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A NEW SEGMENT OF FOOD SUPPLEMENTS BASED ON BACTERIOPHAGES 

E. coli O157: Н7, L.  monocytogenes,  S. enterica…  



The centenary history of phage treatment and 
prophylaxis of foodborne infections 

• Phase 1. The 1900s through the 1940s. 

Using phage prophylaxis and treatment in cases of foodborne 
infections during armed conflicts and large-scale outbreaks 

• Phase 2. The 1950s through the 1960s. 

With the emergence of antibiotics commercial production of medicinal 
phages ceased and they were considered as most convenient objects 
of virologic and genetic research. 

• Phase 3. The 1970s through the 1990s.  

Human trials of bacteriophage was further actively developed in the 
USSR and Poland, despite the skeptical attitudes of the Western 
scientists. 

• Phase 4. 2000 and beyond.  

Growing number of antibiotic resistant strains actualized a second 
birth of bacteriophage.  



Invisible microbes antagonistic to  
the dysentery bacillus 
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The history of bacteriophage studies prior to their 
official discovery by F. d'Hellere 

                            Original title                                                                        English title 



Victor-Henri Hutinel 
1849-1933 

Hôpital Necker – Enfants Malades supreetas 

Assistance Publique – Hôpitaux de Paris 

First clinical application of the dysentery 
bacteriophage prepared by F. d’Hellere 

August 1, 1919, Paris 
 

http://en.wikipedia.org/wiki/File:Laennec_memorial,_Necker_Hospital,_Paris_1.jpg


Georgy Grigoryevich Eliava 
              1892-1937 

Félix d'Herelle 
1873-1949 

Institute of Bacteriology founded by G. Eliava in 
Tbilisi in 1923 (later Tbilisi Research Institute of 

Vaccines and Sera) 



Manufacturing center «Laboratoire du 
Bactériophage»  founded by Félix d'Hérelle 

and Theodore Mazure in France in 1931  



Oswaldo Cruz Foundation,  
Brazil 
Dysentery bacteriophage 

Bacteriophage producers outside  
of Russia in 1920s-1930s 

Eli Lilly & Co. , USA 
Colo-lysate, Ento-lysate, Staphylo-lysate… 

E.R. Squibb&Sons, USA 
Staphylococcal bacteriophage 

Swan-Myers (Abbot Laboratories), USA 
Staphylococcal bacteriophage 

//upload.wikimedia.org/wikipedia/commons/5/5c/FIOCRUZ-Palace-CCBYSA.jpg


Bacteriophage producers in the USSR  
in 1930s-1940s 

• Mechnikov Research Institute of Vaccines and Sera, Moscow 

• Leningrad Research Institute of Vaccines and Sera 

• Tbilisi Research Institute of Vaccines and Sera 

• Mechnikov Research Institute of Vaccines and Sera, Ufa 

• Perm Research Institute of Vaccines and Sera 

• Gorky Research Institute of Vaccines and Sera 

• Ukrainian Research Institute of Epidemiology and Microbiology 

• Mechnikov Research Institute of Vaccines and Sera, Kharkiv 

• Khabarovsk Research Institute of Epidemiology and Microbiology 

• Tashkent Research Institute of Vaccines and Sera 

• Tomsk Research Institute of Vaccines and Sera 

• Kazakhstan Research Institute of Epidemiology and Microbiology 

Krestovnikova V.A. (1947) 
Phage therapy and phage 
prophylaxis and their 
development through the 
work of Soviet researchers  



Application of bacteriophages for treatment and prophylaxis 
of dysentery (USSR, 1930s-1940s) 

Duration of blood 
stool, days 

Number of pts  

1 26 

5 70 

7 4 

                Total                                      100 

Sapir I.B. (1939)  
Observations of and comments  

on phage treatment of dysentery 

Strategy for oral administration of 
phage preparations 
 
• Kaplan A.S. (1941) Distribution 

and maintenance of a polyvalent 
dysentery bacteriophage in the 
body of white mice after a single 
feeding 

