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Abstract

:

Background: It remains unclear how accurately patients’ previous microbiology correlates with that ascertained from deep sampling in long bone infection. This study assessed the quality of microbiology referral information and compared it to the gold standard of intra-operative deep tissue sampling. Methods: All patients referred to a single specialist centre within the UK between January 2019 and March 2020 who received surgery for long bone infection were eligible for inclusion. Data on microbiological testing that was performed prior to referral was collected prospectively at the time of clinic appointment and prior to surgery. Pre-referral microbiology was compared to microbiology from deep tissue samples taken during surgery. Results: 141 patients met the diagnostic criteria for long bone infection and were included for analysis. Of these, 72 patients had microbiological information available at referral from 88 samples, obtained from either sinus swab (n = 40), previous surgical sampling (n = 25), biopsy (n = 19) or blood cultures (n = 4). In 65.9% of samples, pre-referral microbiology was deemed to be a non-match when compared to intra-operative samples. Factors that increased risk of a non-match included presence of a sinus (odd’s ratio (OR) 11.3 [95% CI 2.84–56.6], p = 0.001), increased duration of time from sampling (OR 2.29, [95% CI 1.23–5.90], p = 0.030) and results from prior surgical sampling (OR 23.0 [95% CI 2.80–525.6], p = 0.011). Furthermore, previous surgical debridement gave an increased risk of multi-, extensively or pan-resistant isolates cultured from intra-operative sampling (OR 3.6 [95% CI 1.5–8.7], p < 0.01). Conclusions: We have demonstrated that presence of a sinus, a long time from the sample being taken and results from prior surgical sampling are more likely to give inaccurate representation of current microbiology. Importantly, in cases with previous debridement surgery, there was an increased risk of multi drug resistant isolates which should be planned for in future treatments.
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1. Introduction


Bone and joint infections can be complex, requiring multi-disciplinary care for optimal management [1,2,3] and are associated with lower self-reported quality of life than that of the general population [4,5]. Complex cases may benefit from early referral to specialist centres to facilitate access to a multi-disciplinary team which includes orthopaedic and plastic surgeons, infectious disease physicians/microbiologists, histopathologists, musculoskeletal radiologists, physiotherapists, and specialist nurses. Although all members of this team are important, infection physicians who optimise patients’ medical co-morbidities and determine bespoke antibiotic regimes are considered particularly helpful [2,6,7].



The gold standard sampling method for microbiological culture is intra-operative deep tissue sampling, taken when a patient has not been taking antibiotics for at least 2 weeks. During sampling, a minimum of five microbiological samples taken with separate instruments have been shown to be optimal [8,9]. Identical growth of species and antibiogram from at least 2 samples is indicative of infection and can be used to guide antibiotic therapy [9,10]. Although the results of a majority of cultures are available by day 3 [11], certain isolates may take longer, and in 30–40% of cases, cultures remain negative, despite the presence of other features diagnostic of infection (for example, a sinus, or histology positive for infection) [9].



Patients with complex bone and joint infections are commonly referred to more than one centre for treatment [5,12]. Therefore, at the time of referral to a specialist bone infection unit, many patients will have already undergone previous surgical procedures with microbiological sampling and received multiple courses of antibiotics. It is hypothesised that resistance of isolated pathogens is likely to increase with the number of previous surgical procedures and/or antibiotic courses [13]. Furthermore, antimicrobial options in patients with multi- drug resistant isolates are limited, warranting management by a specialist infectious diseases physician. This forms the basis of the ‘antimicrobial options’ variable of the BACH and subsequently the JS-BACH (Joint-specific; Bone involvement; Antimicrobial options; Coverage of the soft tissues; Host status) classification system of bone and joint infection. The JS-BACH classification evolved from the BACH classification to include prosthetic joint infection in addition to long bone osteomyelitis [5]. Both of which demonstrated that antimicrobial profile can predict outcomes after surgery [4,5].



Previous microbiology and recent antibiotic use are considered by infectious disease physicians when making antimicrobial therapy plans [14]. This is applicable to both empiric regimens, particularly in cases of multi, extensively or pan drug resistant isolates (MDR, XDR or PDR, respectively) and targeted regimes. Prior microbiological cultures may be the only available information when the patient has received antibiotics in the two weeks prior to sampling. However, often previous microbiological sampling is inadequate, for example from superficial wound or sinus swabs [15].



