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Topics

• Phages what are they?
• Phages for clinical therapy
• Clinical phage microbiology
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Khalifa, Leron, et al. AEM 81.8 (2015). Phages : Viruses of bacteria

(Bacterio)Phages may serve as a solution





FEMS Microbiol Lett, Volume 363, Issue 7, April 2016, fnw047, https://doi.org/10.1093/femsle/fnw047

The content of this slide may be subject to copyright: please see the slide notes for details.

Figure 1. Distinguishing among phage states. Intracellularly and 
unencapsidated, phages can exist in Vegetative versus ...

https://doi.org/10.1093/femsle/fnw047




The “previous” (old) concept of phage use

Felix d’Herelle

“... is a notable example of the negative impact an investigator's personality can have on the outcome of 
a discovery. Surely the prospects of phage therapy in the historical era would have been better served if 
d’Herelle had possessed some of the personality traits and scientific style of Pasteur”



Phage treatment and eradication of 2 MDR 
pathogens

Nir-Paz, Gelman, Khouri, et al, Successful Treatment 
of Antibiotic-resistant, Poly-microbial Bone Infection 
With Bacteriophages and Antibiotics 
Combination, Clinical Infectious Diseases, Volume 
69, Issue 11, 1 December 2019, Pages 2015–
2018, https://doi.org/10.1093/cid/ciz222

https://doi.org/10.1093/cid/ciz222


Clinical cases @ Hadassah/Israel

• Pseudomonas aeruginosa
• 5 In Israel
• 4 abroad

• Enterococcus faecalis
• 2 Israel
• 1 Germany

• Mycobacterium abscessus
• 2 Israel

• Acinetobacter and Klebsiella
• Israel



More than 300 phages against:

1. E. faecalis

2. P. acnes (~20)

3. Shigella

4. Sallmonela

5. B. anthracis

6. P. aeruginosa (~ 100 phages)

7. S. aureus (~10)

8. E. coli

9. A. baumanii

10. S. mutans  

11. M. abscessus

12. Burkholderia

13. Providencia 

14. And More….

Israeli phage bank



Worldwide status of Phage use

• Authorized in former soviet union:
• Historical reasons
• Georgia
• Poland
• Russia

• Europe
• Belgium – magistral phage 
• Rest of Europe eIND
• Clinical trials

• USA/Austrlia
• eIND
• Clinical trials



List of studies



• Two major (contradicting) concepts:
ØShelf product
ØPersonalized approach

• Can we breech the gap?

• Medical community (infectious diseases) need to avoid study 
design related failing studies 

• Combining industry and academics may help

Phage therapy



Wittebole St. Luc Bruxelles

Available from - https://www.ema.europa.eu/en/documents/presentation/presentation-
current-clinical-evidence-therapeutic-use-bacteriophages-xavier-wittebole_en.pdf

3-4 fold reduction in dysentery

??

Relatively safe

Safe and probably efficacious

Safe

Safe

Outcome



4 major studies to learn from



Interpretation: Oral coliphages showed a 
safe gut transit in children, but failed to 
achieve intestinal amplification and to 
improve diarrhea outcome, possibly due 
to insufficient phage coverage and too low 
E. coli pathogen titers requiring higher oral 
phage doses. More knowledge is needed 
on in vivo phage–bacterium interaction 
and the role of E. coli in childhood 
diarrhea for successful PT.

In 2016, oral bacteriophage treatment of acute coliform 
diarrhoea in Bangladeshi children, using two coliphage 
preparations, showed safe gut transit but failed to improve 
diarrhoea outcomes over the level of standard care. This 
was explainable, at least in part, because the 
targeted Escherichia coli was found in smaller amounts than 
expected and the primary pathogen appeared instead to 
be Streptococcus spp, which was present in larger amounts 
but had not been tested before the trial.



In 2018, The Lancet Infectious Diseases published a report of 
the results of the PhagoBurn trial,3 investigating the efficacy 
and tolerability of a bacteriophage cocktail in topical 
treatments of Pseudomonas aeruginosa burn wound infections. 
Unfortunately, by the time the bacteriophage product was 
used, its titre had dropped several orders of magnitude.

https://www.sciencedirect.com/science/article/pii/S1473309920304643


~40 each group









AB-SA01 (3 anti SA phages) safety and 
tolerability trial
• 13 cases (SA bacteremia)
• All on conventional antibiotic treatment.

• Single phage cocktail
• Indications :
• Endocarditis 8
• Osteomyelitis/pneumonia/ epidural abscess – 1 each (+2 osteomyelitis)

• Outcome
• 3 bacterial isolates resistant/ “less susceptible”
• 5 died during follow-up
• Possibly improved outcome compared to risk.
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Antimicrobial susceptibility….
• A processes in which at the end we get an answer.