• Karpov S.P., Yavorskaya B.M. 
(1949) Dynamics of 
bacteriophage isolation from the 
body of phage treated persons 

        Entire city        Control districts    Study districts 
 
Incident rates per 10 000 people for July-September 

Ansheles I.M. (1939) 
Experience of the therapeutic and 

prophylactic application of dysentery 
bacteriophage in Leningrad in 1937 



Application of bacteriophages for treatment and prophylaxis of 
foodborne infections (USSR and Russia, 1960s-2000s) 

Author and 

publication 

year 

Name of 

bacteriophage 

preparation 

Etiologic 

agent 
Nosology 

Number of 

patients 

Efficiency of 

bacteriophage 

therapy 

Details of research 

Akimkin  

et al., 2010  

Salmonella 

bacteriophage® 
Salmonella 

Nosocomial 

salmonellosis 

459 patients and 

2500 hospital 

staff 

No facts of bacterial 

shedding in the 

hospital for 12 

months after phage 

prophilaxis 

2-4 tablets given 3 

times a day for 5-7 

days. The facts of 

self-recovery were 

reported because 

patients had their 

own bacteriophage 

strains in their 

organisms 

Anpilov  

et al., 1984 

Polyvalent dysentery 

bacteriophage®, in 

tablets with acid-

proof coating 

Shigella 

flexneri 
Dysentery 3000 persons 

Effective remedy to 

prevent outbreaks in 

enclosed collectives 

2 tablets given once 

every 3 days from 

June to October in 

different geographic 

zones of the Soviet 

Union 

Babalova 

et al., 1968 

Dysentery 

bacteriophage®, in 

tablets 

Shigella 

flexneri and S. 

sonne, E. coli 

Dysentery 

30769 children at 

the age of 0.5 to 

7 years 

Number of diseased 

persons in study 

group is 3.8 times 

lower than in the 

control group 

1 tablet given every 

week for 109 days 

 
 
The largest clinical trial of the period on prophylaxis of 
bacterial dysentery in Tbilisi involved 30 769 children... 
 
 



Application of bacteriophages for treatment and prophylaxis of  
foodborne infections (USSR and Russia, 1960s-2000s)  [continued] 

Author and 

publication 

year 

Name of bacteriophage 

preparation 
Etiologic agent Nosology 

Number of 

patients 

Efficiency of 

bacteriophage therapy 
Details of research 

Nilova  

et al.,  

2007 

Staphyphage®, Proteus 

bacteriophage®, Coliphage®,  

Aeruginosaphage®, Coli-

proteus®, Pyopolyphage®, 

Sextaphage®, Intesti 

bacteriophage®, Klebsiella 

bacteriophage®, Klebsiella 

pneumonia polyvalent® 

S. aureus, E. 

coli, Klebsiella 

spp., Proteus 

spp., P. 

aeruginosa, E. 

faecalis 

Dysbacteriosis 

80 children under 

the age of 12 

months, 

47 children at the 

age of 1 to 3 years 

Phage therapy is 

promising method to 

correct the 

dysbacteriosis of large 

intestine 

Tests were performed 

to determine the 

sensitivity of 

conditionally 

pathogenic 

microorganisms to 

preparations of 

different producers 

(subsidiaries of 

Microgen) 

Pogorelskaya  

et al., 1968 

Coli-proteus 

bacteriophage®, Dysentery 

bacteriophage® 

Entero-

pathogenic 

E.coli,  

Pr. vulgaris,  

Pr. mirabilis, 

Shigella flexneri 

Acute intestinal 

infection 

3547 children at 

the age of 1 to 3 

years 

Phage prophylaxis 

during epidemic season 

reduced the incidence 

of intestinal infections 

Multiple regular 

administration of 

phages (16-20 times a 

year) 

