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The management of osteoarticular infections (OAIs) has changed drastically over the past 20 years thanks to the advent and widespread use of nucleic acid amplification assays (NAAAs). Molecular techniques have substantially improved the detection of low levels of bacteriological agents in clinical samples and have decreased the rate of “culture-negative” OAIs (1, 2). A better understanding of the pathophysiological mechanisms involved in infections has radically changed our understanding of the etiology of OAIs (3–5), resulting in major changes in diagnostic approaches and therapeutic management.

Since then, concepts about the etiology of OAIs have been reviewed and improved. They now highlight that Kingella kingae must be considered one of the main pathogens responsible for the hematogenous infection of bones, joints, intervertebral discs, and tendon sheaths, especially in children aged between 6 and 48 months old. K. kingae's role in OAIs was underestimated in the past (3–6), but growing evidence has downsized the role of Staphylococcus aureus, considered the predominant pathogen responsible for OAIs in the pediatric population for many decades (6–17).

More accurate identification of the bacterial pathogens responsible for OAIs has also led to the development of new concepts of care for pediatric populations. It is now recognized that the clinical and biological aspects of OAIs are closely related to a child's age and, above all, the pathogen responsible. We now know that there are different bacteriological specificities for the OAIs in different age groups of children and teenagers. Other factors, such as a patient's socioeconomic status, potential comorbidities, vaccination status, changes in patterns of immunomodulating diseases, and the emergence of resistant bacteria, also seem to play significant roles in OAIs and must be considered (18). Today we realize how important it is to consider all the patient's characteristics to fully appreciate an OAIs clinical history.

Despite the publication of guidelines on diagnosis and management of OAIs in pediatrics (19), there is still no real worldwide consensus on the treatment of these infections in children. Nevertheless, pediatricians and pediatric orthopedists do agree that OAIs clinical presentation and the subsequent clinical outcome will differ depending on its microbiological causes, and, therefore, the treatments required may differ substantially from patient to patient. For example, OAIs caused by pyogenic pathogens, such as such as S. aureus, Streptococcus pyogenes, Haemophilus influenzae type b or Streptococcus pneumoniae, usually present with more severe symptoms and clinical manifestations, show a slower clinical response, and have potentially worse outcomes. These OAIs may thus require invasive diagnostic and therapeutic procedures and lead to intravenous antibiotic treatments (20, 21). Conversely, the OAIs due to K. kingae usually characterize by lesser general and local inflammatory reactions no long-term orthopedic sequelae, and are accessible to antibiotic therapy alone (3), without surgery.

The initial and historical controversy between pediatricians and pediatric orthopedists, about the indications for surgery in these infections, withered with better knowledge about the clinical manifestations of infections depending on the causative pathogen. There is now general agreement that certain OAIs—those due to fastidious bacteria, such as K. kingae or Moraxella spp.—can be treated using intravenous or even oral antibiotics alone, with no need for surgery (22). Severe infections, however, still require surgical management alongside intravenous antibiotic therapy, especially if pathogens such as S. aureus or S. pneumoniae are involved.

Thanks to this new approach, OAIs can now be classified into two groups: those which constitute genuine orthopedic emergencies that usually require surgical treatment alongside antibiotics therapy, and those which appear much less serious and can be treated with oral or intravenous antibiotics and without surgery. Making this distinction seems essential since it will probably significantly change the standards of care for pediatric OAIs in the future. It is even more crucial since the notion of what constitutes an emergency in cases of OAIs is not the same for pyogenic and non-pyogenic pathogens. A rapid identification of the responsible pathogen and a proper clinical and radiological diagnosis are crucial to avoid any serious complications.

To adapt a treatment to a specific clinical situation, two fundamental conditions must be met. First, the responsible pathogen must be identified as quickly as possible, and its susceptibility to selected antibiotics determined. Second, targeted clinical radiological investigations, such as x-rays and magnetic resonance imaging (MRI), should be used as crucial, reliable tools to help decision-making processes for surgical procedures. Treating OAIs with close regard to the pathogens and the local impact of the infection also depends on the real-time availability of the above-mentioned instruments in the patient's medical facility.

Regarding the identification of the pathogens responsible for OAIs, NAAAs technology has progressed significantly in the last few years, and improvements have been recorded in efficiency (the development of primers amplifying species-specific targets better than universal primers) and specificity (assays less prone to contamination) (1, 2). With the latest polymerase chain reaction processes, it is now possible to generate millions of copies of a specific DNA sequence in just a few hours. We could expect there to be continuous improvements in nucleic acid amplification processes, probably leading to faster bacterial identification and eventually to real-time diagnosis. This was the case of K. kingae, whose identification was dramatically improved using NAAAs (23).

In addition to their ability to identify pathogens, some NAAAs can detect the presence of genes encoding proteins such as antibiotic-inactivating enzymes or virulence factors (24). With the continuous improvement of NAAAs technologies, we imagine that these could potentially replace the use of standard cultures for antimicrobial susceptibility testing (24). Finally, it is legitimate to think that next-generation metagenomic sequencing of microbial cell-free DNA may become, in a close future, an attractive diagnostic modality for the infectious diseases, allowing rapid broad-range pathogen detection by means of noninvasive sampling such as peripheral blood (the so-called liquid biopsy) (25).

