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ABSTRACT:  Mandibular osteomyelitis in free-ranging cervids is a rare, but eventually fatal,
disease. We examined 41,895 defleshed mandibles of roe deer collected throughout Slovenia in
2007. Mandibles from 14,679 fawns had no signs of osteomyelitis, and were excluded from further
analysis. Of the remaining 27,216 specimens, chronic osteomyelitis (“lumpy jaw”) was found in 113
mandibles (4.2%; 7.0% of adults). The majority of cases were observed from the Mediterranean
and subalpine regions, near larger cities and thermal power plants. There was no statistically
significant correlation between severity of the mandibular osteomyelitis and body weight. Females
were more frequently affected than males. Coarse and abrasive food, and to some extent dental
fluorosis, are the most probable triggers for development of lesions.

Key words:  Capreolus capreolus, epidemiology, fluorosis, geographic, lumpy jaw, mandib-
ular osteomyelitis, roe deer, Slovenia.

INTRODUCTION osteomyelitis with bone remodeling that

_ sometimes includes surrounding soft tis-

Most confirmed cases of chronic pyo- 0 cellulitis, causing a visible facial
granulomatous osteomyelitis of the man- . t5ur disturbance. The term does not
dibula (less commonly the maxilla) in explain the underlying etiology or patho-
domestic cattle and sheep are caused by genesis, and may include mandibular or
bacteria of the genus Actinomyces. Other  qental anomalies with or without osteo-
causes of the disease may include myelitis. Chronic inflammation of the
Arcanobacterium (formerly Corynebacte- axillar or mandibular bone appears
rium) pyogenes and Fusobacterium necro- initially in the form of small nodules
phorum (Wobeser, 2001). Although Acti- composed of centrally located bacteria
nomyces bovis is the most commonly gyrrounded by leukocytes, fibroblasts,
reported etiologic agent, multiple infec- plasma cells, giant cells, and connective
tious agents have been reported as causes tissue (Cvetni¢, 2002). The presence of
of mandibular osteomyelitis (Roeder et al.,  hacteria, leucocytes, and suppurative pro-
1989; Carter and Wise, 2004). Carek et al.  cesses results in the formation of pus and,
(2001) reported that, in humans, infec- with time, leads to the formation of
tions from multiple etiologic agents are fistulae. The spread of the infection
the rule rather than exception. Thus, throughout the bone with bone lysis and
bacteriologic analyses are generally re- remodeling leads to the formation of
quired prior to final diagnosis. expanding, pus-filled cavities resulting in
Although infections are mainly localized a characteristic macroscopic appearance
in bone or parenchymal organs, general- of the affected region. The bone pathology
ized infections have been described may also be associated with diffuse soft-
(Turnquist and Fales, 1998). “Lumpy tissue cellulitis, which may be distant from
jaw” is a frequently used descriptive but the area where the bacteria entered the
nonspecific term for chronic mandibular soft tissues (Fagan et al., 2005). In the
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initial stage there are no obvious clinical
signs; however, in the chronic event, the
effects of the processes with damaged
alveolar bone and displaced teeth are
painful and may disturb mastication (Cvet-
ni¢, 2002) and lead to death (Aguirre et al.,
1999; Mainar-Jamie et al., 2007).

Among wild ungulates, lumpy jaw-—
like and other suppurative lesions caused
by bacteria of the Actinomyces and
Arcanobacterium genera have been re-
ported in white-tailed deer (Odocoileus
virginianus; Rosen and Holden, 1961;
Howe, 1981; Davidson et al., 1990;
Mainar-Jaime et al., 2007), moose (Alces
alces; Howe, 1981), European reindeer
(Rangifer tarandus; Leader-Williams,
1980), wild sheep (Ovis spp.; Hoefs and
Bunch, 2001), pronghorn (Antilocapra
americana; Howe, 1981), blue duiker
(Philantomba monticola; Roeder et al.,
1989), Alpine ibex (Capra ibex; Fagan et
al., 2005), and chamois (Rupicapra
rupicapra; Radaelli et al., 2007). For
roe deer (Capreolus capreolus), lumpy
jaw may represent an important cause of
mortality (0.6% of 985 samples; Aguirre
et al., 1999). However, the majority of
previous reports on the presence of
lumpy jaw or chronic mandibular oste-
omyelitis in free-ranging ungulates are
incidental, and systematic surveys of the
prevalence and spatial distribution of
the disease are scarce. In addition, there
is a lack of data on the influence of
environmental factors on the prevalence
of mandibular osteomyelitis in free-
ranging ungulates, as well as the influ-
ence of the disease on the health of
individuals and populations.

