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«  The treatment of musculoskeletal infections (MSIs), including periprosthetic joint infection (PJI) and fracture-
related infection (FRI), is often complicated by biofilm-related challenges necessitating multiple revision
surgeries and incurring substantial costs.

+ The emergence of antimicrobial resistance (AMR) adds to the complexity of the problem, leading to increased
morbidity and healthcare expenses.

« There is an urgent need for novel antibacterial strategies, with the World Health Organization endorsing non-
traditional approaches like bacteriophage (phage) therapy.

*  Phage therapy, involving the targeted application of lytic potent phages, shows promise in the treatment of MSIs.

+ Although historical clinical trials and recent case studies present significant milestones in the evolution of
phage therapy over the past century, challenges persist, including variability in study designs, administration
protocols and phage selection. Efforts to enhance treatment efficacy consist of personalized phage therapy and
combination with antibiotics.

*  Future perspectives entail addressing regulatory barriers, standardizing treatment protocols, and conducting
high-quality clinical trials to establish phage therapy’s efficacy for the treatment of MSIs.

+ Initiatives like the PHAGEFORCE study and the PHAGEInLYON Clinic programme aim to streamline phage
therapy, facilitating personalized treatment approaches and systematic data collection to advance its clinical
utility in these challenging infections.
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Introduction

Musculoskeletal infections (MSIs), including
periprosthetic joint infection (PJI) and fracture-related
infection (FRI), remain a devastating complication
in modern trauma and orthopaedic surgery, with
significant financial and psychosocial costs and increased
morbidity (1, 2). PJI encompasses a range of infections,
occurring in different locations (e.g. hip, knee and
shoulder) and on different types of prosthesis (first-line
prosthesis, or revision prosthesis that includes hinged
prosthesis, resection prosthesis, prosthesis-arthrodesis
and total femur) (3). For patients with PJI, it is necessary
to avoid dead-end clinical situations, as transfemoral
amputation or hip disarticulation are associated with
a catastrophic functional outcome. FRI, on the other
hand, can include both operatively and non-operatively
treated bone fractures. For approximately 3-17% of the
FRI patients with severe comorbidities or associated
bone defects, amputation is the only option (4). While
the incidence of PJI in most centres ranges between
0.5% and 2% (3, 5), the incidence for FRI varies widely,
from 1% to 30%, depending to a large degree on injury
severity (6). Given the ageing population, with a growing
number of fragility fractures, and an increase in joint
replacement surgery, it is expected that the incidence
of MSIs will only increase in the upcoming years (3).
These infections pose a serious burden on patients and
healthcare systems as they often result in functional
impairment, limited mobility, and a higher mortality
rate compared to patients who do not develop this
complication (3, 6). Management concepts consist of a
combined surgical and antibiotic treatment approach.
Because these infections are biofilm-related, treatment
often necessitates multiple revision surgeries. This is
not only costly but also demands considerable time and
resources, with healthcare expenses for FRI patients
being up to seven times higher compared to those who
do not develop an FRI (7).

Although the biofilm is a well-known problem in MSIs,
the increasing incidence of antimicrobial resistance
(AMR) is potentially even more worrisome. The most
frequently isolated pathogen in MSI is Staphylococcus
aureus (30-42%) (8). Despite a decrease in the prevalence
of methicillin-resistant S. aureus (MRSA) in Europe over
the past decade, considerably higher rates persist in
the USA, China, and the UK, indicating that it remains
a substantial concern in these regions (6). Overall,
the proportion of other resistant pathogens such as
methicillin-resistant Staphylococcus epidermidis (MRSE)
and multi-drug-resistant Pseudomonas aeruginosa is also
increasing. Treatment becomes even more challenging
in the case of these antibiotic-resistant pathogens
(9, 10, 11), leading to increased morbidity, prolonged
hospitalisation, and increased healthcare costs (3,
6). Patient-reported outcomes are worse for patients
with resistant infections compared to infections with
susceptible strains (11). It is clear that there is an urgent
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need for new or alternative antibacterial strategies.
In their report, the World Health Organization (WHO)
underlines the potential of non-traditional antibacterials,
including bacteriophages (phages) and phage-derived
enzymes (12, 13). Phage therapy involves the direct
application of carefully selected lytic potent phages
to patients, aiming to eradicate bacterial pathogens
causing clinically significant infections (14). Numerous
case reports and series have been published over the
past decades, showing a low rate of adverse events and
high efficacy rates (12, 13). However, there is substantial
heterogeneity between studies regarding study design,
adverse event reporting, administration protocols, and
the selected phages (15). The aim of this review is to
summarise the current evidence for phage therapy as a
treatment modality for MSIL.