Regarding radiological explorations, MRI is currently the best diagnostic instrument for accurate OAIs investigations and workups. It plays a central role in current clinical algorithms (26, 27), providing fast, reliable diagnoses and helping orthopedic surgeons in their decision-making processes, especially when a decision on surgery must be taken. When acute OAIs is suspected in a child, an emergency MRI aims to identify bone marrow signal abnormalities and joint effusions, offering substantial benefits in pre-operative planning (27–29). However, MRI is not always readily available or accessible, and the procedure's duration can constitute a problem, especially in young children, because the patient must maintain the same position for a long time. Using lower-resolution data acquisition and compressed reconstruction could reduce total scan time and costs.

The next few years will certainly be marked by a revolution in the management of OAIs, both in the diagnostic approaches used and in their treatment. In the very near future, the rapid identification of the causative pathogen, the determination of its sensitivity to antibiotics, and a precise definition of its location will enable pediatricians and surgeons to provide patients with more specifically targeted treatments. It is now up to primary care physicians and specialists to keep up to date on the progress made in the fields of bacteriological and radiological investigation and then provide their patients with the best possible treatments.


Author contributions

GD: Writing – original draft, Writing – review & editing. BC: Writing – original draft, Writing – review & editing. GD: Supervision, Validation, Writing – review & editing. SV: Supervision, Validation, Writing – review & editing. LB: Writing – review & editing, Supervision, Validation. DC: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article.

Open access funding by University of Geneva.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. DeMarco G, Chargui M, Coulin B, Borner B, Steiger C, Dayer R, et al. Kingella kingae osteoarticular infections approached through the prism of the pediatric orthopedist. Microorganisms. (2021) 10:25. doi: 10.3390/microorganisms1001002535056474

2. Ceroni D, Dayer R, Steiger C. Are we approaching the end of pediatric culture-negative osteoarticular infections? Future Microbiol. (2019) 14:917–9. doi: 10.2217/fmb-2019-014131373229

3. Coulin B, Demarco G, Spyropoulou V, Juchler C, Vendeuvre T, Habre C, et al. Osteoarticular infection in children. Bone Joint J. (2021) 103-B:578–83. doi: 10.1302/0301-620X.103B3.BJJ-2020-0936.R233641416

4. Juchler C, Spyropoulou V, Wagner N, Merlini L, Dhouib A, Manzano S, et al. The contemporary bacteriologic epidemiology of osteoarticular infections in children in Switzerland. J Pediatr. (2018) 194:190–6.e1. doi: 10.1016/j.jpeds.2017.11.02529263015

5. Samara E, Spyropoulou V, Tabard-Fougère A, Merlini L, Valaikaite R, Dhouib A, et al. Kingella kingae and osteoarticular infections. Pediatrics. (2019) 144:e20191509. doi: 10.1542/peds.2019-150931722963

6. Yagupsky P. Changing aetiology of paediatric septic arthritis. J Paediatr Child Health. (2021) 57:1560–3. doi: 10.1111/jpc.1565434259365

7. Blyth MJ, Kincaid R, Craigen MA, Bennet GC. The changing epidemiology of acute and subacute haematogenous osteomyelitis in children. J Bone Joint Surg Br. (2001) 83:99–102. doi: 10.1302/0301-620x.83b1.1069911245548

8. Caksen H, Oztürk MK, Uzüm K, Yüksel S, Ustünbaş HB, Per H. Septic arthritis in childhood. Pediatr Int. (2000) 42:534–40. doi: 10.1046/j.1442-200x.2000.01267.x11059545

9. Chen W-L, Chang W-N, Chen Y-S, Hsieh K-S, Chen CK-H, Peng N-J, et al. Acute community-acquired osteoarticular infections in children: high incidence of concomitant bone and joint involvement. J Microbiol Immunol Infect. (2010) 43:332–8. doi: 10.1016/S1684-1182(10)60051-520688294

10. Christiansen P, Frederiksen B, Glazowski J, Scavenius M, Knudsen FU. Epidemiologic, bacteriologic, and long-term follow-up data of children with acute hematogenous osteomyelitis and septic arthritis: a ten-year review. J Pediatr Orthop B. (1999) 8:302–5. PMID: 1051336910513369

11. Goergens ED, McEvoy A, Watson M, Barrett IR. Acute osteomyelitis and septic arthritis in children. J Paediatr Child Health. (2005) 41:59–62. doi: 10.1111/j.1440-1754.2005.00538.x15670227

12. Karwowska A, Davies HD, Jadavji T. Epidemiology and outcome of osteomyelitis in the era of sequential intravenous-oral therapy. Pediatr Infect Dis J. (1998) 17:1021–6. doi: 10.1097/00006454-199811000-000129849986

