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Congenital Osteopetrosis in White-tailed Deer

(Odocoileus virginianus)
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ABSTRACT: Inferior brachygnathia in neonatal

fawns occurred sporadically over a 10 yr period
ill a captive herd of white-tailed deer (Odocoi-

leus virginianus) in southern Ontario. Two fawns

submitted for necropsy had marked inferior
brachygnathia, protruding tongues, and frac-
tured long bones. Radiographs of the limbs re-
vealed longitudinal striations of relatively trans-
lucent immature woven bone that caused loss
of distinction between medullary cavities and
cortices. Microscopically, there was failure of
remodelling of the primary spongiosa and filling
of the medulla by cone-shaped chondro-osseous
cores. The findings supported a diagnosis of os-
teopetrosis, usually a hereditary disease char-
acterized by absence of marrow cavities as a
result of defective bone remodelling. Osteope-

trosis has not been reported previously in deer.
Key words: Osteopetrosis, Odocoileus vir-

ginianus, inferior brachygnathia, congenital
anomaly, bone, case report.

This report describes an unusual con-

genital anomaly which occurred in an in-

bred captive herd of white-tailed deer

(Odocoileus virginianus). The herd was

formed in 1973 from one buck and one

doe, both originating from a small captive

herd of < 10 does in the locality of Mine-

sing, Ontario (Canada; 44#{176}26’N, 79#{176}50’W).

The mating resulted in the birth of twin

females which were subsequently bred by

their father. By July, 1989, the herd con-

sisted of 12 does and nine normal fawns.

Over the years 1979, 1983, 1985 and 1989,

six fawns, representing 6% of the fawns

born over the 11 yr period, had inferior

brachygnathia, protruding tongues and

fragile long bones. Those affected which

were born in 1983 and 1985 also had domed

skulls. Three of the six fawns were born in

1989. Two of these were thought to be

twins because they were found dead, lying

together. The third, a singleton, was found

alive but recumbent, and died within a

few hours of birth. One of the twins (a

female) and the singleton (also female)

were submitted for necropsy.

Gross findings were similar in both an-

imals. There was marked inferior brachyg-

nathia and protrusion of the tongue (Fig.

1). Mandibular molar teeth were impact-

ed, with some teeth oriented horizontally

and medially. No ingesta was found in the

abomasum of either fawn. The long bones

were laterally bowed and fractured easily

with lateral manual pressure. Mid-shaft

calluses were present on several ribs of each

animal, indicating in uteno fracture. Both

fawns had fractures of the tibias, and the

singleton also had a fractured humerus.

Hemorrhages associated with the fractures

indicated that they were ante mortem. The

singleton had lost the eponychium from its

hoofs and its lungs were inflated. Radio-

graphically, the medullany cavities of the

humerus, femur, tibia and radius were in-

distinguishable from the cortices. Pnomi-

nent stniations caused by alternating ra-

dio!ucent and nadiodense metaphyseal

bands were oriented along the long axes

of the bones. The growth plates appeared

normal. Centrally located wedge-shaped

densities were present in the vertebral bod-

ies. The medullary cavities of longitudi-

nally sectioned bones (femur, tibia, hu-

merus, radius, metacarpus, metatarsus) of

both fawns were each occupied by two

cone-shaped masses of dense chondro-os-

seous tissue. The bases of these cones were

positioned at the proximal and distal phy-

ses and the apices met almost mid-shaft

(Fig. 2).

Samples of liver and lung were plated

onto blood agar and MacConkey’s agar for

routine bacteria! isolation. Recovery of

many hemolytic and non-hemolytic Esch-
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FIGURE 1. Head of affected fawn exhibiting inferior brachygnathia and mild protrusion of the tongue.
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erichia coli was deemed an insignificant

findings.

For histological examination, samples of

physes, metaphyses and diaphyses of long

bones and mandibles were fixed in 10%

neutral buffered formalin, decalcified, sec-

tioned routinely and stained with hema-

toxylin and eosin. Matched control samples

were obtained from another, apparently

normal, white-tailed deer fawn of equiv-

alent age, and were treated similarly. Mi-

croscopic lesions in the affected fawns were

found in the metaphyses and diaphyses of

the long bones. There was failure of re-

modelling of the primary spongiosa, char-

acterized by persistent primary tnabeculae

with little maturation. The resultant cone-

shaped chondro-osseous bone in the med-

ullary cavity was sharply demarcated from

the surrounding cortical !aminae (Fig. 3).

The cones consisted of persistent primary

spongiosa that originated at the physis. This

spongiosa contained intact columns of cal-

cified central cartilaginous cones, many

with hypentrophied chondrocytes. The

columns were surrounded by woven bone.

There was limited amalgamation of the

immature trabeculae into secondary spon-

giosa. Surrounding the cones, cortical bone

formed thin !amellan trabeculae, with no

zone of compaction of endochondnal bone.

No such changes were present in the bones

of the control fawn. Cement lines mdi-

cating alternating periods of osteoclastic

activity and rest were readily apparent in

affected and control bones. Other histo-

logical findings in the fawn found dead

included fetal pulmonary atelectasis and

numerous intra-alveolan amniotic squames,

indicative of fetal distress. The cause of

death in this fawn was uncertain. Death

of the singleton was considered to be due

to starvation and/on hypothermia. On the

basis of the characteristic gross and mi-

croscopic skeleton lesions, a diagnosis of

osteopetrosis was established in both ani-

mals (Jubb et a!., 1985).