Shahmardanov 

et al., 1997 

Pyobacteriophage 

polyvalent® 

Shigella flexneri 

and S. sonne, 

S. enteritidis 

Dysentery,  29 Reduction in the length 

of diarrhea and 

alleviation of pains in 

the abdomen as 

compared with the 

standard therapy 

Daily dose is 30 ml 
salmonellosis 41 

Solodovnikov 

et al., 1970 

Polyvalent dysentery 

bacteriophage®, in tablets 

with acid-proof coating 

Shigella flexneri 

and S. sonne 

Dysentery, 

acute intestinal 

infection  

6522 children at 

the age of 1 to 7 

years 

Number of diseased 

persons in study group 

is 2.1-2.5 times lower 

than in the control 

group 

1-2 tablets given every 

week from June to 

October 

 
Incidence rate in children with microbiologically proven 
dysentery and colibacillosis treated with a combined (dysentery 
and coli-proteus) bacteriophage was more than 3 times less 
than in the untreated group… 
 



Application of bacteriophages for treatment and prophylaxis of  
foodborne infections (USSR and Russia, 1960s-2000s)  [continued] 

Author and 

publication 

year 

Name of 

bacteriophage 

preparation 

Etiologic agent Nosology 
Number of 

patients 

Efficiency of 

bacteriophage 

therapy 

Details of research 

Anpilov  

et al.,  

1984 

Polyvalent dysentery 

bacteriophage®, in 

tablets with acid-proof 

coating 

Shigella flexneri Dysentery 3000 persons 

Effective remedy to 

prevent outbreaks in 

enclosed collectives 

2 tablets given once 

every 3 days from 

June to October in 

different geographic 

zones of the Soviet 

Union 

Babalova  

et al., 1968 

Dysentery 

bacteriophage®, in 

tablets 

Shigella flexneri 

and S. sonne, E. 

coli 

Dysentery 

30769 children at 

the age of 0.5 to 7 

years 

Number of diseased 

persons in study 

group is 3.8 times 

lower than in the 

control group 

1 tablet given every 

week for 109 days 

Voroshilova 

et al., 2010 

Polyvalent 

Enterobacter purified® 

E. aerogenes, 

E. cloacae, 

E. agglomerans 

Intestinal 

infections  
110 children 

More effective than 

traditional antibiotic 

therapy by 20-40% 

  

Litvinova  

et al., 1978 

Coli-proteus 

bacteriophage® 
E. coli, Proteus 

Neonatal 

sepsis 

500 premature 

children 

Administration of 

bacteriophage 

allowed to reduce the 

lethality 

Dose of 2 ml/kg 

administered twice a 

day during 3 days. 

The course is 

repeated after the 

interval of 3-4days 

Milutina,  

1990 

Salmonella 

bacteriophage®, 

Dysentery 

bacteriophages® 

S. Typhimurium, 

S. Enteritidis, 

Shigella flexneri 

Salmonellosis, 

dysentery 

45 children under 

the age of 12 

months; 67 

children above the 

age of 12 months 

Recovery effect of 

salmonellosis phage 

is 81.8-85.4 %, and 

that of dysentery 

phage, 90.9% 

Synergism of phage 

and antibiotic 

therapy was reported 

 
 
Incidence rates in the study and control groups during the rise 
of epidemic varied statistically, reaching in a number of military 
formations in the Far East a difference of 9.5 times… 
 
 



Application of bacteriophages for treatment and prophylaxis  
foodborne infections (USSR and Russia, 1960s-2000s)  [continued] 

Author and 

publication 

year 

Name of 

bacteriophage 

preparation 

Etiologic 

agent 
Nosology 

Number of 

patients 

Efficiency of 

bacteriophage 

therapy 

Details of research 

Akimkin  

et al.,  

2010  

Salmonella 

bacteriophage® 
Salmonella 

Nosocomial 

salmonellosis 

459 patients and 

2500 hospital 

staff 

No facts of 

bacterial shedding 

in the hospital for 

12 months after 

phage prophilaxis 

2-4 tablets given 3 

times a day for 5-7 

days. The facts of 

self-recovery were 

reported because 

patients had their 

own bacteriophage 

strains in their 

organisms 

Voroshilova 

et al., 2010 

Polyvalent 

Enterobacter purified® 

E. aerogenes, 

E. cloacae, 

E. 

