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Primary total joint arthroplasty (TJA) is one of the most common 
orthopaedic procedures performed worldwide. According to Sloan 
et  al.,[1] total hip arthroplasty (THA) will grow by 71%, to 635  000 
procedures per year, whereas total knee arthroplasty (TKA) will grow 
by 85%, to 1.26 million procedures per year by 2030 in the USA alone. 
One of the most common complications of TJA, requiring revision 
surgery, is periprosthetic joint infection (PJI).[2] The incidence of PJI 
is 1 - 2% in primary and 4% in revision arthroplasties, respectively.[3]

With the increase in TJA procedures being performed 
worldwide, there will also be the inevitable increase in PJI.[4] This 
creates a significant financial burden on global healthcare with 
the cost for revision arthroplasty being up to 76% higher than for 
primary TJA.[5] Klouche et al.[6] demonstrated that the cost of revision 
for infection is 2.57 times higher than the cost of revision for non-infective 
causes. There is also a five-fold increase in mortality in revision procedures 
for PJI v. revision procedures for aseptic failures.[7] The 5-year survival 
rate for PJI is lower than that of female breast cancer.[8,9] Helwig 
et al.[10] have shown that subjective quality of life in patients following 
PJI is significantly reduced.

Current operative methods for treating PJI include debridement, 
antibiotics and implant retention (DAIR) for acute and acute delayed 
PJI, whereas chronic PJI is most commonly treated with either a 
single-stage revision procedure, or the gold standard two-stage 
revision procedure.[11]

According to the Infectious Diseases Society of America (IDSA), 
the medical treatment following DAIR, one-stage revision, two-stage 
revision or resection arthroplasty entails the initiation of intravenous 
(IV) broad-spectrum antibiotics if the organism and anti-microbial 
sensitivities are not known. Once the causative organism and anti-
microbial sensitivities are known, the treatment can be adjusted 
accordingly. For staphylococcal PJI, the recommended treatment is 
2 - 6 weeks of IV antibiotics in combination with oral rifampicin twice 
daily.[11] The duration of antibiotic therapy is, however, controversial. 
A recent article by Bernard et al.[12] showed that 12 weeks’ duration of 
antibiotic therapy was superior to 6 weeks’ duration.

After completion of systemic therapy, antibiotics are stopped for 
2  weeks, which is also commonly known as an antibiotic holiday, 
whereafter serological markers of inflammation and nutrition are 
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obtained (erythrocyte sedimentation rate (ESR), C-reactive protein 
(CRP), and serum albumin). In the event that these markers have 
normalised, the second stage can usually be performed by inserting 
a new cemented prosthesis.[13] IDSA recommends that a suitable oral 
antibiotic, such as ciprofloxacin or levofloxacin, in combination 
with oral rifampicin is then used for an additional 3 months in 
THA, whereas TKA requires treatment for 6  months. For non-
staphylococcal PJI, 4 - 6 weeks of targeted IV antibiotics or highly 
bio-available oral antibiotics is recommended.[11]

The chances of successful treatment of PJIs are greatly increased 
when the causative organism is correctly identified and treated with 
the appropriate antibiotics. However, in 2 - 36% of cases, the causative 
organism cannot be identified.[14] Culture-negative PJI is defined as 
a PJI, according to the Musculoskeletal Infection Society criteria, 
where no organism has been cultured. Hersh et al.[15] performed an 
observational study on culture-negative PJIs treated with irrigation 
and debridement (I&D). Failure of treatment was defined as the 
need for any subsequent surgery or a positive culture within 2 years 
of the initial I&D. Of these failures, 53.33% became culture positive. 
Staphylococcus species were the causative organisms in 62.5% of all 
these cases.[16] When the organism is unknown, a typical empiric IV 
antibiotic regimen consists of carbapenem and vancomycin.[17,18] This 
broad-spectrum regimen is aimed at effective coverage of resistant 
organisms.

The most common antibiotics used in antibiotic-loaded cement 
(ALC) spacers are gentamicin, vancomycin, tobramycin and 
clindamycin.[19] These antibiotics comply with the prerequisites 
of an antibiotic to be used in an ALC spacer: it must be heat 
stable, hydrophilic, bactericidal and have high elusion rates from 
polymethyl methacrylate (PMMA) that is maintained above the 
minimum inhibitory concentration, and must be available in powder 
form. Furthermore, it must be safe at high tissue concentrations 
and have a broad spectrum of antimicrobial coverage, or be 
effective against the most likely organisms involved.[20] A typical 
broad-spectrum mixture can consist of 3  g of vancomycin and 
2 g of gentamicin added to 40 g of Palacos cement.[13] Examples of 
commercially available ALC are Copal G+C and Copal G+V from 
Heraeus Medical, which consists of 40  g of PMMA bone cement 
mixed with 1  g of gentamicin and 1  g of clindamycin, or 0.5  g of 
gentamycin and 2 g vancomicin, respectively.

