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Abstract
Purpose  Empiric antibiotic strategies in the treatment of fracture-related infections, chronic osteomyelitis, prosthetic joint 
infection, and septic arthritis should be based on local microbiological antibiograms. This study aims to describe the micro-
biology and review the antibiogram profiles of bacterial isolates from patients undergoing surgical treatment for non-spinal 
orthopaedic infections, to identify the most appropriate empiric antibiotic strategy.
Methods  A retrospective review was performed of all cases of non-spinal orthopaedic infections treated surgically from 1 
January 2018 to 31 December 2018. The National Health Laboratory Service microbiology database was used to identify all 
intra-operative microbiological specimens obtained from orthopaedic patients, and data were correlated with the orthopae-
dic surgical database. Cases were divided into fracture-related infections, chronic osteomyelitis, prosthetic joint infection, 
and septic arthritis. Antibiotic susceptibility data were used to predict the efficacy of different empiric antibiotic regimens.
Results  A total of 107 cases were included in the study; 184 organisms were cultured. Overall, the most common organ-
ism cultured was Staphylococcus aureus (25%) followed by Acinetobacter baumannii (9%), Enterococcus faecalis (7%) 
and Enterobacter cloacae (5%). Across all categories the oral antibiotic combination with the highest effectiveness (81%) 
would have been a combination of co-trimoxazole, ciprofloxacin and amoxicillin. The most effective intravenous antibiotic 
combination would have been either piperacillin–tazobactam, amikacin and vancomycin or meropenem and vancomycin; 
90% of tested isolates were susceptible to either of these combinations.
Conclusion  Antibiogram profiles can serve to guide to empiric antibiotic choice in the management of different categories 
of non-spinal orthopaedic infections.
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Introduction

Common orthopaedic infections including septic arthritis, 
acute osteitis, chronic osteomyelitis (COM), fracture-related 
infections (FRI), prosthetic joint infections (PJI), and spinal 
infections are often associated with significant morbidity 
[1–3]. The incidence of septic arthritis ranges from 2 to 29 
per 100,000, increasing in populations with lower socioeco-
nomic status [4–6]. The incidence of chronic osteomyelitis 
has been described as up to 21.8 per 100,000 person/years, 
and the incidence of PJI ranges from 1 to  2% in postopera-
tive patients [7–9]. FRI occur in 2% to 30% of cases post-
fracture fixation, depending on the fracture type and whether 
it was an open or closed fracture [10, 11]. Orthopaedic infec-
tions also have a significant economic burden with the costs 
of the management of patients with infected fracture fixation 
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and PJI increasing 2–6 times compared to uninfected cases 
[12–14]. Management usually includes debridement of devi-
talised tissue followed by microbiological sampling, dead 
space management that may include local antibiotics, and 
systemic antibiotic therapy. Empiric systemic antibiotics are 
usually initiated prior to microbial culture-directed treatment 
[3, 15]. The use of empiric antibiotics in orthopaedic infec-
tions leads to substantially higher cure rates compared to 
delayed antibiotic treatment, started once antibiotic sensi-
tivities are known [16]. Empiric antibiotic selection should 
be based on local prevalence of bacteria and their antibiotic 
resistance patterns [17]. However, such data are often lack-
ing in resource-limited settings, resulting in recommenda-
tions extrapolated from international guidelines. This study 
was undertaken to investigate the aetiology and antibiotic 
sensitivity patterns of orthopaedic infections at our tertiary 
referral orthopaedic centre in Cape Town, South Africa, with 
the aim of implementing empiric antibiotic recommenda-
tions based on the antibiogram for our unit.

Methods

A retrospective review was performed of all cases of ortho-
paedic infections treated surgically from 1 January 2018 to 
31 December 2018 at Groote Schuur Hospital, Cape Town, 
South Africa. The National Health Laboratory Services 
(NHLS) diagnostic microbiology laboratory database was 
used to identify all intra-operative microbiological speci-
mens obtained from orthopaedic patients. Patient data were 
correlated with the orthopaedic surgical database hosted in 
REDCap (REDCap 9.5.36©; 2021 Vanderbilt University) 
[18, 19]. Acute and chronic infections were included. Cases 
of spinal infections as well as specimens collected from non-
orthopaedic sites were excluded. Cases were divided into the 
relevant infection categories, namely septic arthritis, COM, 
FRI and PJI. Where the same organism was cultured from 
multiple specimens taken from the same patient, the bac-
terium was counted only once when calculating number of 
bacteria, antibiograms and antibiotic coverage if the antibi-
otic susceptibility findings were the same.

Chronic osteomyelitis was defined as at least 6 months of 
symptoms of infection with one or more of the following: 
sinus, abscess or purulence at the time of surgery; at least 
one bacterium cultured from the site of infection obtained 
following debridement; or histology suggestive of chronic 
osteomyelitis [15].

