
The Enemy of My Enemy:
Bacteriophage Therapy to Treat Multi-drug 

Resistant Bacterial Infections

Steffanie A. Strathdee, PhD,
Associate Dean of Global Health Sciences, 

Harold Simon Distinguished Professor, 
Co-director, IPATH

Robert Schooley, MD
Senior Director, International Initiatives, UC San Diego

Distinguished Professor, 
Co-Director, IPATH

AMI Images/Getty Images



Disclosures

• Steffanie Strathdee holds stock in Adaptive Phage 
Therapeutics.

• All patient photos shown are used with permission.











Uniklinick Antibiogram 



Will cost $100 trillion to the global economy 
through loss of productivity



Credit: Scott Brundage, Scientific American





Trends in Microbiology, 2013
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The Phage Hunt Begins…

Texas A&M- Center for Phage Technology

Dr Ry Young



Contacting the FDA….

Dr Robert (Chip) Schooley, UCSD Dr Cara Fiore, FDA



US Navy Biological Defense Research Directorate



The Endotoxin Issue:  
San Diego State University to the Rescue

Anca Segall, PhD Forest Rohwer, PhD

Jeremy Barr, PhD



The Dosing Dilemma

How much phage to administer?

What routes?

How often?

How long?

Maia Merabishvilli, PhD Carl Merril, MD















Thomas Patterson and 
Lt Commander Theron Hamilton

Schooley et al, AAC, 2017



Tom’s A.baumannii isolate being attacked by Navy phages

Courtesy of Dr. Robert Pope, 
National Biodefense Analysis & Countermeasures Center,
Dept of Homeland Security







Phage Therapy Patients treated at IPATH

Patient Age Underlying Condition Organism Start Date Outcome

1 67 Disseminated infection A. Baumannii May 2016 Treatment success

2 67 Bilateral lung transplant P. Aeruginosa May 2017 Treatment success

3 74 Open head trauma A. Baumannii June 2017 Treatment success

4 23 CF; pre lung transplant P. Aeruginosa September 2017 Treatment success

5 65 Infected LVAD P. aeruginosa + December 2017 Failure

6 63 Infected LVAD S. Aureus April 2018 Treatment success

7 61 Infected left knee prosthesis S. Aureus
March 2019
September 2019

First treatment failed, second treatment success

8 83 Infected LVAD P. aeruginosa August 2019 Treatment failure, patient passed away

9 56 Recurrent UTI ESBL E. coli February 2020 Partial success

10 64
Recurrent bacteremia, aortic graft 
infection

P. Aeruginosa March 2020 Treatment success

11 65 Bacteremia ESBL E. Coli July 2020 Outcome pending

12 77 Lung infection P. aeruginosa September 2020 Outcome pending



Mayo Clinic Experience –Knee Replacement Surgery 

After surgery #19 
(Jan 2019)

Before phage therapy 
(June  2019)

After Two Infusions 
(July 2019)





Phage Referrals to IPATH

All referrals from
6/1/2018-9/30/2021

N=1,171

Viral Infection:  9
Non-infectious etiology:  45
Non-medical conditions: 78
Incomplete details:  51
Not indicated: 784

Phage Hunt
Recommended:

N=204

No isolate
Provided: 34

Phage Hunt
Initiated:

N=170

Phage not found: 45
Died before phage: 13
Infection resolved: 9
Unknown outcome: 7
Phage hunt ongoing: 14

Lytic Phages
Found
N=82

Patients Treated
N=30 (11 pending)

Deceased before administration: 13
Infection resolved: 20
Regulatory barrier: 2
Financial barrier: 1
Unknown reason: 5

2.6%



Selected Organisms in Play
Data from 06/01/18 – 9/30/21)

Organism #Requests Phage Hunt Initiated Lytic Phage Found

P. aeruginosa 145 43 30

E. coli 50 7 4

K. pneumoniae 47 9 4

A. baumannii 34 6 1

Achromobacter species 12 10 3

E. cloacae 6 2 2

E. aerogenes 2 1 1

E. species 6 2 2

S. marcessens 5 2 1

M. abscessus 68 29 13

M. chimera 10 8 4

M. avium 35 2 0

B. burgdorferi 55 0 0



Building a Phage Library



May 2020



NIH Funds First Phage Therapy Trial ($12 M) 
through the Antibacterial Resistance 

Leadership Group
December 13th, 2019

Design:  Adaptive Phase 2 Trial

Enrollment to start in 2022

PI: Robert T. Schooley



Next Steps  

• Translational studies:

– PK/PD, Valency, Dose, Routes of administration 

– Potential synergy with antibiotics

• Clinical trials needed to determine efficacy: 

– Fixed vs. personalized cocktails

• Develop a phage library to enable phage to be 
matched to superbugs within 2 days. 

• Genetic engineering to optimize natural phage or 
develop synthetic phage



May 2019



Significant increase in standardized incidence rates for:
• Central line associated bloodstream infections
• Catheter-associated UTIs
• Ventilator associated events
• MRSA bacteremia
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