Until now, the epidemiology of PJI in South Africa (SA) has 
not been studied. Local treatment guidelines are derived from 
international literature, and it is unknown if the local microbiological 
aetiology of PJI is similar to those of the international community. 
The aim of this study was to determine the characteristics of PJI in an 
SA clinical setting by identifying the most common micro-organisms 
cultured, their antibiotic sensitivities as well as the appropriate use 
of ALC spacers and intravenous antibiotic therapy. In the case of 
two-stage procedures, we aimed to compare the organisms cultured 
during the first stage v. the second stage, and also the bacterial culture 
during the second stage with the ESR/CRP result.

Methodology
We performed a retrospective cross-sectional study of all adult 
patients (≥18 years of age) treated surgically for PJI at Charlotte 
Maxeke Johannesburg Academic Hospital (CMJAH) orthopaedic 
unit and a private revision arthroplasty practice (Mediclinic Sandton), 
from 1 January 2015 to 31 March 2020.

Patients treated for infections not related to joint arthroplasty, 
and patients in whom the organisms cultured were described on the 
microbiology report as likely being a contaminant, were excluded 
from the study.

Ethics approval was obtained from the University of the 
Witwatersrand Human Research Ethics Committee (Medical) for 
the Johannesburg Orthopaedic hip and knee databank, as well 
as the CMJAH hip and knee arthroplasty databanks. (ref. no. 
M200838) 

Furthermore, permission was obtained from the chief executive 
officers of CMJAH and Mediclinic Sandton, respectively, to conduct 
research at these facilities. 

Data were collected from the CMJAH hip and knee arthroplasty 
databanks, as well as the Johannesburg orthopaedic hip and knee 
databank. Only data from patients who were diagnosed with PJI were 
collected. These data included the patients’ personal details such as 
age, gender, type of surgery and stage. The patients’ microbiology 
results, antibiotic sensitivities, as well as their CRP and ESR results 
were collected from the aforementioned databanks. The data were then 
captured in an Excel (Microsoft, USA) spreadsheet for comparison 
and statistical analysis. All patients were assigned to unique participant 
numbers to maintain confidentiality and anonymity.

The data were then transferred to the Stata version 14.0 statistics 
software package (Stata Corp., USA), which was used for data cleaning 
and analysis.

Descriptive statistics were used to analyse the demographic profile 
of the participants, common organisms and sensitivities of organisms. 
These were reported as percentages and frequency. 

Inferential statistics was carried out using Pearson’s χ2 test for 
the following: to compare the number of organisms cultured in a 
public hospital to those cultured in a private hospital; to compare the 
organisms cultured during the first stage v. the second stage in cases of 
two-stage revisions; and to correlate bacterial culture during the second 
stage with the ESR and CRP result. P<0.05 was considered significant. 

Results
Within our study period, 69  patients met the inclusion criteria: 40 
females and 29 males. A combined total of 101 surgical procedures 
were performed for PJI, of which 65 were related to knees and 36 to 
hips (Fig. 1).

Eight patients underwent a DAIR revision procedure, while 93 
staged revision procedures were done. All staged revision procedures 
were part of a two-stage technique, and no single-stage revisions were 

Fig.  1. Surgical procedures performed (N=101). (DAIR = debridement, 
antibiotics and implant retention.) 
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done. Of these two-stage procedures, 69 were first-stage and only 24 
were second-stage procedures (Fig. 1). Six patients had one or more 
repeat first-stage procedures. Only 19 patients completed both their 
first- and second-stage revision procedures at our institutions during 
the specified study period.

Of the 101 procedures, 63 had a positive bacterial growth on 
microscopy, culture and sensitivity (MC+S) and 38 had a negative 
growth, making an overall positive culture yield in our cohort of 62.4%. 
The majority of the positive bacterial cultures were from first-stage 
revision procedures (n=48), while second-stage revision procedures 
yielded 11  positive cultures. DAIR procedures yielded 4 positive 
cultures. The culture-positive yield for first- and second-stage revision 
procedures were 69.6% and 45.8%, respectively. DAIR procedures 
demonstrated a 50% positive yield (n=4). A total of 81 organisms were 
cultured from the 63 culture-positive specimens (Table 1). 

