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¿Qué tienen en común?
1. Vibrio cholerae
2. Shigella dysenteriae
3. Corynebacterium diphtheriae
4. Clostridium botulinum
5. Staphylococcus aureus
6. Streptococcvus pyogenes
7. Salmonella entérica serovar Typhimurium

El 20% del genoma bacteriano proviene del genoma de fagos



¿Qué es un fago?



Ahora mismo…..
• Hay unos 1031 fagos en la biosfera
• Se calcula que hay 10 millones de 

veces más fagos en los océanos 
que estrellas en el universo.

• Están ocurriendo más de 1025

infecciones por fagos por segundo
• Se están produciendo más de 1015 

transferencias de genes 
procedentes de fagos por segundo



• Bacteriófagos: virus que infectan bacterias
(Fagoterapia)

• Primeros estudios (1915) prometedores,
aunque mal diseñados (no grupos control).

• Resultados en revistas inaccesibles.

• A lo largo de la década de 1940, varias
empresas farmacéuticas de US produjeron
preparados de fagos para tratar diversas
infecciones (piel, tracto respiratorio,…)

Phage Therapy: Past, Present and Future
Madeline Barron ASM 2022

Después comenzó la ERA ANTIBIÓTICA…

Y luego vino la era POST-ANTIBIÓTICA…



¿Dónde están los fagos?



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020

Phages in the marine environment are extremely abundant, with a virus- to-bacteria ratio often
ranging from 1:1 to 100:1 



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020

Phage abundance in the soil is highly variable and correlates with biome type (for example, desert, 
agricultural or forest soils), pH and bacterial abundance



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020

Changes in the diversity and composition of the human virome were also reported to be related
to the gut health status, particularly in the case of inflammatory bowel disease



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020

Phage composition is unique to individuals (FAGOMA), with global metagenomic analyses indicating
that some phages are globally distributed



Clasificación de los fagos



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020

Phage classification based on morphology and genome type



Phage diversity, genomics and phylogeny
Moïra B. Dion et al., Nature Revs Microbiol 2020



Morfología y estructura



Targeting mechanisms of tailed bacteriophages
Franklin L. Nobrega et al., Nature Revs Microbiol 2020



Phage Therapy: A Renewed Approach to Combat Antibiotic-Resistant Bacteria
Kaitlyn E. Kortright et al., Cell Host & Microbe 2019

• Phage encode binding proteins that recognize and attach to sites on the surface of a bacterial cell. Many
phage bind to protein structures on the bacteria such as pili (red), flagella (yellow), porins (blue), or efflux
pumps (purple). Phage have also been reported to bind to specific sugar moieties in LPS (green).



Targeting mechanisms of tailed bacteriophages
Franklin L. Nobrega et al., Nature Revs Microbiol 2020



Ciclo de un fago



Phage Therapy: A Renewed Approach to Combat Antibiotic-Resistant Bacteria
Kaitlyn E. Kortright et al., Cell Host & Microbe 2019



Implications of Bacteriophage- and Bacteriophage Component-Based 
Therapies for the Clinical Microbiology Laboratory

Katherine M. Caflischa and Robin Patel JCM 2019

Lysogenic, phages don't kill their
bacterial prey outright—they
integrate their genome into the
host cell.

Vehicles and environmental
reservoirs for:

Antimicrobial resistance
genes
Toxin genes
Has net effects on bacterial
fitness and relevance to the
evolution



The Age of Phage: Friend or Foe in the New Dawn of Therapeutic and 
Biocontrol Applications?

Hassan, A.Y.; et al., Pharmaceuticals 2021



Essential Topics for the Regulatory Consideration of Phages
as Clinically Valuable Therapeutic Agents: A Perspective from Spain

Roberto Vázquez et al., Microorganisms 2022



Implications of Bacteriophage- and Bacteriophage Component-Based 
Therapies for the Clinical Microbiology Laboratory

Katherine M. Caflischa and Robin Patel JCM 2019



Fagos y antibióticos



Phage therapy in the Covid-19 era: Advantages over antibiotics
Atif Khan et al., Current Research in Microbial Sciences 2022



Phage still have some limitations compared to traditional chemical antibiotics that need to be
addressed before phage therapy can be fully accepted in modern clinical practice:

1. Phage are not an appropriate therapeutic for all infections (intracellular bacteria)
2. Interactions with the immune system has yet to be ellucidated
3. Neutralizing antibodies against certain phage typically associated with humans may be

a general obstacle for phage therapy.
4. Widespread lysis of target bacteria can potentially release bacterial antigens that could be

dangerous. Generation of endotoxins during therapy.
5. Regulatory hurdles represent a significant barrier to the implementation of phage therapy

in modern medicine

The Age of Phage: Friend or Foe in the New Dawn of Therapeutic and 
Biocontrol Applications?