Basic science

Phages are abundantly present in our natural
environment. Furthermore, phages that target common
MSI pathogens are often cultivable from the human
microbiota. Despite the wide variety of potential
phages, a relatively small number have been applied
in preclinical or clinical trials. Regardless of the phage
phylogeny, the life cycle of phage-host interaction is
similar, with viral attachment, penetration, replication,
and release leading to bacterial death and multiplication
of phage particles (Fig. 1A and B) (16, 17).

Since phage therapy has been shown to support
improved outcomes in MSI, the preclinical and basic
science fields have continued to pursue improvements
in treatment efficacy (16, 17, 18, 19, 20, 21). In addition,
efforts to commercialise and translate phage therapy
to a wider patient population have also been a driving
factor for innovation in phage therapy.

With respect to improvements in antibacterial efficacy,
preclinical studies have successfully shown that phages
can be ‘trained’ to increase activity against biofilm-
growing bacteria (22, 23, 24), which is, as previously
mentioned, a critical aspect of MSI (Fig. 1C and D). By
taking advantage of the high mutation frequency and
tendency for recombination when multiple different
phages are infecting the same pathogen, mutant or
recombinant phages that display greater biofilm-killing
activity may then be isolated in laboratory settings
(22). Although this approach has not yet been applied
to MSI in human cases, preclinical studies have shown
some potential. Improvements in efficacy have also
been seen by applying phage cocktails, combining them
with antibiotics, or delivery within biomaterials such as
hydrogels or within coatings. The preclinical data exceed
the clinical data with regard to these approaches, with
clinical benefit yet to be firmly established (25).

Another important limitation of phage therapy,
particularly when considering industrial scale-up and
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Bacteriophage activities against planktonic bacteria and against bacteria
embedded in biofilm. A. Replicative bacteria in a planktonic state.

B. Adhesion of an active phage at the bacterial surface followed by
intrabacterial viral multiplication leading to bacterial lysis and
propagation of the infection in the bacterial community. C. Bacteria
embedded in biofilm at the surface of an implant. D. Destructuration of
the biofilm thanks to the activity of phages and thanks to the activity of
phage lysins.

clinical implementation, is the host range of any given
phage or phage cocktail. Currently, selectivity of phages
against bacterial hosts is determined by the phage
receptor-binding proteins and their specificity for
receptors on the bacterial surface (16, 17). Classically,
this is considered a positive attribute, as it limits off-
target effects of phage application on other species
within the microbiome. This contrasts with antibiotic
therapy, which can often have cross-species effects.
However, this specificity makes it challenging to manage
a biobank of suitable phages to target the range of
pathogens encountered in clinical routine (16, 26). Any
given phage may maximally target a proportion of
clinical isolates of one species. This, therefore, requires
curation and routine testing of panels of phages to
cover medically important bacteria. One approach to
overcome this is by engineering the phage tail fibres
and the receptor-binding proteins to broaden the host
range (26, 27). This approach may make production and
clinical implementation more achievable since fewer
phages may be required; however, there may potentially
be additional complications due to the use of these
genetically modified organisms (26).

Although relatively poorly described for human
patients, amongst the numerous challenges faced by
clinical implementation of phage therapy is the issue
of phage neutralisation (18, 28). As the phage particle
is proteinaceous, there are numerous antigens on
the surface of the phage that may elicit an immune
response, ultimately leading to antigen-specific phage
neutralisation and more rapid elimination after
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administration than the baseline elimination that occurs
in a non-specific manner. This may limit the ability to
provide repeated doses of the same phage over a few
weeks (29, 30). Although clinical data are limited, and no
clinical data confirm any effect in MSIs to date, efforts
are underway in the basic science field to also address
this. For example, serum inactivation may be minimised
by encapsulation of phage, and there are also early
indications that incorporating phages in biomaterials
masks or delays the induction of a secondary immune
response (18). Cross-reactivity of immune memory from
one phage to others remains poorly understood at the
present time.

Finally, although phages were discovered more than a
century ago, many basic science questions remain. With
phage therapy being an active research topic in the
field of MSI today, basic scientists are hopeful that they
can assist in improving phage therapy in daily clinical
practice in the near future.