agglomerans 

Intestinal 

infections  
110 children 

More effective 

than traditional 

antibiotic therapy 

by 20-40% 

  

Drozdova  

et al, 1988 

Coli bacteriophages 

FM17 

E.coli M17 

Experimental 

model of 

E.coli 

infection   

28 children (0-14 

y.o.) and 27 

adults 

Phage is effective 

in prevention of 

indoor transfer of 

intestinal infection 

Surfaces previously 

contaminated by 

bacteria were 

treated with 

bacteriophage for 6 

days 

 

 
Not only the patients were treated with phages, but also the staff of 
the military hospital (3000 in total)...… 
 
 
…application of phage sprays in hospital 
environments proved effective in prevention 
of indoor transfer of acute intestinal infections 
 



BACTERIOPHAGES AS PHARMACEUTICALS 
MANUFACTURED BY MICROGEN IN MODERN RUSSIA  

http://images.yandex.ru/yandsearch?text=%D0%BF%D1%80%D0%B5%D0%BF%D0%B0%D1%80%D0%B0%D1%82%D1%8B %D0%B1%D0%B0%D0%BA%D1%82%D0%B5%D1%80%D0%B8%D0%BE%D1%84%D0%B0%D0%B3%D0%BE%D0%B2&noreask=1&img_url=img.66.ru/dez/pharmacy/imgs/24214.jpg&pos=1&rpt=simage&lr=213


A new class of  
probiotics – 
phagebiotics 

No side effects typical for classical 
probiotics: infections, metabolic 
activities, immune stimulation, 

gene transfer and gastrointestinal 
ones 



Director of Gabrichevsky Moscow Research Institute for Epidemiology 
and Microbiology Vladimir Aleshkin in co-operation with bacteriophage 
producers are to develop various forms of phage-based probiotic dietary 
supplements for prophylaxis of foodborne infections 

Russian Federal Service for Surveillance on Consumer 

Rights Protection and Human Wellbeing –  

Rospotrebnadzor 

Head of Federal Service,  

Chief State Sanitary Physician 

of the Russian Federation                  G.G. Onishchenko 



Phage-based probiotic dietary supplement 
“FOODPHAGE” 



Phage CH1 EcD7 V18 SE40 ST11 SI3 Lm1 

Host species S.  

aureus 

E. coli 

O104:H4 

E. coli 

O157:H7 

S. ente-

ritidis 

S. typhi-

murium  

S. 

infantis 

L. mono-

cytogenes  

Initial source 

& place of 

isolation 

patient's 

wound, 

Chelya-

binsk 

chicken 

feces, 

Moscow 

Region 

cowshed 

sewage, 

Moscow 

Region 

 

soil, 

Moscow 

Region 

chicken 

feces, 

Kaluga 

Region 

cattle 

feces, 

Moscow 

Region 

sheep 

feces, 

Astrakhan 

Region 

Host range 

activity 

(%/bacterial 

cultures) 

92/ 

MRSA 

strains 

100/  

E. coli 

O104:H4 

O104:H12 

O157:H7 

etc., 70/ 

Sh. sonnei 

&  flexneri 

100/     

E. coli 

O157:H7 

O157:H- 

85/ 

S. ente-

ritidis 

 

100/ 

S. typhi-

murium  

 

64/ 

S. 

infantis 

 

