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Bacteriophage “Phage”
Attaching to its bacterial host



Presenter Disclosure 

• Faculty: University of Toronto

• Financial affiliations:

•Grants, clinical trials: NCT05537519 (Investigator initiated) Phage Therapy for UTIs

•Other influential affiliations: Co-founder and Clinical director of Phage Canada, a non-

profit organization.

•Land Acknowledgement:

•We are all treaty people, and we should respect the shared land today 

and for seven generations to come. 



Does the clicker system work

Pick your Iconic Canadian Food: 

1. Beaver Tail

2. Poutine

3. Lobster Roll

4. Maple Taffy

5. Nanaimo Bar

6. Moose







https://www.cdnmedhall.ca/laureates/felixdherelle
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https://bit.ly/PTWGIDEAS



What is your level of comfort with Phage Therapy?

1. Phage Phanatic: I am so my enemy of my enemy is 
my friend and we have an AMR CRISIS

2. Phage Phriendly: I studied phages, it makes sense, 
there is hope

3. Phage Phence:… Ask me later

4. Phage Phear: Please show me the successful RCTs, 
don’t phages carry toxins and resistance genes?

5. Phage Phorgetaboutit

Pre-Test



Canadian Government Audit: Federal 
government did not do enough for a 

top 10 global public health treat.  

• 2023 Plan created but did not cover important 
elements: concrete deliverables, timelines, and 
accountability.  

18 Antimicrobials 

entered global market 
in the 2010’s
4 of which are on the 

WHO List of Essential 
Medicines



FROM A GROUP OF 13 PATIENTS 

• In the article mentions Dr. 
Jon Dennis University of 
Alberta for finding phages 
for CF cases (including B. 
cepacia complex)

10

CHAN / 
Turner lab 
Kelowna BC 
→ Yale

https://www.ctvnews.ca/w5/a-long-forgotten-canadian-discovery-used-to-

treat-superbugs-1.4706823

https://www.ctvnews.ca/w5/a-long-forgotten-canadian-discovery-used-to-treat-superbugs-1.4706823
https://www.ctvnews.ca/w5/a-long-forgotten-canadian-discovery-used-to-treat-superbugs-1.4706823


PHAGE BY MAIL ORDER 

• Past 15 years

• 5 to 10 Canadians a year receive phages from Tbilisi by 
mail
• Urine sent directly to lab (not the isolate) 
• Regular commercial phage cocktails provided as nutritional 

supplement for oral intake only.

• 10 to 20 Canadians travel to Tbilisi  a year for treatment
• 1700 USD per cocktail of 3 or more phages for a single 

isolate, additional 1000 USD per cocktail for a different 
genus.

• Titre of cocktails around 10^5 to 10^8. 
• Not purified of media or LPS. 

• 1 in 100 patients Jarisch-Herxheimer reaction (at one center)
• Some instillation for bladder, some inhalation (but not well 

tolerated), no IV.  11

Canadian receiving phage by mail order or Travel to / 
From Georgia

PATIENTS TRAVEL TO EASTERN EUROPE



Part 1: Phages and ARO
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Antimicrobial Resistance is a battle that can’t be won on one front. It’s going to take every weapon we’ve got!



US CDC, CANADA, EUROPEAN UNION, NORWAY, UK MEETING NOV 2023

Antibiotic Resistance… Everywhere, Everyone, Everything  
A top 10 WHO Global Health Priority 



Bacteriophage therapy

1. Very specific (Less collateral 
damage)

2. Out evolves and over 3 Billion years
3. Adaptable / trainable / modifiable
4. Predictable code / Safe
5. Ubiquitous / Immune escape
6. Bio-Cures biofilm infections
7. Autodoses / chain reaction
8. Disables bacteria if does not kill
9. Scalable / Shareable / Synergistic
10.Treat infections and non-infections

Good Viruses Eating Deadly Bacteria

2023 PMID: 36608652 





As of November 2022, in the published literature 
how many patients have been treated with phage 
therapy for a urinary tract infections? 

1. 5

2. 200

3. 800

4. 1000

5. 1400



• Comprehensive and critical 
assessment of the literature 
spanning nearly 100 years

• 1450 human cases in the 
literature (1926 – 2023)

• ~79% reported clinical cure with 
therapy, and >97% reported 
improvement in clinical 
symptoms

• AEs were reported in 8 cases, 
mostly limited to a single trial  

Also see Dr. Jonathan Cook etal.

