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A NEW SEGMENT OF FOOD SUPPLEMENTS BASED ON BACTERIOPHAGES
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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

Frankland P. Ueber das Verhalten des Typhusbacillus und des Bacillus coli communis im
Trinkwasser. Zeitschrift flr Hygiene und Infektionskrankheiten 1895; 19:393-407

Hankin ME. Laction bactéricide des eaux de la Jumma et du Gange sur le vibrion du
choléra. Annales de I'Inst Pasteur 1896; 10:511-23

Hankin ME. Les microbes des riviéres de I'lnde. Annales de I'Inst Pasteur 1896; 10:175-6

Gamaleya NF, 1898. bakTepnonu3Hbl-$pepmMeHThl, paspylatoLlie OakTepii. Russ Arch
Pathol Clin Med Bacteriol 6:607-13

Klein A. Die physiologische Bakteriologie des Darmkanals. Archiv fur Hygiene 1902;
45:117-76

Krencker E. Uber Baktericidie von Bakterienfiltraten. Inaug-Diss, StraBburg 1903

Lode A. Experimentelle Untersuchungen tber Bakterienantagonismus. |. Centralblatt fir
Bakteriologie, Parasitenkunde und Infektionskrankheiten 1903; 33:196-208

Eijkman C. Ueber thermolabile Stoffwechselprodukte als Ursache der natiirli-
chen Wachstumshemmung der Mikroorganismen. Centralblatt fur Bakteriologie,
Parasitenkunde und Infektionskrankheiten 1904; 37:436-49

Conradi H, Kurpjuweit O. Ueber spontane Wachstumshemmung der Bakterien infolge
Selbstvergiftung. . Muenchener Medizinische Wochenschrift 1905; 52:1761-4
Kantorowicz A. Bakterien-Antifermente und Bakteriolyse. Munchener Medizinische
Wochenschrift 1909; 56:897-900

de Waele H. Protéolase et antiprotéolase dans les cultures microbiennes. Centralblatt fiir
Bakteriologie, Parasitenkunde und Infektionskrankheiten 1909; 50:40-4

Twort FW. An investigation on the nature of ultra-microscopic viruses. Lancet 1915;
212413

English title

On the behavior of the typhoid bacillus and the
common Bacillus coli in drinking water

The bactericidal action of waters of Jumna and Ganges
on the cholera microbe

The microbes of the rivers of India

Bacteriolysins-ferments destroying bacteria'

The physiological bacteriology of the intestinal canal
On the bactericidal activity of bacterial filtrates

Experimental studies on bacterial antagonists. |

On the thermolabile metabolites as a cause of the
natural growth inhibition of microorganisms

On the spontaneous growth inhibition of bacteria due
to self poisoning. |

Bacterial fermentation inhibitors and bacterial lysis

Proteolytic enzymes and enzyme inhibitors in microbe
cultures

An investigation on the nature of ultra-microscopic
viruses



First clinical application of the dysentery
bacteriophage prepared by F. d’Hellere
August 1, 1919, Paris

 Victor-Henri Hutinel
1849-1933
Hopital Necker — Enfants Malades supreetas

Assistance Publique — Hopitaux de Paris
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Georgy Grigoryevich Eliava
1892-1937

Institute of Bacteriology founded by G. Eliava in

Thilisi in 1923 (later Thilisi Research Institute of
Vaccines and Sera)

Félix d'Herelle
1873-1949



Manufacturing center «Laboratoire du
Bactériophage» founded by Félix d'Hérelle
and Theodore Mazure in France in 1931
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Bacteriophage producers outside
of Russia in 1920s-1930s

E.R. Squibb&Sons, USA
Staphylococcal bacteriophage

R e |

Swan-Myers (Abbot Laboratories), USA
Staphylococcal bacteriophage

Oswaldo Cruz Foundation,
Brazil

Dysentery bacteriophage Eli Lilly & Co., USA

Colo-lysate, Ento-lysate, Staphylo-lysate...
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Krestovnikova V.A. (1947)

