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Rationale: 

Bacteriophages (phages) are viruses that specifically infect bacteria and are being explored as a 

potential novel therapy for infections where antibiotics may fail, such as those involving 

multidrug resistance or biofilm formation. Over the past decade, there has been increasing 

interest in using phage therapy for bone and joint infections, with a growing body of human 

cases reported. In 2022, the World Health Organization classified phages as a key component of 

non-traditional antibacterial agents requiring urgent development, particularly for their efficacy 

against priority pathogens driving the global spread of antimicrobial resistance
1
.  

We reviewed all documented cases of bone and joint infections treated with phage therapy in 

English-language publications since 2010. Our analysis includes 30 publications: one clinical 

trial
2
, five case series

3,4
 
5,6

(including one involving 100 cases, 34 of which were bone and joint 

infections
7
), and multiple individual case reports. After removing duplicates and redundancies, 

the dataset encompasses 98 unique cases
6,8-32

. 

Phage therapy targeted a single bacterial species in 89 cases and multiple organisms in nine 

cases. The most commonly targeted organism was Staphylococcus aureus (48 cases, 49%), 

followed by Pseudomonas aeruginosa (22), coagulase-negative staphylococci (22), Klebsiella 

pneumoniae (6), Enterococcus faecalis (6), Escherichia coli (2), Proteus mirabilis (1), 

vancomycin-resistant Enterococcus faecium (1), Acinetobacter baumannii (1), and Streptococcus 

agalactiae (1). The most frequent indications for phage therapy were periprosthetic joint 

infection (57 cases), diabetic foot infection (11), fracture-related infection (8), osteomyelitis of 

the long bone (7), osteomyelitis of the pelvis (7), osteomyelitis of the foot/ankle (3), spinal 

infection (2), osteomyelitis of the head and neck (2), and septic polyarthritis (1). 

Adverse events were not reported in three cases, while transient events occurred in 16 cases. 

These included transient increases in liver enzymes (8 cases)
5,15,21

, transient fever (5)
2,7,9,28

, 

localized erythema and pain at the delivery site (1)
4
, and nonspecific symptoms such as 

exhaustion and dizziness (1)
3
. All events resolved without lasting effects. No adverse events were 

noted in the remaining cases. Phage susceptibility testing was conducted in all cases. Of the 98 

cases, 68 involved the use of mono-phage therapy. In two cases, single-phage therapy was used 

in a sequential manner. The remaining 30 cases employed multiple phages employed 

simultaneously, as in a cocktail. The routes of administration varied, with 69 patients receiving 

local delivery (11 intraoperative only, 18 local delivery outside the operating room (OR) only, 



and 40 both intraoperative and outside the OR), 7 receiving systemic therapy, 21 receiving 

combined local and systemic delivery, and 1 patient receiving oral therapy
12

. Conventional 

antibiotics were invariably given alongside phage in all cases. 

Surgical intervention was common and varied by infection type. All patients with head and neck 

or spinal infections underwent surgery, as did 92% of those with periprosthetic joint infections 

(PJI), 88% with fracture-related infections, 71% with long bone osteomyelitis, and 57% with 

pelvic osteomyelitis. In contrast, only 33% of patients with foot or ankle osteomyelitis and none 

with diabetic foot infections (DFI) underwent concurrent surgery. Overall, 88 of 98 patients 

(88%) achieved clinical improvement or resolution, with nine patients experiencing worsening 

and one showing no change. Microbiological clearance was achieved in 54 cases, was not 

achieved in 18, and was not assessed in 26. It must be noted that microbiological clearance was 

not assessed mostly in patients who were doing well and for whom microbiological clearance 

would have required an invasive procedure. Clearance rates were higher among patients 

undergoing concurrent surgical intervention (64.9%) compared to those without surgery 

(25.0%).There was a wide range of durations of therapy (single-dose to one year); dosing 

intervals (daily to three-times daily); and dosing concentrations (10
5
 PFU/mL to 10

10
 PFU/mL).  

Of the 10 unfavorable clinical outcomes, five occurred in osteomyelitis (three of the pelvis
7,32

 

and two of the foot or ankle
7
), four occurred in PJI

2,3,7,19
, and one in DFI

7
. Of note, 30% of all 

clinical failures occurred in infections involving the foot or ankle. Among Gram-positive 

infections, 89.4% achieved clinical improvement, while Gram-negative infections achieved 

95.2% improvement. Polymicrobial infections, defined here as infections where more than one 

bacterial species was targeted by phage, demonstrated favorable outcomes, achieving 100% 

clinical improvement, likely reflecting the relatively small sample size (N=9) rather than a 

definitive trend. Generalizations could not be made regarding route of administration, dose, 

dosing interval, or duration of therapy due to heterogeneity and multiple confounding 

contributors for each case. 

The promising outcomes reported must be interpreted cautiously due to several limitations. 

Variations in phage selection, preparation, and administration methods complicate comparisons 

and generalizations. The reliance on retrospective case reports and small-scale studies introduces 

potential publication bias, with successful cases more likely to be reported. Inconsistent 

microbiological and clinical outcome measures hinder accurate assessment of phage therapy’s 

efficacy. The effects of adjunctive therapies, such as antibiotics and surgical interventions, cannot 

be isolated from those of phage therapy. Technical and logistical challenges also exist. Phage 

susceptibility testing is labor-intensive and not universally accessible. Regulatory hurdles and the 

need for individualized preparations further challenge scalability. Additionally, the risk of 

bacterial resistance to phages, while less well-documented than antibiotic resistance, may be of 

concern. Patient-specific factors, such as immune responses and comorbid conditions, may affect 

outcomes
33

.  

In conclusion, phage therapy, particularly when combined with surgical intervention, appears to 

be a promising adjunctive treatment for refractory bone and joint infections. Surgical 

debridement and biofilm disruption, when given with conventional antibiotics, likely enhance 



phage efficacy. Furthermore, available evidence strongly supports the safety of phage therapy, 

with minimal adverse events reported across studies. This underscores the low risk associated 

with its use, making it a viable consideration from a safety standpoint. While the high clinical 

success rates are encouraging, they must be interpreted in light of potential publication bias and 

other limitations. Large-scale, well-designed clinical trials are needed to validate these findings 

and standardize protocols. Understanding the specific contributions of phage therapy, distinct 

from adjunctive treatments, will be critical in optimizing its role in managing complex 

infections
34,35

. 
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