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ABSTRACT
The evolution of diagnostics in recent decades, has been of a great importance in laboratory medicine, especially the Microbiology laboratory. The accurate diagnosis of pathogen standing behind the acute or chronic infections, is the corner stone of the proper management of infections. In bone infections, such as septic arthritis, osteomyelitis, diabetic foot infections, spinal infections, and periprosthetic joint infections, the diagnosis of causative organisms is challenging while using the conventional methods. Modern diagnostics such as BIOFIRE JI panel can add a great benefit not only in identifying the causative organisms but also in specifying the antimicrobial resistance genes which can help in tailoring effective empirical antimicrobial treatment plan.
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I. INTRODUCTION

Bone and joint infections, including osteomyelitis, septic arthritis, and prosthetic joint infections, represent a significant clinical challenge due to their complexity, potential for severe complications, and the need for timely and accurate diagnosis. Traditional diagnostic methods, such as culture-based techniques, often require extended timeframes, ranging from 48 hours to several days, and may yield false-negative results, especially when patients have received prior antibiotic therapy. These limitations can delay the initiation of targeted treatment, increasing the risk of poor outcomes, including chronic infection, amputation, or the need for repeated surgeries. The introduction of advanced molecular diagnostic tools, such as the BIOFIRE Joint Infection (JI) Panel, has revolutionized the approach to diagnosing and treating these infections.
The BIOFIRE JI Panel is a multiplex polymerase chain reaction (PCR) assay designed to rapidly identify a comprehensive array of pathogens and key antimicrobial resistance (AMR) genes directly from synovial fluid. This cutting-edge technology offers results in approximately one hour, significantly shortening the diagnostic timeline compared to traditional methods. By detecting up to 39 targets, including bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa, fungi like Candida species, and critical resistance markers such as mecA and vanA/B, the panel provides a detailed microbiological profile essential for tailoring therapy.
One of the panel’s primary advantages is its utility in situations where standard culture methods are insufficient. For instance, it excels in detecting fastidious organisms or polymicrobial infections, which are often missed due to the limitations of culture techniques. This feature is particularly important in cases of chronic or complex infections, where multiple pathogens may coexist, or in patients who have been pre-treated with antibiotics that suppress bacterial growth in cultures. Furthermore, the BIOFIRE JI Panel’s ability to identify resistance genes facilitates the early administration of appropriate antibiotics, reducing reliance on broad-spectrum empiric therapy and promoting antimicrobial stewardship.
The clinical impact of the BIOFIRE JI Panel extends beyond rapid diagnostics. Its implementation has been shown to improve patient outcomes by enabling timely and targeted intervention, which reduces the risk of prolonged infections and associated complications. Additionally, it enhances the efficiency of healthcare delivery by decreasing hospital stays, minimizing unnecessary procedures, and reducing overall healthcare costs. By integrating this tool into diagnostic workflows, clinicians can address bone and joint infections more effectively, ensuring that patients receive optimal care based on precise and actionable data. In conclusion, the BIOFIRE JI Panel represents a paradigm shift in the management of bone infections, bridging the gap between microbiological diagnostics and clinical decision-making. Its rapid, accurate, and comprehensive detection capabilities are indispensable in modern infectious disease management, providing significant benefits for both patients and healthcare systems.

II. TOPICS

A. What is the bone infection?
B. What are the different diagnostics used for the diagnosis of bone infection?
C. What is the Biofire technology?
D. What is the role of Biofire in diagnosis of bone infection?
E. What is the role of Biofire in treatment of bone infection?
F. Case scenarios representing the value of the BIOFIRE JI panel in diagnosis and treatment of bone infections.
G. Recommendations for Biofire use in bone infection management.