In Slovenia, mandibles from all free-
ranging ungulates shot during the hunting
season or killed for any other reason (e.g.,
road mortality, predation, disease) are
collected for management and control
purposes. Annually, mandibles from about
40,000-45,000 roe deer, 5,000-7,000 red
deer (Cervus elaphus), 8,000-10,000 wild
boar (Sus scrofa), and 100-200 fallow deer
(Dama dama) and mouflons (Ovis ammon

musimon) are collected. The research
potential of this collection has not been
explored. Our aims were to 1) define the
prevalence of mandibular osteomyelitis in
roe deer mandibles collected throughout
Slovenia in 2007, 2) plot the spatial
distribution of mandibular osteomyelitis
in roe deer in Slovenia, and 3) compare
the frequency of mandibular osteomyelitis
in roe deer by sex and age class.

MATERIALS AND METHODS

In total, 41,895 mandibles from roe deer
were collected throughout Slovenia in 2007
during the annual inspection of the hunting
management areas. All mandibles were used
as part of various biomonitoring and dental
pathology studies. Following Slovenian legis-
lation, usually only the left side of the
mandible was collected; in cases when chronic
osteomyelitic lesions were present on the right
side, the complete mandible was submitted for
study. Mandibles were boiled, defleshed,
cleaned, dried, individually labeled, and stored
in plastic bags.

Each sample was accompanied with data
about origin and gender. Age was determined
according to criteria of Wagenknecht (1984),
and the animals were categorized as fawns
(<1 yr), yearling (1 yr), young (2-4 yr),
middle-aged (5-7 yr) and older adults
(=8 yr). Each mandible was thoroughly
examined visually for the presence of bone
and dental lesions. All mandibles with visible
local extensive lesions indicative of lumpy jaw
were separated and graded (1 to 5 in
increasing order of severity) according to the
macroscopic appearance and size of the
affected area.

Mandibles were carefully inspected for any
dental anomalies or pathologies, variations in
size and shape, periodontal disease, and
diseases and injuries of dentary bone. Mandi-
bles were separated into groups by pathology
type and by hunting management district
(HMD). Criteria used to divide mandibular
osteomyelitis according to the severity of
lesion were size of the affected area, effect
on the adjacent teeth, and destructive nature
of the lesion. Some mandibles were subjected
to radiographic analysis (settings 41 kV,
2.8 mA), using lateral and dorsoventral pro-
jections. Differences in the prevalence of bony
lesions were compared among HMDs using
chi-square (%%) tests using STATISTICA
version 8.0 (Statsoft, Inc., Tulsa, Oklahoma,
USA).
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RESULTS

Visual inspection of roe deer mandibles
revealed localized mandibular widening
with periosteal new bone formation with
characteristic cavitations and exostoses
(Fig. 1), identified as mandibular osteo-
myelitis. X-ray analysis of selected mandi-
bles showed, depending on the severity of
lesions, shallow attachment of premolars
and molars in their sockets (horizontal
bone loss indicating periodontitis), and the
creation of exostoses on the periosteum
with characteristic irregular spongiform
appearance of the mandible (Fig. 2).