Bacteriophage producers in the USSR Phage therapy and phage
. prophylaxis and their
In 19305'19405 development through the

work of Soviet researchers

e Mechnikov Research Institute of Vaccines and Sera, Moscow

¢ Leningrad Research Institute of Vaccines and Sera

e Thilisi Research Institute of Vaccines and Sera

e Mechnikov Research Institute of Vaccines and Sera, Ufa

e Perm Research Institute of Vaccines and Sera

e Gorky Research Institute of Vaccines and Sera

e Ukrainian Research Institute of Epidemiology and Microbiology
e Mechnikov Research Institute of Vaccines and Sera, Kharkiv

e Khabarovsk Research Institute of Epidemiology and Microbiology
e Tashkent Research Institute of Vaccines and Sera

e Tomsk Research Institute of Vaccines and Sera

e Kazakhstan Research Institute of Epidemiology and Microbiology



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

Sapir 1.B. (1939)
Strategy for oral administration of Observations of and comments

phage preparations on phage treatment of dysentery

. Duration of blood Number of pts
 Kaplan A.S. (1941) Distribution stool, days

and maintenance of a polyvalent

dysentery bacteriophage in the . 26
body of white mice after a single 3 70
feeding 7 4
e Karpov S.P, Yavorskaya B.M. Total 100

(1949) Dynamics of
bacteriophage isolation from the
body of phage treated persons

Ansheles I.M. (1939)

Experience of the therapeutic and 1035 + 137 1935
prophylactic application of dysentery
bacteriophage in Leningrad in 1937

Entire city Control districts  Study districts

Incident rates per 10 000 people for July-September




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

Author and Name of . . Efficiency of
Etiologic Number of

publication bacteriophage Nosology . bacteriophage Details of research
. agent patients
year preparation therapy

2-4 tablets given 3
times a day for 5-7
No facts of bacterial days. The facts of

. .. . 459 patients and shedding in the self-recovery were
A\ Salmonella Nosocomial _ ,
i o Salmonella . 2500 hospital hospital for 12 reported because
e Bkl ) bacteriophage salmonellosis . )
staff months after phage patients had their
prophilaxis own bacteriophage
strains in their
organisms
The largest clinical trial of the period on prophylaxis of nce
bacterial dysentery in Tb|I|S| involved 30 769 children... in
S B CEEY tablets with &2 I S T different geographic
enclosed collectives
proof cg zones of the Soviet
Union

Number of diseased

Dysentery Shigella 30769 children at persons in study .
Babalova . o . ) . . 1 tablet given every
bacteriophage’, in  flexneri and S. Dysentery the age of 0.5to group is 3.8 times
etal., 1968 . . week for 109 days
tablets sonne, E. coli 7 years lower than in the

control group



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

Author and
publication

Name of bacteriophage

Number of

Etiologic agent Nosology

Efficiency of
iciency Details of research

reparation
ear prep

Stanhunhage® Protolis

patients

bacteriophage therapy

Tests were performed

to dotormine the

Nilova
etal.,
2007

Coli-proteus
bacteriophage®, Dysentery
bacteriophage”®

Pogorelskaya
et al., 1968

Shahmardanov
et al., 1997

Pyobacteriophage
polyvalent®

Polyvalent dysentery
bacteriophage®, in tablets
with acid-proof coating

Solodovnikov
et al., 1970

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...

Entero-
athogenic

i . & . . 3547 children at
E.coli, Acute intestinal

. i . the age of 1to 3
Pr. vulgaris, infection

s years
Pr. mirabilis,
Shigella flexneri
Dysentery, 29

Shigella flexneri
and S. sonne,

s salmonellosis 41
S. enteritidis

Dysentery, 6522 children at
acute intestinal theageof 1to 7
infection years

Shigella flexneri
and S. sonne

Microgen)

Phage prophylaxis Multiple regular
during epidemic season administration of
reduced the incidence phages (16-20 times a
of intestinal infections year)