Gram-positive organisms were found in 59.2% (n=48) of cultures, 
v.35.8% (n=29) Gram-negative. The remainder were fungal and 
anaerobic organisms at 2.5% (n=2) each (Fig. 2).

Overall, the most common organisms cultured were Staphylococcus 
aureus (n=16, 19.8%) and coagulase-negative Staphylococcus (CoNS) 
(n=16, 19.8%), followed by Streptococci species (n=12, 14.8%). 

Of the Gram-negative organisms cultured, Klebsiella pneumoniae 
was the most prevalent, and represented 9% (n=7) of all cultures. 

Twelve of the samples yielded a polymicrobial growth (19%). 
As shown in Table 2, more polymicrobial growth was found in the 
private sector (n=10) than the public sector (n=2; p=0.024). Further 
logistic regression analysis showed that samples from the private 
sector were six times more likely to yield a polymicrobial growth 
compared with the samples from the public sector (odds ratio 6.1, 
p=0.028, 95% confidence interval 1.2 - 30.6). 

Of the 29 Gram-negative organisms cultured, only 11 were tested 
for gentamicin sensitivity, of which 81.8% (n=9) were sensitive 
and 18.2% (n=2) were resistant. Amikacin had a similar pattern, 
with 81.3% sensitivity among Gram-negative organisms tested 
(Table  3, Fig.  3). Tobramycin sensitivity was only reported in 
one case, which was a multidrug resistant strain of Acinetobacter 
baumannii, and only sensitive to colistin. Notably, of the samples 

Table 1. Micro-organisms cultured
Gram-positive n (%) 
Staphyloccus aureus 16 (19.8)
Coagulase-negative Staphylococcus 16 (19.8)
Streptococcus viridans 7 (8.6)
S. mitis/oralis 2 (2.5)
Enterococcus faecalis 2 (2.5)
S. anginosus 2 (2.5)
S.pyogenes 1 (1.2)
Cutibacterium acnes 1 (1.2)
Corynebacterium striatum 1 (1.2)
Gram-negative   
Klebsiella pneumoniae 7 (8.6)
Escherichia coli 5 (6.2)
Proteus mirabilis 4 (4.9)
Enterobacter cloacae 3 (3.7)
Pseudomonas stutzeri 3 (3.7)
Acinetobacter baumannii 2 (2.5)
Klebsiella oxytoca 2 (2.5)
A. radioresistens 1 (1.2)
Proteus vulgaris 1 (1.2)
P. aeruginosa 1 (1.2)
Fungi   
Candida albicans 2 (2.5)
Anaerobe   
Prevotella melaninogenica 1 (1.2)
Enterococcus casseliflavus 1 (1.2)
Total 81 (99.9)*
*Percentages do not total 100 due to rounding.

Fig.  2. Culture groups and most common organisms cultured. (CoNS = 
coagulase-negative Staphylococcus.)
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Fig.  3. Sensitivity profile for Gram-negative organisms. Gram-positive 
organisms showed 81.8% (n=18) methicillin sensitivity, i.e. towards 
cloxacillin (Fig.  4), with four organisms (Staphylococcus aureus n=2; 
coagulase-negative Staphylococcus n=2) showing resistance. Gram-positive 
organisms showed 100.0% sensitivity towards vancomycin (n=28) and 
linezolid (n=20), respectively (Table 4, Fig. 4).
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tested for ciprofloxacin sensitivity, a mere 47.4% were sensitive 
in the Gram-negative cohort. Meropenem proved to be the most 
efficacious antibiotic towards Gram-negative organisms, with a 
sensitivity of 88.9% (Table 3, Fig. 3). Again, the two organisms that 
displayed resistance to meropenem were two multidrug resistant A. 
baumannii strains.

When comparing organisms cultured during the first stage v. the 
second stage of the two-stage procedures, there was no statistically 
significant difference (Table 5). 

Of the 19 patients who completed both stages of their two-stage 
revision procedures during the specified study period, 8 yielded a 
culture-positive specimen during the second stage. Six of these 8 
patients cultured different micro-organisms during the first stage v. 
the second stage, with the remaining two patients showing recurrent 
growth of the same micro-organism.