A. What is the bone infection?

Bone infection is one of the most serious complaints among all ages of patients. It has a wide range of signs and symptoms based on the type, site and complications caused by this infection. Serious morbidities and mortalities can be caused by bone infections especially that it has management challenges starting from the need for proper diagnosis passing through surgical and medical management of this infection. Bone infection might be native or caused by external factors such as trauma, or surgical intervention. Different clinical forms of bone infection include septic arthritis, osteomyelitis, spinal infections, diabetic foot infection, fracture related infection, and implant related infections.
A very big challenge in management of chronic bone infection, is the evolvement and reversion of infection due to the ability of bacteria to persist like in Staphylococcus aureus which endures through several mechanisms such as small colony variants, intracellular survival, biofilm formation, invasion of lacunocanalicular network of the bone osteocytes, in addition to collection and abscess formation. (1) Many factors have been contributing to the deep understanding of the of the Microbiology of bone infection, these factors include the evolution in Microbiology diagnostics, especially the molecular techniques. It helps in identifying organisms that might be hard to be isolated through conventional methodologies, in addition to detection of wide range of genes that stand behind antibiotic resistance which also plays a role in improving the management of infections. (2)
Septic arthritis almost affect 4-10/ 100.000 patients each year, this incidence increase to 30-60 individual per 100.000 in patients with underlying joint diseases. (3) The average incidence of chronic multifocal osteomyelitis is 0.65/ 100.000 among children and adolescence in the UK and Republic of Ireland. (4) Among musculoskeletal infections, the spinal infections occurrence ranges from 2-7 % and although its low incidence rate in some areas like developed countries (1/100.000 to 1/250.000), its has a 2-4% mortality rate. (5) On the other hand, PJI incidence ranges from 2-2.4% in primary joint arthroplasty and up to 20% in revision surgeries. (6)
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	Figure (1) Different types of bone infection

	a. knee Osteomyelitis 
	b. Knee post-surgical infection
	c. Septic artheritis



B. What are the different diagnostics used for the diagnosis of bone infection?

Conventional Microbiology diagnostics such as routine culture, and analytic profile index (API) are still the gold standard although their limitations, and they should not be replaced by the advanced molecular techniques, but they can complement the role of each other. Conventional Microbiology cultures have the advantage of providing antibiotic sensitivity, but it has a long turnaround time. On the other hand, the molecular techniques have the advantage of identifying organisms in false negative culture results, which caused by multiple reasons such as infections caused by fastidious organisms like Kingella kingae, which is on top causes of septic arthritis in children and Neisseria gonorrhoeae which causes septic arthritis in sexually active individuals. (7,8)  Persistence of antibiotics in specimens which hinder the ability of conventional cultures to isolate organisms is also one of the reasons behind false negative culture results. However, Molecular diagnostics are still having limitations to detect organisms in some situations such as low inoculum or polymicrobial infections, or even identifying nucleic acid of non-viable organisms. Variable molecular techniques can be used, for example; specific, multiplex and universal PCR, and whole genome sequencing (WGS). (9)
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	Figure (2): Different diagnostics used in Microbiology laboratory

	a. Routine culture
	b. API 
	c. PCR
	d. WGS



C. [image: A white and red box with red trim

Description automatically generated with medium confidence]What is the Biofire technology?

The BIOFIRE® FILMARRAY® Pouch is based on multiplex PCR, which is performed through three simple steps: (a) Setup through injection of hydration solution and sample, followed by (b) Inserting the pouch into the instrument figure (3). Then finally (c) ended by software reporting the results. Biofire cycle of identification starts with extraction and purification of nucleic acids from the suitable sample. Thereafter, two steps of multiplex PCR are commenced, starting with single multiplexed reaction followed by individual single-plex reactions to detect the target either an organism or an antimicrobial resistant gene.
This technology and its simple performance give many advantages to the BIOFIRE over the conventional culture methos used in the Microbiology Laboratories. These advantages include the faster turnaround time and cost effectiveness, which help in identifying causative organisms and their mechanism of antimicrobial resistance which can guide the physicians in developing an early efficient antimicrobial plan.
In 2022, Food and Drug Administration (FDA) approved the BIOFIRE Joint JI panel, which is targeting 39 clinically relevant targets including Gram-positive bacteria, Gram-negative bacteria, yeast, and antimicrobial resistance genes Table (1). (10) The sample used for this panel is 200 μL of synovial fluid, with minimal hands on and short turnaround time nearly one hour.Figure (3): BIOFIRE FILMARRAY


Table (1): Clinically relevant targets identified by the BIOFIRE JI Panel:

	Gram positive bacteria
	Anaerococcus prevotii/vaginalis

	
	Clostridium perfringens

	
	Cutibacterium avidum/granulosum

	
	Enterococcus faecalis

	
	Enterococcus faecium

	
	Finegoldia magna

	
	Parvimonas micra

	
	Peptoniphilus

	
	Peptostreptococcus anaerobius

	
	Staphylococcus aureus

	
	Staphylococcus lugdunensis

	
	Streptococcus agalactiae

	
	Streptococcus pneumoniae

	
	Streptococcus pyogenes

	Gram negative bacteria
	Bacteroides fragilis

	
	Citrobacter

	
	Enterobacter cloacae complex

	
	Escherichia coli

	
	Haemophilus influenzae

	
	Kingella kingae

	
	Haemophilus influenzae

	
	Kingella kingae

	
	Klebsiella aerogenes

	
	Klebsiella pneumoniae group

	
	Morganella morganii

	
	Neisseria gonorrhoeae

	
	Proteus spp.