General indications

Historical applications and indications

As mentioned above, the application of phage therapy
has a long history, stretching back over 100 years.
Initial records, dating as far back as the 1920s, largely
focussed on wound infections, with Staphylococci as
the predominant pathogens (31, 32). At this time,
phages were directly applied to the infected site. Over
time, indications broadened to include prophylaxis and
treatment of other infectious diseases using different
routes of administration. A significant milestone
emerged from the Thilisi Institute of Vaccine and Sera
(now the Eliava Institute) in Georgia, where a method
for preparing Staphylococcal phages for intravenous
use was pioneered in the late 1970s (33). In one of
their early trials, over 650 patients were treated for
various infectious diseases including sepsis, peritonitis,
osteomyelitis, purulent arthritis, lung infections and
urogenital infections (34). Although overall outcomes
for all medical indications favoured the combination
of phages and antibiotic therapy, the interpretation of
the trial data is challenging due to the lack of (English)
data on population characteristics and an imbalance in
group sizes (16). Similarly, in Poland, large case series
from the 1980s reported a 90% success rate in patients
with ‘pyogenic arthritis and myositis’, ‘osteomyelitis of
long bones’ and ‘osteitis of long bones after fracture’
(35, 36). Application protocols included topical and
oral applications, but no further details were reported
concerning treatment duration, dosage and formulation,
for example (16, 25).

While these historical studies present significant
milestones in the evolution of phage therapy over
the past century, a critical concern arises from the
heterogeneous nature of the presented patient
populations, characterised by varying causative
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pathogens, types and severity of infection. Moreover,
these studies lack comprehensive details regarding
critical aspects such as production, formulation,
administration route, dosing and follow-up time.

Current modes of application
and indications

Although phage therapy is still widely used in countries
like Georgia, Russia and Poland (37), the lack of a
rigorous evidence basis has led regulatory bodies
in other regions to still consider phage therapy
as experimental. This has restricted more recent
applications of phage therapy primarily to ‘last resort’
scenarios or patients with difficult-to-treat infections
that may have experienced recurrent infection despite
prolonged therapy. A recent systematic review evaluated
the literature to discern evidence on the safety and
efficacy of phage therapy over the course of the past
two decades (15). In total, 59 studies were included,
covering nine medical disciplines: pneumology, urology,
dermatology, otorhinolaryngology, = ophthalmology,
gastroenterology, cardiology, intensive care medicine
and orthopaedics. Most of these studies were case
studies of patients for whom all standard treatments
had proven ineffective and for whom phage therapy
was a final option. The authors concluded that phage
therapy is generally considered safe, with a low
incidence of adverse events. However, there was an
important heterogeneity between studies, by which the
evidence quality of studies could only be scored as low
to moderate (15). Notably, the majority of these studies
used a personalised approach, whereby a phagogram
was obtained prior to the start of treatment to establish
the sensitivity of patient samples to available phages.
If, according to the phagogram, none of the available
phages are active, another way of personalisation is
to tailor phage therapy based on the causative strains.
New phages can be searched specifically for the
patient's isolate from other sources or phages can be
‘trained’ by undergoing co-evolution with the pathogenic
strain (38, 39). Indeed, phages can either be applied as
a targeted dose based on phage susceptibility testing,
or alternatively as a fixed phage cocktail designed
to cover as broad a range of strains as possible (37,
40). In general, it is recommended to use targeted
or tailored phage products, possibly in combination
with antibiotics, to fully leverage and enhance the
properties that phages offer compared to conventional
antimicrobials. However, such an approach induces
significant variability, thus complicating the conduct of
clinical trials (15). Furthermore, in some (acute) cases, it
may be challenging to isolate the causative pathogens
and await phage susceptibility testing. In those cases,
the empirical administration of a fixed phage cocktail
covering a wide range of bacterial strains could be
an option. To optimise treatment, this approach can
later be complemented with personalised phage
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preparations once phage susceptibility data become
available. Georgia and Russia have decades of empirical
experience with the constitution of commercial phage
cocktails (12). Several phage cocktails against a broad
spectrum of pathogens are currently available over
the counter at specialised pharmacies. Examples
are the IntestiPhage and PyoPhage cocktails produced
by the Eliava Institute. As the activity spectrum of these
cocktails is known to decline over time, the constituent
phages are regularly revised to cover emerging virulent
bacteria (40). From a regulatory point of view, the issue
with this method lies in the lack of precise knowledge
regarding the composition of these cocktails and the
fact that the individual phages have not undergone
individual investigations before their inclusion in the
product (41). Furthermore, most regulatory bodies
would require that these phage cocktails are subjected
to costly phase I-1V clinical trials and that the process
is repeated after each modification, which significantly
constrains the practicality of these cocktails (25, 41).

