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Abstract

Antimicrobial resistance (AMR) was a leading cause of death globally in 2019. Sadly, COVID-19 has exacerbated
AMR, nonetheless, the process of developing new antibiotics remains very challenging. This urgently requires
the adoption of alternative approaches to treat multi-drug-resistant bacterial infections. This editorial introduces
the ‘Bacteriophages against multi-drug resistant bacteria’ collection launched at BMC Infectious Diseases which
highlights progress towards using bacteriophages to tackle AMR.

Introduction

The World Health Organization (WHO) has indicated
that the global new antibiotic discovery pipeline is inad-
equate to address the mounting threat of antimicro-
bial resistance (AMR) [1] which is projected to cause
about 10 million deaths annually by 2050. As part of the
response, the WHO generated a list of priority patho-
gens to guide and promote research and development
(R & D) of new antibiotics, in part to address the grow-
ing global resistance to antimicrobial medicines. This
denotes that multi-drug-resistant (MDR) bacteria remain
one of the most important threats to global public health
and are usually caused by excessive antimicrobial usage,
inappropriate use of antimicrobials, and sub-standard
pharmaceuticals. One of the most promising alternative
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strategies to treat MDR bacterial infections is utilizing
bacteriophages, which constitute unique viruses that are
known to lyse and kill specific bacteria. The critical entry
point for phage therapy into the clinical application has
been proposed to include their potential use to augment
available antibiotics’ effectiveness while at the same time
safeguarding newly developed drug formulations and
providing a last-resort therapy in response to complete
clinical antibiotic failure [2]. This phenomenological
phage research has already provided efficacious clinical
outcomes [3] during approved compassionate use and
clinical trials in many high-income economies.

Since 2018, research demonstrating the application
of bacteriophages against MDR bacterial infections has
been steadily increasing. This has been matched by the
global bacteriophage market that is projected to reach a
value of USD 1,441.3 million by 2028 [4]. The increasing
emergency of infections caused by MDR bacteria and the
decline in novel antibiotic discovery has led to significant
progress in the experimentation of different phages to
treat drug-resistant infections [5], therefore making this
a critical innovation in the management of complicated
cases of drug-resistant bacterial infections. There are also
growing reports regarding the simultaneous application
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of phages and antibiotics in patients presenting with
severe MDR bacterial infections.

A group of bacterial pathogens abbreviated as ESKAPE
standing for; Enterococcus faecium, Staphylococcus
aureus, Klebsiella pneumoniae, Acinetobacter bauman-
nii, Pseudomonas aeruginosa, and Enterobacter species
are the leading cause of most MDR hospital-acquired
infections (nosocomial) throughout the world causing
life-threatening infections amongst the critically ill and
immunocompromised patients. The development of
novel MDR alternative treatment approaches such as the
application of phage therapy has mainly targeted these
pathogens. This is partly because besides causing seri-
ous nosocomial infections, ESKAPE organisms utilize a
diverse array of antibiotic resistance and virulence mech-
anisms with the potential to disseminate them to other
clinically important bacteria. Both MDR Klebsiella pneu-
moniae and Acinetobacter baumannii have been listed on
the WHO’s most critical group of pathogens for prioriti-
zation regarding R & D of new antibiotics or other alter-
native therapies. These bacteria have become resistant to
a large number of commonly used antibiotics, including
third-generation cephalosporins and carbapenems. The
latter reduces both the available treatment options and
survival rates of the patients.

Some of the selected recent phage therapy reports, for
example, have isolated a lytic phage against extensively
drug-resistant Acinetobacter baumannii, a common
opportunistic nosocomial pathogen that is responsible
for MDR infections [6] including infections in the blood,
urinary tract, pneumonia, or in wounds in other parts of
the body. A second report has demonstrated a unique
application of phage—antibiotic synergy in a successful
combination of pre-adapted bacteriophage therapy and
antibiotics for the treatment of fracture-related infection
due to pan-drug-resistant K. pneumoniae [7]. K. pneu-
moniae is a member of the family Enterobacteriaceae and
most often found associated with infections in healthcare
settings and infections may be endogenous such as pneu-
monia, bloodstream infections, meningitis, and urinary
tract infections. Compassionate use of bacteriophages for
severe persistent infections during the first 5 years of the
Israeli Phage Therapy Center showed that their number
of registered requests was growing annually with MDR
bacteria accounting for 38% of all phage requests [8].

Globally in 2021, at least 137 phage targets were listed
from 135 academic and commercial phage facilities and
92 organizations such as phage banks, and biotechnol-
ogy companies [9], all involved in phage-related R & D.
The path from experimentation to widespread clinical
use is faced with a number of challenges that need to be
adequately addressed. These include, but not limited to
treatment algorithm, standardization of treatment pro-
tocols for accurate therapeutic dosing, storage conditions

Page 2 of 3

or stewardship, duration of use, and patient monitoring,
as well as the development of consensus on a standard set
of outcome measures to demonstrate successful clinical
utility [10]. The antibacterial range of phages is typically
much lower than that of most antibiotics, but this poten-
tially decreases the risk of phage therapy on the natural
microflora composition of the human body like in the
gastrointestinal tract, unlike commonly used antibiot-
ics. The clinical safety of the application of therapeutic
phages compared to other options may also be consid-
ered a significant benefit [3] in the post-antibiotic era.
Since MDR bacterial infections arise largely due to the
overuse of antibiotics, phage therapy will greatly reduce
the emergence of antibiotic resistance in bacteria when
used to complement the available treatment options. This
situation stands to safeguard current precious last-resort
antibiotics by immensely lessening the drug pressure
exerted on bacteria and prolonging the number of years
needed for these antibiotics to remain effective.