92/ 

L. mono-

cytogenes 

Presence of 

known toxins-

related genes 

No  

α-toxin 

gene 

No rfb, stx1, 

stx2, eae & 

fliC genes 

No rfb, 

stx1, stx2, 

eae & fliC 

genes 

No stA, 

ltB 

genes 

No stA, 

ltB genes 

No stA, 

ltB genes 

No  

LLO-toxin 

gene 

Activity (titre), 

pfu/ml 

1012 1012 

 

1011 1013 

 

1012 

 

1012 

 

1010 

 

Characteristics of the bacteriophage cocktail included in probiotic 
dietary supplement “FOODPHAGE” 



A comparison of the genome of the coliphage EcD7 with  
the affine phages of the T4-like viruses Phi1 and RB49 

Phage genome identity: 
EcD7 against Phi1 - 93.0% 
EcD7 against RB49 - 88.9% 

EcD7 electron micrograph 



A comparison of the genome of the coliphage V18 with the affine phages of the 
Myoviridae rv5, vB_EcoM-FV3, 2 JES-2013 and vB_EcoM_FFH2  

Phage genome identity: 
V18 against rv5 - 88,6% 
V18 against vB_EcoM-FV3 - 83,7% 
V18 against 2 JES-2013 - 89,9% 
V18 against vB_EcoM_FFH2 - 87,1% 

V18 electron micrograph 



 
Bacteriophage cocktail in 
prophylaxis against food-borne 
infections, in: Worldwide research 
efforts in the fighting against 
microbial pathogens, A.Mendez-
Vilas (Ed.), pp. 100-104 
 

Bacteriophages as Probiotics and 
Decontaminating Agents for Food 
Products , in: Bacteriophages: Biology, 
Applications and Role in Health and 
Disease, Clark Denton and Richard J. 
Crosby (Ed.), pp. 93-110 

 
Effectiveness of phage-based 
probiotic dietary supplement in the 
prevention of E.coli traveler's 
diarrhea: a small-scale study, in: 
Multidisciplinary Approaches for 
Studying and Combating Microbial 
Pathogens, A.Mendez-Vilas (Ed.), 
pp. 81-84 
 



Design of a pilot study on modeling of E.coli foodborne infection  
Groups Study Control 

Lab animals – mice 

Number 20 20 

Initial control for absence of lactose negative E. coli in the 1st day of experiment 

Infestation on 2nd-4th day 
of experiment 

Once in 24 hours intragastrically 0.5 ml E. coli K12 C600 in titer 5×107 
CFU/ml 

Prophylaxis from 1st to 
5th day 

Once in 24 hours 0.5 ml, FoodPhage 
Once in 24 hours 0.5 ml,  
saline solution 

Microbiological analysis - identification of lactose negative E. coli with subsequent PCR-analysis using 
specific primer for E.coli K12 C600 on 6th day 

Humans – healthy volunteers 

Number 30 15 

Initial control for absence of lactose negative E. coli in the 1st day of experiment 

Infestation on 2nd-4th day 
of experiment 

Once in 24 hours per os 20 ml E. coli K12 C600 in titer 5×107 CFU/ml 

Prophylaxis from 1st to 
5th day 

Twice in 24 hours 50 ml, FoodPhage 
Twice in 24 hours 50 ml,  
saline solution 

Microbiological analysis - identification of lactose negative E. coli with subsequent PCR-analysis using 
specific primer for E.coli K12 C600 on 6th day 



Microbiological test results for feces 

GROUPS 
 

1st  DAY (prior to 
infestation) 

6th DAY 

Identified microorganisms Lactose-negative E. coli, CFU/ml 

Lab animals – mice 

Control 0 ≤ 104 

Study 0 0 

Humans – healthy volunteers 

Control 0 ≤ 106 

Study 0 0 

E. coli  Lac+ E. coli Lac- 
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Identification of Echerichia bacteriophage in stools of 
study groups on 6th-7th day (spot-test) 

Day of experiment 
7  (48 h after intake of 

FoodPhage)  
8 (72 h after intake of 

FoodPhage) 

Per cent identified 100% of cases 20% of cases 



PCR-test results 
Primers for 
amplification 

K12-R (59-ATCCTGCGCACC AATCAACAA-39),  
K12IS-L (59-CGCGATGGAAGATGCTCTGTA-39). Amplicon length 969 bp  

Day of 
experiment 

1 (prior to infestation) 6 

Study group 

Control group 

1-5 – 1st-5th dilutions of sample, K- and K+ – negative and positive controls, L– ladder, 1 kb 



Is FoodPhage really active against 
global foodborne infections? 