It remains unclear how accurately patients’ previous microbiology correlates with that ascertained from deep sampling, at definitive surgery in a specialist centre. Indeed, knowledge of whether patients possess risk factors for highly resistant isolates pre-operatively may help prompt early referral to a specialist centre. This study assessed the quality of microbiology referral information and compared it to the gold standard of intra-operative deep tissue sampling.




2. Results


2.1. Demographics and Sampling Information


A total of 242 patients were referred with suspected bone infection between January 2019 and March 2020. Of these, 161 had subsequent surgery and 141 met our diagnostic criteria for infection and were included for analysis (Figure 1). 41 (29.1%) of these patients had already undergone surgical debridement prior to referral. Patient demographic data are shown in Table 1. Of the 141 patients who received surgery, information on microbiology sampling prior to referral was unavailable in 69 (48.9%). These were classified as Ax according to the anti-microbial options of the JS-BACH classification. The patients with microbiology information available from referral were classified as either Ax/A1 (n = 62) or A2/A3 (n = 10).



Seventy-two patients had microbiology data available at the time of referral, which was derived from 88 microbiology samples. These were comprised of wound or sinus swabs (40/88, 45.5%), previous surgical sampling (25/88, 28.4%), biopsy (19/88, 21.6%) or blood culture (4/88, 4.5%), Table 1. The median interval between date of referral microbiology and intra-operative sampling was 0.8 years (Inter-quartile range 0.49–1.53 years) and 26.1% (23/88) were within six months of the surgical sampling date. Pre-referral microbiology was predominantly comprised of Staphylococcus spp. (31/88, 35.2%), which was the most common species in each sampling method (Figure 2a). There was similar intra-operative microbiological growth in patients who were referred with microbiology available and those referred without microbiology available (Figure 2b).




2.2. Pre-Referral Microbiology Versus Intra-Operative Sampling


In 25.0% (22/88) of samples, all isolates identified before referral were also identified during intra-operative sampling and deemed to be a ‘complete match’ (Table 2). A further 9.1% (8/88) were deemed to be a ‘partial match’ where all isolates from pre-referral microbiology were confirmed, with additional isolates identified from intra-operative sampling. The remaining 65.9% (58/88) had pre-referral microbiology that was different when compared with intra-operative samples and deemed to be a ‘non-match’ (Table 2).




2.3. Factors Predicting Different Pre-Referral Microbiology from Intra-Operative Sampling Isolates


Patient factors hypothesised to increase the chance of a ‘partial match’ or ‘non-match’ were: increased time between pre-referral microbiology and intra-operative sampling and the presence of a sinus (Figure 3a–c). Previous surgical sampling gave the lowest number of ‘complete matches’ to intra-operative sampling at 4.0% (1/25) (Figure 3a). Increased time from the pre-referral microbiology sample was significantly associated with a ‘non-match’ on intra-operative sampling (p < 0.05, simple logistic regression) (Figure 3b). Patients with a sinus had pre-referral microbiology that did not match intra-operative sampling in 86.9% which compared to 48.2% in patients who did not have a sinus (Figure 3c).



To assess for potential confounders, a multivariate logistic regression model was built to assess whether referral microbiology type, duration from pre-referral microbiology to intro-operative sampling and the presence of a sinus were independent predictors of a discrepancy between referral microbiology and microbiology obtained from intra-operative sampling (Nagelkerke pseudo-R2 = 0.479; Hosmer-Lemeshow statistic 10.0, p = 0.263). Presence of a sinus (OR) 11.3 [95% CI 2.84–56.6], p = 0.001), increased duration of time from sampling (OR 2.29, [95% CI 1.23–5.90], p = 0.030) and method of pre-referral microbiology being previous surgical sampling (OR 23.0 [95% CI 2.80–525.6], p = 0.011) were independent predictors of incorrect matching of samples to intra-operative specimens (Figure 4).