Reduction in the length
of diarrhea and
alleviation of painsin
the abdomen as
compared with the
standard therapy
Number of diseased
persons in study group 1-2 tablets given every
is 2.1-2.5 times lower  week from June to
than in the control October

group

Daily dose is 30 ml




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

Author and

Name of
bacteriophage
preparation

publication
year

Polyvalent dysentery
bacteriophage®, in
tablets with acid-proof
coating

Babalova
et al., 1968

Voroshilove
et al., 2010

Etiologic agent

Shigella flexneri

Nosology

Dysentery

Number of
patients

3000 persons

laVatw Falal | - | 2

Efficiency of
bacteriophage
therapy

Effective remedy to
prevent outbreaks in
enclosed collectives

Number of diseased

i 1

Details of research

2 tablets given once
every 3 days from
June to October in
different geographic
zones of the Soviet
Union

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...

Litvinova
et al., 1978

Coli-proteus
bacteriophage®

Salmonella
bacteriophage®,
Dysentery
bacteriophages®

Milutina,
1990

E. agglomerans

E. coli, Proteus

S. Typhimurium,
S. Enteritidis,
Shigella flexneri

TeTTTOTTY

Neonatal
sepsis

Salmonellosis,
dysentery

500 premature
children

45 children under
the age of 12
months; 67
children above the
age of 12 months

therapy by 20-40%

Administration of
bacteriophage
allowed to reduce the
lethality

Recovery effect of
salmonellosis phage
is 81.8-85.4 %, and
that of dysentery
phage, 90.9%

Dose of 2 ml/kg
administered twice a
day during 3 days.
The course is
repeated after the
interval of 3-4days

Synergism of phage
and antibiotic
therapy was reported




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

Author and Name of Efficiency of

Etiologic Number of
publication bacteriophage & Nosology bacteriophage [ Details of research

. agent patients
year preparation therapy

2-4 tablets given 3
times a day for 5-7

No facts of days. The facts of
Akimkin . 459 patients and bacterial shedding self-recovery were
Salmonella Nosocomial _ _ _
etal.,, bacterionhage® Salmonella salmonellosis 2500 hospital in the hospital for reported because
2010 RIS staff 12 months after patients had their

phage prophilaxis own bacteriophage
strains in their

Not only the patients were treated with phages, but also the staff of
the military hospital (3000 in total)......

than traditional

...application of phage sprays in hospital antibiotic therapy
. . . . by 20-40%
environments proved effective in prevention
of indoor transfer of acute intestinal infections Surfaces previously

contaminated by
bacteria were

Phage is effective
in prevention of

Experimental

28 children (0-14
Drozdova Coli bacteriophages . model of ! ( .
E.coli M17 y.0.) and 27 _ treated with

indoor transfer of

et al, 1988 FM E.coli .
17 _ , adults _ o _ bacteriophage for 6
infection intestinal infection days



BACTERIOPHAGES AS PHARMACEUTICALS
MANUFACTURED BY MICROGEN IN MODERN RUSSIA
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A new class Of No side effects typical for classical

probiotics: infections, metabolic

probiotics — activities, immune stimulation,

gene transfer and gastrointestinal

phagebiotics

acteriophage 1:2, 66-85; May/June 2011; © 2011 Landes Bioscience

Phage treatment of human infections

Stephen T. Abedon,' Sarah ). Kuhl,? Bob G. Blasdel'* and Elizabeth Martin Kutter®*

Research Article

Bacteriophage Administration Reduces the Concentration of
Listeria monocytogenes in the Gastrointestinal Tract and Its
Translocation to Spleen and Liver in Experimentally Infected Mice

Volker Mai,"? Maria Ukhanova,? Lee Visone,! Tamar Abuladze,’
and Alexander Sulakvelidze®?

