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Brevibacteria are Gram-positive rods found in human skin flora and dairy products. Although generally
not considered human pathogens, case reports have implicated Brevibacterium species as rare causes of
bacteremia, endocarditis, peritonitis, and osteomyelitis. We report a case of Brevibacterium tibial
osteomyelitis in an immunocompetent individual with implanted hardware and highlight the challenge
of identifying the organism and recognizing it as a potential pathogen.

© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Brevibacteria are Gram-positive rods that appear as diphtheroid
rods in cultures for the first 24 h and then transition to coccoid or
coccobacillary morphology [1]. They are found in raw milk and
contribute to the taste and scent of cheese. They are normal human
skin flora and are thought to contribute to foot odor. We report a
case of tibial osteomyelitis associated with implanted hardware in
an immunocompetent adult due to this organism.

Case presentation

A 40-year-old man with a history of extensive lower extremity
trauma two years prior requiring left leg open reduction and
internal fixation presented to the emergency department with left
ankle pain and serous drainage for two months. He had been
treated previously with oral cephalexin with no response. He was
afebrile and his vital signs were within normal limits. Physical
examination was remarkable only for a 0.5 cm open wound over
the left medial malleolus. There was no drainage, erythema or
swelling noted. Laboratory studies were performed including
complete blood count, complete metabolic panel, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and procalci-
tonin. All were within normal limits. Plain radiograph of the left
ankle showed a healed fracture of the distal tibia with intact plate
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and screws. There were no acute changes. He was discharged with
wound care instructions.

In outpatient follow-up one week later, he was found to have
expansion of the left ankle wound with profuse serous drainage
concerning for underlying osteomyelitis. He underwent incision
and drainage of the left distal tibia. Surgical exploration revealed a
purulent sinus tract from the skin to the implanted plate and
screws. All hardware was removed. Four operative cultures were
obtained; two from the wound, one from deep ankle tissue, and
one from the periosteum. Post-operatively, he received empiric
intravenous (IV) vancomycin 1250 mg every 8 h, cefepime 2 g every
8h and metronidazole 500 mg every 8h. Routine laboratory
studies were normal with the exception of an elevated CRP
that trended from 24 to 3 mg/L and ESR that trended from 9 to
17 mm/hour during the course of his hospitalization. Blood and
urine cultures were negative. Two wound cultures and one tissue
culture grew coryneform Gram-positive rods initially identified as
Corynebacterium species. Two days later, the isolate was confirmed
to be Brevibacterium species via biochemical testing (Analytical
Profile Index Coryne, bioMerieux, Marcy-I'Etoile, France), but was
unable to be identified to the species level.

The patient had decreased pain and improved wound healing
following surgery. Due to subtherapeutic vancomycin levels despite
aggressive dosing, he was changed to IV daptomycin 10 mg/kg
(750 mg) every 24 h. He was discharged home to complete a five-week
course of therapy. The susceptibility of the Brevibacterium species was
notknown at the time of discharge. Agar disc diffusion susceptibility
testing was not available at the time due to a nationwide shortage
of Mueller-Hinton agar during the coronavirus pandemic. The
isolate was sent to an external laboratory for susceptibility testing.
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Susceptibility results returned two weeks later. The isolate was
susceptible to erythromycin (MIC<0.50 pg/mL), gentamicin
(MIC < 1.0 pg/mL), penicillin (MIC 0.12 pg/mL), rifampin
(MIC < 1.0 pg/mL), tetracycline (MIC < 1.0 g/mL), and vancomycin
(MIC < 2.0 pug/mL).

Three weeks following surgery, the patient’s left tibial wound was
healing and sutures were removed. After 5 weeks of IV daptomycin
he was transitioned to oral amoxicillin 500 mg every 8h for a
planned 4 week-course of therapy. Six weeks post-operatively, his
surgical wound was well healed with no tenderness orerythema, and
ESR and CRP levels were normal.

Discussion

The genus Brevibacterium includes many species but only nine
have beenisolated from humans: B. linens, B. iodinum, B. epidermidis,
B. casei, B. mcbrellneri, B. otitidis, B. paucivorans, B. massiliense and
B. sanguinis. Brevibacterium species were thought to be apathogenic
until 1991, when the first case of sepsis due to B. epidermidis central
line-associated blood stream infection was reported by McCaughey
[2]. Since that time, at least 18 total case reports have implicated

Table 1
Summary of Brevibacterium species Infection Case Reports.
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Brevibacterium species in human disease (Table 1) [3-21]. B. casei is
the most frequent species isolated from clinical specimens [1]. The
most common infection has been bacteremia (n = 10), with the rest
of cases being peritonitis, pericarditis, endocarditis, brain abscess,
and osteomyelitis.

Reported patient characteristics vary widely. Five patients
were immunocompromised; two had acquired immunodeficiency
syndrome (AIDS) and three were receiving chemotherapy for
cancer. Others had a history of cancer, or had other systemic
diseases including Zollinger-Ellison, aplastic anemia, pulmonary
hypertension, heart failure or methylmalonic acidemia. Presence of
foreign material or central venous catheters (CVC) were common.
Most cases of bacteremia were associated with CVC. The patient
with peritonitis was receiving continuous ambulatory peritoneal
dialysis, and the patient with endocarditis had prosthetic valves.
The cases of Brevibacterium brain abscess and osteomyelitis
occurred in immunocompetent healthy patients with no apparent
predisposition [2,20].