FRI was defined according to the criteria proposed 
by Metsemakers et al. consisting of one of the following 
occurring postsurgery for fracture fixation: fistula, sinus 
or wound breakdown (that communicates to the bone or 
implant); purulent drainage or the presence of pus during 

surgery or presence of microorganisms in deep tissue spec-
imens confirmed by histopathological examination [1].

PJI was defined using the international consensus group 
definition [20] as patients who met one major criterion—
two positive periprosthetic cultures with phenotypically 
identical bacteria or a sinus tract communicating with the 
joint—or ≥ 3 minor criteria from:

•	 Elevated serum C-reactive protein and/or erythrocyte 
sedimentation rate,

•	 Elevated synovial fluid white blood cell count,
•	 Elevated synovial fluid polymorphonuclear neutrophil 

percentage,
•	 Positive histological analysis of periprosthetic tissue or
•	 A single positive culture from intra-operative speci-

mens

At each operation, deep samples of infected tissue and/
or fluid were collected and submitted for bacterial culture. 
A structured, sterile sampling technique was used, where 
each individual specimen is taken with clean sterile instru-
ments after thorough debridement according to the policy 
of the unit. We take a minimum of 4 samples as standard.

Tissue samples were processed by manual crushing 
in saline and then inoculated onto 4% horse blood agar, 
brucella agar, brucella agar supplemented with nalidixic 
acid, MacConkey agar and boiled blood agar. Blood agar 
and Brucella plates were incubated anaerobically at 37 °C, 
MacConkey agar plates, aerobically and boiled blood 
agar in 5% CO2 atmosphere. In addition, liquid culture 
was performed in Robertson’s cooked-meat broth. Cul-
tures were examined daily for 5 days and up to 14 days 
for suspected prosthetic joint infection. Up to 3 organ-
isms were purified from a mixed growth; however, any 
growth of S. aureus, beta-haemolytic streptococci or P. 
aeruginosa was selected from mixed samples. Identifica-
tion was performed using Vitek 2 (BioMérieux, Marcy-
l'Étoile, France), except for beta-haemolytic streptococci 
which were grouped by Lancefield antigen agglutination. 
Anaerobic organisms were not routinely speciated in the 
laboratory. Susceptibility testing was performed by Vitek 
2, disc diffusion or gradient diffusion testing using Etest 
(BioMérieux) as appropriate, except for beta-haemolytic 
streptococci, which were assumed to be susceptible. Sub-
sequently, aggregated antibiograms were generated: after 
deduplication by patient and organism, the sensitivity of 
each antibiotic combination to the various categories of 
infection was evaluated.

Ethics approval (UCT HREC reference 559/2020) as 
well as institutional permission was obtained prior to data 
collection. Statistical analysis was performed using Stata 
14.2 (StataCorp LP, College Station, TX).
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Results

Patient demographics and infection types

A total of 107 cases were included, seventy-six (71%) of 
whom were males. The median age was 37 years with an 
interquartile range of 19. Thirty-seven of the patients had 
more than 1 organism cultured. FRI was the leading cause of 
non-spinal infection in our unit, followed by COM, PJI and 
lastly septic arthritis (Table 1). The number of patients with 

Table 1   Patients by category of infection

Category of infection N (% of total) Sex (M/F)

Total 107 (100) 76/31
Fracture-related infection 48 (45) 37/11
Chronic osteomyelitis 36 (34) 28/8
Prosthetic joint infection 15 (14) 6/9
Septic arthritis 8 (7) 5/3

Fig. 1   Number of patients per 
site of infection [15]
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infection at different anatomical sites is illustrated in Fig. 1, 
with tibia, hip and knee infections predominating.

Microbiology

Overall, a total of 184 bacteria were cultured from the 107 
cases (Table 2). Infections caused by Gram-positive bacteria 
were twice as common as Gram-negatives, with Staphylo-
coccus aureus being the predominant bacterium isolated. 
In terms of frequency of bacteria causing different types 
of orthopaedic infection in our unit. S. aureus and Gram-
negative bacteria in the Enterobacterales order (Escherichia 
coli, Klebsiella pneumoniae, etc.) were the most common in 
the FRI, PJI and COM categories causing approximately 25 
percent of infections each, with other bacteria having lower 
contributions. In the SA category the most common bacteria 
were S. aureus and coagulase-negative staphylococci.

In terms of major resistance patterns of importance, for 
Gram-positives, there were no cases of vancomycin-resist-
ant Enterococci (VRE). Methicillin-resistance was found 
in 24% of S. aureus; however, sensitivity to cotrimoxazole, 
ciprofloxacin and vancomycin were 76%, 80% and 100%, 
respectively. CoNS group bacteria were fully sensitivity to 
vancomycin.

