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ABSTRACT

Background: Osteomyelitis is defined as a bone inflammation involving the cortical and medullary regions, usually caused 
by the local invasion of opportunistic microorganisms. The inflammatory reaction of bone may extend to the periosteum and 
soft tissues, compromising adjacent structures far from the initially infected foci. Different classifications of transmission 
routes, gravity levels, and tissues involved in animal and human osteomyelitis are available. In humans, the infection can 
reach bone tissue by exogenous or hematogenous pathways. This paper reports an atypical case of mandibular pyogranulo-
matous osteomyelitis in an ewe caused by concomitant Pseudomonas aeruginosa and Lactococcus raffinolactis infection.
Case: The animal presented a 1-month history of progressive mandibular enlargement refractory to conventional therapy. 
In a physical examination, an increased volume located in the ventrolateral region of the right ramus of the mandible was 
observed. Fine-needle aspiration of the lesion enabled isolation in bacteriological culture of Pseudomonas aeruginosa 
and Lactococcus raffinolactis using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-
TOF MS). Besides support care procedures and antimicrobial treatment approaches for the sheep based on in vitro tests, 
the animal died due to the severity of the clinical signs and the progressive worsening of the general health status. The 
radiographic image examination of the mandibular region revealed a severe and infiltrative periodontal reaction, with a 
predominance of a great number of neutrophils and macrophages, necrotic areas, and bone destruction, characterized his-
tologically as a pyogranulomatous rection. At post mortem examination, a large pyogranuloma was observed in the entire 
horizontal branch of the mandible as well, showing a dark yellowish content of coarse consistency, caseous appearance, 
and bone fragmentation. 
Discussion: Ovine mandibular osteomyelitis is a well-established bone inflammation involving the cortical and medul-
lary regions, characterized clinically by local enlargement, asymmetry, pain sensitivity, edema, hyperthermia, infiltrate 
caseous or suppurative material, and bone rarefaction. In the current report, 1-month history of progressive enlargement of 
the mandibular region, prostration, and weight loss in an ewe were referred. Where clinical and epidemiological features, 
bacteriological, cytological, histological, and mass spectrometry diagnostic approaches were assessed to diagnostic. Most 
reports involving the etiology of ovine mandibular osteomyelitis have been diagnosed based on classical phenotypic tests. 
Here, the concomitant identification of P. aeruginosa and L. raffinolactis infection was possible using mass spectrometry 
(MALDI-TOF), highlighting the importance of molecular methods in the diagnosis of animal diseases. In addition, the 
differentiation between Lactococcus and Enterococcus species is difficult, which could underestimate the diagnosis of 
Lactococcus species as a primary pathogen from animal diseases. We report, for the first time, a fatal case of mandibular 
pyogranulomatous osteomyelitis in a sheep caused by Pseudomonas aeruginosa and Lactococcus raffinolactis coinfection.
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INTRODUCTION

Ovine mandibular osteomyelitis is a well-
established condition related mainly to an endogenous 
route, caused by microorganisms that inhabit the oral 
microbiota [9].

The most common pathways of mandibular 
osteomyelitis in sheep include periodontal infections 
and lesions in oral mucosa secondary to ingestion of 
rough pasture or other food [2]. In turn, exogenous 
osteomyelitis in sheep results from direct contami-
nation after a traumatic condition caused by hard and 
coarse fodder, inappropriate use of jet injectors, and 
surgical and iatrogenic complications [1,8]. In cases of 
septicemia from primary mandibular osteomyelitis, the 
animals may develop secondary complications due to 
the dissemination of the pathogens, including arthritis, 
pneumonia, and meningitis.

Clinically, mandibular osteomyelitis in sheep 
is characterized by local enlargement, asymmetry, pain 
sensitivity, edema, hyperthermia, and abscesses for-
mation [2,5,9]. A progressive weight loss, prostration, 
and low body condition score have been intimately 
associated with the disease due to pain and difficulty 
in chewing food, which results in high mortality rates 
of ovine mandibular osteomyelitis [4].

Routine diagnosis of mandibular osteomyelitis 
in sheep has been based on bacteriological culture, 
cytological, histopathological, and images procedures 
[1-3].