Poster WP024

PHAGE Journal



Phage Therapy in the 
Management of Urinary 

Tract Infections
A Comprehensive Systematic 

Review

Amany M. Al-Anany, Payton B. 
Hooey, Jonathan D. Cook, Lori 

L. Burrows, Julia Martyniuk, 
Alexander P. Hynes, and Greg J. 

German





UTI Systematic Review

• Comprehensive and critical 
assessment of the literature 
spanning nearly 100 years

• 1450 human cases in the 
literature (1926 – 2023)

• ~79% reported clinical cure 
with therapy, and >97% 
reported improvement in 
clinical symptoms

• AEs were reported in 8 cases, 
mostly limited to a single trial  

Al-Anany et al. 2023







Study Design

• Includes “grey” literature, 

• all languages, 

• any time period

• Any animal or host 
• All you need is a kidney



• Reflects increasing research 
efforts

2023 PMID: 36608652 





TOR001 Case
• 72 year old female non-diabetic previously well, 

o Married, well educated, some international travel

o Unremarkable past medical history prior to illness

• May 2016, recurrent E. coli infection ESBL
o Recurrent ureteral stents May 2016 to 2017 for 

hydronephrosis

o Jun 2017 Ureteral ligation and reattachment

o April 2018; 6 weeks of ertapenem

o March 2019; Right Nephrectomy

o Serious reactions to sulfa and fosfomycin, nitrofurantoin 
diarrhea at treatment dose(6x/d)

o May 2021, Hospitalization and IV ertapenem x 2 weeks.

o May 2022, reaction to macrobid, meropenem x 4 weeks 

o No stone / calculi disease

o On Vaginal estradiol tablets 3x a week

Team

Greg J. German1,2,3, 

Payton B. Hooey1,

Umesh Jain1, 

Carlos Fernando1, 

Keiko C. Salazar4,5, 

Jonathan D. Cook2, 

Hanjeong Harvey6, 

Udi Blankstein7, 

Andrew M. Kropinski8,

Anthony W. Maresso4,5, 

Alan R. Davidson9, 

Karen L. Maxwell3,9, 

Austen L. Terwilliger4,5, 

Lori L. Burrows6



A Health Canada Teleconference you and…

• Dr. Co Pham, Director, Centre for Regulatory Excellence Statistics and Trials (CREST)

• Dr. Michael Rosu-Myles, Centre for Biologics Evaluations (CBE)

• Dr. Alysha Croker, Director, Office of Policy and International Collaboration (OPIC)

• Dr. Emilie Carrier, Associate Director, CBE

• Dr. Nathalie Fortin, Associate Director, CREST

• Dr. Dean Smith, Associate Director and Advisor, CBE

• Dr. Kim Pronovost, Acting Manager, Office of Clinical Trials – Exploratory Division (OCT-E), CREST

• Dr. Tong Wu, Acting Manager, Vaccines Quality Division 3 (VQD3), CBE

• Julie Gervais, Manager Policy Development, OPIC

• Dr. Irene Lisovsky, Senior Reviewer, OCT-E, CREST

• Dr. Sanath Rao, Medical Evaluator, OCT-E, CREST

• Kaitlin Curtis, Regulatory Affairs Supervisor, Office of Regulatory Affairs (ORA), CREST

• Nitika Burman-Watson, Senior Regulatory Affairs Officer (SRAO), CREST
28





1st Clinical Trial 
Canada (UTI) 

NCT05537519
Vom 2023

• Poster

HP3

ES19
HP3.1



Clinical Trials Process

Step # of People 

(ADDIATIVE)
Action to sign a patient for a research participant in a 

phage therapy in Canada
1 3 Identify patient with a serious condition
2 6 Identify bacterial strain
3 10 No tolerable or reasonable curative solution available
4 15 Funds are identified.
5 18 Bacterial Isolate(s) sent to phage bank 
6 21 Phages tested by susceptibility testing of various methods.
7 26 Phages characterized including sequenced and annotated to confirm the absence of deleterious genes. 

8 28 Two or three phages are identified that are dissimilar and additive. 
9 45 Phages produced in high titre

10 50 Phages are purified to remove bacterial byproducts specifically endotoxins
11 52 Phages are either combined into cocktails or processed further individually.
12 60 Phages are checked for endotoxins and sterility (3 days to 2 weeks, mycobacteria ~ 4 weeks)

13 70 Phage production centre produces an Investigator New Drug filling is created.  
14 80 If not already done a research team is created.
15 95 If not already done an optional virtual consultation with Health Canada is provided. 

16 115 Form 3011 and supporting documents are submitted to Health Canada which reviews the file within 30 days 

and if successful provides a no-objection letter (NOL).  Time expiring is considered no objection. 
17 120 Safety Committee for a future REB proposal is sought.
18 125 Internal Research contracts between clinician, laboratory, clinic / hospital should be completed. 