• But ID physicians while looking complex creatures….

https://youtu.be/sUMO0Bv2OR0

https://youtu.be/sUMO0Bv2OR0


Antimicrobial susceptibility….
• A set of processes in which at the end we get an answer





Current active trails





Hurdles
• QA and stability of product

• Microbiological ITT: phages are specific (or too specific)
• Clinical ITT

• Or like the case reports/compassionate use,
• we should aim on phage + antibiotics in clinical trials???



Clinical Phage Microbiology

Critical tool for
• Adopting the right phage to the patients’ disease
• Understanding clinical trial efficacy and clinical efficacy in infected 

patients.

However, unlike antibiotics
• No standardization is available
• No knowledge on right methodology for each clinical application
• No streamlining of processes, thus testing may take time

Antimicrobial Stewardship



How would you define this: R/S/ ATU



How would you define this: R/S/ ATU
Bacteria

1 2 3

Same phage

1

10

102

103

104

105

Dilution

PFU/ml: Toxin 
behavior 3x106 2x107



How would you define this: R/S/ ATU



Phage clinical microbiology
• 2 major publications to date
• No harmonization/standards yet
• Not yet known consideration for dosage in clinical practice

Clinical Phage Microbiology: a suggested framework and 
recommendations for the in-vitro matching steps of phage 

therapy

Daniel Gelman, MD, Ortal Yerushalmy, MA, Sivan Alkalay-Oren, MA, Chani Rakov, MA, Shira Ben-
Porat, MD, Leron Khalifa, MA, Karen Adler, MA, Mohanad Abdalrhman, BSc, Shunit Coppenhagen-

Glazer, PhD, Saima Aslam, MD, Prof Robert T Schooley, MD, Ran Nir-Paz, MD, Ronen Hazan, 
PhD

The Lancet Microbe
Volume 2 Issue 10 Pages e555-e563 (October 2021) 

DOI: 10.1016/S2666-5247(21)00127-0



Questions in the guidelines
QUESTION 6: UNDER WHICH CONDITIONS SHOULD PST BE USED TO SELECT PHAGES FOR 
THERAPEUTIC USE?
• While it would be ideal to perform PST before phage administration so that a phage or phages 

active against the infecting bacterium is or are selected for use, standardized, accurate, and 
reproducible methods, reported with validated interpretive criteria are lacking (see Question 7). 
Once such methods are available, their routine use is suggested before phage administration, 
when possible.

QUESTION 7: WHICH PARAMETERS SHOULD EMERGING PST PLATFORMS CONSIDER?
• The ARLG Phage Taskforce identified several laboratory testing strategies for assessing phage 

activity against individual bacterial isolates, with no reference gold standard method identified. 
Methods ideally need to be standardized, accurate, reproducible, rapid, test multiple phages at a 
time, and report out using interpretive criteria that predict clinical activity; no such criteria yet 
exist. The ARLG Taskforce suggests that methods that demonstrate lack of in vitro phage activity 
against the targeted bacterium be shown to correlate with unlikely in vivo activity.
• double-layer agar method
• The spot test
• Liquid-based testing
• Stationary VS Logarithmic?



QUESTION 8: WHICH PARAMETERS SHOULD TEST METHODS FOR ASSESSMENT OF PHAGE 
ACTIVITY IN COMBINATION WITH ANTIBIOTICS CONSIDER?
• As with PST, the ARLG Phage Taskforce found no standard method for phage-antibiotic 

combination testing. Such an assay may be helpful to predict effects of specific phage-antibiotic 
combinations on bacterial population reductions, addressing synergy and antagonism.

QUESTION 9: WHICH IMMUNE SYSTEM COMPONENTS ARE LIKELY TO IMPACT SAFETY AND 
EFFICACY OF PHAGE THERAPY, AND HOW CAN THESE BE TESTED?
• The ARLG Phage Taskforce is unable to recommend specific assessment of immunologic 

parameters that correlate with phage activity that should be assessed due to a significant 
knowledge gap in this area but suggests considering tests for neutralizing antibodies in the 
context of prolonged phage administration, with the recognition that standardized assays for such 
measurements are unavailable. As indicated in Question 3, monitoring of renal, liver, and 
hematologic function is recommended; it may also be reasonable to monitor an inflammatory 
marker (e.g., C-reactive protein).

• Should we think about MIC/MBC etc… PK/PK??



