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ARTICLE INFO Abstract

Background: Bacillus are Gram-positive, primarily aerobic, rod-shaped and spore-
forming bacteria. Ubiquitary in environment, infections with Bacillus are known to occur 
after open fractures but are rarely described after internal fixation of closed fractures. 
Based on a case of implant-related infection of the proximal femur with Bacillus spp after 
internal fixation, we report on the associated diagnostic and therapeutic challenges.

Methods: Case report with review of the essential features.

Results: A 74-year-old male suffered a pertrochanteric fracture of the femur due to 
a low energy fall. Internal fixation was performed with a cephalomedullary nail. Three 
debridements were performed for postoperative wound oozing before infection with 
Bacillus spp was detected. Insufficient sampling with misinterpretation and empiric 
antibiotic treatment delayed proper diagnosis. One-stage implant exchange, local 
application of antibiotic-loaded calcium sulphate, combined with systemic antibiotic 
treatment, healed the infection and the fracture. Due to possible spore formation, the 
antibiotic treatment was maintained for a total of six months. No recurrence of the 
infection was observed, now over two years later.

Conclusion: Orthopaedic or trauma implant-related infections with Bacillus spp 
are reported rarely, except after open fractures. It usually presents with large seroma, 
recurrent hematomas or wound oozing. Whenever revising an implant, proper sampling 
with four to six biopsies is recommended, to avoid misinterpretation and subsequent 
wrong management, as low virulence microorganisms may cause local infection with 
few or subtle clinical signs only. Extended duration of antibiotic treatment should be 
considered for sporulating bacteria, with the aim of reducing the risk of late recurrence.

Case Report 
A 74 years old male, known for chronic alcohol abuse, suffered 

a trochanteric fracture of his left femur following a low energy 
fall (Figure 1A). Internal fixation with a long cephalomedullary 
nail (Proximal Femoral Nail Antirotation, DePuy Synthes, Zuchwil, 
Switzerland) and subtrochanteric cerclage wires was performed 
within 24 hours (Figure 1B). The patient was discharged home 
on the 6th day after surgery, fully weight-bearing with crutches. 
The further initial postoperative course was uneventful. However,  

 
five weeks postoperatively the patient had to be readmitted, due 
to local swelling and wound oozing, associated with elevated 
white blood count (WBC, 11.4 G/l) and CRP (68 mg/l). The body 
core temperature was normal. Due to a tonsillitis, an antibiotic 
treatment with amoxicillin/clavulanate orally had been started 
four days before by his general practitioner. A wound revision 
was performed on the day of admission including debridement, 
irrigation and primary wound closure. Two deep tissue biopsies 
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were sampled for microbiological workup (aerobic and anaerobic 
cultures, including enrichment broth, with 14 days incubation). All 
the hardware was retained. Postoperatively, amoxicillin/clavulanate 

was administered parenterally. Due to persistent wound secretion 
and persistent elevation of the inflammatory parameters, wound 
revision was repeated five and nine days later.

Figure 1: Picture A shows the initial trochanteric fracture of the left femur after a low-energy fall. Internal fixation with a 
subtrochanteric cerclage and a long cephalomedullary nail was performed urgently (Figure B). Due to an implant-related 
infection with Bacillus spp, debridement, nail-exchange, application of local antibiotics with calcium sulphate pellets loaded 
with vancomycin, and refixation of the greater trochanter with wire cerclages was performed (Figure C). After 5 months, 
breakage of the cranial cerclage and secondary dislocation of the greater trochanter was seen (Figure D). The patient however 
complained only of minimal left sided hip pain. 

Three, respectively two microbiological tissue biopsies were 
sampled on these occasions. Bacillus spp was detected for the first 
time in two of two samples from the third debridement, whereas 
all the previous samples failed to detect any microorganisms 
at all. However, these positive samples had been discarded as 
contamination and the antibiotic treatment was discontinued.  The 
patient was discharged nine days after the last operation, despite 
persisting minor secretion from the former suction drain port. 
The wound from the surgical approach presented dry without any 
signs of wound healing disturbances. At discharge, leucocytes had 
normalized, but the CRP remained elevated at 77 mg/l. However, 
three days after discharge, the patient had to be readmitted with 
a breakdown of the wound with serous discharge. The WBC was 
elevated again, at 10.2 G/l, and the CRP had increased to 101 
mg/l, but there was no elevated temperature. Another revision 
was performed the same day, with debridement, removal of the 
cerclage, and drainage. Intraoperatively, three biopsies had been 
sampled for microbiological workup, but this time before any 
interfering antibiotic treatment. Intravenous antibiotic treatment 
with amoxicillin/clavulanate was re-established postoperatively. 