We also found no correlation between the ESR/CRP level and the 
organism cultured during the second stage (p=1.000). 

Of the 11 culture-positive second stage procedures, eight CRP 
results and five ESR results were available (Table 6). The CRP result 

Table 2. Comparing monomicrobial v. polymicrobial cultures from public and private hospitals
Organisms cultured Public, n (%) Private, n (%) Total p-value
Monomicrobial 28 (54.9) 23 (45.1) 51 0.024
Polymicrobials 2 (16.7) 10 (83.3) 12  

Fig. 4. Sensitivity profile for Gram-positive organisms.
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Table 3. Sensitivity profile of Gram-negative micro-organisms
n 

Gentamicin Amikacin Meropenem Ciprofloxacin
Micro-organism Sensitive Resistant Sensitive Resistant Sensitive Resistant Sensitive Resistant
Proteus mirabilis 1 - 1 1 2 - 1 1
P. vulgaris - - 1 - 1 - - -
Klebsiella pneumoniae 1 1 5 1 3 - 2 4
Enterobacter cloacae 1 - - - 2 - 1 -
Pseudomonas stutzeri - - - - - - 1 -
Acinetobacter baumannii - 1 - 1 - 2 - 2
Escherichia coli 3 - 3 - 4 - 1 2
Acinetobacter radioresistens - - 1 - 1 - 1 -
K. oxytoca 2 - 1 - 2 - 2 -
Pseudomonas aeruginosa 1 - 1 - 1 - 0 1
Total, n (%) 9 (81.8) 2 (18.2) 13 (81.3) 3 (18.7) 16 (88.9) 2 (11.1) 9 (47.4) 10 (52.6)

This table represents the number of micro-organisms that were sensitive or resistant to each antibiotic. One micro-organism could display multiple sensitivities, and not all micro-organisms were 
tested against all the antibiotics.

Table 4. Sensitivity profile of Gram-positive micro-organisms

Microorganism

n
Cloxacillin Vancomycin Linezolid

Sensitive Resistant Sensitive Resistant Sensitive Resistant
Staphylococcus aureus 11 2 6 - 7 -
Streptococcus anginosus 1 - 1 - - -
S. mitis/oralis - - 1 - - -
S. viridans - - 6 - 4 -
Enterococcus faecalis - - 1 - - -
Corynebacterium striatum - - 1 - - -
Coagulase-negative Staphylococcus 6 2 12 - 9 -
Total, n (%) 18 (81.8) 4 (18.2) 28 (100.0) 0 (0.0) 20 (100.0) 0 (0.0)

This table represents the number of micro-organisms that were sensitive or resistant to each antibiotic. One micro-organism could display multiple sensitivities, and not all micro-organisms were 
tested against all the antibiotics.
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Table 5. Comparison of micro-organisms cultured during the first stage (n=48) v. the second stage (n=11)

 Micro-organism First stage, n (%)
Second stage, 
n (%) p-value

Gram-positive
Staphylococcus aureus     0.091

Not cultured 38 (86.4) 6 (13.6)  
Cultured 10 (66.7) 5 (33.3)  

Coagulase-negative Staphylococcus   1.000
Not cultured 36 (80.0) 9 (20.0)  
Cultured 12 (85.7) 2 (14.3)  

Streptococcus viridans     0.582
Not cultured 42 (79.3) 11 (20.8)  
Cultured 6 (100.0) 0 (0.0)  

Streptococcus mitis/oralis   0.341
Not cultured 47 (82.5) 10 (17.5)  
Cultured 1 (50.0) 1 (50.0)  

Enterococcus faecalis     1.000
Not cultured 46 (80.7) 11 (19.3)  
Cultured 2 (100.0) 0 (0.0)  

Streptococcus anginosus   1.000 
Not cultured 47 (81.0) 11 (19.0)  
Cultured 1 (100.0) 0 (0.0)  

Cutibacterium acnes   0.186 
Not cultured 48 (82.8) 10 (17.2)  
Cultured 0 (0.0) 1 (100.0)  

Corynebacterium striatum    1.000
Not cultured 47 (81.0) 11 (19.0)  
Cultured 1 (100.0) 0 (0.0)  

Gram-negative
Klebsiella pneumoniae   1.000

Not cultured 42 (80.8) 10 (19.2)  
Cultured 6 (85.7) 1 (14.3)  

Enterobacter cloacae     1.000
Not cultured 46 (80.7) 11 (19.3)  
Cultured 2 (100.0) 0 (0.0)  