. EDITOR'S CORMER
dacteriophage 1:1, 1-2; January/February 2011; © 2011 Landes Bioscienca

Bacteriophage
A new journal for the most ubiquitous organisms on Earth

Alexander Sulakvelidze

BACTERIOPHAGES

Biology and Applications

EDITED By
Elizabeth Kutter
Alexander Sulakvelidze
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and Human  Wellbeing

DENEPAJIbHAS CJIYIKBA IO HAZI30PY B COEPE 3ALLUTHI [IPAB
TTOTPEBUTEJIEH U BJIATONOJIYYUS YEJIOBEKA

NPOTOKOJ N:18

3aceanus Yuenoro copeta MeepaipHoii cayx6b no Hamzopy
B cepe 3aHTEI MPaB noTpeGuTeeii i 61aronoayuns yeaoseka

21.06.2011 r. MockBa

Ilpencenareancreopan:
L llnencenazens Vo

™ = 1 v RPN o i Y
PocHUITYU «Mukpob» PocnotpebHanzopa B.B. KyteipeBy, aupektopy MOCKOBCKOTO
HHUWUDM nm. I'.H. I'abpuuesckoro PocriotpebHanzopa B.A. Aneknny:

4.1 B 2012 romy cgopmupoBaTh Hay4HYI TeMaTHKy, HAIpPaBIEHHYIO Ha MOHCK W
KOHCTPYHPOBAHHE BUPYJIEHTHBIX OakTeprHodaroB ¢ BHICOKHMH JTHTHHECKUMHU CBOHCTBAMH
TMPOTHB OCHOBHBIX TMAaTOr€HHbIX MHKPOOPraHW3MOB, MMEIOUIMX 3HAYEHHWE B THIIEBOM
MPOMBILLIEHHOCTH U KJIMHWYECKOH MPaKTHKE;

4.2 B uensx co3/laHus CHCTeMbl OUleHKH 1 obecnieveHns 6€30MacHOCTH /UIS YeloBeKa NpH
HCnonb3oBaHuM OakTepnodaroB B neyeOHBIX M MPOQHIAKTHHECKMX LENAX, MPOBECTH
paboTy 1Mo u3yueHHIo 3apyGeKHOro OnbiTa OLeHKH Ge30macHOCTH (aros U NpeACTaBHThL
CBOM peKOMEHIALHMH 110 CO3MaHMIO AIFOPUTMA MX H3y4yeHHs. BriHecTH naHHbIA Bonpoc Ha

acenanye vuenoro coreta Pocnornebuaniona g 2011 rony

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

v v >
JIoKNnamuMKk  —  JMpekTop  (DeNepaibHOrO  HayTTOTem—
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npoxbunakmqecxux TeXHOJIOIHi YNpaBieHHA PHCKaMH 3JI0pOBBIO Hac
MeJMUHHCKHX HayK, npodeccop, dieH-koppecrionaent PAMH H.B. 3aiinesa.
BeicTynatougue:
aupektop  Yupexnaeuus PAMH HUM  meanmmnsl  Tpyaa
MEIHLUHHCKHX HayK, npodeccop, akazemnk PAMH H.®. M3mepos;
AupeKTop EKaTepHHOYPrecKoro MeAMUMHCKOrO Hay4YHOro LEHTPa NPOMUTAKTHKH H
OXpaHBI 3/0POBbs PabouUX MPOMMPENNPHATHI, JOKTOP MEAMUMHCKUX Hayk, npodeccop
B.B. Typsuy.

, JOKTOP

PAMH, noktop

2. O nayunblx  HCCACAOBAHMAN B 0OacTH m3yuenns Gakreprodaros o ux
HPHMEHEHIA A5 IPODHAAKTHRI MHOCKUMONHBIN 3a80eRaniii 1 Pa3padoTRIl CPeiCTR
ACKOHTAMITHALN [THINEBBIN IIPOAYKTOB I OOBEKTOB OKPYKAKOIEIT CPEtbl.

Jlokaanik aupektop  [OCYJ1apeTBCIIIONO  HAYUHOTO  LEHTPA  NPHKAAHON
MHKPOOHOAOIIH 11 OHOTENHONOFIH.  JIOKTOP  MEAMIMHCKHN  HAYK. npodeccop
WA, Jlsaos.