For Gram-negative infections, although 44% of Klebsiella 
spp. were extended-spectrum beta-lactamase (ESBL)-pro-
ducers, rates of antibiotic sensitivity in Enterobacterales as a 
whole, varied considerably, ranging from 33% for co-amoxi-
clav to 100% for ertapenem. Although we did not isolate any 
carbapenem-resistant Enterobacterales, the proportion of 
carbapenem resistance in A. baumannii was 80%, and only 
20% of A. baumanii isolates were sensitive to ciprofloxacin 
or gentamicin. Sensitivity to tigecycline was maintained at 
100%. Relatively lower rates of antibiotic resistance were 
found to Pseudomonas spp. with 91% sensitivity to cefepime 
and 82% sensitivity to piperacillin–tazobactam.

We went on to determine what proportion of our empiric 
antibiotic choices for each group of orthopaedic infections 
encountered, were ‘appropriate’ in terms of delivering cov-
erage for the bacteria causing the infection. We found con-
cordance in terms of oral or intravenous empiric regimens 
across all infection types and high coverage rates from the 
chosen regimens (Table 3).

Discussion

Fracture-related infection, chronic osteomyelitis and pros-
thetic joint infections are the predominant orthopaedic infec-
tions managed at our tertiary academic teaching hospital in 
Cape Town. Septic arthritis of native joints was relatively 
uncommon, which may reflect management at lower level 
of care hospitals. Overall, S. aureus was the commonest 

Table 2   Organisms cultured by frequency as well as number of 
patients with those organisms

Bacteria 
(n = 184)

Patients 
(n = 107)

n % n %

Staphylococci
Staphylococcus aureus 46 25 46 43
Coagulase-negative staphylococci 17 9 17 16
Staphylococcus epidermidis 6 3 6 6
Staphylococcus hominis 4 2 4 4
Staphylococcus lugdunensis 2 1 2 2
Staphylococcus capitis 1 1 1 1
Staphylococcus pseudintermedius 1 1 1 1
Staphylococcus simulans 1 1 1 1
Staphylococcus xylosus 1 1 1 1
Other coagulase-negative staphylococci 1 1 1 1
Enterobacterales
Enterobacter cloacae complex 13 7 13 12
Proteus mirabilis 8 4 8 7
Klebsiella pneumoniae 5 3 5 5
Serratia marcescens 4 2 4 4
Morganella morganii 4 2 4 4
Escherichia coli 3 2 3 3
Klebsiella oxytoca 2 1 2 2
Proteus vulgaris 2 1 2 2
Citrobacter braakii 1 1 1 1
Citrobacter koseri 1 1 1 1
Enterobacter aerogenes 1 1 1 1
Escherichia hermannii 1 1 1 1
Pantoea species 1 1 1 1
Providencia stuartii 1 1 1 1
Non-fermenting gram-negative bacilli
Acinetobacter baumannii complex 17 9 17 16
Pseudomonas aeruginosa 10 5 10 9
Stenotrophomonas maltophilia 1 1 1 1
Acinetobacter Iwoffi 1 1 1 1
Acinetobacter ursingii 1 1 1 1
Pseudomonas stutzeri 1 1 1 1
Sphingomonas paucimobilis 1 1 1 1
Gram-positive cocci
Enterococcus faecalis 10 5 10 9
Streptococcus group A 9 5 9 8
Streptococcus group G 2 1 2 2
Enterococcus casseliflavus 1 1 1 1
Micrococcus species 1 1 1 1
Streptococcus group B 1 1 1 1
Gram-positive bacilli
Corynebacterium striatum 6 3 6 6
Bacillus cereus 4 2 4 4
Corynebacterium species 2 1 2 2
Actinomyces odontolyticus 1 1 1 1
Bacillus species 1 1 1 1
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infecting bacteria, the majority of which were methicillin 
sensitive. Enterobacterales were the commonest cultured 
Gram-negative bacteria isolated.

Not all bacteria underwent susceptibility testing to 
every antibiotic or antibiotic combination, as inherent 
resistance is inferred to some antibiotics. However, com-
paring our bacterial profiles to other published studies, we 
found lower rates of S. aureus (26%) infection in our FRI 
cohort compared to studies by Hellebrekers et al. (41%) 
and Rupp et al. (37%), although our incidence of A. bau-
mannii and E. cloacae was higher[16, 21, 22]. The balance 
of S. aureus and Enterobacterales in our COM infections 
was similar to other South African published cohorts [15, 
23]. In the PJI category, the most common bacteria—
Enterobacterales and S. aureus—differed from those pub-
lished by Moran et al. from the UK and in the Australian 
study by Peel et al. where most organisms were S. aureus 
and coagulase-negative Staphylococci (CoNS) [3, 24]. The 
predominance of S. aureus as the cause of septic arthritis 
is not surprising, although our higher prevalence of CoNS 
infections was unexpected.