2.4. Factors Predicting Increased Resistance Patterns on Intra-Operative Sampling


Patients were significantly less likely to have microbiology isolates classified as A2 (MDR or equivalent) or A3 (PDR and XDR) from pre-referral microbiology samples (10/72, 13.9%) compared to samples taken at intra-operative sampling (19/72, 22.6%; p = 0.030 two-tailed paired binomial test). The proportion of patients classified as A2 or A3 following intra-operative sampling were similar in the group where pre-referral microbiology was unavailable compared to the group where pre-referral microbiology was available (15.9% vs. 23.6%, p = 0.299, two-tailed Fisher’s exact test).



To assess factors that were able to predict the presence of increased resistance patterns on intra-operative sampling, a multivariate model was built (Nagelkerke pseudo-R2 = 0.10; Hosmer-Lemeshow statistic 9.5, p = 0.146). Controlling for the classification of the microbiology received at referral, previous surgical debridement was significantly associated with an intra-operative sampling classification of A2 or A3 (OR 3.6 [95% CI 1.5–8.7], p < 0.01) (Table 3).





3. Discussion


This study has presented the pre-referral microbiology for a series of 141 patients who received surgery for long bone infection in a specialist centre. At the time of referral, 51.1% of patients had pre-referral information available but only 25% of these samples gave a complete match to samples taken at the time of operation. This highlights the need for up to date diagnostic sampling in all surgery for suspected bone infection.



Our series has demonstrated the wide range of sampling methods used to identify pathogens. Single superficial wound swabs were common despite published guidance advising against this type of investigation [16,17,18]. There were major differences in the concordance between methods and intra-operative sampling, but no pre-referral method was reliable. Previous biopsy was the most accurate but did not reach 60% concordance.



Previous studies have compared isolates obtained from sinus swabs to those obtained from intra-operative sampling with varying results. Bernard et al., demonstrated that two separate identical sinus samples had a 96% association with isolates grown at the time of intra-operative sampling [19]. Other studies have reported lower correlation between sinus tract culture and intra-operative sampling in osteomyelitis at 38% to 67% [20,21,22]. However, isolation of Staphylococcus aureus on sinus swab correlated with intra-operative sampling [23]. More recently, Tawfik et al., presented a systematic review of 6 studies including 281 patients which demonstrated that only 47% of patients who had isolation of Staphylococcus aureus from sinus swabs also had isolation of Staphylococcus aureus from intra-operative specimens [15]. Other Staphylococcus isolates had an 8% concordance and Streptococci had a 22% concordance between sinus swab and intra-operative specimens. Other bacteria were presented as having a low concordance between non-bone microbiology and intra-operative sampling at <26% [15].



The time from initial pre-referral microbiology to definitive intra-operative sampling was long (median 0.8 years). However, it has been shown, in fracture-related infection that time alone does not determine the microbiological diagnosis [24,25,26,27]. The differences observed between pre-referral microbiology and intra-operative sampling may be secondary to patients having received (i) multiple courses of antibiotics, (ii) the changing microbiology that surrounds a sinus or open wound, and (iii) the selective antimicrobial treatment of isolates from previous surgeries. Clearly each of these issues will become more likely as time progresses from the initial diagnostic testing. When considering these mechanisms, it is important to distinguish between cases with a ‘closed system infection’ (no open wound, sinus or open surgery) and those where the infected area in the bone communicates with the external environment. In a closed infection, there are very limited means by which the pathogens can change. Antibiograms of infecting organisms can be altered by exposure to systemic antimicrobial therapy but new species can only arise from haematogenous spread, which is unlikely. When a sinus or wound is present, or after unsuccessful open surgery, exchange of organisms or ingress of additional pathogens is possible. Treatment with antimicrobials may select certain species or promote altered resistance profiles.



The presence of a sinus, increased duration from pre-referral sampling to intra-operative sampling and microbiology taken from previous surgery all gave an increased risk of non-concordance with definitive microbiological cultures. The presence of a sinus and microbiology from previous surgeries increased the risk of non-concordance by 11.3 times and 23.0 times, respectively. For every year increase between previous microbiology and index microbiology (taken at surgery), the risk of non-concordance increases by 2.3 times. Furthermore, having previous bone debridement for bone infection increased the risk of multi-drug resistance (MDR), pan drug resistant (PDR) or extensively drug resistant (XDR) isolates being isolated at intra-operative sampling. These data suggest that pre-referral microbiology should be interpreted with caution, and that patients who have had multiple previous treatments should be deemed high risk for the presence of MDR, XDR, or PDR isolates. It has been previously demonstrated that this adversely affects outcome for treatment of long bone infection [5].