Here, we report for the first time an atypical 
and fatal case of mandibular pyogranulomatous oste-
omyelitis-related Pseudomonas aeruginosa and Lac-
tococcus raffinolactis coinfection in an ewe, refractory 
to therapy, where clinical and epidemiological aspects, 
bacteriological, cytological, histological, and mass 
spectrometry examination were assessed to diagnostic.

CASE

A 2-year-old crossbred ewe with a 1-month 
history of enlargement of the mandibular region, pros-
tration, and progressive weight loss was referred to 
the Veterinary Medical Teaching Hospital of the State 
University of Maringá, Brazil. The animal grazed on 
native pastures, drinking water ad libitum, and its diet 
was supplemented with hay, silage, and mineral salt. 
No history of predisposing conditions or concomitant 
diseases was mentioned by the owner.

On physical examination, fever (40.2ºC), redu-
ced ruminal movements, lymphadenomegaly (subman-
dibular, parotid-auricular parotitis), and submandibular 
edema, which extended over the entire ventrolateral 
face of the right horizontal ramus of the mandible 
was observed. The lesion had a firm consistency on 
palpation, with areas of crepitus and high pain sensi-
tivity (Figure 1). Upon opening the oral cavity, fistulas 
projecting from the horizontal ramus of the mandible 
were observed, containing caseous material and bone 
fragments. A right lateral ventrodorsal and oblique 
ventrodorsal radiographic views of the mandibular 
lesion were performed.

The lesion was subjected to fine-needle aspira-
tion in duplicate to microbiological culture. A sample 
was subjected to direct Gram staining and microbiolo-
gical culture [13]. Another sample was simultaneously 
cultured on sheep blood agar (5%), MacConkey agar, 
and Sabouraud media1. The plates were incubated at 
37°C under aerobic conditions for 120 h. In addition, 
the same sample cultured in aerobic conditions des-
cribed above was subjected to culture in sheep blood 
(5%) and brain-heart infusion media, incubated at 37°C 
under anaerobic conditions for 120 h. Microorganisms 
were initially identified based on conventional pheno-
typic tests [13], whereas the conclusive diagnosis at 
the species level was based on matrix-assisted laser 
desorption/ionization time-of-flight mass spectrometry 
(MALDI-TOF MS)2 [6].

The isolates were subjected to in vitro sus-
ceptibility testing based on the disk diffusion3 method 
[7], using nine antimicrobials belonging to 7 classes 

Figure 1. Extensive edema in submandibular region (arrow) in an ewe with 
mandibular osteomyelitis-related Pseudomonas aeruginosa and Lactococ-
cus raffinolactis coinfection.
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as follows: 1) aminoglycosides  [gentamicin 10 μg], 
2) amphenicols [florfenicol 30 μg], 3) cefalosporins 
[ceftiofur 30 μg], 4) derivatives of penicillin [amo-
xicillin/clavulanic acid 30 μg, ampicillin 30 μg], 5) 
fluoroquinolones [enrofloxacin 5 μg, marbofloxacin, 
5 μg], 6) tetracyclines [oxytetracycline 30 μg], and 7) 
sulfonamides [sulfamethoxazole/trimethoprim 25 μg]. 

Given the severity of the clinical signs and 
difficulty in chewing food, the animal worsened the 
corporal condition and died. Samples of the man-
dibular lesion and bone fragments were subjected 
to microbiological culture (as described above) and 
histological examination. Fragments of the lesion and 
adjacent tissues were collected, fixed in 10% formalin, 
and histologically stained with hematoxylin and eosin.

Fine-needle aspiration subjected to Gram stai-
ning revealed the identification of gram-positive cocci 
and gram-negative bacilli.

Bacteriological and mycological cultures of 
the mandibular lesion and bone fragments revealed 
isolation of gram-positive bacilli and Pseudomonas sp. 
in aerobic conditions. These isolates were subjected 
to MALDI-TOF MS and classified at species level as 
Pseudomonas aeruginosa and Lactococcus raffinolac-
tis, respectively. No fungi or isolation of organisms in 
anaerobic conditions were obtained.

