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Editorial

Phage  Therapy  for Respiratory  Tract  Infections

Terapia de fagos en infecciones del  tracto respiratorio

Respiratory tract infections pose a significant global health

challenge, particularly with the accelerating emergence of

multidrug-resistant bacterial strains. As  traditional antimicrobials

lose efficacy, innovative therapeutic strategies are urgently needed.

Bacteriophage (phage) therapy offers a highly targeted, host-

specific intervention that could transform the management of

respiratory infections. Although phages are generally highly spe-

cific, their host ranges exist on a  continuum ranging from infection

of several species within a  genus to limited activity against a  few

strains of a single species. Historical and contemporary therapeu-

tic applications of phages have yielded promising results, and with

the advent of biotechnology and omics techniques, phage therapy is

emerging as a promising personalized therapeutic strategy.1 Ther-

apeutic phages selected for treatment are ideally strictly lytic to

avoid horizontal gene transfer events. Rigorous genomic character-

ization is essential to ensure the absence of undesirable genes, such

as those conferring virulence or antibiotic resistance. Additionally,

each bacterial isolate must undergo phage susceptibility testing to

avoid the use of phages with low infectivity or those that might

promote resistance. Nevertheless, the optimal approach to testing

remains a subject of ongoing discussion.2 Whenever possible, clin-

icians should use phages that are specific to  the clinical strain in

order to minimize dysbiosis within the patient’s microbiome.

Given the considerable diversity in  respiratory tract infections,

treatment with phages necessitates a  detailed analysis of the

patient’s clinical status, the specific bacterial pathogen(s), and the

suitability of candidate phages. In some cases, pulmonary infec-

tions are polymicrobial, involving bacteria from different genera.

Consequently, the use of a  tailored phage cocktail targeting mul-

tiple pathogens may  be  preferable. This approach can help to

avoid scenarios in which reductions in target bacterial load are

masked by compensatory increases in  non-target organisms. For

instance, if phage-mediated lysis significantly decreases the pop-

ulation of one bacterial species, the relative abundance of another

may rise, potentially negating overall clinical improvement.3 Even

when infections are caused by a  single bacterial species, intraspe-

cific heterogeneity is  common. Chronic infections, such as those

encountered in cystic fibrosis, often harbor a  diverse subpopu-

lation of bacteria that has evolved in vivo.4 In  these cases, the

simultaneous application of multiple phages is necessary to achieve

broad-spectrum coverage and counteract the evolution of phage

resistance.

In most instances, phage therapy is administered in combina-

tion with antibiotics. The choice of antibiotic regimen is  typically

guided by bacterial resistance profiles and patient tolerability, as

well as clinical responses observed during previous treatments.

Preclinical studies have demonstrated that the combined use of

phages and antibiotics often yields greater efficacy than either

agent alone, a phenomenon known as phage-antibiotic synergy

(PAS).5 As with antibiotics, the development of bacterial resistance

to phages is  possible. However, in vitro resistance studies can guide

the sequential or combined administration of alternative phages. In

some situations, resistance mechanisms in  bacteria may  be linked

to  fitness trade-offs that reduce virulence or restore antibiotic sus-

ceptibility, thereby still resulting in clinical benefit.6

Patient-specific factors, including underlying pathologies,

extent of respiratory tract damage, lung capacity, and immune

status, must be taken into account when designing phage ther-

apy protocols. Although phages naturally coexist with human cells,

their immunogenicity is  a  concern. The emergence of neutralizing

antibodies following phage therapy can impact treatment effi-

cacy. For example, our recent work has shown that 10 days of

nebulized phage treatment can stimulate the production of neu-

tralizing antibodies, although this did not necessarily correlate with

a lack of clinical improvement.3 In another compassionate case

involving an immunosuppressed patient, the same phage did not

elicit an immune response, suggesting that the patient’s intrinsic

immune status is  a  critical modulator of the phage–immune inter-

action. Therefore, local administration may  offer a  potential benefit,

enabling phages to act directly on the site  of infection, maximizing

their efficacy independently of the subsequent immune responses.