The main difficulty in decision-making around antibiotic therapy arises when intraoperative sampling does not produce a positive microbial culture but other features (sinus drainage, histology, imaging) all suggest infection. This can affect up to 30% of patients, mainly due to the use of antibiotics at the time of surgical sampling [24]. In these cases, it is tempting to use previous microbiological cultures to direct treatment. These data suggest that this would not be an appropriate strategy. If the pre-referral microbiology was recent and obtained from a closed system infection, it may be more valid but still has a fairly high non-concordance risk. We would advise that repeat sampling should be attempted, off antimicrobials (if possible) or locally derived empiric antimicrobial policies should be followed [7]. These should be based on an assessment of the likely local bacterial flora, encountered in the region [14].



There are limitations to this study. This study included prospective and retrospective data collection. Retrospective data included whether patients had ‘previous debridement’ surgery. ‘Previous debridement’ surgery was limited to either excision of bone, or reaming of the intra-medullary canal. This information was gained, where possible, from the notes, but in some cases relied on patient recollection of events, which can be unreliable. This study did not quantify the increase in risk of MDR, XDR or PDR isolates per previous procedure due to inadequate power and the quality of retrospective data. Information about pre-referral microbiology was recorded from previous clinic notes or referral information. There is a possibility that some patients who had pre-referral microbiology performed were not referred with that information, particularly when they did not grow any isolate. In addition, the methodology of sampling technique between patients could have varied and we do not have data pertaining to antibiotic administration prior to sampling. Another factor that may have caused discrepancy between isolates grown from pre-referral microbiology compared to intra-operative samples was that samples were analysed in different hospitals. Different hospitals have varying protocols used to culture bacteria, which could yield differing results.



We have presented a series of 141 cases who have been referred to a specialist bone infection centre within the UK. Pre-referral microbiology may be useful in cases where surgery is not being performed and antibiotic suppression is required, or in cases where there is no growth during intra-operative sampling. We have demonstrated that the presence of a sinus, a long time from the sample being taken and the results from surgical sampling are more likely to give inaccurate representation of current microbiology. Importantly, in the cases of previous debridement surgery, there is an increased risk in having either MDR, XDR or PDR isolates which should be planned for in future treatments.




4. Materials and Methods


4.1. Patient Identification


Patients with long bone infection (including osteomyelitis and fracture related infections) were identified at a single specialist referral centre for bone and joint infection (Oxford University Hospitals, Oxford, UK). Patients referred between January 2019 and March 2020 were identified prospectively at clinic. Patients who subsequently underwent surgery were assessed for a confirmed diagnosis of infection. Patients were included if they had any of the following at the time of surgery: (i) positive microbiological culture (confirmed with indistinguishable organisms cultured from two or more deep tissue specimens), (ii) histology confirming active infection or (iii) pus or sinus present as defined in previous studies [16,28].




4.2. Data Acquisition


Data was collected prospectively on all patients who attended clinic for suspected long bone infection. Data collected included the availability of microbiology and, if available, the date of microbiology, sampling method, isolate and results of susceptibility testing. Patient details included presence of a draining sinus, site of the infection and whether the patient had undergone a previous bone debridement. Classification according to the ‘antimicrobial options’ of the JS-BACH classification system was performed at the time of clinic, based on the available microbiology [4]. For those patients who subsequently underwent surgery, data was collected regarding the date of surgery, pathogens identified, pathogen antibiogram and the resultant JS-BACH classification. Classification was confirmed retrospectively by a member of the team who was not directly involved in clinical care of the patients in a blinded manner. Any discrepancy in classification was resolved by the senior author.




4.3. Comparison of Pre-Referral Microbiology to Intra-Operative Sampling


Microbiology received at the time of referral was compared to the microbiology obtained from intra-operative sampling both in terms of pathogen species and its antibiogram. For patients who were referred with microbiology from more than one operation or procedure, the comparison between pre-referral and intra-operative microbiology was performed per pre-referral sample.