Beictynatonie:

BeAVIMIT  HayuHblil  COTPYAHUK  JladopaTopHit Guonornn  Gudmanodakrepnii
Mockorckoro AHH sumaemuonorun 1 Guorexnoiormin M. 1.H. Fadpnuesckoro.
KLt Nemunickny Hayk AB. Anékii

AMPERTOP POCCHIICKOIO HAYHHO-HCCICAOBATEABCKONO NPOTHBOUYMHOIO HHCTHTYTA
«MUKPOGY.  OKTOP  MEUILIMHCKNN  HayK.  npodieccop. wnen-koppecnonaent PAMH
B.B. Kytuipen.

|
|
|
i

|
|

7. Hupektopy Mockosckomy HUWOM um. T''H. TaGpuuesckoro B.A. AnewknHy
COBMECTHO C MpPOM3BOANTENSMH (HAaroBbIX NMpPenapaToB HANPaBHTh YCHIHA Ha pa3paboTKy
nuiueBsbix 106aBoK Ha ocHOBe GakTepHodaros, a Takke B KOMILUIEKCE ¢ GaKTepHOLMHAMH
115 TPUMEHEHHs B MHLIEBOH MPOMBILLIEHHOCTH MPH MPOU3BOACTBE No1y(habpHUKaToB H
roToBBIX MpoAykToB. Paspaborars Bapuantel BAJl Ha ocHoBe Oaktepuodaros s
JAEKPeTHPOBAHHBIX KaTeropui paGoTHHKOB.

[Npesncenarens YueHoro coseta,
PykoBonntens ®enepansHoi
cykObl o Han3opy B chepe
3alMTHI NPaB noTpebuTenei
1 Gnarononyuus yensoBeka,

akagzemuk PAMH I'.I'. Ouuienko

Head of Federal Service,
Chief State Sanitary Physician
of the Russian Federation

G.G. Onishchenko




Phage-based probiotic dietary supplement

“FOODPHAGE"
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TAMOKEHHBIH COI03
PECHYBJINKH BEJAPYCb, PECIIYBJIMKH KA3AXCTAH
W POCCHIHCKON ®EAEPALLIMH
Wmmmnownmwmnm "
1 Bpay F

Poccuitckas degepaumns

apran Cruposess,

CBHAETEJIBCTBO

0 TOCYIAPCTBENHO perncTpanun

Ne RU.77.99.19.004.E.001234.02.13 01 20,02.2013r.

M‘%nuﬁ nponyxr Aans An C ) nuTaHus "OYAOAM
(FOODPHAGE). TV 9197-163-78095326-2012.

Warorosurens (npousowh) 3A0 "UrTex", 125212 . Mockea, yn Anmupana Makaposa, 4. 10 cTp.
1, ®BYH "MHUU3M um. " H. Ma6p 2, r. Mockea, yn. Aamvpana

12521
Makapoea, a. 10, Poccuiickas I'lonyumnb "®BYH MHMMSM wm. I H. FaGpusesckoro
Pomcrpeﬁnamopa a1

", 125212, r. Mocksa, yn

npouina rocyaapcTBCHHYIO PErucTpatinio, BHECcHA B PCCC'lp CBHACTCABCTB O
rDCyﬂapCTBCHHDﬁ PETHCTPAIMH W paspeuicHa N8 TPOH3BOACTBA, pealu3aluu #H

HCNOb30OBAHMA
AnNs peanuaauuv B P nNUTaHKA Ans

Hacrosumiee CBUACTENBCTBO BBUIAHO HA OCHOBAHMH (TEPEUHCANTH PACCMOTPEHHBIE
Opranu3aunm (ncnmrarensHol naGopampuu
ucm'pa) NPOBOANBIICH HCCIICAOBAHMS, IPYTHE PACCMOTPEHHBIC IOKYMEHThI):

B3aMeH CBMAETENLCTBA O FOCYAAPCTBEHHOM oprakusaumn Ne RU.77.99.19.004.E.000122.01.13 ot

14 01.2013 ., 3KCnEPTHOrO 3aKnioyeHus OIBY "HUW Muranna" PAMH Ne 72/3-1282/6-12 or 13.12.2012
®BYH MHL| NMB Ne 1 ot 31.01.2013 ., ®BY3 Lru3 8 1.
MmewnuanOSVs'Lu'uasr Mockse" 8 CAO r. Mockesi Ne 317 or 30.01.2013 .
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Characteristics of the bacteriophage cocktail included in probiotic
dietary supplement “FOODPHAGE”