13. Yagupsky P, Dagan R, Howard CW, Einhorn M, Kassis I, Simu A. High prevalence of Kingella kingae in joint fluid from children with septic arthritis revealed by the BACTEC blood culture system. J Clin Microbiol. (1992) 30:1278–81. doi: 10.1128/jcm.30.5.1278-1281.19921583131

14. Hunter S, Chan H, Baker JF. Global epidemiology of childhood bone and joint infection: a systematic review. Infection. (2022) 50:329–41. doi: 10.1007/s15010-021-01741-335048321

15. Gouveia C, Duarte M, Norte S, Arcangelo J, Pinto M, Correia C, et al. Kingella kingae displaced S. aureus as the most common cause of acute septic arthritis in children of all ages. Pediatr Infect Dis J. (2021) 40:623–7. doi: 10.1097/INF.000000000000310533657599

16. Yagupsky P. Kingella kingae displaced Staphylococcus aureus as the most common etiology of septic arthritis only below six years of age. Pediatr Infect Dis J. (2021) 40:e286. doi: 10.1097/INF.000000000000313833742611

17. Hernández-Rupérez MB, Suárez-Arrabal MDC, Villa-García Á, Zarzoso-Fernández S, Navarro-Gómez M, Santos-Sebastián MDM, et al. Kingella kingae as the main cause of septic arthritis: importance of molecular diagnosis. Pediatr Infect Dis J. (2018) 37:1211–6. doi: 10.1097/INF.0000000000002068

18. Dodwell ER. Osteomyelitis and septic arthritis in children: current concepts. Curr Opin Pediatr. (2013) 25:58–63. doi: 10.1097/MOP.0b013e32835c2b4223283291

19. Woods CR, Bradley JS, Chatterjee A, Copley LA, Robinson J, Kronman MP, et al. Clinical practice guideline by the pediatric infectious diseases society and the infectious diseases society of America: 2021 guideline on diagnosis and management of acute hematogenous osteomyelitis in pediatrics. J Pediatric Infect Dis Soc. (2021) 10:801–44. doi: 10.1093/jpids/piab02734350458

20. Basmaci R, Lorrot M, Bidet P, Doit C, Vitoux C, Penneçot G, et al. Comparison of clinical and biologic features of Kingella kingae and Staphylococcus aureus arthritis at initial evaluation. Pediatr Infect Dis J. (2011) 30:902–4. doi: 10.1097/INF.0b013e31821fe0f7

21. Ceroni D, Cherkaoui A, Combescure C, François P, Kaelin A, Schrenzel J. Differentiating osteoarticular infections caused by Kingella kingae from those due to typical pathogens in young children. Pediatr Infect Dis J. (2011) 30:906–9. doi: 10.1097/INF.0b013e31821c3aee21494171

22. Cochard B, Gurbanov E, Bazin L, De Marco G, Vazquez O, Di Laura Frattura G, et al. Pediatric osteoarticular Kingella kingae infections of the hand and wrist: a retrospective study. Microorganisms. (2023) 11:2123. doi: 10.3390/microorganisms1108212337630683

23. Yagupsky P. The past, present, and future of Kingella kingae detection in pediatric osteoarthritis. Diagnostics (Basel). (2022) 12:2932. doi: 10.3390/diagnostics1212293236552939

24. Banerjee R, Humphries R. Rapid antimicrobial susceptibility testing methods for blood cultures and their clinical impact. Front Med (Lausanne). (2021) 8:635831. doi: 10.3389/fmed.2021.63583133777978

25. Han D, Li R, Shi J, Tan P, Zhang R, Li J. Liquid biopsy for infectious diseases: a focus on microbial cell-free DNA sequencing. Theranostics. (2020) 10:5501–13. doi: 10.7150/thno.4555432373224

26. Griswold BG, Sheppard E, Pitts C, Gilbert SR, Khoury JG. The introduction of a preoperative MRI protocol significantly reduces unplanned return to the operating room in the treatment of pediatric osteoarticular infections. J Pediatr Orthop. (2020) 40:97–102. doi: 10.1097/BPO.000000000000111331923170

27. Quick RD, Williams J, Fernandez M, Gottschalk H, Cosgrove P, Kahlden K, et al. Improved diagnosis and treatment of bone and joint infections using an evidence-based treatment guideline. J Pediatr Orthop. (2018) 38:e354–9. doi: 10.1097/BPO.000000000000118729727410

28. Jaramillo D, Treves ST, Kasser JR, Harper M, Sundel R, Laor T. Osteomyelitis and septic arthritis in children: appropriate use of imaging to guide treatment. AJR Am J Roentgenol. (1995) 165:399–403. doi: 10.2214/ajr.165.2.76185667618566

29. Kan JH, Hilmes MA, Martus JE, Yu C, Hernanz-Schulman M. Value of MRI after recent diagnostic or surgical intervention in children with suspected osteomyelitis. AJR Am J Roentgenol. (2008) 191:1595–600. doi: 10.2214/AJR.08.111518941107







OPS/images/crossmark.jpg
(®) Check for updates.





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Reflection on osteoarticular infections in children

		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
& frontiers | Frontiers in Pediatrics






OPS/images/logo.jpg
& frontiers | Frontiers in Pediatrics