Fracture-related infection

Multiple case reports demonstrate the potential for
phage therapy in the treatment of difficult-to-treat FRI
(e.g. antibiotic-resistant pathogens, recurrent infections
despite adequate surgical and antibiotic treatment,
or patients with severe comorbidities). Eskenazi et al.
describe the treatment of a patient with an FRI of
the femur caused by pandrug-resistant Klebsiella
pneumoniae (42). The phage (vB_Kp M1) was applied
locally through a draining system in the form of 20
mL 108 PFU/mL three times per day for 5 days (20 mL),
while antibiotic therapy was continued for another 3
months. After the cessation of antibiotic therapy, the
patient recovered, and there was no recurrence of the
infection (42).

Nir-Paz et al. describe the treatment of a patient
who developed an FRI after suffering a Grade IIIA
open fracture of the tibia (43). The infection was
polymicrobial, caused by an extensively drug-resistant
(XDR) Acinetobacter baumannii and multidrug-resistant
(MDR) K. pneumoniae. Two phages were selected,
targeting both causative pathogens. Phage therapy
was administered intravenously, three times per day
over 35 min, in the form of 1 mL 5 x 107 PFU/mL for a
total duration of 5 days, after which A. baumannii was
isolated again. One week later, a second treatment
course was started for 6 days. The patient received
concomitant intravenous antibiotics. After completion of
the combined treatment, the wounds remained closed,
and no signs of infection occurred. The patient was
followed up for 8 months.

Onsea et al. described the treatment of four cases
with difficult-to-treat FRI (44). The infection was
polymicrobial in three out of four cases and caused
by a combination of P. aeruginosa and S. epidermidis or
Streptococcus agalactiae and S. aureus. One patient had a
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monomicrobial infection with Enterococcus faecalis. The
treatment plan was set up by a ‘multidisciplinary phage
task force’, a team consisting of infectious disease
specialists, pharmacists, microbiologists, surgeons and
phage scientists. Phages were selected based on the
isolated strains, while one patient received commercial
phages (Pyo bacteriophage) from the Eliava Institute.
Phages were applied intraoperatively and three times
daily through a draining system in the form of 20-40
mL 107 PFU/mL for up to 10 days postoperatively.
All patients received concomitant antibiotics for a
total duration of 3 months. No severe adverse effects
were found, and all patients recovered and remain
infection-free. The same authors recently published a
study protocol (PHAGEFORCE) to standardise phage
therapy and prospectively collect data on patients
(44). In this study, patient eligibility for phage therapy
is determined by a multidisciplinary team referred to
as the Coordination group for Bacteriophage therapy
Leuven (CBL). Patients are eligible when there are no
standard curative antibiotic and/or surgical treatment
options available and phages are available against the
isolated pathogens (44). The treatment course for MSI is
standardised and involves the intraoperative placement
of a drain through which phages are administered three
times per day for up to 10 days (Figs 2 and 3). The use
of the draining system allows treatment optimisation
as it facilitates sampling during treatment to monitor
phage titers and isolate bacteria. In this way, resistance
development can be detected in an early stage. No
adverse events have been associated with the use of an
external drain, which is removed after the final phage
administration. Patients are followed up for a minimum
of 1 year postoperatively.
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Figure 2

Typical phage treatment course in patients with FRI included in the
PHAGEFORCE study, with surgical debridement, surgical tube (drain)
insertion, and then administration of 20-40 mL of active phages three
times per day for 7-10 days. Prior to each phage application, the drain is
rinsed with sodium bicarbonate (NaHCO3) 1.4%. All patients receive
concomitant antibiotics.
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Periprosthetic joint infection