19 135 External Research contracts should be completed between institutions involved at this time.  (DELAYED)

20 150 Submission for a REB proposal to a hospital is done after or at the time of the Health Canada submission

21 155 Research manager fills trial on clinicaltrials.gov
22 155 Research Ethics Board does a full review of file. 

23a 155 Option 1: REB if successful gives conditional approval pending Health Canada no objection letter.  

23b 155 Option 2: REB recommends minor or major modifications.
24b 155 If Option 2 then a Health Canada clinical trial amendment is submitted and a second NOL is required for major 

changes.  Otherwise for minor changes a Clinical trail notification is required. 
25 155 REB approves and the study team may approach patient. 31

Step 13b: Contact Health 

Canada Environmental 
Assessment unit at least 
120 days before for New 

Substance Program



Step # of 

People 
(ADDIATIVE

)

Actions Necessary to Treat a Patient with 

Phage Therapy in Canada

26 156 Consent is signed by the patient to become a research participant

27 160 Phages are imported into the country using a special service

28 163 Phages are stored in pharmacy

29 163 Phage cocktail is prepared in Normal Saline for bladder instillation or 6% 

bicarbonate for oral therapy
30 164 Phages are taken orally, and then 30 later placed inside the urinary bladder

(dwell of 1 hour). 
31 165 Phages are prepared and given 

32 170 Laboratory specimens are collected prior to phage, and at multiple time 

points.

33 180 Clinical samples are sent to determine phage levels, bacterial levels, Anti-

phage antibodies. 



• Safe: No significant adverse events (two minor notes)
o Slight rash in two instances at days 7 and 14, the later of 

which was mildly pruritic and both of which was not thought 
to be significant by the patient or the Safety Committee.  

o Patient developed a brief bout of diverticulitis, with mildly 
raised biochemical markers (CRP 60) and abdominal pain 
but no fever. The antibiotics provided (ertapenem x 14 days) 
likely co-treated this condition. CT Scan with IV contrasted 
noted an enlarged remnant ureter, but no abscess, and at 
the time resolving diverticulosis. 

• Effective at 90 days after adjunctive antibiotics 
(Clinical Cure):

o Initial clinical and microbiological improvement without 
antibiotics. 

o Provided IV antibiotics after relapse.  Treated for only 14 
days, and 90 days afterwards no clinical symptoms or 
microbiology findings.   

o Await testing on Phage – bacterial PCR and possible 
evolution and anti-phage antibodies (Expected Nov 2023). 



Topical Phage Therapy for Cystitis 
(Practice and Mathematical Modeling)

Phages arrive 24 hours later through diffusion / 
bacterial motility, 

Mobile bacteria, lower dose with phage wash out, with 12 hour delay, 

per ml

Motility offered as Dc = 0.0144 cm^2/h or 0.2 um/s(Blanco and Chen 2019)



A Canadian and UHT Breakthrough

CTV News: https://bit.ly/phagevictoria

Greg German and TAILOR LABS, Houston



CTV News: https://bit.ly/phagevictoria

CTV News: https://bit.ly/phagevictoria



More Work to follow:
• Phage Recovery Analysis
• E. coli genomics
• Pre-Clinical mouse models for 

UTI
• Rapid susceptibility testing and 

coordination
• IV Phage Therapy case for Male 

E.coli UTI
• Money: 

https://bit.ly/CANPHAGEFUND

• P-PEAKS RCT  50 Females

https://bit.ly/CANPHAGEFUND


Personalized Phage + Ertapenem and Kinetic Synergy
Secondary Prevention phase 2b PICO

P: 50 non-pregnant adult 
women with E. coli UTI 
treated with ertapenem 
previously and continues to 
be colonized. 

I: Personalized Phage via 
mouth, bladder, and vaginal 
area with a single dose of 
ertapenem on day 2

C: Ertapenem 1g plus 
placebo products

O: Primary: 
Microbiological 
resolution at 30 days 
from date of ertapenem

Secondary: Next slide



Personalized-Phage & Ertapenem Advanced 
Kinetics and Synergy (P-PEAKS) UTI

• Nominated PI: Dr. Greg German,  

• PI (Co-PI) Dr. Duminda Wijeysundera, Anesthesiologist and Clinical trial expert. 
• Interim Medical Director at AHRC (hubresearch.ca)

• Co-Applicants: 
1. Dr. Jonathan Cook, Senior Medical Microbiology Resident, University of Toronto
2. Jenna Wong, Association of Medical Microbiologist and Infectious Diseases Canada Clinical Research Network, Research 

Coordinator
3. Dr. Kevin Thorpe, Assistant Professor of Biostatistics, University of Toronto Dalla Lana School of Public Health
4. Dr. Carlos Fernando, Research Manager, St. Joseph’s Health Centre Toronto, part of Unity Health Toronto. 
5. Dr. Gabriel Girouard, Medical Microbiologist and Infectious Diseases physician, Vitalité Health Network, New Brunswick. 