The in vitro antimicrobial pattern of P. ae-
ruginosa and L. raffinolactis revealed susceptibility 
of isolates only to the fluoroquinolones group, i.e., 
enrofloxacin and marbofloxacin, which subsidized 
the treatment of the animal with enrofloxacin4 [Kine-
tomax® - 5 mg/kg, im, SID, for 5 days].

The radiographic images revealed a severe, 
amorphous, mixed, predominantly lytic, osteoperios-
teal reaction of the body of the right mandible from the 
angular process of the mandible to the lower incisor 
region. Destruction of the cortical bone, medullary 
canal, dental alveoli, and lamina dura of all right 
mandibular premolars (Figure 2) was seen, as well as 
marked soft-tissue edema throughout the lateral and 
ventral portion of the mandible, suggestive of chronic 
pyogranulomatous osteomyelitis.

Post mortem examination showed an extensive 
abscess area in the horizontal ramus of the mandible. 
On the section surface, this area contained a dark 
yellow secretion with a caseous appearance, which 
filled the spaces of the right mandible premolars and al-
veolar region. In addition, lytic bone tissue throughout 

the mandibular extension was seen, compatible with 
the radiographic aspect (Figure 3).

Microscopically, the fragments of the lesion 

and adjacent areas revealed a necrotic lesion surroun-

ded by a mixed infiltrative population of inflammatory 

cells, particularly neutrophils, macrophages, epithelio-

id cells, and lymphocytes, as well as rosettes formed by 

bacterial colonies in the center and Splendore-Hoeppli 

Figure 2. Radiographic images of mandibula in an ewe with osteomyelitis 
caused by Pseudomonas aeruginosa and Lactococcus raffinolactis coin-
fection: A- Edema and severe lytic osteoperiosteal reaction of the angular 
process of right mandibula (laterolateral face). B- Destruction of cortical 
bone, medullar canal, dental alveoli, and lamina dura of all mandibular 
premolars (ventrolateral face).
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bodies in the periphery, surrounded by fibrous tissue. 
Also, exuberant fibrosis around foci of the lesion and 
irregular bone trabeculae were noted. Based on the 
histopathological features, the mandibular lesion was 
characterized as pyogranulomatous osteomyelitis.

DISCUSSION

Ovine mandibular osteomyelitis is a well-
established bone inflammation involving the cortical 
and medullary regions, characterized clinically by local 
enlargement, asymmetry, pain sensitivity, edema, hyper-
thermia, infiltrate caseous or suppurative material, and 
bone rarefaction [8]. In the current report, one-month 
history of progressive enlargement of the mandibular 
region, prostration, and weight loss in an ewe were 
referred. At clinical examination, regional lymphadeno-
megaly, and submandibular edema in the ventrolateral 
face of the right horizontal ramus of the mandible with a 
firm consistency on palpation were seen, as well as areas 
of crepitus, and pain sensitivity, containing caseous ma-
terial and bone fragments. These clinical features have 
been observed in similar reports of ovine mandibular 
osteomyelitis elsewhere [5,14] and Brazil [1].

The mandibular osteomyelitis in sheep is 
intimately related to the local invasion of microorga-
nisms that inhabit the oral microbiota [8]. Trueperella 
pyogenes, Escherichia coli, Pseudomonas aeruginosa, 
Fusobacterium necrophorum, Actinomyces bovis, 
staphylococci, and streptococci are the most common 
agents related to ovine mandibular osteomyelitis 
[1,4,9,15,16]. In the present report, Pseudomonas 
aeruginosa and Lactococcus raffinolactis coinfection 
is described as causing mandibular osteomyelitis in an 
ewe, detected based on MALDI-TOF MS diagnosis.

Pseudomonas species are well-known gram-
negative bacilli. These bacteria are opportunistic in 
nature, related to infections in both humans and ani-
mals, particularly in hospital-acquired infections and 
among immunosuppressed patients. The pathogen has 
been described in a set of clinical manifestations, e.g., 
osteomyelitis, otitis, cystitis, endometritis, encepha-
litis, lymphadenitis, mastitis, dermatitis, abscesses, 
pneumonia, enteritis, and septicemia [13,16,17]. The 
organism is widely found in the environment, mainly in 
the water and soil, and occasionally in plants, whereas 
in domestic animals they can be isolated from mucous 
membranes and feces [13]. Likewise, the present re-
port, Pseudomonas species, particularly P. aeruginosa, 
have been reported as a primary agent of mandibular 
osteomyelitis in sheep [1,5], which may be credited 
to oral infection secondary to contamination of water 
or feeds, due to opportunistic lifestyle of the pathogen 
and ubiquitous presence in the farm environment [13].

