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ABSTRACT: Anaerobic and aerobic cultures of facial and mandibular abscesses were made from
12 blue duiker (Cephalophus monticola fusicolor) housed at the Deer and Duiker Research Facility
of the Pennsylvania State University (USA). Increases in concentrations of total protein and serum
globulin occurred in all cases. Actinomyces pyogenes was isolated from nine animals. Fusobac-
terium necrophorum was present in eight and Bacteroides sp. was found in seven animals; other
genera of isolated bacteria included: Streptococcus (from two animals), Lactobacillus (one), Staph-
ylococcus (one) and Actinomyces (two). Eight (67%) of affected animals were <2 yr of age. Facial
soft tissues and mandibles were the tissues most often affected. Tissues within the oral cavity were
not affected at the time of presentation. A common finding, not reported in other host species
with necrobacillosis, was the presence of nondestructive mandibular proliferation.

Key words: Blue duiker, Cephalophus monticola fusicolor, Fusobacterium necrophorum,
Actinomyces (Corynebacterium) pyogenes, staphylococcal and streptococcal abscesses, case re-

ports, pathology.

INTRODUCTION

Fusobacterium necrophorum infection,
commonly called necrobacillosis, occurs in
many species and in domestic ruminants
causes infectious pododermatitis, liver ab-
scessation, necrotic laryngitis, necrotic sto-
matitis, ulcerative rumenitis and ompha-
lophlebitis (Egerton et al., 1969; Roberts
and Egerton, 1969; Berg and Scanlan, 1982;
Scanlan and Hathcock, 1983; Blood et al.,
1985; Wass et al., 1986; Whitlock, 1986).
This bacterium has been identified from
oral abscesses in white-tailed deer (Odo-
coileus virginianus) (Wobeser et al., 1975;
Rosen, 1981) and in necrobacillosis syn-
dromes found in white-tailed deer and
pronghorn antelope (Antilocapa ameri-
cana) (Wobeser et al., 1975). Oral lesions
commonly affect the tongue, oral mucosa
at the angle of the mandible, and the man-
dibular symphysis and its adjacent soft tis-
sue. The interalveolar area, premolar and
molar region, hard palate, and pharynx are
less commonly affected (Wobeser et al.,
1975). Oral necrobacillosis affects primar-

ily soft tissue, but secondary extension to
the sphenoid bones and mandible produc-
ing necrosis and osteomyelitis has been
documented (Wobeser et al., 1975; Blood
et al., 1985). Invasive lesions frequently
result in the loss of incisors, premolars or
molars. In this report, we describe the clin-
ical findings and bacterial isolates from fa-
cial and mandibular abscesses in 12 blue
duiker antelope (Cephalophus monticola
fusicolor) exhibiting atypical necrobacil-
losis.

MATERIALS AND METHODS

Between March 1987 and January 1988, fa-
cial or mandibular abscesses occurred in 12 blue
duiker antelope housed at the Deer and Duiker
Research Facility, Pennsylvania State Univer-
sity (PSU; University Park, Pennsylvania 16802,
USA). Animals were kept in 2.44 x 1.22 x 1.83
m enclosures (one male and two females per
pen, with or without nursing offspring) with
sanichip flooring on cement, covered by 12 cm
of clean grass hay. The average herd size during
this period was 75 animals. The diet consisted
of a pelleted ration (PSU formulation), quality
alfalfa hay, trace mineral salt block, and fresh
water ad libitum. All animals in the herd were
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TAaBLE 1. Signalment and clinical findings in 12 blue duiker with facial and mandibular necrobacillosis.
Body
tempera-
ture at
Animal presen-
number Sex* Age tation" Clinical signs
1 F 45yr  101.2  Abscessed left mandible, normal attitude with small drainage opening
2 F 25yr 1037  Closed abscess on right side of face involving mandible, slightly de-
pressed
3 M 1yr 103.2  Closed abscess right side of face and mandible, slightly depressed
4 M 11 mo 103.5  Closed abscess left mandible, slightly depressed
5 F 1yr 105.9  Closed right facial swelling, moderate depression
6 M 2 yr 107.3 Draining large abscess right mandible, moderate depression
7 F lyr 102.4 Right facial abscess open and draining, purulent exudate, slight depres-
sion
8 F 6 wk 103.9 Draining abscess extending from left jugular furrow up to base of left
ear, quiet attitude
9 F 5 yr 103.6  Right submandibular abscess, normal attitude, purulent exudate and
submandibular salivary fistula present
10 F 2 yr 103.9 Right submandibular abscess, normal attitude
11 F 2 yr 103 Left lower facial swelling at maxilla, slight depression
12 M 35yr 102 Right mandibular abscess, normal attitude