Multiple case reports demonstrate the potential for
phage therapy in patients with complex and relapsing PJI
(45, 46, 47, 48, 49, 50). From one-shot administration of
phage therapy during conservative surgery to exclusive
intravenous injections, several modes of administration
have been described. Ferry et al. described the
PhagoDAIR procedure in 2020, and since then, different
treatment modalities for the treatment of complex PJI
have been standardised through the PHAGEInLYON
Clinic programme (supported by the Hospices Civils de
Lyon Foundation) and based on the patient's medical
history and clinical presentation (17, 48). A national
multidisciplinary team meeting, funded by the French
health care ministry, has been set up at CRIOAc Lyon
(https://www.crioac-lyon.fr) to determine if there is an
indication for phage therapy in patients with complex
MSI, and if yes, another dedicated multidisciplinary
team meeting determines which phages would be the
most appropriate and thereafter propose a personalised
way of administration, depending on the clinical
presentation. Patients are eligible when prosthesis
exchange is not feasible, or when this is associated
with life-threatening complications, and for whom a
conservative approach seems to be mandatory. Of note,
it was decided not to use drains for administration due
to the potential risk of superinfection of the prosthesis.
The treatment course for PJI is standardised based
on three local injections with a 1-week interval, the
first one can be done during an open or arthroscopic
DAIR (with a maximum PFU diluted in 30-50 mL), and
the subsequent ones can be done under sonography
(dilution 5 mL) (Figs. 4 and 5). For non-surgical patients,
exclusive injections under sonography are proposed,
and an intensive regimen has been set up with injections
each Monday-Wednesday-Friday under sonography for
3 weeks (totalling 9 injections). Intravenous injections
of phages for 1-3 weeks can be applied in nonsurgical
patients with abscesses (17), also in combination with
antibiotics.

Future perspectives

While phage therapy is still widely used for various
infectious diseases in Georgia, Russia and Poland, in
Western Europe, phage therapy appears to be more
restricted to certain indications.

Although recent case reports offer promising results,
the variability in patients, administration routes (IV
vs local instillation), dosages and treatment duration,
coupled with the lack of details on phage production,
formulation and stability, make it difficult to draw
conclusions on the optimal phage therapy protocol for
MSI. Standardised data on these topics are therefore
crucial for the implementation of phage therapy in our
daily clinical practice. Therefore, future high-quality
clinical trials are critical (15).


https://www.crioac-lyon.fr
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The gold standard for clinical studies is a randomised
controlled trial (RCT). According to clinicaltrials.gov,
there is currently one RCT planned focussing on the
treatment of chronic PJI of the hip or knee after failed
revision surgery. Patients receive DAIR and phage
therapy or DAIR and placebo. Phages are applied

intraoperatively (locally) and intravenously against
one or two of following pathogens: S. aureus, S.
epidermidis, Staphylococcus lugdunensis, Streptococcus
spp., Enterococcus faecium, E. faecalis, Escherichia coli,
P. aeruginosa and K. pneumoniae. However, conducting
such trials can be expensive due to the requirement
of producing phage preparations in accordance with
good manufacturing practices, which precludes the
feasibility of a personalised approach (37). To address
this gap, initiatives such as the PHAGEFORCE study and
PHAGEInNLYON Clinic programme were set up in Europe
(17, 51). In Belgium, phage therapy is implemented in
the regulatory framework for magistral preparations.
Within  this framework, PHAGEFORCE builds on
the multidisciplinary approach established by the
‘multidisciplinary phage task force’ and aims to further
standardise phage therapy and prospectively collect
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Figure 3

Phage treatment course for a patient with FRI of
the tibia caused by MRSA, included in the
PHAGEFORCE study. Based on susceptibility
testing, the patient received 20 mL of phage ISP
(107 PFU/mL) through each drain, three times per
day for 10 days postoperatively. Concomitant
antibiotics were administered for a total duration
of 3 months. A. Preoperative radiograph. B.
Preoperative clinical image showing the presence
of a draining fistula. C. Intraoperative application
of phage therapy through a draining system.

D. Clinical status assessed at 1-year follow-up.

data. Patients with musculoskeletal infections, chronic
rhinosinusitis, skin infections, sepsis and pulmonary
infections are treated according to a predefined protocol
(52), and data regarding treatment and treatment
outcomes are systematically collected. In France, a
similar approach, the PHAGEInLYON Clinic programme,
aims to develop the access to pharmaceutical-
grade phages for French patients, who are primarily
included in clinical trials or are treated with phages
in a compassionate prescription framework or in an
individual compassionate access authorisation, under
the supervision of the French healthcare authority.
Here, multidisciplinary team meetings facilitate and
personalise phage therapy to treat patients with
severe bacterial infections such as MSIs, complex lung
infections and endocarditis.

