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to Bacteriophages

• Introduced in the early 1900’s bacteriophage therapy is the
application of bacteria-specific viruses to combat uncontrolled
and/or undesired bacteria, such as those involved with
infectious disease.
• Antibiotic therapy replaced early use of bacteriophages
• Used commonly to kill bacteria on manufacturing surfaces

• Conclusions

• Nontoxic – consist of nucleic acids and proteins.

• Future Research

• Host specificity – bacteriophages have a rare capacity to infect
even relatively closely related bacterial genus’.
• They do not pose a threat to human health
• Generally Recognized as Safe (GRAS) in the United States
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Introduction

to Bacteriophages

• Cycle can occur in as little as 15-30 minutes.

XXX

Objective
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• Can we use bacteriophages to modulate the microbiome and
ameliorate gastrointestinal distress?

Design of the PHAGE Study
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Design of the PHAGE Study

• ClinicalTrials.gov: NCT03269617
• Randomized, double-blind, placebo controlled, crossover
design human intervention to test the safety and efficacy of
an orally administered phage cocktail targeting E. coli strains
• Target population: Individuals with self-reported
gastrointestinal distress, but without any formally diagnosed
gastro-intestinal effects.
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Design of the PHAGE Study

• 15 mg PreforPro (LH01-Myoviridae, LL5-Siphoviridae, T4DMyoviridae, and LL12-Myoviridae)
• Generally Recognized as Safe (GRAS) in the United States.
• Targets 16 strains of E.coli (strictly lytic phages)

• Validated IBS questionnaire (GI function, inflammation and pain).

• 16S rRNA sequencing used to measure changes in the gut
microbiome.
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Intervention One
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Design of the PHAGE Study

• Inclusion Criteria: healthy adult males and females, age 18-65
y, with self-reported mild to moderate gastrointestinal distress.
• Exclusion Criteria: antibiotic use within 2-months, pregnancy
or breastfeeding, BMI < 18, diagnosis of GI disorder (e.g., IBD
or Celiac disease), or use of dietary supplements or
medications (e.g., probiotics) known to alter the gut
microbiota.

• Local measures (feces): hs-CRP, fecal calprotectin, SCFA
• Systemic measures (blood): 12 inflammatory mediators, lipid
profiles, glucose, and metabolic safety panel.
Dewald et al. 2018

Dewald et al. 2018
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Results – Recruitment

Recruited (n=96)

Cosented (n=43)

Results – Recruitment
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• Males (n=8)
• Females (n=24)
Excluded (n=53)
Mostly because of antibiotic use, time
constraints and/or diagnosed GI
disorders.
Dropped out (n=4)
Because of antibiotic prescription/use

Completed (n=32)

Dewald et al. 2018

Dewald et al. 2018
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Results – GI Questionnaire

• No significant differences in quantitative effect size between
the treatment and placebo, likely due to individual variability
in symptom severity and response.
• Some individuals reported increased
symptoms, which were more often
associated with the placebo.
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Results – Metabolic Safety Panel
• Measures included:
• Glucose (fasting)
• BUN and creatinine
• ALP, AST, ALT
• Albumin and total protein
• Bilirubin
• Ions (calcium, chloride, sodium, and potassium)
• CO2

• All measures were maintained within clinically accepted
ranges throughout the study, suggesting that the treatment
has no adverse/toxic effects on liver and kidney function.
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Results – Inflammation

Results – Lipid Profiles
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• High sensitivity C-reactive protein (systemic)
• Fecal calprotectin (local)
• Circulating cytokines:

Entire study population
5

• GMCSF, IFn-g ,IL-10, IL-12/p70,Il-13, IL-1b, IL-2, IL-4, IL-5, IL-6, IL-7,
IL-8, TNFa
mg/dL
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Individuals with total cholesterol >200 mg/dL
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Results

– Microbial Metabolism

• No changes in alpha or beta diversity measures suggest that
phage consumption is selective and does not disturb overall
microbiota.
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Results - Microbiota
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• Low Eubacterium and Collinsella often associated with IBS.
Eubacterium biforme
Collinsella unclassified
Streptococcaceae
Eubacterium dolichum
Peptococcaceae
Anaerococcs unclassified
Erysipelotrichaceae cc_115
Parabacteroides distasonis
Paraprevotellaceae YRC22
Clostridium perfringens
Clostridiales EtOH8
Cloacibacillus unclassified
-6
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The Intangibles

• 2 participant reported eczema/dermatitis cleared up.
• 1 participant said severe heartburn was relieved.
• Majority (>60%) stated increased frequency and regularity of
bowel movements.
• Most participants (>75%) perceived when they were on the
treatment.
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Conclusions

• PreforPro phage cocktail is safe for oral consumption and
tolerable to humans.
• Minimal global effects suggest no/fewer long term negative
impacts on gut health compared to antibiotics.
• Likely most beneficial in conjunction with probiotics.
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Future Work

• Specific to our current study:
• Follow up on lipid lowering effect by measuring fecal
cholesterol/triglycerides
• Determine fecal sIGA levels.
• qPCR of specific probiotic species.
• Identify ”responders” in the microbial data for further analyses.
• Examine effects of the treatment on the human virome.

• Larger clinical trial enrolling individuals who are dyslipidemic

• Potential use as a prophylactic against ingested enteric
pathogens.
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Thank You Sponsor!

• Funding and capsules (treatment and placebo) for this study
were provided by Deerland Enzymes. The funding body had
no influence on the study design; the collection, analysis, and
interpretation of data; the writing of the manuscript (or this
presentation); and the decision to submit the study for
publication in a peer-reviewed journal.
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Mindy Gindin
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