Acinetobacter baumannii   1.000
Not cultured 46 (80.7) 11 (19.3)  
Cultured 2 (100.0) 0 (0.0)  

Escherichia coli     1.000
Not cultured 43 (81.1) 10 (18.9)  
Cultured 3 (75.0) 1 (25.0)  

Pseudomonas stutzeri     0.468
Not cultured 46 (82.1) 10 (17.9)  
Cultured 2 (66.7) 1 (33.3)  

Acinetobacter radioresistens   1.000
Not cultured 47 (81.0) 11 (19.0)  
Cultured 1 (100.0) 0 (0.0)  

Klebsiella oxytoca     0.341
Not cultured 47 (82.5) 10 (17.5)  
Cultured 1 (50.0) 1 (50.0)  

Pseudomonas aeruginosa   1.000
Not cultured 47 (81.0) 11 (19.0)  
Cultured 1 (100.0) 0 (0.0)  

Fungus
Candida albicans   1.000 

Not cultured 46 (80.7) 11 (19.3)  
Cultured 2 (100.0) 0 (0.0)  
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was abnormal (>10 mg/L) in 87.5% (n=7) of these patients, and the 
ESR result abnormal (>30 mm/hr) in 80% (n=4). 

Discussion
Multiple international studies have established the commonly isolated 
organisms in PJI. Throughout these studies, S. aureus was the most 
prevalent organism, followed by CoNS and Streptococci.[17,20-23] In 
keeping with the international literature, we have found the Gram-
positive organisms (S. aureus, CoNS and Streptococci species) to be the 
most prevalent, followed by the Gram-negative K. pneumoniae.

We found a 2.5% incidence of fungal growth, with Candida albicans 
being the only fungus cultured (n=2). Internationally, the incidence 
is reported to be between 1 and 3%, with C. albicans also being the 
most common.[24-27] Although rare, there is an increase in fungal PJI 
worldwide, and these infections are particularly difficult to treat, with 
high failure rates.[28] This is partly due to the fact that fungi form a 
very complex biofilm, and also because these patients are usually 
immunocompromised.[29]

Antimicrobial resistance is of great concern in PJI and the medical 
fraternity as a whole.[30] Internationally, there is a rise in antibiotic 
resistance, which may require a change in the choice of antibiotics 
used.[31,32] This change in empiric antibiotic therapy should, however, 
be made with antibiotic stewardship in mind.[33] The incidence of 
methicillin resistance varies greatly in the literature.[20-23] In a study by 
Peel et al.[22] conducted in Australia, almost half of the S. aureus isolates 
were methicillin resistant, which was in keeping with a US study done 
by Pulido et  al.[21] Benito et  al.[23] found a 28% methicillin resistance 
among S. aureus PJI. Another study conducted by Moran et al.[17] in the 
UK had just over 15% incidence of methicillin resistance among their 
S. aureus isolates. This is also in keeping with our findings of 18.8% 
methicillin resistance. None of the Gram-positive isolates showed 
resistance to vancomycin.

With regard to Gram-negative organisms, gentamicin sensitivity 
was 81.8%. Interestingly, we observed a significant resistance towards 
ciprofloxacin by Gram-negative organisms, of 47.4%. This might be 
a significant finding, as ciprofloxacin is a commonly used antibiotic 
for enteral continuation therapy in PJI due to its favourable reduction 
in biofilm production.[34] Meropenem had the best sensitivity 
profile against Gram-negative organisms, at 88.9%. Meropenem is 
a suitable  antibiotic for use in ALC spacers because it comes in 
powder form, is heat stable and has good elusion characteristics.[35,36] 
Meropenem might thus be the antibiotic of choice for empiric Gram-
negative coverage. 

An increased ESR/CRP result at the time of the second-stage revision 
procedure has been associated with an increased reinfection rate.[37] A 
normal ESR/CRP result, however, does not always exclude PJI.[38] We 
therefore tried to determine whether certain organisms were more 
likely to be cultured with a normal ESR/CRP during the second stage of 
the two-stage revision procedures. There was, however, no relationship 
found. Despite this, we still support and recommend a 2-week antibiotic 

holiday, followed by a repeat joint aspiration and tissue biopsy prior to 
commencing the second stage.

Furthermore, in cases of two-stage revision procedures, there was 
also no statistically significant difference between organisms cultured 
during the first stage v. organisms cultured during the second stage.