Pre-referral microbiology was deemed a ‘complete match’ if (i) species and antibiogram between pre-referral microbiology and intra-operative sampling were identical (on available susceptibility testing), or (ii) there was no growth on both intra-operative sampling and pre-referral microbiology. Pre-referral microbiology was deemed a ‘partial match’ if there was a complete match of species and antibiogram between pre-referral microbiology and intra-operative sampling but with additional isolates cultured at the time of intra-operative sampling. Pre-referral microbiology was deemed to be a ‘non-match’ if: (i) any isolate identified during pre-referral microbiology was not present on intra-operative sampling, (ii) pre-referral microbiology was culture positive and intra-operative samples were culture negative, (iii) pre-referral microbiology was culture negative and intra-operative sampling was culture positive.




4.4. Statistical Analysis


Continuous variables were reported using means and standard deviations (SD), if normally distributed and medians and inter-quartile ranges (IQR) if non-normally distributed. Categorical variables were presented as percentages with 95% confidence intervals (CIs).



Pre-referral microbiology was compared to samples obtained intra-operatively and reported per pre-referral microbiology sample. To assess factors where intra-operative sampling was a ‘non-match’ to pre-referral microbiology, a multivariate logistic regression was performed. Variables hypothesised to influence this included (i) presence of a draining sinus, (ii) time from pre-referral microbiology sampling and (iii) pre-referral sampling methodology.



To assess whether factors that predicted a discrepancy between factors hypothesized to increase the risk of a discrepancy between pre-referral microbiology and intra-operative sampling, a multi-variate regression model was built. Factors included in the model were (i) the presence of a sinus, (ii) increased time from pre-referral microbiology and intra-operative sampling and (iii) the pre-referral microbiology sampling method.



To assess whether patient factors available at referral were able to predict the presence of MDR, XDR or PDR isolates (JS-BACH classification A2 or A3) on intra-operative sampling, a multivariate logistic regression model was built. Variables were included based on the hypothesis that they would influence the presence of resistant isolates from intra-operative sampling. These included whether the patient had received previous bone debridement and patients who had MDR (JS-BACH A2), PDR or XDR (JS-BACH A3) isolates from pre-referral microbiology.



For all statistical tests, a significance level of <0.05 was used. Statistical analyses were performed using R in RStudio (version 4.0.2, 22 June 2020, Boston, MA, USA).








Author Contributions


Conceptulization, A.J.H. and M.M.; Methodology A.J.H., M.M., B.L.A. and J.F.; Formal analysis A.J.H.; Resources M.M., A.B. and J.F.; Data curation: R.A.C., M.D., A.B., A.J.H. and J.F.; Writing—original draft preparation A.J.H., R.A.C. and M.M.; Writing—review and editing: J.F., B.L.A., M.D. and A.B. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approval was granted by institutional clinical audit approval (OUH2018/5071).




Informed Consent Statement


Data obtained from standard clinical care and formed an audit of clinical practice. Patients were fully anonymized.




Data Availability Statement


Data is available from the corresponding author upon reasonable request.




Acknowledgments


We are grateful to the staff and patients of the Oxford Bone Infection Unit for their support in this study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Ziran, B.H.; Rao, N.; Hall, R.A. A dedicated team approach enhances outcomes of osteomyelitis treatment. Clin. Orthop. Relat. Res. 2003, 414, 31–36. [Google Scholar] [CrossRef] [PubMed]

	



Salvana, J.; Rodner, C.; Browner, B.D.; Livingston, K.; Schreiber, J.; Pesanti, E. Chronic osteomyelitis: Results obtained by an integrated team approach to management. Conn. Med. 2005, 69, 195–202. [Google Scholar] [PubMed]

	



Walter, N.; Rupp, M.; Baertl, S.; Alt, V. The role of multidisciplinary teams in musculoskeletal infection. Bone Jt. Res. 2022, 11, 6. [Google Scholar] [CrossRef]

	



Hotchen, A.J.; Wismayer, M.G.; Robertson-Waters, E.; McDonnell, S.M.; Kendrick, B.; Taylor, A.; Alvand, A.; McNally, M. The Joint-Specific BACH classification: A predictor of outcome in prosthetic joint infection. EClinicalMedicine 2021, 42, 101192. [Google Scholar] [CrossRef] [PubMed]

	



Hotchen, A.J.; Dudareva, M.; Corrigan, R.A.; Ferguson, J.Y.; McNally, M.A. Can we predict outcome after treatment of long bone osteomyelitis? A study of patient-reported quality of life stratified with the BACH classification. Bone Jt. J. 2020, 102, 1587–1596. [Google Scholar] [CrossRef]