Table 1 summarizes the prevalence of
actinomycotic lesions in the mandibles of
roe deer collected in Slovenia in 2007 by
HMD. Of 41,854 samples, characteristic
mandibular lesions were found only in
yearlings and older age classes; 14,679
fawns were excluded from further analy-
ses. Mandibular osteomyelitis was present
in 113 of 27,216 remaining mandibles,
representing 4.2% of all animals (includ-
ing fawns) or 7.0% of adults.

Lesions were detected in samples from
throughout Slovenia; the highest occur-
rence was in the sub-Mediterranean and
alpine regions (Fig. 3). Western Slovenia
had the highest prevalence of mandibular
osteomyelitis. The areas with Mediterra-
nean ecosystems appeared to have a
higher prevalence than those HMDs with
typical continental climates (e.g., Zahodno
visoko krasko with a prevalence of 8.5%
versus the northeastern Slovenia HMD
Pomursko with a prevalence of 1.9%).
However, a high prevalence of bony
lesions was also recorded near a large
aluminum plant (Kidri¢evo, northeastern
Slovenia), near thermal power plants, and
near larger cities (i.e., Kranj, Maribor;
Fig. 3). Statistically significant differ-
ences in prevalence were found among
HMDs: Gorenjsko vs. Novomesko
(x*=4.906; P=0.02), Primorsko vs. Po-
mursko (x*=4.957; P=0.02), and Zahodno
visoko krasko vs. Pomursko (%>=8.98;
P=0.002), Slovensko-Gorisko (x*=5.18;

P=0.02), Kocevsko-Belokranjsko (3=
3.95; P=0.04), Posavsko (y*=4.65; P=
0.03), and Savinjsko-Kozjansko (x*>=7.21;
P=0.007).

Most infected jaw bones were from
young and middle-aged adults, followed
by older adults. There was no apparent
relationship of age and severity of man-
dibular lesions. Grade 1 (n=>56) and 2
(n=234) lesions were most common. Over-
all, females appeared to be more fre-
quently affected than males (Fig. 4).
Eleven mandibles without data on loca-
tion, sex, or weight were not included in
Figure 4.

There was no clear relationship be-
tween the degree of lesion and average
weight of the animals from different age
classes; small sample sizes in some cate-
gories precluded making statistical com-
parisons.

DISCUSSION

The family Actinomycetaceae comprises
five genera, of which Actinomyces, Acti-
nobaculum, and Arcanobacterium are
important in veterinary medicine (Nagli¢
et al., 2005). The remaining two genera
include Varibaculum and Mobiluncus
(Schaal et al., 2006). Chronic pyogranulo-
matous osteomyelitis of the mandible, and
less frequently the maxilla, can be caused
by Actinomyces bovis, Actinomyces israe-
lii, and Actinomyces viscosus. These mi-
croorganisms are a normal part of the oral
flora in humans (Sutter, 1984) and other
animals (Sgrum and Sunde, 2001), and are
found as commensals in the oral and nasal
mucosa, on tooth surfaces, and in the
digestive and genital system. Infections
with these organisms are usually opportu-
nistic and can occur as a result of injured
mucosa, most frequently due to sharp bits
of vegetation or food impaction in the
periodontal area. Horizontal transmission
of the infection may occur via bite
wounds. One cause of injury to the oral
mucosa is abrasives in food. Our results
support these tenets in that majority of the
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Ficure 1. Roe deer mandibles. Characteristic external macroscopic appearance of mandibular
osteomyelitis, sorted according to severity of lesions (1-5). (1) A circumscribed area of bone undergoing
destruction and osteogenesis, thickening of mandible on the area of one or two teeth, normal contour of
mandible preserved; (2) enlarged area of mandibular widening covering area of three teeth, loss of normal
contour, moderate periodontitis; (3) gross thickening of mandible on area of four teeth, advanced
periodontitis; periosteal reaction and bone widening along entire teeth row, marked cavities indicate position
of pockets of pyogranulomatous exudates; (4) marked enlargement of the mandible involving the complete
teeth row, advanced periodontitis; (5) two photographs showing excessive periosteal proliferation with
necrosis and loss of bone affecting the complete body of the mandible; teeth are loose and misplaced,

advanced periodontitis.

osteomyelitic samples were found in the
sub-Mediterranean and alpine regions
(Fig. 3). Both regions have karst habitats
(landscape consisting of soluble bedrock
of mainly calcium or magnesium carbon-
ate with limited surface water due to
subterranean drainage). Karst habitats are
rich in abrasive sandy or gravel substances
that are frequently ingested with plants,
leading to increased tooth wear and an
elevated risk of periodontal disease (Glaze
et al., 1982).