(Dr. Georges-L.-Dumont University Hospital Centre)
6. Dr. Sylvain Moineau, Professor and Curator of the University of Laval Bacteriophage reference center. 
7. Dr. Michael Parcey, Director of the National Microbiology Laboratory PhageSTAR (Science, Therapeutics, and Research) 

Lab
8. Dr. Kevin Schwartz, Division Head of Infectious Diseases, St. Joseph’s Health Centre, Unity Health Toronto. 
9. Dr. Umesh Jain, Urologist, St. Joseph’s Health Centre, Unity Health Toronto. 
10. Dr. Jonathan Iredell Clinical Microbiologist and Infectious Disease Physician, Westmead Hospital director of Phage 

Australia. 
11. Dr. Ameneh Khatami, Paediatric Infectious Diseases physician, Children’s Hospital at Westmead, and Deputy Director and 

Clinical Lead of Phage Australia. 
12. Dr. Ruby Lin, Westmead Institute for Medical Research, Deputy Director Phage Australia 
13. Dr. Holly Sinclair, PhD Trainee, Clinical Microbiology, Infectious Diseases physician. 
14. Dr. Gina Suh, Infectious Disease Physician, Director of the Mayo Clinic Phage Therapy Program. 

• Collaborator / Supplier: Dr. Nancy Tawil Qeen Biotheraputics. (Gatineau QC)



The Phage Therapy Globe 
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Global Clinical Phage Rounds





August 29th 2023, 
Global Clinical Phage Rounds 

Presents: 

• Dr. Tristan Ferry

• Phage therapy in severe
bacterial infections: The 
French experience



Email: Gregory.german@unityhealth.to or Gina Suh Suh.Gina@mayo.edu if 

you would like to join G-CPR

mailto:Gregory.german@unityhealth.to
mailto:Suh.Gina@mayo.edu






To Sign up for Global Clinical Phage Rounds:

Links to session and video

No industry permitted

Bit.ly/GlobalPhageRoundsSignup



Two Recent Major Articles:
Pirnay et al Belgian 100 Consecutive case: 

PMID: 38834776 Nature Microbiology 2024

• Observational Study
• 2008 to 2022
• 12 Countries
• Different Application Routes
• Clinical Improvement 77%
• Eradication 61.3%

• 70% less likely to eradicate if 
antibiotics were not used at the same 
time.

• 15 adverse events, with 7 non-
serious associated with BT.  

Aslam et al, P. aeruginosa ventricular assist device 5 ineffective cases

PMID: 38470133; Antimicro Agents Chemotherapy 2024 

4 patients, 5 trials of therapy

1 to 4 non-modified phages used 
in each case

Phages less susceptible in 3 of 5 
treatment

Breakthrough bacteremia 
occurred frequently, even though 
appears sensitive to phage. 



Lack of Clinical Trial Success

• Current NIH Pseudomonas 
Clinical Trial in CF
• Not personalized
• Challenges with recruitment 



Part 2: Phages for the ICP



Sinks associated with ICU outbreaks in 
Mount Sinai, Toronto General

7% of P. aeruginosa HAIs 
associated with sinks1

Both P. aeruginosa and K. 
oxytoca2 form biofilms



Advantages of phages re biofilms

● Replication
● Express/induce 

depolymerase 
enzymes on EPS 

● X persister cells too

Harper, D. R., Parracho, H. M. R. T., Walker, J., Sharp, R., Hughes, G., Werthén, M., Lehman, S., & 
Morales, S. (2014). Bacteriophages and Biofilms. Antibiotics, 3(3), 270–284. 
https://doi.org/10.3390/antibiotics3030270



Applications

Mean viable biofilm count was 70% 
greater in untreated vs treated 
catheters

Reduction in biofilm-associated bacteria 
viability initially, but not after 21d
Suggests supplementing phage with non-
ionic surfactant



On sinks specifically

Both chemical (Clorox) and phage 
effective
Phage showed more uniform effect



Potential for other phage uses in IPAC 

In ICU
● Rates of new CRAB 

infections down >40%
● Mean percentage of CRAB 

isolates went 87.76% to 
46.07%

Still need more research in this area…







Phage Canada

Pre-Clinical Work

Microfluidics-UHT-CRAFT

BioBanking Patient  Care

Association of Medical 
Microbiology and Infectious 
Disease (AMMI) Canada

Global Clinical Phage Rounds, Chair uToronto Phage Accelerator 
Fund

UTI Systematic 
Review N=55

Standardize Methods / 
Registry (STAMP-CAN)
RCT P-PEAKS proposalMouse UTI, non-invasive Tx