* F, female; M, male.
" Degrees Fahrenheit.

weighed and their temperatures recorded on a
weekly basis. Daily observations of each animal
were made by animal caretakers during routine
pen cleaning. Any animal exhibiting a facial or
mandibular swelling with or without signs of
exudate was included in the study. Pre-treat-
ment blood samples were collected from each
animal by jugular venipuncture. Complete blood
counts (CBC) and serum chemistry profiles
(Technicon SMAC 23/30, Upsher Laboratories,
Inc., Kansas City, Missouri 64106, USA), some
including sorbitol dehydrogenase (SDH) and
magnesium, were performed on each animal
prior to initiation of antimicrobial therapy.
Affected animals were weighed and the rectal
temperature recorded. Duikers were manually
restrained in lateral recumbency for collection
procedures. After aseptic preparation of the af-
fected tissue, a sterile 18 gauge needle attached
to a sterile 3 cc Monoject® (Monoject® Division
of Sherwood Medical, St. Louis, Missouri 63103,
USA) syringe was used to enter the swollen site
at its ventral midpoint to facilitate adequate
drainage and collection of aspirates for bacte-
riologic studies. After collection of the specimen
all air bubbles were expelled from the syringe
and needle, and the needle tip was inserted into
a rubber stopper to prevent the admission of air.
Specimens were immediately shipped on ice to
the laboratory (Breathitt Veterinary Center,
Murray State University, Hopkinsville, Ken-
tucky 42240, USA) in styrofoam containers.
Aspirates were cultured on 5% sheep blood

agar aerobically and anaerobically at 37 C for
up to 5 days. Direct examination of smears
stained with Gram-stain from infected tissues
was performed on all samples. Bacterial isolates
were identified based on Gram-stain reaction,
cultural characteristics, morphologic appear-
ance, and the results of standard biochemical
tests (Carter, 1984; Krieg and Holt, 1984).

Animals were given systemic antimicrobial
agents as well as local treatment of lesions based
on bacterial culture and sensitivity results, and
the degree of tissue involvement. Local therapy
included debridement, flushing with antimicro-
bial solutions and placement of drains. These
results will be reported elsewhere.

RESULTS

Twelve blue duiker antelope (both male
and female), aged 6 wk to 5 yr, had mod-
erate to severe facial or mandibular in-
flammation with purulent exudate pres-
ent. Eight (67%) of the affected animals
were <2 yr of age. All animals had tissue
swelling, slight to moderate depression, and
mild to moderate temperature elevation
(Table 1). Facial soft tissues and the bony
mandible were most often affected (Figs.
1, 2). Eight of the abscesses were on the
right side of the face or jaw. Radiographs
revealed marked fusiform thickening of
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FIGURE 1. Draining right submandibular abscess from a blue duiker with a submandibular salivary gland

fistula and extensive soft tissue necrosis.

mandibular bone; some were approxi-
mately four times normal thickness, pri-
marily in mid shaft, tapering toward both
ends with no gross abnormality of the as-
sociated dental arcade (Fig. 3). One duiker
had a submandibular salivary fistula as-
sociated with the abscess site.

Fusobacterium necrophorum was iso-
lated from eight animals, and presumptive
evidence of its presence in the other cases
was indicated by the observation of gram-
negative, beaded filamentous organisms in
impression smears from necrotic lesions. A
variety of other organisms were also iso-
lated from the lesions (Table 2). The most
commonly isolated organism was Actino-
myces pyogenes. This bacterium was pres-
ent in nine of the specimens, and was the
only bacterium isolated in three of the
cases.