Lactococcus species are gram-positive faculta-
tive anaerobic cocci bacteria. The genus comprises 5 
well-known species: L. lactis, L. garvieae, L. piscium, 
L. plantarum, and L. raffinolactis. They have been 
found in mucocutaneous surfaces of humans and 
animals, including the intestine and bovine mammary 
gland, and also in plants, particularly grasses. The 
organism has been commonly used in the dairy and 
biotechnology industry for manufacturing cheese and 
other fermented foods [10,18].

Human infections by Lactococcus species have 
been reported in the last 2 decades, mainly among im-
munocompromised hosts [11], and the microorganism 
has been currently proposed as an emerging zoonotic 
pathogen [18]. Endocarditis, osteomyelitis, liver abs-
cess, septic arthritis, septicemia, cerebellar abscess, 
deep neck infection, necrotizing pneumonia, cholan-
gitis, and subdural empyema have been reported in 

Figure 3. Extensive pyogranulomatous reaction in an ewe with mandibular 
osteomyelitis-related Pseudomonas aeruginosa and Lactococcus raf-
finolactis coinfection.
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human patients [10]. Conversely, descriptions of Lac-
tobacillus infections and the pathogenicity of the agent 
to domestic animals remain unclear [12]. L. garvieae 
have seen reported as an occasional primary agent of 
different clinical manifestations in cattle, sheep, goats, 
buffalo, and pigs, and rarely in companion animals, 
horses, camels, turtles, snakes, and crocodiles [18]. To 
our knowledge, the atypical concomitant Pseudomonas 
aeruginosa and Lactococcus raffinolactis concomi-
tant infection described herein, causing mandibular 
osteomyelitis in an ewe is reported for the first time. 
Similar to P. aeruginosa, the oral infection of an ewe 
by L. raffinolactis may be attributed to ingestion of 
contaminated feed or water, since Lactococcus species 
have been found in plants, particularly grasses [10,18].

Most reports involving the etiology of ovine 
mandibular osteomyelitis have been diagnosed based 
on classical phenotypic tests [1,2,5,14]. Here, the con-
comitant identification of P. aeruginosa and L. raffino-
lactis infection was possible using mass spectrometry 
(MALDI-TOF), highlighting the importance of mole-
cular methods in the diagnosis of animal diseases [18]. 
In addition, the differentiation between Lactococcus 
and Enterococcus species is difficult, which could 
underestimate the diagnosis of Lactococcus species as 
a primary pathogen from animal diseases [18].

Previous reports of ovine mandibular oste-
omyelitis have observed an infiltrative periodontal 
reaction, with a great number of neutrophils, macro-
phages, lymphocytes, and epithelioid cells, necrotic 
areas, and bone destruction, surrounded by fibrous 
tissue that characterize a typical pyogranulomatous 
rection, which agree with the cyto- and histological 
findings of the present report.

Cytological, bacteriological, histopathological, 
and images were assessed for the diagnosis of mandi-
bular osteomyelitis in the present report, reinforcing the 

importance of a combination of methods to confirm a 
diagnosis, establish prognosis, and adopt therapy and 
control approaches [1,2,5,9].

Besides support care and antimicrobial therapy 
based on in vitro susceptibility test, the animal worse-
ned the corporal conditions and died, which is consis-
tent with similar reports of mandibular osteomyelitis 
related-Pseudomonas aeruginosa [14] probably due 
to high pathogenicity of the agent, a set of virulence 
mechanisms, and well-known multidrug resistance 
pattern of the pathogen [13].

No specific prophylactic measures are re-
commended to control mandibular osteomyelitis in 
sheep, except offering a feed of good quality to avoid 
oral lesions that could predispose the infections by 
opportunistic agents from oral microbiota or same mi-
croorganisms that may contaminate water or food [1].