A theme of these case reports is the challenge of recognizing the
organism is not a skin contaminant and correctly identifying it.
This often requires extensive biochemical testing or sending

Author/Year Age Comorbidities Foreign Material Type of Brevibacterium  Antibiotic Identification Technique Outcome
Infection species Therapy
McCaughey 1991 40 years Zollinger-Ellison Central catheter Bacteremia B. epidermidis** Erythromycin  Reference laboratory Recovered
(2]
Neumeister 1993 4 weeks None None Osteomyelitis Not specified Cefazolin Fatty acid analysis Recovered
[3] Oxacillin
Lina 1994 [4] 19 years Acute lymphocytic Not reported Bacteremia Not specified  Tetracycline API Coryne System and Recovered
leukemia Amikacin biochemical tests
Reinert 1995 [5] 25 years Testicular Central catheter Bacteremia B. casei Piperacillin Carbohydrate assimilation® Recovered
choriocarcinoma Teicoplanin
Kaukoranta- 46 years Hodgkins Central catheter Bacteremia Not specified Cephalexin API Coryne System and Not reported
Tolvanen 1995 lymphoma biochemical tests
(6]
Castaglona 1996 Not Neuroblastoma Central catheter Bacteremia B. casei Not reported  Reference laboratory Not reported
[7] reported
Antoniou 1997 [8] 69 years Not reported Peritoneal Peritonitis B. iodinum Cefuroxime API Coryne System and Recovered
catheter Ciprofloxacin  biochemical tests
Brazzola 2000 [9] 18 years HIV infection Implanted Bacteremia B. casei Ciprofloxacin ~ API Coryne System Recovered
central catheter
Wauters 2000 [10] 73 years Peritoneal dialysis Peritoneal Peritonitis B. otitidis Cefazolin Fatty acid analysis and Recovered
catheter Gentamicin rRNA analysis
Ogunc 2002 [11] 60 years Chronic None Bacteremia Not specified Vancomycin Reference laboratory* Recovered
lymphocytic
leukemia
Janda 2002 [12] 34 years AIDS Central catheter Bacteremia B. casei Vancomycin API Coryne System Recovered
Dass 2002 [13] No No reported Prosthetic heart Endocarditis Not specified =~ Vancomycin Not reported Recovered
reported valve Gentamicin
Azithromycin
Cannon 2004 [14] 78 years Cancer None Pericarditis B. casei Vancomycin Not reported Recovered
Vecten 2006 [15] 4 years Methylmalonic Gastric tube Bacteremia B. massilense Ofloxacin 16s rRNA analysis Recovered
acidemia
Ulrich 2006 [16] 62 years Pulmonary Central catheter Bacteremia Not specified Vancomycin Biochemical testing Recovered
hypertension Moxifloxacin
Kumar 2011 [17] 31 years None None Brain abscess B. casei Cefotaxime Biochemical testing and Recovered
Amoxicillin genetic sequencing
Bal 2015 [18] 6 years  Acute lymphocytic Central catheter Bacteremia B. casei Vancomycin MALDI-TOF Recovered
leukemia Piperacillin-
tazobactam
Magi 2018 [19] 48 years Breast cancer Implanted Bacteremia B. casei Teicoplanin MALDI-TOF Recovered
central catheter Linezolid
Asai 2019 [20] 94 years Heart failure, No Bacteremia B. paucivorans  Meropenem MALDI-TOF Died from
diabetes mellitus Tetracycline candida sepsis
Joshi 2020 [21] 6 years  Aplastic anemia Central catheter Bacteremia B. casei Meropenem MALDI-TOF Recovered
Amikacin

Abbreviations: MALDI-TOF: Matrix assisted laser desorption ionization time of flight.

API Coryne system is licensed by Bio-Merieux.
" Isolate was misidentified by API Coryne system.
™ This identification is questioned by Funke et al. [1].
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isolates to a reference laboratory for identification. Simple mass
spectrometry is not adequate for identification. Earlier identifica-
tion techniques such as the API Coryne System (bioMérieux, USA),
were reported having discrepancies or errors in identification
[10,18]. Other adjunctive tests include 16s rRNA analysis, fatty acid
analysis with gas chromatography, and degradation of casein,
tyrosine, and xanthine. Matrix-assisted laser desorption/ioniza-
tion-time of flight (MALDI-TOF) using spectra of bacterial peptides
is the most reliable newer modality of identification, but is not yet
widely available in microbiology laboratories.

Antimicrobial susceptibility testing is also a challenge. Techni-
ques most commonly reported are Etest and agar disc diffusion,
with only a few successful instances of automated microdilution
testing. Even when a MIC value is obtained, no standard break-
points exist for Brevibacterium. The most commonly used break-
points were proposed by Funke in 1996 [22]. More recent reports
used the Clinical and Laboratory Standards Institute’s recently
established breakpoints for Corynebacterium [23]. Isolates are
universally sensitive to the glycopeptides with occasional beta-
lactam resistance. These are consistent with early work by Funke,
and are why the most common empiric therapy has been
vancomycin or teicoplanin [22]. We chose to use daptomycin in
our patient due to the inability to achieve therapeutic levels of
vancomycin despite every 8-h dosing.

Conclusion

Brevibacteria can cause serious infections even in immuno-
competent individuals, especially in the presence of CVC or
implanted hardware. The presence of implanted hardware was
likely a predisposing factor in our patient. Our case highlights the
need for greater awareness of the potential pathogenicity of
Brevibacterium species, especially in patients with implanted
material, and the possibility of misidentification as apathogenic
coryneform bacteria.
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