	



Vasoo, S.; Chan, M.; Sendi, P.; Berbari, E. The Value of Ortho-ID Teams in Treating Bone and Joint Infections. J. Bone Jt. Infect. 2019, 4, 295–299. [Google Scholar] [CrossRef]

	



Depypere, M.; Kuehl, R.; Metsemakers, W.J.; Senneville, E.; McNally, M.A.; Obremskey, W.T.; Zimmerli, W.; Atkins, B.L.; Trampuz, A. Recommendations for Systemic Antimicrobial Therapy in Fracture-Related Infection: A Consensus from an International Expert Group. J. Orthop. Trauma. 2020, 34, 30. [Google Scholar] [CrossRef]

	



Atkins, B.L.; Athanasou, N.; Deeks, J.J.; Crook, D.W.; Simpson, H.; Peto, T.E.; McLardy-Smith, P.; Berendt, A.R.; Group, T.O.; The OSIRIS Collaborative Study Group. Prospective evaluation of criteria for microbiological diagnosis of prosthetic-joint infection at revision arthroplasty. J. Clin. Microbiol. 1998, 36, 2932–2939. [Google Scholar] [CrossRef]

	



Dudareva, M.; Barrett, L.K.; Morgenstern, M.; Atkins, B.L.; Brent, A.J.; McNally, M.A. Providing an Evidence Base for Tissue Sampling and Culture Interpretation in Suspected Fracture-Related Infection. J. Bone Jt. Surg. Am. 2021, 103, 977–983. [Google Scholar] [CrossRef]

	



Atkins, B.L.; Bowler, I.C. The diagnosis of large joint sepsis. J. Hosp. Infect. 1998, 40, 263–274. [Google Scholar] [CrossRef]

	



Minassian, A.M.; Newnham, R.; Kalimeris, E.; Bejon, P.; Atkins, B.L.; Bowler, I.C. Use of an automated blood culture system (BD BACTECTM) for diagnosis of prosthetic joint infections: Easy and fast. BMC Infect. Dis. 2014, 14, 233. [Google Scholar] [CrossRef] [PubMed]

	



Ferguson, J.; Alexander, M.; Bruce, S.; O’Connell, M.; Beecroft, S.; McNally, M. A retrospective cohort study comparing clinical outcomes and healthcare resource utilisation in patients undergoing surgery for osteomyelitis in England: A case for reorganising orthopaedic infection services. J. Bone Jt. Infect. 2021, 6, 151–163. [Google Scholar] [CrossRef] [PubMed]

	



Young, B.; Dudareva, M.; Vicentine, M.; Hotchen, A.; McNally, M. Microbiology of recurrent bone and joint infections demonstrates both microbial persistence and replacement. In Proceedings of the European Bone and Joint Infection Society (EBJIS) Meeting, Graz, Austria, 8–10 September 2022. [Google Scholar]

	



Dudareva, M.; Hotchen, A.J.; Ferguson, J.; Hodgson, S.; Scarborough, M.; Atkins, B.L.; McNally, M.A. The microbiology of chronic osteomyelitis: Changes over ten years. J. Infect. 2019, 79, 189–198. [Google Scholar] [CrossRef] [PubMed]

	



Tawfik, G.M.; Dibas, M.; Dung, N.M.; Alkhebairy, A.A.; Mahmoud, M.H.; Ibrahim, M.H.; Abd Elhady, N.R.; Sayed, A.M.; Gehad, A.S.; Abdelrahman, A.S.; et al. Concordance of bone and non-bone specimens in microbiological diagnosis of osteomyelitis: A systematic review and meta-analysis. J. Infect. Public Health 2020, 13, 1682–1693. [Google Scholar] [CrossRef]

	



Govaert, G.A.; Kuehl, R.; Atkins, B.L.; Trampuz, A.; Morgenstern, M.; Obremskey, W.T.; Verhofstad, M.H.; McNally, M.A.; Metsemakers, W.J. Diagnosing Fracture-Related Infection: Current Concepts and Recommendations. J. Orthop. Trauma 2020, 34, 8–17. [Google Scholar] [CrossRef]

	



Sigmund, I.K.; McNally, M.A. Diagnosis of bone and joint infections. Orthop. Trauma 2019, 33, 144–152. [Google Scholar] [CrossRef]

	



Kendal, A.R.; Ferguson, J.Y.; Wong, T.H.N.; Atkins, B.L.; NcNally, M. Osteomyelitis—Symptoms, diagnosis and treatment|BMJ Best Practice US. Available online: https://bestpractice.bmj.com/topics/en-us/354 (accessed on 24 November 2022).