Hassan, A.Y.; et al., Pharmaceuticals 2021



Resistencia bacteriana a los fagos



Phages against Pathogenic Bacterial Biofilms and Biofilm-Based
Infections: A Review

Siyu Liu et al., Pharmaceutics 2022



Phage Therapy: A Renewed Approach to Combat Antibiotic-Resistant Bacteria
Kaitlyn E. Kortright et al., Cell Host & Microbe 2019

Phage that attach to an antibiotic efflux pump to
infect may select against the expression of the
efflux pump, rendering the bacteria more
sensitive to antibiotics that were previously
effluxed



Fagos y Biofilm



Targeting biofilms using phages and their enzymes
Joana Azeredo et al., Current Opinion in Biotechnology 2021,



Bacteriophage-Mediated Control of Biofilm: A Promising New Dawn for
the Future

Cheng Chang et al., Frontiers in Microbiol 2022



Could phages mean the end of device-related infections?
Del Pozo et al., Int J Artif Organs 2007



Targeting biofilms using phages and their enzymes
Azeredo et al. et al., Current Opinion in Biotechnology 2021



Bacteriophage-Mediated Control of Biofilm: A Promising New Dawn for
the Future

Cheng Chang et al., Frontiers in Microbiol 2022



Dispersin B Therapy of Staphylococcus aureus Experimental Port-Related 
Bloodstream Infection

Del Pozo et al.,  ICAAC 2007
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Experiencia clínica



Bactériophages et chirurgie orthopédique. A propos de sept cas
Lang, G. et al., J. Bactériophages et chirurgie orthopédique 1979



Phage therapy: From biological mechanisms to future directions
Steffanie A. Strathdee et al., Cell 2022



Biological challenges of phage therapy and proposed solutions: a 
literature review

Katherine M Caflisch et al., Expert Review of Anti-infective Therapy 2019



Biological challenges of phage therapy and proposed solutions: a 
literature review

Katherine M Caflisch et al., Expert Review of Anti-infective Therapy 2019



Phage therapy: From biological mechanisms to future directions
Steffanie A. Strathdee et al., Cell 2022



Essential Topics for the Regulatory Consideration of Phages
as Clinically Valuable Therapeutic Agents: A Perspective from Spain

Roberto Vázquez et al., Microorganisms 2022



A systematic review of phage therapy applied to bone and joint infections: an 
analysis of success rates, treatment modalities and safety

Joseph Genevière et al., EFORT Open Rev 2021



A systematic review of phage therapy applied to bone and joint infections: an 
analysis of success rates, treatment modalities and safety

Joseph Genevière et al., EFORT Open Rev 2021



A systematic review of phage therapy applied to bone and joint infections: an 
analysis of success rates, treatment modalities and safety

Joseph Genevière et al., EFORT Open Rev 2021



Limitaciones al uso de fagoterapia



Pharmacologically Aware Phage Therapy: Pharmacodynamic and Pharmacokinetic 
Obstacles to Phage Antibacterial Action in Animal and Human Bodies

Krystyna Da˛browska,et al., Microbiology and Molecular Biology Reviews 2019



El futuro



Phage therapy: From biological mechanisms to future directions
Steffanie A. Strathdee et al., Cell 2022



Phages against Pathogenic Bacterial Biofilms and Biofilm-Based
Infections: A Review

Siyu Liu et al., Pharmaceutics 2022



Phage therapy: From biological mechanisms to future directions
Steffanie A. Strathdee et al., Cell 2022



The Israeli Phage Bank (IPB)
Ortal Yerushalmy et al., Antibiotics 2020



The Israeli Phage Bank (IPB)
Ortal Yerushalmy et al., Antibiuotics 2020



The Age of Phage: Friend or Foe in the New Dawn of Therapeutic and 
Biocontrol Applications?

Hassan, A.Y.; et al., Pharmaceuticals 2021



Y como lo observan los naturalistas, una mosca tiene moscas más
pequeñas que la devoran, y éstas tienen otras más pequeñas todavía que
las muerden, y así ad infinitum.
Jonathan Swift



Gracias!

@jdelpoleo
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