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Do we need more antibiotics ?



Yes we need!

“Each year in the United States, at least 2 million people
become infected with bacteria that are resistant to
antibiotics and at least 23,000 people die each year as a
direct result of these infections.” (CDC)

“Resistance to antibiotics poses a major global threat to
public health that requires action across all government
sectors and society.” (WHO)



Yes we need!

Solution: The last resort antibiotics



Emergence of antibiotic resistant strains

Sensitive P. aeruginosa Hadassah, 2017



When and where do antibiotic fail? 

1) Emergence of resistant bacteria

3) Microbiome dysbiosis

4) Persisters

2) Biofilm



So ?  What can be done?



The promise of Phage Therapy

• Bacteriophages (viruses of bacteria) against bacteria

• “The enemy of my enemy is my friend”

• An old idea



• Specificity

• Auto-Dosing

• Co-Evolution

Khalifa, Leron, et al. AEM 81.8 (2015).

Phages : Viruses of bacteria

.Gelman. D



Why phages ? 

Because phage therapy works exactly where antibiotics fail



Resistance to phages
Not the end of the world !

1) Emergence of resistant bacteria



More options:
• Mutate the phages (Co-evolution)
• Engineer the phages

1) Emergence of resistant bacteria

Resistance to phages
Not the end of the world !



Phages are efficient against Biofilm

Khalifa et al J Oral Microbiol. 2016

Khalifa et al AEM. 2015



Dysbiosis in antibiotic treated CF patients 



Phages are highly specific

• In contrast to antibiotics that tend to cause microbiome dysbiosis, phages are very specific

• Leron Khalifa and Daniel Gelman
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Eradication of resistance and persisters by phages and 
antibiotics

• Both resistant and persisters were eradicated

•Note that we used here vanco on VRE!

1.00E+00

1.00E+02

1.00E+04

1.00E+06

1.00E+08

1.00E+10

Untreated Vancomycin phage

• Shlezinger et al, submitted



Phage therapy: more advantages

• “Personal medicine”

• “Smart kinetics”

• “Natural solution” 
known to our immune system



Phage therapy: cons
• Too Specific  Using cocktails, establishing phage banks, personal medicine.

• Immune response  Coating / passaging

• Might carry harmful genes  Sequencing / knowledge

• Lysogeny : Genetic engineering

• Problematic regulation: Under consideration in the FDA

• Resistance mechanisms (restriction enzymes, CRISPR):
High MOI, large cocktails, use in conjugate with antibiotics



So, When should we use Phage Therapy?

• In general, when antibiotics fail !

• Chronic diseases or time for “personalization”

• Ectopic treatments (e.g. burns and wounds)

• Multidrug resistant strains

• Biofilm

• Combination with antibiotics

And when should phage therapy be avoided?

• In general, when antibiotics work !!

• Emergency situations (e.g. “Predator bacteria”)



The case that made the difference



The case that made the difference



April 2017 – Paris: 100 years of phages



24

Meanwhile in Georgia :

more than 100 patients per year are 
being cured. 

Many of them are medical tourists 



1935 – Current: Phage Therapy Centers  in East Europe countries



Some of the running projects in our lab



The Anti – E. faecalis phages project 



Ex – vivo dental models

Khalifa et. al Appl Environ Microbiol. 2015, 15;81(8):2696-2705.

Dentin tubules



Animal model: Root canal model in Rats

Untreated + Phages

Mor Shlezinger in collaboration with Nurit Beyth

• 16S analysis is on the way 



Combined Treatment (N=15)

Phages (N=15)

Antibiotics (N=15)

Untreated (N=10)
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Phages saved the life of 100% of the 
animals in a peritonitis model

Gelman et al. (In Preparation)



Phages against Anthrax
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• It is expected that in a bioterrorism attack, antibiotic resistant bacteria will be used

Sivan Alkalay and Sarit Sterenberg (Alpha)



Phages against Anthrax

Sivan Alkalay and Sarit Sterenberg (Alpha)

Log phage Stationary phage

Gamma*SA-NegevSA-CarmelSA-TavorSNα320SNα300PlaceYearB. Anthracis
Strain

++++++++++++++++Megido2009Megido

++++++++++++-+++Keshet2012151852

++++++++++++++++Keshet2012151321

++++++++++++-+++Keshet2012Keshet

++++++++++++++++Keshet2012151264

++++++++++++++++Yehonatan2012152776

* Brown, E. R., W. Cherry. 1955, J. Infect. Dis

Our phage are effective against virulent B. anthracis
(Tested by Prof. D Elad, Veterinary Services)



Phages against diarrhea related bacteria
• One of the biggest problems of field units

• In “Zuk Eitan”, several combat unit were evacuated from the battle zone due to foodborne 
diseases

• The problem is not limited to the army

Shira ben Porat and Daniel Gelman, “Zameret”

Our Shigella phages
1/5/2017

• We are developing “Anti food born diseases phage cocktail” –
• Shigella, Campilobacter, Salmonella and more



Personal preventive dentistry

Streptococcus salivarius

In collaboration with:

Prof. Nurit Beyth
Prof. Yael Houri Hadad

Dr. Asaf Wilensky

HUJI dental school



Prepare Phage for treatment

In collaboration with:

Prof. Ran Nir-Paz

Infectious diseases, 
Hadassah

• P. aeruginosa

• K. pneumonia CRE

• E. faecalis VRE

• A. baumanii

• P. acne (with Dr Vered Molho, 
Dermatology, Hadassah)



Summary
• We believe that phage therapy is a useful tool when antibiotics fail

• It seems that phage – antibiotic combinations have additive or synergistic effects

• We aim to use phages in personalized / precision manner

• Phages might be useful in many direction besides medicine
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