Total plasma protein concentration was
elevated in all affected duiker. Neutro-
philic leukocytosis was present in one case
while other total white blood cell counts
were within normal reference range (B. L.

Roeder, unpubl. data) or exhibited a leu-
kocytosis characterized by shifts in the L:N
ratio above or below the usual 70:30 range.
The total protein and globulin concentra-
tion were elevated above normal ranges in
all cases. One animal succumbed to dis-
seminated sepsis and died. The other an-
imals responded to therapy (antimicrobial
agents and local treatment of lesions in-
cluding debridement, flushing with anti-
microbial solutions and placement of
drains), and except for remaining man-
dibular proliferation, returned to the
breeding herd and were healthy.

DISCUSSION

Epizootics of necrobacillosis have been
described in wild ungulates including rein-
deer (Rangifer tarandus), white-tailed
deer, elk (Ceruus elaphus nelsoni) and
pronghorn (Antilocapra americana) (Mu-
rie, 1930; Wobeser et al., 1975; Rosen,
1981). Overcrowding at waterholes or
feeding areas, overbrowsing, weather ex-
tremes, and introduction to pastures shared
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FIGURE 2.

by domestic livestock with footrot infec-
tions have been cited as contributing fac-
tors (Wobeser et al., 1975; Rosen, 1981;
Carter, 1984). The blue duikers affected
at our facility may have been overcrowd-
ed, especially when housed as an adult trio
with nursing offspring. However, facial and
mandibular abscesses in this herd appear
to be related to the introduction of infected
carrier animals brought to the PSU Deer
and Duiker Research Facility from another
zoological garden, coarse feed texture and
masticatory behavior. Abscesses were most
often on the right side of the face or jaw
which correlates with observed patterns of
mastication. The majority of duikers in the
herd chew with a clockwise motion in
which most of the food is kept on the right
side of the oral cavity as the mandible is
shifted (B. L. Roeder, unpubl. obs.). Fu-
sobacterium necrophorum is usually con-
sidered to be unable to penetrate the intact
mucosa (Jubb et al., 1985) and sharp or
coarse plant material such as grass awns
or forage particles are implicated as im-

A young duiker exhibiting multiple draining sites of left facial abscessation extending from
the base of the ear to the left jugular furrow.

portant in the pathogenesis of these lesions
(Murie, 1930; Rosen, 1981; Jubb et al.,
1985). Several previously affected mem-
bers of this herd had lesions which con-
tained plant material inside closed abscess-
es of the face or jaw.

Mixed populations of bacteria were
present in most lesions. The common oc-
currence of A. pyogenes and F. necroph-
orum together in the mixed infections is
supportive of the pathogenic synergism
that exists between these two organisms
(Roberts, 1967a, b; Carter, 1984; Smith
and Williams, 1984). Fusobacterium ne-
crophorum may also enhance the growth
of certain Bacteroides spp., (Price and
McCallum, 1986) apparently by produc-
ing a growth factor that provides a nutri-
tional synergy between the two organisms.

Fusobacterium necrophorum is an ob-
ligate anaerobic commensal in the alimen-
tary tract and on mucous membranes of
man and animals (Smith and Williams,
1984), and has been recognized as a patho-
gen for many years (Murie, 1930; Roberts,
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FIGURE 3. Ventrodorsal (a) and lateral (b) radiographic views of proliferative right mandibular osteo-
myelitis associated with a mixed bacterial granulomatous infection which included F. necrophorum and A.
pyogenes in a duiker showing nondestructive mandibular proliferation.
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TAaBLE 2. Results of bacterial cultures from 12 blue duiker with facial and mandibular abscesses.
Animal
number Abscess Bacterial isolates

1 Mandible A pygenes, F.* necrophorum, B.c bivius, a Streptococcus, Lactobacillus sp.

2 Mandible A. pyogenes, F. necrophorum, Staphylococcus sp.

3 Mandible A. pyogenes

4 Facial A. pyogenes

5 Facial A. pyogenes, F. necrophorum, B. bivius

6 Mandible F. necrophorum, B. bivius

7 Facial A. pyogenes, F. necrophorum, B. bivius

8 Facial A. pyogenes, F. necrophorum

9 Mandible B. intermedius, B. asacharalyticus, A.* meyeri

10 Mandible A. pyogenes

11 Facial A. pyogenes, F. necrophorum, Bacteroides sp., A. meyeri

12 Mandible F. necrophorum, B. bivius, S.© dysgalactiae

* Actinomyces.