Strain Serogroup Virulence genes EcD7 V18 FoodPhage  Strain Serogroup Virulence genes EcD7 V18 FoodPhage  

ED155 O126 vtx1 - # #  ED479b O157 eae vtx1 vtx2 + # #  

ED159 O157 eae vtx1 vtx2 + # #  ED499 O157 eae vtx2 + # #  

ED179 O157 eae vtx2 + # # ED510 O128 vtx2 - - # 

ED207 O157 eae vtx1 vtx2 + + "+/-"  ED529 O15 vtx2 - + + 

ED209 O157 eae vtx2 + + + ED548 O146 vtx1 vtx2 + + “+/-”  

ED238 O121 eae vtx2 + - + ED551 O26 eae vtx2 - + + 

ED257 O157 eae vtx1 vtx2 + + # ED566 O145 eae vtx2 "+/-" - + 

ED259 O103 eae vtx1 "+/-" "+/-" # ED581 O111 eae vtx1 vtx2 - + + 

ED273 O157 eae vtx2 + + # ED602 O121 eae vtx2 #  - #  

ED279 O157 eae vtx2 + + # ED645 O145 eae vtx2 - - + 

ED280 O157 eae vtx2 + + # ED672 O111 eae vtx1 vtx2 - + + 

ED287 O103 eae vtx1 "+/-" "+/-" + ED676 O26 eae vtx2 - - + 

ED314 O157 eae vtx1 vtx2 + # + ED677 O103 eae vtx2 - - + 

ED320 O157 eae vtx1 vtx2 "+/-" # + ED678 O114 eae vtx2 - + + 

ED326 O157 eae vtx2 + # + ED681 O128 eae vtx2 - - - 

ED340 O157 eae vtx2 "+/-" # + ED692 O55 eae vtx2 - "+/-" "+/-" 

ED350 O157 eae vtx2 + + # ED702 O55 eae vtx2 - + “+/-” 

ED391 O157 eae vtx2 + + # ED703 O104 aggR vtx2 + + # 

ED422 O157 eae vtx1 vtx2 + # + ED731 O128 vtx1 vtx2 - - + 

ED438 O157 eae vtx1 vtx2 + + + ED745 O26 eae vtx1 - + "+/-" 

ED446 O55 eae vtx- - + + ED771 O104 aggR vtx2 # + # 

ED450 O157 eae vtx1 vtx2 "+" + # ED792 O125 eae vtx2 - - + 

ED473 O145 eae vtx2 "+/-" - + ED841 O104 aggR vtx2 # - #  

ED476 O111 eae vtx1 vtx2 - + + ED898 O121 eae vtx2 + - + 

ED478 O156 eae vtx1 + # # ED924 O127 aggR vtx2 "+/-" + #  

ED479a O157 eae vtx1 vtx2 "+"  # # 

# super clear 

+ clear 

"+/-" turbid 

spot-test in the  
double-layer agar assay 



Conclusions 

• In these animals and human small-scale trials we 
have demonstrated the possibility to use the 
phage-based probiotic dietary supplement 
FoodPhage for prophylaxis of a non-pathogenic E. 
coli infection 

• These results have great significance because two 
original coliphages  included in this cocktail have a 
broad host-range including O26, O55, O103, O104, 
O121, O125, O127, O128, O145, O146, O157 E. 
coli strains which cause severe cases of foodborne 
infections 
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Thank you for your attention! 


