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L’OMS s’alarme du manque de
nouveaux antibiotiques

La résistance aux antimicrobiens est une
urgence sanitaire qui met en péril les

progres de la médecine moderne, estime
’agence de santé des Nations unies.

Inquietudes sur la L'OMS liste 12 « superbactéries »
tuberculose résistantes aux antibiotiques



ELEMENTS ABORDES

Phagothérapie : une thérapeutique antibactérienne
découverte et utilisée depuis prées de 100 ans

augmentation inquiétante des multirésistances
bactériennes et des impasses thérapeutiques

Disparition de cette thérapeutique au début des années
1980 en Europe

Tentatives de réhabilitation de la phagothérapie depuis
preés de 20 ans

Nombreuses études d'efficacité in vitro et sur modeéles
animaux depuis 10 ans

Mais pratiquement aucune utilisation humaine a |'Ouest !
Nouveau scandale sanitaire du 21éme siecle ?
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Un patient américain porteur d'une bactérie
multirésistante sauveé grace a la phagothérapie

C'est une thérapie alternative aux antibiotiques, nommeée "phagothérapie" par un Franco-
Canadien Félix d'Hérelle, microbiologiste & I'Institut Pasteur, qui a sauvé |a vie & ce médecin de
71 ans.

Une fois rapatrié aux Etats-Unis quelques mois aprés étre tombé malade, Tom Patterson a recu,
par intraveineuse directement dans 'abdomen, un cocktail de quatre virus mangeurs de
bactéries, des "phages" collectés dans les eaux usees, terrain ou ils se trouvent en grand
nombre.

Il existe plusieurs milliards de milliards de ces "bactériophages". La recherche dans ce domaine
n'a perduré principalement qu'en Europe de I'Est, et en particulier en Union soviétique (Pologne,
Russie et surtout Géorgie) aprés les années 30, date de la mise au point des premiers
antibiotiques.

Trois aprés jours aprés le début du traitement, le patient est sorti de son coma. Depuis juin 2016,
la bactérie n'est plus présente dans son organisme.

Face a ce succés inattendu, I'eéquipe médicale de San Diego compte ouvrir un centre
spécialement déedié & la recherche sur les bactériophages pour apporter des traitements
personnalisés aux patients grace & des combinaisons de phages.

Aux Etats-Unis, les seuls phages commercialisés actuellement sont destinés a protéger les aliments

. ; i ; Le centenaire de la recherche dans ce domaine est d'ailleurs célébré cette semaine a I'Institut
contre des infections bactériennes. RelaxNews / Satirus / Istock.com

asteur de Paris.

Un premier patient américain atteint d'une infection grave, ayant frélé la mort, peut désormais
retravailler aprés avoir recu une phagothérapie, une thérapie antibactérienne utilisant des virus
naturels, selon des médecins de I'école de médecine de San Diego aux Etats-Unis.

Tom Patterson, professeur de psychiatrie & I'université de San Diego (Etats-Unis), infecté par
une bactérie naturellement résistante a de nombreux antibiotiques, appelée Acinetobacter
baumannii, en 2015 lors d'un voyage en Egypte avec sa femme, est désormais sauvé, révéle le
Pr Robert Schooley, chef du département des maladies infectieuses de I'école de médecine de
San Diego et ami du malade.
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BMR
Bactérie MultiRésistante aux
antibiotiques

Bactéries qui, du fait de
I'accumulation des resistances
naturelles et / ou acquises, ne sont
plus sensibles qu'a un petit nombre
d'antibiotiques habituellement actifs
en thérapeutique

— Réduction de 'arsenal
thérapeutique

BHR
Bactérie Hautement
Résistante aux antibiotiques

« Extensively Drug Resistant

» (XDR) (consensus international)
Sensible a seulement 1 ou 2 classes

d’antibiotiques

- Impasse thérapeutique

: g-resistant (MDR), extensively drug-resistant (XDR) and pandrug-resistant (PDR) bacteria

Magiorakos et al., CMI 2011

MDR

XDR

The 1solate i1s non-susceptible to at least | agent in
> 3 antimicrobial categories listed in Table 1a”

The 1solate 1s non-susceptible to at lcast 1 agent in all

but 2 or fewer antimicrobial categones in Table la.

Enterococcus spp.

The isolate is non-susceptible to at least | agent in
= 3 antimicrobial categories listed in Table 1b

The 1solate 1s non-susceptible to at least 1 agent in all

but 2 or fewer antimicrobial categories in Table 1b.