Host factors that lead to increased

susceptibility of the periodontium to
disease could also facilitate the spread of
the bacteria to soft tissues and bone.
Dental fluorosis with increased tooth wear
is a possible explanation for the increased
occurrence of actinomycosis. Dental fluo-
rosis causes increased porosity of subsur-
face enamel due to fluoride-induced
impairment of clearance, mainly of ame-
logenin, during enamel maturation. Severe
fluorosis will result in rapid tooth wear.
Schultz et al. (1998) described the en-
largement of interdental gaps with rapid
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FiGure 2.
<)ste()myelitis, lateral and dorsoventral projections
showing shallow attachments of premolars and
characteristic spongiform appearance. Note osteolyt-
ic pattern with darker areas representing areas of

Radiographs of mandible affected by

bone lysis and formation of well-defined cavities
surrounded by new and sclerotic bone that appears
as lamellated, thin, radiolucent bands. The bone
margin is ill defined. The remaining part of the
mandible appears to be of normal density.

dental attrition in red deer with fluorosis.
Gap creation was enhanced by periodon-
titis, horizontal bone loss, root exposure,
and tooth fracture. In all these cases,
injury to the gingiva by impaction of
forage or sharp-edged crowns of the
antagonist tooth could result in infection.
The frequent mandibular osteomyelitis
observed in hunting grounds around the
aluminum smelter is likely the conse-
quence of fluoride pollution, which causes
moderate to severe dental fluorosis of roe
deer in this region (Jelenko et al., 2010).
Disturbances of tooth eruption, such as
persistent deciduous premolar and conse-
quent difficult eruption of the permanent
tooth, as observed in our study, can result

in a slight rotation of the erupting tooth
and consequent enlargement of the inter-
dental gap (D. Konjevié, unpubl. data).
This interdental area is larger for P4 and
M1, where neighboring dental surfaces
are small. These interdental areas are a
predisposing factor for food packing and
injuries of the soft tissues. Mandibular
osteomyelitis may also result from dental
abscess drainage and erosion into the
alveolar bone, followed by spread of
inflammation of the mandible and second-
ary abscess and sinus tract formation over
the jaw. In addition, different forms of
traumatic impact can result in contamina-
tion of the soft tissues with oral bacteria.
In some cases, the cause may be a
combination of these factors.

Similar to findings by Hoefs and Bunch
(2001), we did not observe that actinomy-
cosis increases with age of the animal in
individuals with finalized teeth formation
(adults). As most cases were young adults
(ca. 2 yr), we speculate that one of the
predisposing factors is the replacement of
deciduous dentition, which, in roe deer,
occurs at the age of 12-14 mo. Permanent
molars erupt approximately at the ages of
2 mo, 6 mo, and 10 mo. The last deciduous
tooth to be replaced is the three-cusped
fourth premolar. The higher occurrence of
mandibular osteomyelitis in young and
middle-aged adults could explain the
lower incidence in older deer, as actino-
mycosis is a slowly developing disease that
takes several years to cause death. There-
fore, the young animals that develop such
mandibular lesions probably will not
survive to an old age; in roe deer this
may be an important mortality factor
(Aguirre et al., 1999).

We observed a higher incidence of
mandibular osteomyelitis in females.
Hoefs and Bunch (2001) found the same
sex-dependent distribution in wild sheep.
As a possible explanation they gave sex-
dependent differences in range use strat-
egies; females, especially when accompa-
nied by fawns, preferred secure familiar
territories. Such territories support large
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TaBLE 1.
(Capreolus capreolus) in Slovenia.