	
	Pseudomonas aeruginosa

	
	Salmonella spp.

	
	Serratia marcescens

	Yeast
	Candida albicans

	Antimicrobial resistance genes
	CTX-M

	
	KPC

	
	NDM

	
	IMP

	
	VIM

	
	OXA-48-like

	
	mecA/C and MREJ (MRSA)

	
	vanA/B





D. What is the role of Biofire in diagnosis of bone infection?

Many studies assessed the role of BIOFIRE joint infection panel, in the diagnosis of periprosthetic joint infections. The BIOFIRE technology added an advantage of identifying some difficult to grow organisms specially in cases of unexpected negative cultures.(11) The role of BIOFIRE in diagnosing bone infection is much higher in native acute septic arthritis rather than post- surgical joint infections. This is because the BIOFIRE JI panel lacks some organisms, which are commonly isolated in post-surgical PJI. These organisms such as staphylococcus epidermidis and cutibacterium acne. Their absence from the BIOFIRE JI panel, probably takes aim to minimize false-positive results, because the isolation of these organisms is still debatable because they might be part of the normal skin flora. 
Several studies have compared the performance of BIOFIRE JI panel with the routine culture, the gold standard method and although the high agreement between BIOFIRE and conventional culture results, there were a percentage of discrepancy which requires proper clinical assessment. (12) 

Table (2): Overall agreement between BIOFIRE JI panel and routine culture in 
native and prosthetic joint infections

	In native joint infections

	Overall agreement between BIOFIRE JI panel, and routine culture is 88.4 %

	Both positive
	Both negative
	Positive BIOFIRE JI panel only
	Positive routine culture only

	147 samples
	641 samples
	73 samples
	12 samples

	In prosthetic joint infection

	Overall agreement between BIOFIRE JI panel, and routine culture is 85.7 %

	Both positive
	Both negative
	Positive BIOFIRE JI panel only
	Positive routine culture only

	138
	210
	38
	12



These results in table (2) mean that the positivity rate results gained by (positive routine culture only) is much lower than that obtained by the (positive BIOFIRE JI panel only). (13) This was attributed to the organisms of the JI panel such as Finegoldia magna, Peptoniphilus, and other anaerobic organisms which were only identified by BIOFIRE JI panel but not by the routine culture. This has a big role in modifying the epidemiology of anaerobic organisms as a cause of bone infection. Consequently, this identification should modify the empirical and targeted antibiotics, which is considered a big role to play by the BIOFIRE JI panel.
On the other hand, most of the organisms which were detected by (routine culture only) but not by BIOFIRE JI panel, are not included in the BIOFIRE JI panel which means; it is not due to a limitation in the technology, these organisms such as coagulase negative Staphylococci (except staphylococcus lugdunensis) and Cutibacterium acenes. Many studies have assessed the sensitivity and specificity of BIOFIRE JI panel table (3).

Table (3): BIOFIRE JI panel, sensitivity and specificity assessment.

	
	Sensitivity
	Specificity

	Biomerieux (14)
	91.7%
	99.8%

	Berinson B st al. (15)
	100%
	100%

	Hoffman et al. (16)
	92%
	100%

	Saeed et al. (17)
	91.6%
	93%

	Esteban J et al. (18)
	90.5%
	99.6%

	Gaillard et al. (19)
	84.9%
	100%

	Schaenmakers et. al. (20)
	80.6%
	100%

	Salar-Vidal et al. (21)
	69%
	91.9%

	Gardete-Hartmann et al. (11)
	41.4%
	91.1%



E. What is the role of Biofire in treatment of bone infection?

BIOFIRE technology has a crucial antimicrobial stewardship role in the initiation of empirical antimicrobials. This role is achieved through de-escalation of the usually used empirical broad-spectrum antimicrobials, to a narrower spectrum covering only the isolated organism and at the same time to be effective against the detected antimicrobial resistance gene. This can be an excellent tool for applying regulations of antimicrobial stewardship. (16) 








Table (4): comparison between BIOFIRE JI panel and routine culture 
in detection of resistance genes.
	In native joint infections

	
	Both positive
	Detection only by BIOFIRE JI panel 
	Detection only by Routine culture 
	Total detection by BIOFIRE JI panel
	Total detection by routine culture

	Gram positive resistance genes
	4
	6
	2
	10
	6

	Gram negative resistance genes
	0
	5
	0
	5
	0

	In prosthetic joint infection

	
	Both positive
	BIOFIRE JI panel only is positive
	Routine culture only is positive
	Total detection by JI panel
	Total detection by routine culture