The characteristic microscopic skeletal

lesions and inferior brachygnathia ob-

served in these fawns were similar to those

found in Aberdeen Angus and Hereford

calves with osteopetrosis (Greene et al.,

1974; Leipold et al., 1970). Ojo et al. (1975)

also described cysts in the frontal bones

and metaphyses of most long bones of af-

fected Hereford calves. Additional find-

ings reported in affected calves include

abnormal skull development, resulting in
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FIGURE 2. Longitudinal sections of humerus (left),

radius (center), and femur (right) from affected fawn.

Notice absence of medullarv cavity due to the pres-

ence of conical bone cores, with bases at the proximal

and distal epiphyses, and apices meeting mid-shaft.

cerebral compression and cenebellan hen-

niation, and hypoplasia of the optic nerve.

Such lesions were not found in these fawns.

However, two other fawns born in 1983

and 1985 that were observed to have in-

ferior brachygnathia, but were not nec-

nopsied, did have domed skulls.

The herd history of a small genetic base

and considerable inbreeding suggested the

possibility of an autosomally recessive

mode of inheritance of the disease. The

founding buck was kept as the sole breed-

ing male until 1975. A second buck re-

placed the founder in 1976 and 1977, and

he was succeeded by a third buck, who

was the only breeding male between 1978

and 1980. In 1979 the first case of inferior

brachygnathia was seen in an offspring of

the third buck. It is possible that either the

founding doe or founding buck was het-

erozygous for the gene involved and the

third buck, which came from the same
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FIGURE 3. Photomicrograph of longitudinal sec-

tion of humerus taken mid-diaphysis and showing

the tip of the endo-chondral bone core (a) within the

laminar cortical layer (b). H&E.

small captive herd as these founding mem-

bers, was similarly heterozygous. This may

explain why no cases were seen prior to

1979. During the breeding seasons of 198 1-

1984, a fourth buck was the only male

used. He sired two affected fawns. The

fifth buck, the son of the third buck, sired

the fawns born in 1985 to 1989. Both the

fourth and fifth bucks also originated from

the same small captive herd as the found-

ing deer and were possibly heterozygotes.

It is not known if the disease has been seen

in the original herd.

During the 17 yr period of the herd’s

existence only two new does were intro-

duced, so the herd concentrated its genetic

pool by considerable inbreeding. This may

account for the initial sporadic occurrence

of the disease, and in 1989 the appearance

of three cases, as the gene spread in the
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female population. Herd records are

incomplete and the genealogy of the nec-

ropsied fawns is unknown, but it is prob-

able that they resulted from father-daugh-

ten on sibling-sibling matings. Until 1989

it was not clean that more than one doe

was involved, but the birth of three af-

fected fawns indicates that if the disease

is due to an autosomal recessive gene, then

the genotype may be spreading in the herd.

Although a viral etiology cannot be ruled

out, the pattern of emergence of the dis-

ease would suggest vertical transmission,

and random, sporadic occurrence. Simi-

larly, a toxic agent may be responsible, but

the long history of sporadic occurrence of

the disease tends to preclude such etiolo-

gies.

Mandibular anomalies are commonly

seen in deer, as many thousands of man-

dibles of white-tailed deer are examined

each year for age determination. How-

even, the skeletal deformities recorded

concomitantly have not included osteo-

petrosis. Inferior brachygnathia has been

reported in association with arthrogryposis

(Barrett and Chalmers, 1975) and limb no-

tation (Scanlon, 1973; Wobeser and Runge,

1973). It is also seen in mature deer, in-

dicating that in a mild form, and unasso-

ciated with other skeletal abnormalities, it

need not impede survival (Ryel, 1963).

Osteopetnosis in humans is an hereditary

disease first described by Karshnen (1926).

Studies have indicated that in humans the

disease is due to abnormally decreased ac-

tivity of osteoclasts (Marks and Walker,

1976). Two genetic variants of the disease

are recognized in humans: an autosoma!

dominant type and a so-called malignant

recessive type. Only the latter has been

described in animals. Osteopetnosis has

been described in cattle (Leipold et a!.,

1970; Greene et a!., 1974; Ojo et al., 1975),

mutant strains of rats and mice, rabbits,

dogs, sheep, pigs (Jubb et al., 1985) and

horses (Nation and Klavano, 1986). Osteo-

petnosis in the munine forms is character-

ized by both increased bone formation and

decreased bone resorption, whereas in the

rabbit it is attributable to osteob!astic in-

competence (Bo!lerslev, 1989).

The cervine and bovine forms of osteo-

petrosis appear to be of the malignant re-

cessive type as described in humans. The

small sample size and incomplete herd nec-

ords in this report preclude anything more

than a suggestion that inferior brachyg-

nathia may be a phenotypic marker for

the lesions of osteopetrosis. For the same

reasons it can only be postulated that the

disease is due to the inheritance of a re-

cessive gene. However, when environ-

mental on artificial circumstances cause in-

breeding of animals and offspring are born

with inferior brachygnathia, osteopetrosis

should be considered.
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