----

Host species E. coli E. coli S.ente- S. typhi- L. mono-
aureus 0104:H4 O157:H7  ritidis murium mfantls cytogenes
Initial source  patient's chicken cowshed  saill, chicken cattle sheep
& place of wound, feces, sewage, Moscow feces, feces, feces,
isolation Chelya- Moscow Moscow Region  Kaluga Moscow  Astrakhan
binsk Region Region Region Region Region
Host range 92/ 100/ 100/ 85/ 100/ 64/ 92/
activity MRSA  E. coli E. coli S.ente- S.typhi- S. L. mono-
(%/bacterial  strains  0104:H4 O157:H7  ritidis murium infantis cytogenes
cultures) 0104:H12 O157:H-
O157:H7
etc., 70/
Sh. sonnei
& flexneri
Presence of No No rfb, stx1, No rfb, No stA, No stA, No stA, No
known toxins- a-toxin  stx2, eae & stxl, stx2, ItB ItB genes ItB genes LLO-toxin
related genes gene fliC genes eae & fliC genes gene
genes
Activity (titre), 1012 1012 101 1013 1012 1012 1010

pfu/mi



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

Phage genome identity: B GC-Content

[l Genome coverage x100
ECD7 against Phil - 93.0% ; ' - Coliphage phil
EcD7 against RB49 - 88.9% 2 ST/ B 1o concy

| 95% identity
90% identity
Coliphage RB49
B 100% identity
B 95% identity

90% identity

160 kbp

Y 10 kbp \
150 kbp

20 kbp
140 kbp
30 kbp "\

"~ 130 kbp

Coliphage EcD7 40kbp |-
| 120kbp 164 kbp

50 kbp | -

110 kbp

100 kbp
{ 70kbp
90 kbp 80 kbp .

/éi i

rograph



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%

7" 120 kbp

7 110 kbp

Coliphage V18
129 kbp

\_ 70kbp

- Genome coverage x100

Escherichia coli bacteriophage rv5

B 100% ientity
I o5% identity
90% identity
Escherichia phage 2 JES-2013
B 100% icentity
I o5% identity
90% identity
Escherichia phage vB_EcoM_FFH2
100% identity
95% identity
90% identity

Enterobacteria phage vB_EcoM-FV3

B 100% icentity
B 95% idenity
90% identity

V18 electron micrograph



Bacteriophages as Probiotics and v | % Bacteriophage cocktail in
Decontaminating Agents for Food ‘ ‘ prophylaxis against food-borne
Products, in: Bacteriophages: Biology, M | infections, in: Worldwide research
Applications and Role in Health and ' . efforts in the fighting against
Disease, Clark Denton and Richard J. ‘ microbial pathogens, A.Mendez-
Crosby (Ed.), pp. 93-110 Vilas (Ed.), pp. 100-104
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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 1%t day of experiment
Infestation on 2"-4th day Once in 24 hours intragastrically 0.5 ml E. coli K12 C600 in titer 5x107
of experiment CFU/ml
. ot .
Ptrlf)phylams from 1t to Once in 24 hours 0.5 ml, FoodPhage On.ce in 24 l.mours 0.5 ml,
5t day saline solution

Microbiological analysis - identification of lactose negative E. coli with subsequent PCR-analysis using

specific primer for E.coli K12 C600 on 6" day
|

Humans — healthy volunteers

Number 30 15

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

Infestation on 2"4-4th day

. Once in 24 hours per os 20 ml E. coli K12 C600 in titer 5x107 CFU/ml
of experiment

. ot ..
PrhophyIaX|s from 1t to Twice in 24 hours 50 ml, FoodPhage Tw.lce in 24 .hours 50 ml,
5t day saline solution

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




Microbiological test results for feces

1st DAY (prior to 6" DAY
infestation)
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+ o 2 E. coli Lac-
5 ©5 T8
Endo agar 2 2o S Endo agar