Enterobacteriaceae

The 1solate 1s non-susceptible to at least 1 agent in
> 3 antimicrobial categories listed in Table Ic

The 1solate 1s non-susceptible to at least |1 agent in all

but 2 or fewer antimicrobial categonies in Table lc.

Pseudomonas aeruginosa

The isolate is non-susceptible to at least 1 agent in
= 3 antimicrobial categones listed in Table 1d

The 1solate 1s non-susceptible to at least 1 agent in all

but 2 or fewer antimicrobial categones in Table Id.

Acinetobacter spp.

The 1solate 1s non-susceptible to at least | agent in
> 3 antimicrobial categories listed in Table le

The 1solate 1s non-susceptible to at least 1 agent in all

but 2 or fewer antimicrobial categories in Table le.

Non=-susceptibility to all
agents in all anumicrobial
categories for each
bacterium in Tables la-le

*All isolates are defined as MDR because resistance 10 oxacillin or cefoxitin predicts non-susceptibility to all categories of fi-lactam antimicrobials listed in this document, with the exception of

the anti-MRSA cephalospornins (1.¢. all categones of penicillins, cephalosporins, B-lactamase inhibitors and carbapenems currently approved up unul January 25, 2011).
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DECES DANS LE MONDE

ALTERNATIVE PRODUCTS TO

TACKLE INFECTIONS AMR in 2050
A selection of alternative products that are under development, which could be used ) //— . -
10 million

for prevention or therapy.

Phage therapy

Natural or engineered viruses|

that attack and kill bacteria TEtan us
N Lysins
i % : Enyzymgs that directly and 6 D 1 D D G \

quickly act on bacteria

. Antibodies \
Bind to particular bacterla or LY
thelr products, restricting kY
thelr abllity to cause disease b

Probiotics
Prevent pathogenic
bacteria colonising
the gut

Immune stimulation
Boosts the patient's natural ——
immune system

Cancer
8.2 million

Peptides

Non-mammalian

animals’ natural defences .-"'-\-._\_ nM H !
against Infection R n OW ?_,"l

Review on ?DD’DDD

Antimicrobial

(low estimate)

Measles Cholera

130,000 100,000—
120,000

Diarrhoeal
disease V4 N Diabetes

1.4 million 1.5 million
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Acide nucléique/ADN Téte/Capside

Gaine contractile Collier

Fibres caudales

Plaque basale
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« Plus vous regardez loin en arriere,
Plus vous pourrez regarder loin en avant. »

Winston CHURCHILL




LACTION BACTERICIDE DES EAUX DE LA JUNNA ET DU GANGE
SUR LE MICROBE DU CHOLERA

s SENER Hankin published his observations in

IV Tehsribitis da ghidvarhement hgre, s 1896 in the annals of the Institut
Pasteur — that was the first evidence
Guand on voil. & la raversée du Gange ou de Ta Jumna, of the presence of bacteriophages

an milien d'ane des grandes villes mdlenues, des  milliprs
d'habitanis se laver, cux, leurs troupsaux et lears vélements

in water and their antibacterial

dans e ean trouble ot sale, el quand an songn que fréquem- activities.

ment des cadavees & moilit bralés trouvent leur derniar asile

dans le fleuve, on est hien excosalile de penser que ees paux

doivent élre daungerenses & consommer, ol que la véndération ) A A
des Hindous pour leur fleuve sacré prouve leur iznerance (e It was a viral-like agent with
Loute idée de santé ou do propreté, C'est ee que pensent les
_anlorités euronéennes. el. en e¢ aui concerne la dml.nbuhun du

antibacterial properties. It was
temperature sensitive and capable
of passing through a porcelain filter,
nd it could reduce titres of the
acterium  Vibrio cholerae in
¢ l|3boratory cultures.

L. Sar los microbes doa vivioves do ! lude. Comunigition &5 madical, ’ £ve
indion lenu en dumhd; i axiass i "L'action pactericide des eaux de la Jumiia cuu vaiige sw

S . le vibrioNNdu cholera, Annales de l'institut Pasteur (in
French 1896:)10: 511-523.



In 1915 The Lancet published an article written by
Frederick Twort about “the transmissible bacterial lyses”.