Overall, we report for the first time, an atypi-
cal and fatal case of mandibular pyogranulomatous 
osteomyelitis-related Pseudomonas aeruginosa and 
Lactococcus raffinolactis coinfection in an ewe, re-
fractory to therapy, where clinical and epidemiological 
features, bacteriological, cytological, histological, and 
mass spectrometry diagnostic approaches were com-
bined to diagnostic purpose.

MANUFACTURERS
1Oxoid Company. Basingstoke, UK.
2Bruker Daltonics GmbH & Co. Bremen, Germany.
3Cefar Diagnóstica Ltda. São Paulo, SP, Brazil.
4Bayer HealthCare - Saúde Animal. São Paulo, SP, Brazil.

Acknowledgments. The authors thank the National Council 
for Scientific and Technological Development (CNPq), Brazil, 
for research productivity fellowships (PQ-1D) given to Márcio 
Garcia Ribeiro (protocol number 310345/2020-0).

Declaration of interest. The authors report no conflicts of 
interest. The authors alone are responsible for the content and 
writing of the paper

REFERENCES

	 1	 Amorim R.M., Toma H.S., Vulcano L.C., Ribeiro M.G., Fernandes S., Borges A.S., Chiacchio S.B. & Gonçalves 
R.C. 2011. Surto de abscesso mandibular por Pseudomonas aeruginosa em ovinos. Pesquisa Veterinária Brasileira. 
31(9): 747-750. DOI:10.1590/S0100-736X2011000900004.

	 2	 Antunes J.M.A.P., Almeida A.C.S., Ribeiro M.G., Amorim R.L., Hussni C.A., Listoni F.J.P. & Megid J. 2012. 
Actinomicose mandibular em ovino: Relato de caso. Arquivos do Instituto Biológico. 79: 405-409. DOI:10.1590/
S1808-16572012000300011.

	 3	 Arcaute R.M., Lacasta D., Bueso J.P, Ferrer L.M., González J.M., Villanueva-Saz S. & Ramos J.J. 2021. Compa-
rative Study of Bacterial Isolates in Ovine Mandibular Osteomyelitis and Oral Microbiota of Healthy Sheep. Applied 
Sciences. 11(9): 3925. DOI:10.3390/app11093925.



6

R.G. Motta, A.C. Martinez, O.C.M. Pereira Junior, et al. 2022. Atypical Mandibular Osteomyelitis in an Ewe Caused by 
Coinfection of Pseudomonas aeruginosa and Lactococcus raffinolactis. 	 Acta Scientiae Veterinariae. 50(Suppl 1): 840.

http://seer.ufrgs.br/ActaScientiaeVeterinariae
CR840

	 4	 Azorit C., Oya A., Tellado S., Carrasco R. & Moro J. 2012. Mandibular osteomyelitis in red deer (Cervus elaphus 
hispanicus) and fallow deer (Dama dama): occurrence and associated factors in free-living populations in southern 
Spain. Journal of Wildlife Diseases. 48(1): 77-86. DOI:10.7589/0090-3558-48.1.77

	 5	 Benito-Peña A., Peris B., Aduriz G., Martinez J. & Corpa J.M. 2010. Purulent nasomaxillary and mandibular 
osteomyelitis in sheep caused by Pseudomonas aeruginosa. The Veterinary Record. 166(4): 115-116. DOI:10.1136/
vr.b4784. 

	 6	 Chen X.F., Hou X., Xiao M., Zhang L., Cheng J.W., Zhou M.L., Huang J.J., Zhang J.J., Xu Y.C. & Hsueh P.R. 
2021. Matrix-Assisted Laser Desorption/Ionization Time of Flight Mass Spectrometry (MALDI-TOF MS) Analysis 
for the Identification of Pathogenic Microorganisms: A Review. Microorganisms. 9(7): 1536. DOI:10.3390/microor-
ganisms9071536.

