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Introduction
Phage therapy is a promising treatment for bacterial infections that are 

resistant to conventional antibiotics. A critical component of this approach 
is the appropriate matching of bacteriophages and antibiotics to the bacterial 
target based on the clinical setting. However, there is currently little consistency 
in the protocols used for laboratory evaluation of bacteriophages intended for 
antibacterial treatment. In this Personal View, we propose a framework for 
matching appropriate bacteriophage-based treatments in clinical microbiology 
laboratories. This framework, dubbed Clinical Phage Microbiology, is based 
on current phage treatment research. Furthermore, we discuss special cases 
that may necessitate additional relevant evaluation, such as bacteriophage 
interactions with the host immune response, biofilm-associated infections, and 
polymicrobial infections [1]. 

Description
The susceptibility profile of isolated pathogens, as determined by manual or 

automated methods, can be used to guide antimicrobial selection for bacterial 
infectious diseases. The European Committee on Antimicrobial Susceptibility 
Testing and the US Clinical and Laboratory Standards Institute are currently in 
charge of antimicrobial susceptibility testing, which has evolved significantly over 
the last several decades. Methods for each antimicrobial agent are defined to 
ensure reliability and reproducibility in clinical practise [2]. 

Phage therapy (the use of bacteriophages as antimicrobial agents) has 
emerged as a promising treatment option for chronic and resistant bacterial 
infections. A growing number of reports have described bacteriophage clinical 
use, which is typically permitted by regulators on compassionate grounds. 
However, various phage matching methods have been used for this clinical use, 
typically testing only a few aspects of the phage treatment's suitability. Several 
papers have described important phage characteristics to consider during 
treatment design and administration, such as plaque morphology and lysis curve 
shape. Despite is a standardised protocol for clinical laboratory evaluation of 
bacteriophages is required due to variations in current clinical practise. 

The bacteriophages in the banks should be thoroughly studied. To begin, 
full genome sequencing is required to ensure the absence of potentially harmful 
genes such as virulence factors, toxin-producing genes, and antimicrobial 
resistance genes, as well as to determine phage phylogeny. Furthermore, 
whether a bacteriophage has lysogenic or only lytic properties can be determined 
bioinformatically. (eg, by evaluation of their homology to prophages in bacterial 
genomes).The phage formulations available for clinical use in banks should be 
produced in accordance with Good Manufacturing Practices. Several publications 

have outlined the key aspects of GMP for phage production18 and quality control, 
as well as phage purification protocols. These purification protocols include 
testing the final preparations for bacteriophage identity, viability, potency, and purity.

The plaque assay is one of the most well-established methods for determining 
phage efficacy,28 and it has been used in several clinical reports. Using the 
double-layer agar method, phage suspensions are spotted onto bacterial lawns 
and the growth inhibition areas, or plaques, are evaluated. Because it only 
requires a simple phage spotting procedure, this method may be well suited 
for routine and simultaneous testing of multiple candidate bacteriophages and 
bacterial isolates. Furthermore, phage titres can be determined by spotting serial 
dilutions of a bacteriophage suspension and counting plaqueforming units [3].

When selecting bacteriophages for treatment with the plaque assay, several 
parameters should be considered. Bacteriophages with the clearest and largest 
areas should be prioritised. Furthermore, expanding plaques may indicate 
the bacteriophage's ability to lyse non-dividing cells. Bacterial colonies within 
plaques, on the other hand, can indicate pre-existing resistance, and turbid 
plaques can indicate lysogenicity29 or efficient defence mechanisms of the target 
bacteria. When tested on different bacterial isolates, phage morphology and titre 
can differ. As a result, we believe that phage titre reports should always include 
the tested bacterial target [4,5]. 

Conclusion
In this Personal View, we describe a new pipeline called Clinical Phage 

Microbiology, which aims to develop laboratory guidelines to support clinical 
phage therapy. This concept considers bacteriophage variability, emphasising 
the importance of evaluating them in vitro using a combination of several 
recognised techniques rather than theoretical compatibility. We concentrated on 
bacteriophages and avoided discussing several related topics, such as the use 
and application of phagederived proteins, which can be considered conventional 
antibiotics in many ways. In contrast to the commonly reported approach, we 
believe that bacteriophages containing genes associated with lysogenicity should 
be evaluated for clinical use.

Acknowledgement
None.

Conflict of Interest
None.

References
1. Iba, Toshiaki, Jerrold H. Levy, Marcel Levi and Jean Marie Connors, et al. 

"Coagulopathy of coronavirus disease 2019." Crit Care Med (2020). 

2. Puhm, Florian, Louis Flamand and Eric Boilard. "Platelet extracellular vesicles 
in COVID-19: Potential markers and makers." J Leukoc Biol 111 (2022): 63-74. 

3. Kerris, Elizabeth WJ, Claire Hoptay, Thais Calderon and Robert J. Freishtat. 
"Platelets and platelet extracellular vesicles in hemostasis and sepsis." J Investig 
Med 68 (2020): 813-820.

Commentary 
Volume 12:2, 2023

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7255402/
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1002/JLB.3MIR0221-100R
https://jlb.onlinelibrary.wiley.com/doi/abs/10.1002/JLB.3MIR0221-100R
https://journals.sagepub.com/doi/abs/10.1136/jim-2019-001195


J Med Microb Diagn, Volume 12:2, 2023Gelman D.

Page 2 of 2

4. Tripisciano, Carla, René Weiss, Tanja Eichhorn and Andreas Spittler, et al. 
"Different potential of extracellular vesicles to support thrombin generation: 
Contributions of phosphatidylserine, tissue factor, and cellular origin." Sci Rep 
7 (2017): 1-11.

5. Kox, Matthijs, Nicole JB Waalders, Emma J. Kooistra and Jelle Gerretsen, et 
al. "Cytokine levels in critically ill patients with COVID-19 and other conditions." 
JAMA 324 (2020): 1565-1567.

How to cite this article: Gelman, Daniel. “Clinical Phage Microbiology: A 
Suggestion Framework and Recommendations for Phage Therapy In vitro 
Matching Steps.” J Med Microb Diagn 12 (2023): 396.

https://link.springer.com/content/pdf/10.1038/s41598-017-03262-2.pdf
https://link.springer.com/content/pdf/10.1038/s41598-017-03262-2.pdf
https://jamanetwork.com/journals/jama/article-abstract/2770484