Clinical Phage Microbiology: a suggested framework and recommendations for the in-
vitro matching steps of phage therapy

Daniel Gelman, MD, Ortal Yerushalmy, MA, Sivan Alkalay-Oren, MA, Chani Rakov, MA, Shira Ben-Porat, MD, Leron Khalifa, MA, Karen 
Adler, MA, Mohanad Abdalrhman, BSc, Shunit Coppenhagen-Glazer, PhD, Saima Aslam, MD, Prof Robert T Schooley, MD, Ran Nir-

Paz, MD, Ronen Hazan, PhD

The Lancet Microbe
Volume 2 Issue 10 Pages e555-e563 (October 2021) 

DOI: 10.1016/S2666-5247(21)00127-0

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY-NC-ND 4.0 license Terms and Conditions

http://www.elsevier.com/termsandconditions


Phages and antibiotics – not simple to predict

The Lancet Microbe 2021 2e555-e563DOI: (10.1016/S2666-5247(21)00127-0) 



Figure 2 

The Lancet Microbe 2021 2e555-e563DOI: (10.1016/S2666-5247(21)00127-0) 

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY-NC-ND 4.0 license Terms and Conditions

http://www.elsevier.com/termsandconditions


Log phase Stationary

The game of 
MOI and initial 
bacterial load

MOI = 0.1
MOI = 1

MOI = 10 MOI = 100



Figure 1 

The Lancet Microbe 2021 2e555-e563DOI: (10.1016/S2666-5247(21)00127-0) 

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC 
BY-NC-ND 4.0 license Terms and Conditions

Clinical Phage Microbiology: a 
suggested framework and 

recommendations for the in-vitro 
matching steps of phage therapy

Daniel Gelman, et al.
The Lancet Microbe

Volume 2 Issue 10 Pages e555-e563 (October 2021) 
DOI: 10.1016/S2666-5247(21)00127-0

“…Time waits for no one, no favors has he
Time waits for no one, and he won't wait for 
me….”

Keith Richards / Mick Jagger

http://www.elsevier.com/termsandconditions


How to put all together?



Complex  problem

• Different type of infections
• Different type of disease kinetics (Pathogenesis)
• Different type of bacteria and phage kinetics in bacteria
• Presence of multiple pathogens
• Pharmacokinetics of phages in host and target organ
• Lytic VS Lysogeny

• Phase I studies may not be enough to give a direction….



Hadassah Hebrew university phage therapy 
center

Patient 
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Clinical phage 
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Our Patients in Israel
• Over 20 treated 
• 11 eIND
• Over 120 tested for potential treatment

The Israeli Phage Therapy Center



Collaborations
Collaborations in Israel
• Orthopedic, Pediatric pulmonary, Dentistry, Cardiology, Urology, Dermatology and ENT departments in HMC

• BiomX LTD
• Infectious diseases departments of Tel Aviv medical center, Infectious diseases at Belinson Schneiders medical center in Petach tickva

Colaborations around the world:
• Establishing a European study group under ESCMID - ESGNTA
• Adaptive Phage Therapeutics (APT, http://www.aphage.com) Located in Maryland USA.  We are on the verge of establishing a strategic cooperation 

under discussion.  They supported us with the predication of PASA16 phage for human use, and planned to be part of a clinical trial. 

• Center for phage therapy UCSD (iPATH). On both PA phages, and grant of Burkholderia patients from all of North America. Collaborating with Prof 
Schooley, Prof Strathdee, Prod Aslam and Prof. Pride. 2 Grants (BSF and CF foundation). 4 manuscripts. This also leads to other collaborations around
the USA.

• Hatfull lab @ Univ of Pittsburg (mycobacteria phages for Israeli patients) Currently treating a lung transplant @ Belinson.
• Queen Astrid military center in Belgium. Jean-Paul Pirney. Our enterococcal phages were produced here and were used to treat 3 patients.
• Phage Australia / Irdell group Westmed Institute and Hospital, Sydney Australia
• Greg Rechs Lausanne, Switzerland. 

• Phage Directory – A worldwide network of phage therapy labs (https://phage.directory). 
• Technophage (clinical trial)

http://www.aphage.com/
https://phage.directory/


ESGNTA – ESCMID study group 
for Non-Traditainal Antibacterial 

therapy
Ran Nir-Paz MD on behalf of the executive committee

https://www.escmid.org/research_projects/study_groups/study_groups_g_n/non_traditional_antibacterial_therapy/

To join:
https://www.escmid.org/research_projects/study_groups/study_groups_g_n/non_traditional_antibacterial_therapy/es
gnta_membership_application/

https://www.escmid.org/research_projects/study_groups/study_groups_g_n/non_traditional_antibacterial_therapy/
https://www.escmid.org/research_projects/study_groups/study_groups_g_n/non_traditional_antibacterial_therapy/esgnta_membership_application/


Activity

• Online course Personalized phage therapy: basic principles of 
monitoring and treatment (PPT2022) 7th and 8th of June 2022. 
Organized by Alex Petrovic Fabijan and Jon Iredell for ESGNTA 
https://events.escmid.org/event/34

To join:
https://www.escmid.org/research_projects/study_groups/stud
y_groups_g_n/non_traditional_antibacterial_therapy/esgnta_
membership_application/

https://events.escmid.org/event/34
https://www.escmid.org/research_projects/study_groups/study_groups_g_n/non_traditional_antibacterial_therapy/esgnta_membership_application/