One tissue sample showed growth of Bacillus spp. Now the 
infection was diagnosed, integrating the results from the previous 
revisions, with Bacillus spp being identified in three separate 
samples, fulfilling even the more rigorous historical diagnostic 
criteria for low-virulence implant-associated infections [1]. MALDI-
TOF identification could not differentiate between B. cereus 
and B. thurigensis. Antibiotic resistance was identified against 
penicillin only, but no other antibiotic drug. In the presence of an 
implant-associated infection more than six weeks after the initial 
fracture stabilization, retention of the implants was considered 
inappropriate. Thus, a single-stage nail exchange with a meticulous 

debridement and reaming of the femoral medullary cavity was 
performed. The greater trochanter was refixated with several 
cerclage wires. Furthermore, two resorbable bead kits of calcium 
sulphate pellets (Osteoset standard cure 25 cc, Wright Medical, 
Arlington, TN, USA) loaded with 4 g vancomycin in total, were 
placed in the wound cavity around the implant as local antibiotic 
application (Figure 1C) [2-4]. 

This time, six biopsies for microbiological workup, and 
additional biopsies for histology, were sampled. Despite ongoing 
antibiotic treatment with amoxicillin/clavulanate, Bacillus spp 
was identified again in one sample. Antibiotic treatment was 
continued orally with levofloxacin, following recommendations 
from consulting infectious diseases specialists. Postoperatively, 
the inflammatory parameters normalized within a few days. 
Mobilization with partial weight bearing was uneventful. The 
patient was discharged one week after the last operation, despite 
persistent slight serous secretion of the wound. One week later, 
the wound presented inconspicuous and dry, allowing then the 
administration of rifampin in addition to levofloxacin. This addition 
was made with the intention to enhance treatment efficacy, as 
a particularly low minimal inhibition concentration (MIC) was 
identified for this antibiotic agent. Six weeks after the last revision, 
signs of periostal callus formation were noticed on conventional 
radiographies. The rifampin treatment had prematurely been 
stopped by the patient due to considerable gastrointestinal side-
effects and weight loss.

At follow-up three and five months after nail exchange, there 
were no clinical signs of infection and the inflammatory parameters 
(WBC and CRP) were at normal levels. Conventional radiographies 
showed a rupture of the cranial cerclage wire, with secondary 
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displacement of the greater trochanter (Figure 1D). Consolidation 
of the fracture however progressed well, so that full weight bearing 
was allowed at the follow-up consultation three months after nail 
exchange. The systemic antibiotic treatment with levofloxacin was 
maintained for a total of six months postoperatively.  After one 
year, follow-up radiographs showed implant failure with a broken 
distal locking screw and non-union of the intertrochanteric fracture 
zone. Later on, the patient complained of increasing hip pain. 
Conventional radiographies and a computed tomography revealed 
progressive osteoarthritis of the hip, osteonecrosis of the femoral 
head in the main weight-bearing area, and a non-union of the 
trochanteric region (Figure 2A).  Thus, total hip arthroplasty (THA) 
became necessary. Preoperative aspiration of the hip revealed 

no bacterial growth. The cephalomedullary nail and the cerclage 
wires were removed and THA performed through a transfemoral 
approach (Figure 2B) [5]. Only the usual perioperative antibiotic 
prophylaxis with cefuroxime was administered. Intraoperative 
tissue sampling was performed for microbiological workup and 
histology. No microbial growth was detected. The postoperative 
recovery was uneventful.  At the last follow-up examination, two 
years after THA, the patient was pain free with an insufficiency 
of the hip abductors and a non-union of the greater trochanter. 
However no recurrence of infection was seen (Figure 2C & 2D). 
Informed consent for publication of anonymised health-related 
data was obtained from the patient. 

Figure 2: Picture A shows the development of osteoarthritis and an osteonecrosis of the femoral head during follow-up. Due 
to increasing left sided hip pain, total hip arthroplasty (THA) was performed, through a transfemoral approach and with a 
modular stem (Figure B). Follow-up radiographies showed a delayed consolidation of the greater trochanter (Figure C). At the 
last follow-up examination, 2 years after THA, the patient was pain free, but an insufficiency of the hip adductors and a non-
union of the greater trochanter persisted (Figure D). There were however no signs of recurrence of infection.

Discussion
We present a case of an implant-related infection with Bacillus 

spp after internal fixation of a closed trochanteric fracture with a 
cephalomedullary nail. To the best of our knowledge, this is only the 
second case reported in the literature showing a bacillus infection 
after surgical treatment of a closed fracture [6]. Infections with low 
virulence microorganisms, such as Bacillus spp, may be difficult 
to identify and may also be misinterpreted as contaminants [1,2]. 
Therefore, it is crucial to have an adequate and well-established 
diagnostic approach if implant-related infection is to be suspected. 
The procedure was not optimal in this case, and this hampered 
proper diagnosis and treatment. The current recommendations are 
reviewed, focusing on elementary steps in diagnostics that would 
permit to perform better. Bacillus spp are Gram positive, primarily 
aerobic, rod-shaped and spore-forming bacteria, which are widely 
spread in the environment and mostly found in the soil [7]. The 
spores are formed within the mother cell compartment, and they are 
extremely resistant to most environmental stress factors [8]. They 
are released when the mother cell lyses [8]. Spore resistance and 