Prevalence of mandibular osteomyelitis in different hunting management districts in roe deer

No. of Mandibular osteomyelitis
HMD*" No. HMD name mandibles” (n; % in parentheses)

1 Novomesko 1,291 3 (2.3)
2 Gorenjsko 2,755 12 (4.4)
3 Kocevsko-Belokranjsko 1,752 6 (3.4)
4 Notranjsko 1,465 8 (5.5)
5 Primorsko 2,096 13 (6.2)
6 Pohorsko 2,247 11 (4.9)
7 Posavsko 1,674 5 (3.0)
8 Pomursko 2,136 4 (1.9)
9 Savinjsko-Kozjansko 2,807 8 (2.9)
10 Slovensko-Gorisko 1,547 4 (2.6)
11 Triglavsko 941 4 (4.3)
12 Zahodno visoko krasko 1,999 17 (8.5)
13 Zasavsko 1,428 7 (4.9)
14 Kamnisko-Savinjsko 1,263 4 (3.2)
15 Ptujsko-Ormosko 1,815 7 (3.9)
Total 27,216 113 (4.2)

* HMD = hunting management district.

» The number of mandibles includes the total number of roe deer (excluding fawns), shot or found dead in specific HMD.

numbers of animals and, due to overgraz-
ing and heavy use of the food resources,
may contain scarce and less-palatable,
coarse food. This hypothesis is not partic-
ularly applicable for roe deer in Slovenia

Austria

Croatia

Ficure 3.

because these animals are territorial dur-
ing periods of vegetative growth, living in
small groups comprising mother and
fawns (sometimes accompanied by female
yearlings).

Hungary

Number of cases in
a hunting ground

D HMD borders

\I-\\ AFTK - Aluminium Factory (Talum Kidri¢evo)
s STPP - Sostanj Thermal Power plant
TTPP - Trbovlje Thermal Power plant

Distribution of mandibular osteomyelitis in roe deer, collected in hunting grounds of Slovenia

in 2007. Numbers represent hunting management districts (Table 1). Note position of aluminium producer

and thermal power plants.
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yearling young

middle-aged old

Ficure 4. Distribution of mandibular osteomy-
elitic lesions in mandibles of roe deer collected in
Slovenia in 2007 according to age and gender
(yearling=1 yr; young=2-4 yr; middle-aged=5-7 yr;
old adults=8 yr).

The bony lesions observed in this study
frequently result in death of the animal.
However, our results suggest that, until its
terminal stage with severe tooth displace-
ment, tooth loss, accompanying pain, and
decreased food intake, the actinomycotic
lesion does not influence body weight, a
coarse indicator of health (Table 2). The
slight decrease in body weight after the

TaABLE 2.
degree of mandibular osteomyelitis lesions.

age of 7 yr may be attributable to age-
related decrease in overall health rather
than solely to the influence of the
mandibular lesion.

In conclusion, mandibular osteomyelitis
is a rare condition with low apparent
impact on the survival of free-ranging
roe deer in Slovenia. Environmental
factors and pollution are factors that may
increase the occurrence of mandibular
osteomyelitis. Given the low frequency of
the condition, its apparently negligible
influence on the health of populations,
and the difficulties involved with captur-
ing and treating free-ranging animals, we
believe that treatment is not needed and is

highly dissuaded.
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=8 14.8 16.0 13.5 3
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=8 18.5 21.5 15.0 4
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24 17.3 19.0 16.5 3

5-7 19.0 19.0 19.0 2

=8 12.0 12.0 12.0 1

4 1 0 0 0 0
24 16.3 19.0 17.0 3
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=8 13.0 13.0 13.0 1

5 1 0 0 0 0
24 20.0 20.0 20.0 1

5-7 0 0 0 0

=8 14.0 14.0 14.0 1
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