\Aw\‘(\\
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Identification of Echerichia bacteriophage in stools of
study groups on 6t'-7t" day (spot-test)

Dav of experiment 7 (48 h after intake of 8 (72 h after intake of
. i FoodPhage) 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 1 (prior to infestation) 6
experiment

L 1 2 3 4 5
Study group

Control group

<l
:3000 b
2000 bp

— 1000 bp
=750 bp

~500 bp

—500 bp —250 bp

=250bp —100 bp

—100 bp

1

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? - 4 super cloar
. spot-test in the B clear
double-layer agar assay | "+/-" turbid
Strain | Serogroup | Virulence genes EcD7 V18 | FoodPhage Strain Serogroup | Virulence genes | EcD7 | V18 | FoodPhage
ED155 0126 vtx1l - # # ED479b 0157 eae vtx1 vtx2 + # #
ED159 0157 eae vtx1 vtx2 + # # ED499 0157 eae vix2 + # #
ED179 0157 eae vitx2 + # # ED510 0128 vix2 - - #
ED207 0157 eae vtx1 vtx2 + + /" ED529 015 vtx2 - + +
ED209 0157 eae vtx2 + + + ED548 0146 vtx1 vtx2 + + “i[-”
ED238 0121 eae vtx2 + - + ED551 026 eae vtx2 - + +
ED257 0157 eae vtx1 vtx2 + + # ED566 0145 eae vtx2 "4/ - +
ED259 0103 eae vtx1 "4/ "4 /" # ED581 0111 eae vitx1 vtx2 - + +
ED273 0157 eae vtx2 + + # ED602 0121 eae vtx2 # - #
ED279 0157 eae vix2 + + # ED645 0145 eae vix2 - - +
ED280 0157 eae vtx2 + + # ED672 0111 eae vtx1 vtx2 - + +
ED287 0103 eae vtx1 /" "y /" + ED676 026 eae vtx2 - - +
ED314 0157 eae vtx1 vtx2 + # + ED677 0103 eae vix2 - - +
ED320 0157 eae vix1 vtx2 "4/ # + ED678 0114 eae vix2 - + +
ED326 0157 eae vtx2 + # +
ED340 0157 eae vtx2 "4/ # + ED692 055 eae vtx2 - "4 /" "4/
ED350 0157 eae vix2 + + # ED702 055 eae vtx2 - + “v/”
ED391 0157 eae vtx2 + + # ED703 0104 aggR vitx2 + + #
ED422 0157 eae vitx1 vtx2 + # + ED731 0128 vix1 vix2 - - +
ED438 0157 eae vix1 vtx2 + + + ED745 026 eae vitx1l - + "4 /"
ED446 055 eae vtx- - + + ED771 0104 aggR vtx2 # + #
ED450 0157 eae vitx1 vtx2 "4 + # ED792 0125 eae vtx2 - - +
ED473 0145 eae vtx2 "4/-" - + ED841 0104 aggR vix2 # - #
ED476 0111 eae vtx1 vtx2 - + + ED898 0121 eae vtx2 + - +
ED478 0156 eae vixl + # # ED924 0127 aggR vtx2 "4 /" + #
ED479a 0157 eae vtx1 vtx2 " # #




Conclusions

* |In these animals and human small-scale trials we
nave demonstrated the possibility to use the
ohage-based probiotic dietary supplement
~oodPhage 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 026, 055, 0103, 0104,
0121, 0125, 0127, 0128, 0145, 0146, 0157 E.
coli strains which cause severe cases of foodborne
infections




BPhage, LLC

Human Applications

— Medication

— Cosmetics

Agriculture & Veterinary

- Biopesticide
— Diagnostic aids

—> Probiotic dietary supplement

Business Center "White Square", Butyrsky Val 10,
Moscow, 125047, Russia

Phone / Fax: +7 (495) 5405041
www.bphage.com

Hospitals

- Phage therapy
— Disinfectants

BPHAGE

Food industry

- Processing aids or
preservatives

— Disinfectants
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