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Are lytic phages safe as biocontrol agents against STEC?
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In 2017, the European Union (EU) reported 6,703 confirmed Shiga toxin-encoding E. coli (STEC) infections with 20 deaths (Food and Authority 2018). In the

United States, STEC is implicated in ~270,000 cases of human illness per year1. Biocontrol strategies using specific phages have been proposed as a means

to limit STEC contamination of food products during processing2,3 but such measures must be proven safe and efficient. There are two important considerations

when selecting new candidate STEC biocontrol phages. First, lytic phages can induce host cell stress responses, e.g., DNA damage, which can induce resident

prophage induction. Induction of Stx prophage can promote Shiga toxin production. The second important aspect of using phages as biocontrol agents is the

selection of bacteriophage insensitive mutants (BIMs)4. BIMs can present relevant virulence phenotypes associated with persistence in environmental or

industrial settings, such as biofilm formation.

Overall, this work demonstrated that phage Ace is a safe biocontrol agent against STEC contamination and that the burden of BIM emergence did not represent a

greater risk in environmental persistence and human pathogenicity.

To evaluate the safety of using phages as biocontrol agents for STEC, from a

human and environmental safety point of view.
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Life cycle (one step growth curve) and pH stability 

Phage Ace and Shy isolation and characterization

Genome sequencing and annotation

Efficacy in controlling STEC growth 

Phage Ace safe as biocontrol agent

I)  biofilm formation capability and tolerance to disinfectants;

II) reactivity to O157-specific antibody;

III) survival in human serum.

BIMs characterization:

Shiga toxin-encoding (stx) phage excision:

I)  Stx phage concentration;

II) Shiga toxin production.

Phage Ace and Shy isolation and characterization

Fig 1. Morphological observation of phages Ace and Shy. 

✓ Phage Ace belongs to the

Syphoviridae family, being very

similar to other phages belonging

to the genus Tequintavirus.

✓ Phage Shy belongs to the

Myoviridae family, having

greatest similarity to phages within

the genus Felixounavirus.

Fig 2. Host cell survival after phage treatment. A) Strain CECT 5947 infected with 

phage Ace, and B) strain NCTC 12900 infected with phage Shy. 

✓Phages Ace and Shy had a broad lytic spectrum of E. coli O157

strains, infecting 51 out of 52 O157 strains.

✓Phage Ace had a long latency period of 55 min and a low burst size

of only 19 PFU per infected cell. Phage Shy had a similar low burst

size (20 PFU per infected cell) and a shorter, yet long, latent period of

35 min.

✓Both phages had a high tolerance to various pH values, only losing

viability completely at the pH extremes of 1 and 13.

Phage Ace safe as biocontrol agent

Stx phages excision

Fig 5. Stx prophage excision and Shiga toxin production. A) Fold-change of extracellular

prophage stx2a gene from E. coli CECT 4783 after exposure to Mit C (0.5 µg/mL) and phage Ace

(MOI 0.01, 1, and 50). B) Shiga toxin quantification using an ELISA kit RIDSCREEN® Verotoxin.

✓None of the BIMs tested had a better survival rate than the wild-type when

challenged with different disinfectants.

✓An anti-O157 latex agglutination test showed that some BIMs lost the ability to

react with the O157-specific antibody. Only one of the 48h BIMs did not

agglutinate with the O157-specific antibody; however, six colonies isolated after 72 h

lost reactivity.
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Fig 4. BIMs are more sensitive to human serum than wild-type E. coli. 

BIMs characterization

Fig 3. BIMs virulence and persistence in the environment. Biofilm formation of BIMs.
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