E. coli, Pseudomonas, Staph. aureus
6 phages against one bacteria two 
methods of detection in 3 hours

To support and advance phage research and 
phage therapeutics in Canada (Patients, Public, 
Clinicians, Scholars, Industry and Government)

Co-Moderator
*Phenotypic

*Genomic 
*Storage 

*Data

5,000,000$ over 
5 Years
Faculty 
catalyst

All Years & Languages

Engagement: “X” / Clearing House / Events

Regulatory: Dialogue with Health Canada, TATFAR

Laboratory: Phage Banking Screening & Logistics 
Clinical: Survey / Registry / Practice Points

Phage Therapy Working Group Lead / Chair

Co-founder

NCT05537519

Dr. Greg German MD PhD 
Univ. of Toronto / UHT
Phages Stopping Killer Infections

Primary Investigator

310+ Global 
Group

Cure ~50-80%
Eradication ~65%
Side effects 1%

Phage Susceptibility Testing

Expert panel



Please See our New FAQ for Patients and 
Providers on access to Phages in Canada



Let’s Sign up Canada

• General public

• Trainees

• Scientists

• Clinicians



What is your level of comfort with Phage Therapy?

1. Phage Phanatic: I am so my enemy of my enemy is 
my friend and we have an AMR CRISIS

2. Phage Phriendly: I studied phages, it makes sense, 
there is hope

3. Phage Phence:… Ask me later

4. Phage Phear: please show me the successful RCTs, 
don’t phages carry toxins and resistance genes?

5. Phage Phorgetaboutit

Post-Test



Phage Therapy Takes a Team: 

• Payton Hooey, Jonathan Cook, Umesh Jain, Carlos 
Fernando, Keiko Salazar, Hanjeong Harvey, Udi 
Blankstein, Andrew Korpinksi, Alan Davidson, Karen 
Maxwell, Anthony Maresso, Austen Terwilliger, Lori 
Burrows, Tobi Nagel, Danielle Peters, Aaron Wheeler, 
Michael Dryden. 

• Global Clinical Phage Rounds Executive

• Our latest student contributors: 

• Josephine Davey-Young, Riley Alvarez, Dinuri Punchihewa



• Funding provided in part by the Laboratory Physicians Associates of St. Michael's Hospital

• Dr. Mark A. Downing, Dr. Kevin Schwartz, Dr. Melanie Tsang, Dr. Travis Carpenter from St. 
Joseph's Health Centre and provided early care and/or participate in the safety committee.

• Jenna Wong AMMI Canada Clinical Research Network Research Coordinator

• Cytophage Inc. (Winnipeg) for early assistance with a Phage Search

• The laboratory and research laboratory staff at Unity Health Toronto, in particular Dr. Cathy 
Streutker, Dr. Larissa Matukas, Matthew Doggart, Catherine Park, Tijan Jallow, Mark 
Bignell, and Jenny Wu. 

• The Pharmacy at Unity Health Toronto, in particular Clarence Chant, Jiten Jain, and Glenda 
Bennett.

• Gurpreet Lakhanpal Applied Health Research Centre (Unity Health Toronto)

• Dr. Steffanie Strathdee and Dr. Saima Aslam from the Centre for Innovative Phage 
Applications and Therapeutics, Univ. of California, San Diego.

• Biologic and Radiopharmaceutical Drug Directorate, Health Canada

• The Patient / Research Subject and her Family. 

Acknowledgements for TOR001: 



THANK YOU!

Questions?
QR code for evaluation:

https://www.phagecanada.ca/

Please Contact Dr. Greg German at
Gregory.German@unityhealth.to to sign up for GCPR or if you 

are interested in clinical trials

mailto:Gregory.German@unityhealth.to






Networks
Canadian

• AMMI Canada
• Working groups
• STAMP-CAN
• P-PEAKS

• Phage Canada

• NRC meetup (2nd year)

• Soon:
• Univ. of Toronto: Canada wide 

accelerator fund

Global

• Global Clinical Phage Rounds

• NIH workshops and noon sessions
• ESGNTA (ESCMID-Europe)

• Phage Directory-Phaves series
• Phagistry

• Viruses of Microbes

• Evergreen Phage Meeting
• Phages for Global Health (biobank)
• SEA-Phages

• TATFAR?
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