	 7	 Clinical and Laboratory Standards Institute (CLSI). 2020. Performance Standards for Antimicrobial Disk and di-
lution Susceptibility Test for Bacteria isolated from Animals (CLSI VET 015). 5th edn. Wayne: CLSI, 250p. Available 
from: <https://clsi.org/standards/products/veterinary-medicine/documents/vet01s/>

	 8	 Gieling F., Peters S., Erichsen C., Richards R.G., Zeiter S. & Moriarty T.F. 2019. Bacterial osteomyelitis in ve-
terinary orthopaedics: Pathophysiology, clinical presentation and advances in treatment across multiple species. The 
Veterinary Journal. 250: 44-54. DOI:10.1016/j.tvjl.2019.06.003.

	 9	 González-Martín M., Silva V., Poeta P., Corbera J.A. & Tejedor-Junco M.T. 2022. Microbiological aspects of os-
teomyelitis in veterinary medicine: drawing parallels to the infection in human medicine. Veterinary Quarterly. 42(1): 
1-11. DOI:10.1080/01652176.2021.2022244.

	10	 Hirakawa T.F., Costa F.A.A., Vilela M.C., Rigon M., Abensur H. & Araújo M.R.E. 2011. Endocardite por Lac-
tococcus garvieae: primeiro relato de caso da América Latina. Arquivos Brasileiros de Cardiologia. 97(5): 10-110. 
DOI:10.1590/S0066-782X2011001400016.

	11	 Karaaslan A., Soysal A., Kepenekli, K.E., Yakut N., Ocal D.S., Akkoc G., Atici S., Sarmis A., Ulger T.N. & Bakir 
M. 2016. Lactococcus lactis spp. lactis infection in infants with chronic diarrhea: two cases report and literature review 
in children. The Journal of Infection in Developing Countries. 10(3): 304-307. doi:10.3855/jidc.7049. 

	12	 Mansour B., Habib A., Asli N., Geffen Y., Miron D. & Elias N. 2016. A Case of Infective Endocarditis and Pulmonary 
Septic Emboli Caused by Lactococcus lactis. Cases Reports in Pediatrics. 1024054. DOI:10.1155/2016/1024054. 

	13	 Quinn P.J., Markey B.K., Leonard F.C., Fitzpatrick E.S., Fanning S. & Hartigan P.J. 2011. Laboratory diagnosis 
of bacterial disease. In: Veterinary Microbiology and Microbial Disease. 2nd edn. Oxford: Blackwell Science, pp.143-
148.

	14	 Rasooli A., Nouri M., Esmaeilzadeh S., Ghadiri A., Gharibi D., Javaheri Koupaei M. & Moazeni M. 2018. 
Occurrence of purulent mandibular and maxillary osteomyelitis associated with Pseudomonas aeruginosa in a sheep 
flock in south-west of Iran. Iranian Journal of Veterinary Research. 19(2): 133-136.

	15	 Ribeiro M., Belotta A. & Fernandes M. 2011. Citologia aspirativa no diagnóstico da linfadenite em ovinos. Pesquisa 
Veterinária Brasileira. 31(10): 839-843. DOI:10.1590/S0100-736X2011001000002.

	16	 Ribeiro M.G., Risseti R.M., Bolaños C.A.D., Kaffaro K.A., Morais A.C.B., Lara G.H.B., Zamprogna T.O., Paes 
A.C., Listoni F.J.P. & Franco M.M.J. 2015. Trueperella pyogenes multispecies infections in domestic animals: a 
retrospective study of 144 cases (2002-2012). Veterinary Quarterly. 35(2): 1-6. DOI:10.1080/01652176.2015.1022667. 

	17	 Tanaka E.M., Ribeiro M.G., Megid J. & Listoni F.J.P. 2002. Tris-EDTA no teste de sensibilidade antimicrobiana in 
vitro em amostras de Pseudomonas aeruginosa. Arquivo Brasileiro Medicina Veteterinária e Zootecnia. 54(3): 331-
334, DOI:10.1590/S0102-09352002000300020. 

	18	 Thiry D., Billen F., Boyen F., Duprez J.N., Quenault H., Touzain F., Blanchard Y., Clercx C. & Mainil J.G. 2021. 
Genomic relatedness of a canine Lactococcus garvieae to human, animal and environmental isolates. Research in 
Veterinary Science. 137: 170-173. DOI:10.1016/j.rvsc.2021.04.032.

https://clsi.org/standards/products/veterinary-medicine/documents/vet01s/