The culture-negative PJI rate in our study was 37.6%, which is 
slightly higher than the expected range reported in the literature of 
2 - 36%.[14] The high culture-negative rate could possibly be due to 
an inadequate number of specimens, the use of a suboptimal culture 
medium in specimens taken for MC+S during surgery or antibiotic 
therapy by referring physicians prior to sampling. It is recommended 
that at least three, but ideally five to six, tissue samples be taken during 
surgery for MC+S to increase the chances of a positive yield.[11] We 
would like to emphasise the importance of this to increase the culture-
positive yield.

When looking at the positive culture yield during second-stage 
procedures, it was found to be 45.8% (n=11), which is much higher 
than we expected, and than the 12 - 25% incidence reported in the 
literature.[39-41] There could be many contributing factors to this 
finding. One reason could be that the organisms cultured during the 
second stage were skin contaminants, i.e. S. aureus, which was the most 
common organism cultured in our cohort. Another possible reason 
could be that the infection was not completely eradicated by the time 
of re-implantation. This was, however, not the case in our study as there 
was no statistically significant correlation between organisms cultured 
during the first v. the second stage procedures (Table 5). 

With our study being multicentred in order to present the whole 
demographic of our area, samples were sent to private as well as 
government laboratories. When comparing the samples cultured in 
the different laboratories, samples cultured in private laboratories 
were six times more likely to result in a polymicrobial growth than 
organisms cultured in the government laboratory. The reasons for 
this discrepancy are unknown and will need further investigation and 
research; however, we postulate that this finding could possibly be 
due to a shorter incubation time in the government laboratories due 
to systemic constraints, whereas longer incubation times are common 
practice in private laboratories. Differences in sampling protocols 
between institutions, i.e. the number of samples taken for MC+S 
and the culture medium in which samples are sent to the laboratory 
may, once again, explain this finding. We did not find an increase in 
polymicrobial growth among samples that underwent sonication in 
the laboratory v. those that did not.

According to our knowledge, this is the first study on the 
bacteriology and the characteristics of PJI in SA. The study, however, 
has a few limitations. One of the limitations of our study was the 
small sample size, which might compromise statistical significance. 
One such example is the resistance profile of meropenem. Only one 
organism was resistant to meropenem, but this represented 11% 
of all Gram-negative organisms tested for meropenem sensitivity. 
Furthermore, this organism was a multidrug-resistant A. baumannii 

Table 6. Comparison of erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) results in culture-positive first stage 
and second-stage procedures
Result First stage, n (%) Second stage, n (%) p-value
ESR     1.000

Normal (<30 mm/hour) 8 (34.8) 1 (20)  
Abnormal (≥30 mm/hour) 15 (65.2) 4 (80)  

CRP     1.000
Normal (<10 mg/L) 6 (20.7) 1 (12.5)  
Abnormal (≥10 mg/L) 23 (79.3) 7 (87.5)  
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strain, sensitive to only colistin. Thus, the efficacy of meropenem might 
in reality be much higher than the reported 89%. Despite the small 
sample size, however, our findings were still very similar to international 
studies with much larger sample sizes. Another limitation was the 
low number of patients who completed both stages of their two-stage 
revision procedures during the study period (n=19, 27.5%). This might 
be attributed to patients lost to follow-up or receiving their second-stage 
procedure at a different institution, the cross-sectional nature of the 
study and the incomplete capturing of data in our data banks. 

Owing to these limitations, we believe that there is definitely a need 
for future research on PJI and antibiotic sensitivity in SA with larger 
sample sizes. We recommend that laboratories adopt a standard set of 
antibiotics to test sensitivities of PJI organisms against, as we have found 
that many organisms were not tested for sensitivity against the most 
commonly used antibiotics in ALC spacers.[19] One such example is 
tobramycin, where only one Gram-negative organism was tested against, 
out of a possible 29. We further recommend that ceftazidime/avibactam, 
linezolid, tigecycline and rifampicin be tested in addition to the standard 
battery of antibiotics for PJI.

Conclusion
According to our results and findings, we recommend that empiric 
ALC spacers and empiric IV antibiotic regimens should consist of 
meropenem or gentamicin, vancomycin and rifampicin to achieve 
the broadest spectrum coverage and most likely success in eradicating 
infection. We believe that knowing the bacteriology profiles in your 
demographic area is of utmost importance because of the high 
negative-yield rate from culture specimens in PJI, in which case 
empiric antibiotic strategies are implemented. 
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