	Gram positive resistance genes
	6
	5
	0
	11
	6

	Gram negative resistance genes
	3
	13
	0
	16
	3



Results shown in table (4), confirms the superiority of the BIOFIRE JI panel to the routine culture, in detection of resistance genes especially in gram negative organisms.(13) This is considered a big advantage which can modify the antimicrobial plan in the empirical phase to ensure the most effective treatment plan for the patient. BIOFIRE JI panel can guide antimicrobial management plan in cases of polymicrobial infection where cultures cannot detect, which is one of the top reasons behind failure of joint revision surgeries. (22)

F. Case scenarios representing the value of the BIOFIRE JI panel in diagnosis and treatment of bone infections.

Case 1: Rapid Diagnosis in PJI:
· Scenario:
A 70-year-old male undergoes a total knee arthroplasty and presents two weeks later with swelling, warmth, and pain in the surgical area. Routine cultures from synovial fluid yield no growth after 48 hours, and the patient's condition deteriorates.
· How the BIOFIRE JI Panel Helps:
1. The BIOFIRE Joint Infection (JI) Panel provides results in approximately one hour, identifying Staphylococcus aureus with mecA resistance gene (indicating methicillin resistance).
2. Rapid identification allows clinicians to switch from empiric vancomycin to a targeted regimen with daptomycin, reducing the risk of antibiotic resistance and improving outcomes.
3. Early, targeted treatment prevents prosthetic failure and reduces the need for revision surgery.

Case 2: Identification of Polymicrobial Infections in Osteomyelitis
· Scenario:
A 42-year-old diabetic patient presents with chronic foot ulceration and signs of osteomyelitis. Imaging confirms bone involvement, but routine cultures identify only Escherichia coli. Despite appropriate treatment, the infection persists.
· How the BIOFIRE JI Panel Helps:
1. The panel identifies additional pathogens (Pseudomonas aeruginosa and Streptococcus agalactiae) within an hour, which were missed in standard culture due to prior antibiotic use.
2. The broad detection enables the adjustment of antibiotics to cover all implicated organisms, resolving the infection effectively.
3. Faster diagnosis prevents unnecessary delays in initiating comprehensive therapy, lowering the risk of amputation.

Case 3: Differentiation Between Contaminants and True Pathogens in Joint Infection
· Scenario:
A 30-year-old male with a history of intravenous drug use presents with septic arthritis. Initial synovial fluid culture detects Corynebacterium species, but it is unclear if the finding represents a contaminant or a true pathogen.
· How the BIOFIRE JI Panel Helps:
1. The BIOFIRE JI Panel confirms the presence of Corynebacterium striatum and its antimicrobial resistance profile, differentiating it as a significant pathogen.
2. Targeted treatment is initiated based on susceptibility data, avoiding overuse of broad-spectrum antibiotics.
3. Rapid results prevent delays and support better antimicrobial stewardship.






G. Recommendations for Biofire use in bone infection management.

The BIOFIRE JI Panel is a rapid multiplex PCR assay designed to detect a broad spectrum of pathogens and AMR genes associated with joint infections. Its implementation in clinical settings has been evaluated in several studies, leading to recommendations for its use in diagnosing and managing bone and joint infections.

1. Enhanced Diagnostic Accuracy and Speed
· Improved Sensitivity and Specificity:
The BIOFIRE JI Panel has shown high sensitivity and specificity for detecting pathogens in joint infections, outperforming traditional culture methods. 
· Rapid Turnaround Time:
Results are available in about one hour, significantly reducing diagnostic time compared to conventional culture methods, which can take days. 

2. Utility in Clinical Decision-Making
· Timely Antimicrobial Therapy:
Rapid identification of pathogens and antimicrobial resistance genes enables early, targeted treatment, improving patient outcomes.
· Detection of Polymicrobial Infections:
The panel's ability to identify multiple pathogens in a single test is beneficial for recognizing complex polymicrobial infections. 
3. Considerations for Use
· Complementary to Traditional Methods:
The panel enhances diagnostic capabilities but should be used alongside culture methods for susceptibility testing and epidemiological purposes.
· Specimen Selection:
The panel is validated primarily for synovial fluid. Its performance with other sample types, such as bone or periprosthetic tissue, requires further study. 

4. Clinical Implementation Guidelines
· Interdisciplinary Collaboration:
Decisions to use the BIOFIRE JI Panel in prosthetic joint infections should involve input from orthopaedic and infectious disease specialists. 
· Integration into Diagnostic Algorithms:
The panel should be incorporated into diagnostic workflows while considering its limitations and the need for complementary diagnostics.

.
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