Conclusion
The treatment of MSIs can present a serious
challenge in modern trauma and orthopaedic

surgery. The complexity of these infections, coupled
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> of Typical phage treatment course in patients with PJI
included in the PHAGEInLYON Clinic programme.
As adjuvant treatment to antibiotics, based on
susceptibility testing, the patient received a first
local injection of phages in the joint cavity during
surgery (volume 30-50 mL) or after the surgery
under sonography (5 mL), and then subsequent
injections under sonography exclusively (5 mL),
without using tubes. The number of injections and
- the time interval between each injection are
depending on the clinical presentation. Daily
intravenous injections of phages could be
prescribed in non-surgical patients.
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with the emergence of AMR, underscores the need

for innovative treatment strategies. Although the
potential of phage therapy has been demonstrated in
numerous case reports and case series over the past
decades, knowledge gaps remain regarding the optimal
treatment protocol. For FRI, phage therapy is typically
applied locally through a draining system, although
intravenous applications have been described. Such a
draining system allows therapeutic phage monitoring
and facilitates treatment optimisation. After the final
phage administration, the drain is removed, thereby
minimising the risk of superinfection. For PJI, phages
are typically applied using local injections during an
open or closed DAIR procedure. Given the complexity
of these cases, it is recommended to have a dedicated
multidisciplinary team to design and monitor the phage
treatment plan. If this is not feasible, the treating
physician should consider referral to an expert centre
with a dedicated multidisciplinary team. For both
disease entities, there is an absence of a universally
accepted treatment protocol, and it is key that future
studies collect treatment-related and outcome data in a
standardised way.

In general, it is recommended to use targeted or tailored
phage products, possibly in combination with antibiotics,
to fully leverage and enhance the properties that
phages offer compared to conventional antimicrobials.
Such an approach depends on susceptibility testing of
the bacterial isolates (i.e. the phagogram). However,
there currently is no consensus or guideline regarding
the clinical breakpoints to be used for this susceptibility
test (cf. the standard antibiogram). Future studies
should report the parameters (or cut-off values) that
were used for the selection of phages according to the
phagogram.

In some (acute) cases, it may be challenging to isolate
the causative pathogens and await phage susceptibility
testing. In those cases, the empirical administration of a
fixed phage cocktail covering a wide range of bacterial
strains could be an option. However, as phages are
considered as a medicinal products (EU) or drugs (USA),
direct requirements from the health agencies are that
the products follow the same processes as general
antibiotics to obtain marketing authorisation for human
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Figure 5

Phage treatment course for a patient with knee
PJI caused by MSSA, included in the
PHAGEInLYON Clinic programme. No surgery was
performed, and Based on susceptibility testing,
the patient received 5 mL of phage PP1815 (109
PFU/mL) under sonography, with a total of three
injections with an interval of 1 week, in
combination with antibiotics. A. Preoperative
radiograph. B. Clinical image showing the
presence of a draining fistula. C. Phage therapy
with injection under sonography. D. Clinical
status assessed at 18-month follow-up.

use (53). This implies that they should be subjected
to costly phase I-IV clinical trials, which is especially
problematic for phage cocktails, as the process should
be repeated after each modification made to the
original phage cocktail (54). It also implies that final
phage products would need to be produced according
to Good Manufacturing Practice rules and should
fulfil quality controls of production batches before
administration (53, 54).

As a result, different initiatives have been issued by
the member states. For instance, in Belgium, phage
therapy has been implemented in the regulatory
framework for magistral preparations, where a
monograph was established to define characteristics
and quality standards of phage active substances for
applications in humans. A similar approach is applied
in France, where phages could be prescribed with
a compassionate prescription framework or in an
individual compassionate access authorisation under
the supervision of the French healthcare authority,
and they become magistral preparations before
administration. Based on these developments, phage
therapy regulations in other parts of the world are
moving forward (31).

In conclusion, although the use of phage therapy
in MSIs seems to be safe and clinical results are
promising, challenges persist, including the variability
in study designs, administration protocols and phage
selection. Future perspectives entail addressing
regulatory barriers, standardising treatment protocols
and conducting high-quality clinical trials to establish
phage therapy's efficacy for the treatment of MSIs.
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