" Fusobacterium.
* Bacteroides.

' Actinomyces.
 Streptococcus.

1967a, b; Langworth, 1977; Carter, 1984;
Smith and Williams, 1984; Jubb et al., 1985;
Price and McCallum, 1986). It can be dif-
ficult to isolate in vitro because of strict
anaerobic requirements and overgrowth
by less fastidious bacteria (Carter, 1984;
Smith and Williams, 1984). Most infec-
tions are considered to be endogenous in
origin (Carter, 1984); however, carrier an-
imals have been implicated in the spread
of this bacterium to previously uninfected
animals (Wobeser et al., 1975; Langworth,
1977; Rosen, 1981; Carter, 1984). In mixed
infections, F. necrophorum is probably the
primary invasive and necrotizing agent
that facilitates the establishment and
growth of other bacteria such as A. py-
ogenes and Bacteroides spp. in the af-
fected tissues (Roberts, 1967a, b; Lang-
worth, 1977; Smith and Williams, 1984;
Price and McCallum, 1986).

The lesions in blue duiker represent an
atypical form of necrobacillosis as com-
pared to other ungulates. Although F. ne-
crophorum can cause mandibular osteo-
myelitis in other species (Murie, 1930),
usually as a sequella to chronic bacterial
infection, it is considered to be rare in do-
mestic animals (Blood et al., 1985). The

infections in these duikers, however, often
involved the bony mandible with no prior
history of chronic infection at the site. Also,
in other species in which F. necrophorum
mandibular osteomyelitis has been con-
firmed, the lesion is nearly always a soft
tissue and bony destructive process while
nondestructive proliferation was an un-
common clinical finding (Jubb et al., 1985).
Necrobacillosis or “lumpy jaw” attributed
to F. necrophorum, Nocardia spp., Acti-
nomyces spp., or Bacteroides spp. infec-
tion in captive macropods, including red
kangaroo (Macropus rufus), eastern gray
kangaroo (M. giganteus), agile wallaby (M.
agilis) and parma wallaby (M. parma) have
been described (Butler, 1981). Lesions seen
in these macropods differ from those found
in the blue duiker, the former having an
acute disease exhibiting necrotic foci, often
containing sequestra and extensive osteo-
lysis (Butler, 1981). The initiation of man-
dibular osteomyelitis by F. necrophorum
in other species is usually attributed to
spread from adjacent periodontitis with re-
sultant loss of teeth (Murie, 1930; Wobeser
et al., 1975; Blood et al., 1985). The pri-
mary focus of oral necrobacillosis in other
animals is most commonly the tongue, oral
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mucosa at the angle of the mandible, and
the mandibular symphysis and its adjacent
soft tissue (Murie, 1930; Wobeser et al.,
1975; Rosen, 1981).

The facial and mandibular abscesses due
to F. necrophorum in blue duiker antelope
had few characteristics shared by other
species infected with necrobacillosis, ex-
cept that younger animals comprised a
large proportion of the cases (Wobeser et
al., 1975; Rosen, 1981; Jubb et al., 1985).
It is not known whether the age difference
is due to greater susceptibility of young
duikers to infection by F. necrophorum
and A. pyogenes microorganisms, or their
selection of particular portions of dried
forage in the ration causing oral cavity
injury, or some other factor. It has been
shown that circulating antibodies to F.
necrophorum do occur in adult animals
and humans who have been exposed to this
bacterium but have no overt signs of dis-
ease (Dack et al., 1938). However, exper-
imental evidence indicates that these an-
tibodies offer little or no protection against
infection (Langworth, 1977). Eruption of
teeth might provide a portal of entry for
microbes in the initiation of oral necro-
bacillosis (Cass, 1947; Wobeser et al., 1975;
Rosen, 1981). This possibility exists, but
radiographic and physical examination re-
vealed the affected region to be distal to
fully erupted teeth.
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