dormancy is due to particular structure and components, such as an 
exosporium, an interspace and a coat layer, which are not found in 
growing cells [8-11]. Most Bacillus spp produce necrotizing toxins 
(cereolysin) and mimic the effect of staphylococcal and clostridial 
toxins [12].  Therefore, they can induce food poisoning, but are 
identified more frequently in osteomyelitis, bacteremia, pneumonia, 
endocarditis and meningitis, especially in immunocompromised 
patients [12]. Osteomyelitis caused by Bacillus spp is known to 
occur after open fractures, as this microorganism is ubiquitously 
present in the soil [7,12,13]. Most Bacillus spp however are 
of low virulence and are mostly discarded as non-pathogenic 
contaminants in clinical samples [2]. In presence of an implant, a 
detailed analysis of results is necessary before such conclusions can 
properly be drawn. An exception is B. anthracis, which might cause 
necrotizing and fulminant infections, particularly when airborne. In 
our case, both samples taken at the third revision showed growth 
of Bacillus spp. This was misinterpreted as contamination by the 
laboratory, considering only each sample individually. The patient 
was immunocompromised to a certain degree due to chronic 
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alcohol abuse, which represents a known risk factor [12]. Even if 
the clinical signs were inconspicuous, postoperative wound oozing 
after implant-surgery should already alert the treating physician 
[2]. To ensure a better interpretation of the microbiological findings, 
proper sampling is crucial. Four to five tissue biopsies should be 
sampled in immediate proximity to the implant for microbiological 
analysis [14-16]. 

Tissue biopsies provide a higher sensitivity and specificity 
than swab cultures, particularly for detecting microorganisms 
of low virulence [16,17]. Prolonged incubation on various media 
under aerobic and anaerobic conditions is crucial to identify 
fastidious microorganisms, which might be present in implant-
related infections [14,18,19].  Whenever possible, antimicrobial 
therapy should be withheld for at least 2 weeks before sampling 
[2,20,21]. In our case, empirical antibiotic treatment interfered 
with microbiological workup and should not have been started 
preoperatively before sampling. Identification of phenotypically 
identical microorganisms in two or more samples is sufficient to 
diagnose infection [1,14,21]. Histology is very useful for a better 
differentiation between contamination and infection [22,23]. 
Granulocyte quantification thresholds have been defined for both 
periprosthetic joint infections and fracture-related infection, but 
technical specificities have to be considered for appropriate counts 
[22,23]. As surgery induces acute granulocytic inflammation, 
sampling has to be performed at the first revision, to avoid false 
positive results.

A fracture-related infection of a non-consolidated fracture 
corresponds to an osteomyelitis Cierny-Mader stage IV [4], where 
fracture stabilization is part of the management to treat the infec-
tion. As the infection already had to be considered chronified when 
the diagnosis was made, removal of the implant was indicated [2]. 
However, Bacillus spp are microorganisms with a low virulence, 
allowing a one-stage exchange [2,21]. If a fracture already shows 
enough signs of consolidation, providing sufficient stability, simple 
implant removal alone may be considered. Suppressive therapy of 
the infection with hardware retention until fracture healing occurs 
represents another alternative approach [24]. Local application 
of vancomycin-loaded calcium sulphate is an adjunct that allows 
delivery of high and prolonged antibiotic concentrations at the 
site of infection, at concentrations even high enough to be active 
against staphylococcal biofilm [3]. Bacillus spp commonly produce 
beta-lactamases, but usually remain susceptible to a systemic anti-
biotic therapy with penicillin combined with a beta-lactamase in-
hibitor [12]. 

Fluorochinolones, aminoglycosides, clindamycin or vancomycin 
are alternative systemic antibiotic treatment options [12]. In 
our case we started postoperatively an intravenous antibiotic 
treatment with an aminopenicillin combined with a beta-lactamase 
inhibitor (amoxicillin/clavulanate), followed by an oral treatment 
with a fluorochinolone (levofloxacin). As sporulating bacterias 

are difficult to treat, an attempt was made to optimize the efficacy 
of the antibiotic treatment by adding rifampin, because of a 
particularly high sensitivity of the concerned bacteria antibiotic 
drug, expressed as a very low MIC. The addition of rifampin is 
otherwise only necessary to treat implant-related infections with 
Staphylococcus spp [21]. The antibiotic treatment was maintained 
for six months total in our case, to reduce the risk of late relapse 
of spore-forming bacteria, but no sufficient data is available in the 
literature regarding optimal duration of antibiotic treatment for 
such cases.
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