	



Bernard, L.; Uçkay, I.; Vuagnat, A.; Assal, M.; Stern, R.; Rohner, P.; Hoffmeyer, P. Two consecutive deep sinus tract cultures predict the pathogen of osteomyelitis. Int. J. Infect. Dis. 2010, 14, e390–e393. [Google Scholar] [CrossRef]

	



Ulug, M.; Ayaz, C.; Celen, M.K.; Geyik, M.F.; Hosoglu, S.; Necmioglu, S. Are sinus-track cultures reliable for identifying the causative agent in chronic osteomyelitis? Arch. Orthop. Trauma Surg. 2009, 129, 1565–1570. [Google Scholar] [CrossRef]

	



Soomro, S.; Siddiqi, M.A.; Taufiq, I. Diagnostic value of sinus tract culture versus intraoperative bone culture in patients with chronic osteomyelitis. J. Pak. Med. Assoc. 2016, 66 (Suppl. S3), S109–S111. [Google Scholar]

	



Zuluaga, A.F.; Galvis, W.; Jaimes, F.; Vesga, O. Lack of microbiological concordance between bone and non-bone specimens in chronic osteomyelitis: An observational study. BMC Infect. Dis. 2002, 2, 8. [Google Scholar] [CrossRef]

	



Mackowiak, P.A.; Smith, J.W.; Jones, S.R. Diagnostic value of sinus-tract cultures in chronic osteomyelitis. JAMA 1978, 239, 2772–2775. [Google Scholar] [CrossRef] [PubMed]

	



Corrigan, R.A.; Sliepen, J.; Dudareva, M.; IJpma, F.F.; Govaert, G.; Atkins, B.L.; Rentenaar, R.; Wouthuyzen-Bakker, M.; McNally, M. Causative Pathogens Do Not Differ between Early, Delayed or Late Fracture-Related Infections. Antibiotics 2022, 11, 943. [Google Scholar] [CrossRef] [PubMed]

	



Baertl, S.; Walter, N.; Engelstaedter, U.; Ehrenschwender, M.; Hitzenbichler, F.; Alt, V.; Rupp, M. What Is the Most Effective Empirical Antibiotic Treatment for Early, Delayed, and Late Fracture-Related Infections? Antibiotics 2022, 11, 287. [Google Scholar] [CrossRef] [PubMed]

	



Depypere, M.; Sliepen, J.; Onsea, J.; Debaveye, Y.; Govaert, G.A.; IJpma, F.F.; Zimmerli, W.; Metsemakers, W.J. The Microbiological Etiology of Fracture-Related Infection. Front. Cell. Infect. Microbiol. 2022, 12, 934485. [Google Scholar] [CrossRef] [PubMed]

	



Sliepen, J.; Corrigan, R.A.; Dudareva, M.; Wouthuyzen-Bakker, M.; Rentenaar, R.J.; Atkins, B.L.; Govaert, G.A.; McNally, M.A.; IJpma, F.F. Does the Use of Local Antibiotics Affect Clinical Outcome of Patients with Fracture-Related Infection? Antibiotics 2022, 11, 1330. [Google Scholar] [CrossRef]

	



Li, H.K.; Rombach, I.; Zambellas, R.; Walker, A.S.; McNally, M.A.; Atkins, B.L.; Lipsky, B.A.; Hughes, H.C.; Bose, D.; Kümin, M.; et al. Oral versus intravenous antibiotics for bone and joint infection. N. Engl. J. Med. 2019, 380, 425–436. [Google Scholar] [CrossRef]








[image: Antibiotics 12 00013 g001 550] 