Such targeted delivery can be particularly advantageous in patients

with localized anatomical damage (e.g., bronchiectasis) or  impaired

lung function, where nebulized phage distribution may  be  subopti-

mal. In those cases, a combination with intravenous administration

might further enhance lung penetration.7 In addition, comprehen-

sive studies on the pharmacokinetics and pharmacodynamics of

phages are urgently needed to  define optimal dosing regimens,

treatment durations, and biodistribution depending on the route of

administration. Critical questions including the duration of phage

persistence in the body and the mechanisms underpinning their

elimination remain to  be addressed.8

In Spain, phage therapy has been limited to compassionate use

cases, where the severity of the disease and the failure of  con-
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ventional therapies prompt treatment approval by the Spanish

Agency of Medicines and Health Products (AEMPS). We  consider

that the broader integration of phage therapy into clinical prac-

tice will require personalized approaches, where factors such as

phage dosage, route of administration (nebulized, intravenous,

and/or local), and treatment duration are tailored to each individ-

ual patient. For phage therapy to become a mainstream treatment,

large collections of well-characterized phages (phage libraries or

banks) must be assembled and readily converted into clinical-grade

products. Establishing the optimal phage dose, administration

method, shelf stability, and safety profiles will rely on rigorously

designed clinical trials that  consider the unique aspects of biological

drugs. Only through collaborative efforts across academia, indus-

try, and regulatory bodies can these challenges be overcome, paving

the way for phage therapy to  fulfil its potential as a  personalized

treatment for respiratory tract infections.

Declaration of generative AI and AI-assisted technologies

in the writing process

The authors declare that  they have not used any type of gener-

ative artificial intelligence in the writing of this manuscript.

Funding

P.D.-C was funded by Ramón y  Cajal contract RYC2019-028015-

I (Spanish Ministry of Research and Innovation) and M.P.-F by FPU

contract FPU22/02578 (Spanish Ministry of Science, Innovation and

Universities).

Authors’ contributions

All the authors have contributed to the production of this

editorial.

Conflicts of interest

P.D.-C. is  cofounder of Evolving Therapeutics SL and a  member

of its scientific advisory board.

References

1. Domingo-Calap P, Georgel P, Bahram S. Back to the future: bac-
teriophages as promising therapeutic tools. HLA. 2016;87:133–40,
http://dx.doi.org/10.1111/tan.12742.

2. Phage susceptibility testing (PST): advancing standards with EUCAST. Available
from: https://www.eucast.org/ast-of-phages. [Accessed 6 May 2025].

3. Bernabéu-Gimeno M,  Pardo-Freire M,  Chan BK, Turner PE, Gil-Brusola
A, Pérez-Tarazona S, et al. Neutralizing antibodies after nebulized
phage therapy in cystic fibrosis patients. Med. 2024;5:1096–111,
http://dx.doi.org/10.1016/j.medj.2024.05.017.

4. Winstanley C,  O’Brien S, Brockhurst MA.  Pseudomonas aeruginosa evolutionary
adaptation and diversification in cystic fibrosis chronic lung infections. Trends
Microbiol. 2016;24:327–37, http://dx.doi.org/10.1016/j.tim.2016.01.008.

5.  Gu Liu C, Green SI, Min  L, Clark JR, Salazar KC, Terwilliger AL, et al. Phage-antibiotic
synergy is  driven by  a  unique combination of antibacterial mechanism of action
and stoichiometry. mBio. 2020;11, http://dx.doi.org/10.1128/mbio.01462-20,
e01462-20.

6.  Chan BK, Sistrom M,  Wertz JE, Kortright KE, Narayan D, Turner PE. Phage selec-
tion restores antibiotic sensitivity in MDR Pseudomonas aeruginosa. Sci Rep.
2016;6:26717, http://dx.doi.org/10.1038/srep26717.

7. Kim MK,  Suh GA, Cullen GD, Rodriguez SP, Dharmaraj T, Chang THW,
et  al. Bacteriophage therapy for multidrug-resistant infections: current
technologies and therapeutic approaches. J  Clin Invest. 2025;135:e187996,
http://dx.doi.org/10.1172/JCI187996.

8. Bosco K, Lynch S, Sandaradura I, Khatami A.  Therapeutic phage monitoring: a
review.  Clin Infect Dis. 2023;77:S384–94, http://dx.doi.org/10.1093/cid/ciad497.

Pilar Domingo-Calap ∗,  Marco Pardo-Freire, Mireia

Bernabéu-Gimeno

Institute for  Integrative Systems Biology,

University of Valencia-CSIC, Paterna, Spain

∗ Corresponding author.

E-mail address: pilar.domingo@uv.es (P. Domingo-Calap).

2

dx.doi.org/10.1111/tan.12742
https://www.eucast.org/ast-of-phages
dx.doi.org/10.1016/j.medj.2024.05.017
dx.doi.org/10.1016/j.tim.2016.01.008
dx.doi.org/10.1128/mbio.01462-20
dx.doi.org/10.1038/srep26717
dx.doi.org/10.1172/JCI187996
dx.doi.org/10.1093/cid/ciad497
mailto:pilar.domingo@uv.es