Our finding of no cases of vancomycin-resistant entero-
cocci is in keeping with the fact that VRE is a relatively 
rare phenotype in South Africa [25]. In addition, our overall 
prevalence of methicillin-resistant S. aureus (24%) is similar 
to previous South African studies and equivalent to the UK 
[3, 6, 15].

We used our resistance data to calculate institution-spe-
cific empiric antibiotic choices for each category of ortho-
paedic infection. Overall, the combination of oral antibiotics 
with the best coverage was co-trimoxazole, ciprofloxacin and 
a beta-lactam (for Enterococcus and Streptococcus cover) 
with 81% of tested isolates sensitive to this combination. 
However, the side effects of prolonged quinolone therapy 
necessitate consideration when balancing risk–benefit equa-
tion to include this antibiotic in an empiric regimen. An 
empiric oral antibiotic regime is used in culture-negative 
cases where the clinical diagnosis is made by the presence of 
other major criteria, in the absence of an aetiological diag-
nosis. Culture-negative infections are reported in 7–34% of 
orthopaedic infections in different series [15]. One limitation 

Table 2   (continued)

Bacteria 
(n = 184)

Patients 
(n = 107)

n % n %

Corynebacterium minutissimum 1 1 1 1
Corynebacterium urealyticum 1 1 1 1
Other
Shewanella algae 1 1 1 1
Gardnerella vaginalis 1 1 1 1
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of a standard oral empiric regimen being used for culture-
negative infections is that fastidious bacteria that are difficult 
to culture may not be covered.

Our usual practice is to start intravenous empiric antibiot-
ics immediately following surgery and tissue sampling, while 
awaiting culture results. In our setting, either combination 
therapy with piperacillin–tazobactam, amikacin plus vanco-
mycin or meropenem plus vancomycin, would have provided 
antibiotic cover for cultured bacteria in 90% of cases and 
piperacillin–tazobactam plus vancomycin alone (thus reduc-
ing the risk of nephrotoxicity) in 88% in our total cohort.

In terms of individual types of orthopaedic infections, 
the most effective oral empiric antibiotic combinations for 
FRI, COM and PJI were co-trimoxazole, ciprofloxacin and 
amoxicillin, covering more than 87% of infections for FRI 
and COM, but only 61% for PJI. The oral combination data 
can help to inform antibiotic choice in culture-negative cases 
(where an infection was diagnosed through the presence of 
other criteria. Similarly, the top performing combinations 
for intravenous regimens, meropenem plus vancomycin and 
piperacillin–tazobactam, amikacin, plus vancomycin pro-
vided robust sensitivity between 83 and 90%.

Although the number of isolates in the septic arthritis 
category was low, the oral antibiotic combinations of cipro-
floxacin plus co-amoxiclav and co-trimoxazole once again 
had coverage rates over 80%, as did ciprofloxacin and amoxi-
cillin. This reflects the higher incidence of staphylococcal 
infections in this group. Coverage from all intravenous and 
oral combinations was equivalent.

Intravenous antibiotics are typically preferred to oral 
antibiotics for empiric treatment of postsurgical orthopae-
dic infections since enteral absorption may be compromised 
during the early postoperative period. In addition, higher 
doses of many antibiotics can be administered intravenously, 
which may be beneficial due to the initial high bacterial load 
at the infection site. Intravenous therapy is generally contin-
ued until culture results are available.

Limitations of the study were that it was retrospective, 
with generally small numbers particularly when categorising 
by type of infection. The microbiology represents orthopae-
dic infections from a single orthopaedic unit and is not nec-
essarily representative of all orthopaedic infections across 
South Africa. In addition, with the study data being from 
specimens collected in 2018 it is possible that the antibiotic 
resistance patterns have changed due to increasing develop-
ment of bacterial resistance over time.

Conclusion

This study illustrates the process of developing a local anti-
biogram to inform institutional recommendations for the 
selection of empiric therapy across non-spinal orthopaedic 

infections. In the FRI, COM and PJI categories the most 
prevalent organisms were S. aureus and the Enterobacte-
rales. In the SA category the most prevalent organisms were 
S. aureus and coagulase-negative staphylococci. Across all 
categories the oral antibiotic combination with the highest 
effectiveness would have been a combination of co-trimox-
azole, ciprofloxacin and amoxicillin which can be used as an 
option in the treatment of culture-negative infections. The 
most effective intravenous antibiotic combination across all 
categories of infection would have been either piperacil-
lin–tazobactam, amikacin and vancomycin or meropenem 
and vancomycin. We recommend regular surveillance to 
monitor changes in antibiotic resistance patterns and similar 
reporting of studies at other institutions to aid in understand-
ing the differences in antibiotic resistances patterns across 
geographic regions and for identifying stewardship initia-
tives and targets for education.
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