Figure 1. Flow diagram of patient inclusion in the study. 
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Figure 2. Comparison of the microbiology from intra-operative sampling versus microbiology from before referral. (a) Comparison of intra-operative sampling from patients who had pre-referral microbiology available and not available. (b) Distribution of each species isolated from each of the different types of sampling method that was used on pre-referral microbiology versus intra-operative sampling. 
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Figure 3. Outcomes of pre-referral microbiology compared to intra-operative sampling. Comparison of pre-referral microbiology to intra-operative sampling by (a) method of sampling, (b) timing from sampling to operative samples and (c) the presence of an active sinus. ‘Complete matches’ are in green, ‘partial matches’ are in orange and ‘non-matches’ are in red. 
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Figure 4. Multivariate logistic regression demonstrating that the presence of an active sinus, isolates from previous surgical sampling and increased time interval between referral sample and intra-operative sample all independently predicted an incorrect match of referral microbiology to intra-operative samples. * p < 0.05, and *** p < 0.001. OR = Odds ratio. 
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Table 1. Demographics, referral, and microbiological information of the 141 patients included.
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Age (Mean, SD)

	
Mean 51.2 Years

(SD 17.3 Years)






	
Site of infection

	




	

	
Upper limb

	
30




	

	
Lower limb

	
111




	
Aetiology of infection

	




	

	
Fracture related infection – closed

	
45 (31.9%)




	

	
Fracture related infection – open

	
40 (28.4%)




	

	
Haematogenous

	
26 (18.4%)




	

	
Contiguous focus

	
15 (10.6%)




	

	
Post-orthopaedic procedure (non-fracture)

	
15 (10.6%)




	
Pre-referral microbiology not available

	
69




	
Pre-referral microbiology available (n = 88) *

	




	

	
Swab

	
40




	

	
Previous surgical sampling

	
25




	

	
Biopsy

	
19




	

	
Blood culture

	
4




	
Time from pre-referral microbiology to surgery (n = 88) *

	
median 0.8 years

(IQR 0.49–1.53 years)




	
JS-BACH Classification of pre-referral microbiology

	




	

	
No referral information (Ax)

	
69




	

	
Ax/A1

	
62




	

	
A2/A3 (MDR+)

	
10




	
JS-BACH Classification from intra-operative sampling

	




	

	
Ax/A1

	
113




	

	
A2/A3 (MDR+)

	
28




	
Previous debridement for osteomyelitis

	




	

	
Yes

	
41




	

	
No

	
100








* 7 patients had multiple methods of pre-referral microbiology.













[image: Table] 





Table 2. Comparison of pre-referral microbiology to intra-operative samples in 72 patients representing a total of 88 pre-referral microbiology samples.
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Growth from Referral Microbiology Samples

	
Growth Reported from Intra-Operative Sampling

	
Number






	
‘Complete match’

	

	




	

	
Yes

	
Same as referral microbiology

	
16 (18.2%)




	

	
No

	
No growth

	
6 (6.8%)




	
‘Partial match’

	

	




	

	
Yes

	
Same as referral microbiology with additional isolates

	
8 (9.1%)




	
‘Non-match’

	

	




	

	
No

	
Significant growth

	
6 (6.8%)




	

	
Yes

	
Isolates not present on referral microbiology samples

	
52 (59.1%)
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Table 3. Results from multivariate logistic regression assessing MDR+ isolates (A2/A3) versus non-MDR isolates (Ax/A1) during intra-operative sampling. Previous bone debridement of osteomyelitis increased odds of A2/A3 isolate at intra-operative sampling by 3.6 (1.5–8.7), ** p < 0.01.
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Intra-Operative Classification

	




	
Total

	
Ax/A1

	
A2/A3 (MDR+)

	
Odds Ratio

	
95% CI






	
Referral microbiology

	

	

	

	

	




	

	
Not available (Ax)

	
69

	
58 (84.1%)

	
11 (15.9%)

	
-

	




	

	
Ax/A1

	
61

	
47 (77.1%)

	
14 (22.9%)

	
1.2

	
0.44–3.2




	

	
A2/A3

	
11

	
8 (72.7%)

	
3 (27.3%)

	
1.4

	
0.26–5.6




	
Previous debridement

	

	

	

	

	




	

	
No (reference)

	
99

	
84 (84.8%)

	
15 (15.2%)

	
-

	




	

	
Yes

	
42

	
29 (69.0%)

	
13 (31.0%)

	
3.6

	
1.5–8.7 **
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