As a Guest Editor of this Collection titled, “Bacterio-
phages against multi-drug resistant bacteria’, I am hon-
ored to invite infectious diseases experts to contribute
high-quality original research articles on advances made
in the use of bacteriophages as a treatment for multi-
drug and pan-drug resistant bacteria. This may include
efficacy data generated through clinical trials or even
compassionate phage therapy. Furthermore, manuscripts
may also include work that explores the mechanisms of
phage-bacteria interactions, the impact of phage therapy
on the natural microflora composition of the human
body, the development and optimization of phage ther-
apy protocols, and findings from applications of phage
therapy in tissues, humans, and animals among others. I
am motivated to believe that this collection will greatly
contribute to an in-depth understanding of this well-
timed promising field and facilitate further innovation to
guide the scale-up of phage therapy.

Abbreviations

AMR Antimicrobial resistance
MDR Multidrug-resistant
R&D  Research and Development

Acknowledgements

G.M. acknowledges the EDCTP2 career development grant which supports
the Pathogen detection in HIV-infected children and adolescents with non-
malarial febrile illnesses using the metagenomic next-generation sequencing
approach in Uganda (PHICAMS) project which is part of the EDCTP2
programme from the European Union (Grant number TMA2020CDF-3159).
The views and opinions of the author expressed herein do not necessarily
state or reflect those of EDCTP.

Author Contributions
G.M. wrote the main manuscript text. G.M. also reviewed the manuscript.

Funding
NA.



Mboowa BMC Infectious Diseases (2023) 23:654

Data Availability
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 June 2023 / Accepted: 18 September 2023
Published online: 03 October 2023

References

1. Lack of innovation set. to undermine antibiotic performance and health
gains, https://www.who.int/news/item/22-06-2022-22-06-2022-lack-of-inno-
vation-set-to-undermine-antibiotic-performance-and-health-gains (accessed
20 May 2023).

2. Hatfull GF, Dedrick RM, Schooley RT. Phage therapy for antibiotic-resistant
bacterial infections. Annu Rev Med. 2022;73:197-211.

Page 3 of 3

3. tusiak-Szelachowska M, Miedzybrodzki R, Drulis-Kawa Z, et al. Bacteriophages
and antibiotic interactions in clinical practice: what we have learned so far. J
Biomed Sci. 2022;29:23.

4. Bacteriophage Market. Credence Research, https://www.credenceresearch.
com/report/bacteriophage-market (accessed 20 June 2023).

5. Durr HA, Leipzig ND. Advancements in bacteriophage therapies and delivery
for bacterial infection. Mater Adv; 4: 1249-57.

6. Ghaznavi-Rad E, Komijani M, Moradabadi A, et al. Isolation of a Iytic bac-
teriophage against extensively drug-resistant Acinetobacter baumannii infec-
tions and its dramatic effect in rat model of burn infection. J Clin Lab Anal.
2022;36:224497.

7. Eskenazi A, Lood C, Wubbolts J, et al. Combination of pre-adapted bacterio-
phage therapy and antibiotics for treatment of fracture-related infection due
to pandrug-resistant Klebsiella pneumoniae. Nat Commun. 2022;13:302.

8. Onallah H, Hazan R, Nir-Paz R, et al. Compassionate use of bacteriophages for
failed persistent infections during the first 5 years of the israeli phage Therapy
Center. Open Forum Infectious Diseases. 2023;10:0fad221.

9. Phage Directory. Phage Directory, https://phage.directory/ (accessed 21. May
2023).

10.  Phage therapy to treat AMR infections. PHG Foundation, https://www.phg-
foundation.org/briefing/phage-therapy-to-treat-amr-infections (accessed 21
May 2023).

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://www.who.int/news/item/22-06-2022-22-06-2022-lack-of-innovation-set-to-undermine-antibiotic-performance-and-health-gains
https://www.who.int/news/item/22-06-2022-22-06-2022-lack-of-innovation-set-to-undermine-antibiotic-performance-and-health-gains
https://www.credenceresearch.com/report/bacteriophage-market
https://www.credenceresearch.com/report/bacteriophage-market
https://www.phgfoundation.org/briefing/phage-therapy-to-treat-amr-infections
https://www.phgfoundation.org/briefing/phage-therapy-to-treat-amr-infections

	﻿Reviewing the journey to the clinical application of bacteriophages to treat multi-drug-resistant bacteria
	﻿Abstract
	﻿Introduction
	﻿References


