains
(Brown and Bren) for bacteria and methe-
namine silver (Gomori) for fungi were neg-
ative. In all three cases, the lesions were
categorized as extensive acute encephalo-
malacia with leucoencephalomalacia pre-
dominating.

Histologic examination of the gastroin-
testinal tracts showed mild epithelial necro-
sis of the tips of intestinal villi in rhinoceros
#1 and noninflammatory erosions of the
gastric mucosa in rhinoceroses #2 and #3.
In rhinoceros #3, superficial intestinal fi-
brosis was noted in some of the gastric ul-
cers, which may have represented healing
attempts. Extensive transmural edema was
noted in the stomach wall of rhinoceros #2.
Additional notable histologic changes in
rhinoceros #1 included granular degenera-
tion of skeletal muscle and moderate renal
tubular nephrosis.

DISCUSSION

Although the rhinoceroses were at differ-
ent zoos when they died with encephalo-
malacia, the clinical and pathologic simi-
larities are suggestive of a common etiology.
The encephalomalacic lesions in the three
animals varied only with the increased pres-
ence of neutrophils and vascular necrosis in
rhinoceroses #2 and #3. This probably rep-
resented an inflammatory response to a more
advanced stage of the same lesion as in rhi-
noceros #1. Although blood contamination
of the CSF sample from rhinoceros #2 was
considered to be iatrogenic, the significant
protein elevation noted probably resulted
from the necrosis and vascular leakage into
the CNS.

Although blood evaluations were gener-
ally nondiagnostic, all cases exhibited ele-
vated values for CPK and muscle-related
enzymes. Histologic muscle changes were
evident only in rhinoceros #1, but the ele-
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Figure 2. Transverse section of cerebrum of a 6-mo-old captive black rhinoceros (#2) with encephalomalacia.
Note extensive necrosis of white matter and adjacent cerebral cortex with cavitation.

vated values in rhinoceroses #1 and #2 may
have resulted from lateral recumbency, and
in rhinoceros #3, from the marked degree
of self-trauma. Rhinoceroses #1 and #2 ex-
hibited elevated serum glucose, also reflect-
ed in the glucosuria of #2. Though these
values could reflect the hyperglycemia of
stress or possibly a response to endotoxic
shock, a definitive cause for the elevations
remains uncertain.

The origin of the hyperexcitable state in
rhinoceros #3 remains unknown. Although
that animal had received haloperidol 9 days
prior to the onset of signs and the drug may
cause extrapyramidal side effects in humans
and some hoofstock species,® serum halo-
peridol levels were below the detection lim-
its of the assay, and structural CNS changes
have not been noted with the use of this
drug (E. Piperno, pers. comm.).!:!2!4

The histologic pattern of encephalomalacia
was most similar to leucoencephalomalacia in
horses that ingest food contaminated with
the mold Fusarium moniliforme.>'%!'s A
sample of rhinoceros feed from Denver con-
tained no evidence of mold toxin, but the
sample was collected after the death of the

animal. Thus, an exposure preceding death
could have been missed in the sampling in-
terval. Also with regard to rhinoceros #1,
the possibility that a mold toxin could have
been passed through the milk remains un-
certain; however, the similarities of the pat-
tern and extent of the white matter lesions
in these three animals to mold-induced en-
cephalomalacia of horses keeps this differ-
ential as a leading possibility.

Vitamin E deficiency has been associated
with degenerative spinal cord lesions in do-
mestic and wild equids,®!° and vitamin E
levels in captive black rhinoceroses have
been shown to be 4-5-fold lower than those
of a wild Zimbabwe population.2 However,
the serum level of rhinoceros #2 was one of
the highest levels measured in the captive
population. In addition, the CNS lesions of
vitamin E deficiency in mammals are not
characterized by necrosis, and in the horse,
lesions have been limited to the spinal cord
and brain stem.®

Polioencephalomalacia associated with
thiamine deficiency as described in domes-
tic ruminants’ was also considered as a cause
of the rhinoceros encephalomalacia but was
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deemed unlikely because of the predomi-
nance of white matter necrosis in our cases
as well as the absence of a similar syndrome
in thiamine-deficient equines. Other non-
infectious causes of encephalopathy in do-
mestic ungulates were also deemed unlikely
on the basis of histology, pattern of distri-
bution, or direct assay, including heavy
metal toxicosis, an intrinsic enzyme defect,*
and salt toxicosis (water deprivation).'3

Focal asymmetrical encephalomalacia,
the lesion of edema disease in swine, and
enterotoxemia in sheep were also consid-
ered, but the pattern of the edema and ne-
crosis in these rhinoceroses differed from
that in sheep.” Gut edema was noted in rhi-
noceros #2, but mouse inoculation studies
with gut contents from that animal were
negative for clostridial toxins.

Other possible infections causing CNS
necrosis such as Hemophilus somnus, Lis-
teria monocytogenes, malignant catarrhal
fever, equine herpes I, or equine togaviruses
were ruled out on the basis of the lack of a
primary inflammatory response or other
hallmarks such as inclusion bodies. At-
tempts at viral and aerobic cultures and cy-
totoxicity studies in rhinoceroses #2 and #3
also failed to provide evidence of these
agents.

CONCLUSIONS

Three captive black rhinoceroses died of
encephalomalacia. Though several known
etiologies for leucoencephalomalacia and
polioencephalomalacia in domestic equids
and ruminants were investigated, none
clearly described all of the clinical and
pathologic findings in these cases. The exact
etiology for the encephalomalacia remains
unknown. The onset of the disease in all
three cases was noted as mild to moderate
depression with progression to coma. Coma
was preceded by a period of hyperexcita-
bility in rhinoceros #3. The clinical course
in all three animals was rapid and fatal.
These findings emphasize the importance of
examining both brain and spinal cord in all
future rhinoceros deaths.
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CALL FOR PAPERS FOR A SPECIAL
ISSUE ON REPRODUCTION

The Journal of Zoo and Wildlife Medicine is devoting the
March 1991 issue to the topic of reproduction. Manuscripts for
this issue should be related to the fertility, infertility, reproduc-
tive pathology, reproductive characteristics, endocrinology, an-
drology, embryology, artificial breeding, and the influence of
season, nutrition, genetics, management strategies, and disease
on reproduction of wildlife species. Papers on captive or free-
living species are welcome. Dr. David E. Wildt of the National
Zoological Park, Smithsonian Institution, is the Associate Editor
coordinating this special issue. Manuscripts should be submitted
by 15 August 1990 to Dr. James W. Carpenter, Editor, Journal
of Zoo and Wildlife Medicine, Department of Clinical Sciences,
College of Veterinary Medicine, Kansas State University, Man-

hattan, Kansas 66506, USA.
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