It was the first publication on bacteriophages.
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FELIX D'HERELLE

MICROBIOLOGIE. — Sur un nucrobe invistble aniagorusie des bacilles dysenté-

rigues, Note (*) de M. F. v’HereLLE, présentée par M. Roux

L'isolement du microbe anti-Shiga est simple : on ensemence un tube
de bonillon avec quatre & cing gouttes de selles, on place a I'etuve a 37°
pendant 18 heures puis on filtre & la bougie Chamberland L,. Une petita
quantité d’un filirat actif ajoutée, soit 4 une culture en bouillon de bacilles
de Shiga, soit &4 une émulsion de ces bacilles dans du bouillon ou méme
dans de l'eau physiologique, provoque Parrét de la culture, la mort des
bacilles puis leur lyse qui est compléte aprés un laps de temps variant de
quelques heures & quelques jours suivant 'abondance plus ou maoins grande

GEEPAATE

Anciennes fioles contenant des
phages a visée thérapeutique.

[B]

de la culture et la quantiié de Liltrat ajoutee.

Le microbe invisible cultive dans la culture lysée de Shiga car une trace
de ce liquide, reportée dans une nouvelle culture de Shiga, reproduit ke
méme phénoméne avec la méme intensité : j'ai effectué jusqu’a
avec la premitre souche isolée, plus de 50 réemsemencements st
T ramminlamne cvnieaneas donna dailleurs la preuve visible que I'acti

germe vivant : si l'on ajoute & une
e culture précédente lysce, de fagor
enne qu’un millieniéme environ, et 8
sur gélose inclinée une gouttelette
:ubation, une couche de bacilles dyser
re de cercles d’environ == de diamét
s ne peuvent représenter ue des col
hstance chimiquene pourrait se conce
1tsur des quantités mesurées, ] 'al pu Vo

En résumé, chez certains convalescents de dysenterie, j'ai constaté qne
la disparition du bacille dysentérique coincidait avec I'apparition d’un
microbe invisible doué de propriétés antagonistes vis-a-vis du bacille pa-
thogéne, Ce microbe, véritable microbe d’imymunité, est un bactériophage
obligaloire; son parasitisme est strictement spécitique, mais s'il est limité
a une espéce a4 un moment donné, il peut s’exercer tour a tour sur divers
germes par accoutumance. Il semble done que dans Ja dysenterie bacil-
laire, & e¢dté d'une immunité antitonique homologue, émanant directement
de P'organisme dua sujet atteint, il exisle une immunité anlimicrobienne
hétérologue produite par un microorganisme antagoniste. Il est probable
que ce phénoméne n’est pas spécial a la dysenterie, mais qu’il est d’un
ordre plus général car j'ai pu constater des faits semblables, quoique
moins accentnés, dans deux cas de fievre paratyphoide.

[} 'Herelle F. C R Acad Sci Pm'is-.(f _GM
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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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Essals DE THERAPEUTIQUE AU MOYEN DU BACTERIOPHAGE

DU STAPHYLOCOQUE,

par R. Browsocue el J. Maisi.

Nous avons cu Poccasion d utiliser le Bactériophage du Staphylo-
coque dans un but thérapeutique et les quelques résultats favora-
bles obtenns nous engagent A les signaler.

Cet essai nous semblaitl assez logique, étant donné que ces bac-
tériolysats contiennent un principe immédiatement nuisible anx
Staphylocaques el l'antigine staphylococcique indispensable a
toute vaccination active dont les effets thérapeutiques ne peuvent
se manifester que 5 ou 6 jours plus tard.

Dans notre note précédente nous avons vu que le sérum nor-
mal di Lapin n'empérhe nullement le Bactériophage d'opérer la
dissolution de ces yuicrobes. Nous avons pu contrdler également
ee fait pour le sérum humain. Dans ce bul nous ensemengons des
tubes de sérum stérite, d'un e6té avee du Staphylocoque, d'un
dulre eolé ovee du Bactériophage et du Staphvlocoque : I'inhibi-

BULLETIN OF
THE NEW YORK

ACADEMY OF MEDICINE

VOL. VII MAY, 1931 No. 5

ANNUAL GRADUATE FORTNIGHT

BACTERIOPHAGE AS A TREATMENT IN ACUTE
MEDICAL AND SURGICAL INFECTIONS*

F. ’HERrELLE

Professor of Bacteriology,
Yale University School of Medicine

(161) SEANCE DU J DECEMBRE

® GEEPhaCE

tion de ces cultures déja développédes au moment d
Bactériophage.

Ce n'est pas ici la place de donner des détails cliniques concer-
nant les malades que nous avons (raités el nous nous contentons
de signaler que nous avons appligué cette thérapeutique chez 6
patients atteinls d'anthrax ou de furomeles. Nous avons injecié
aussi prés que possible de la région malade, des doses de baetério-
lysats (stérilisées par une heare de chauffage 3 567) variant de 0,5
@ 2 c.c. L'effet n'a pas tardé & se manifester par la diminution de
I'empdtement au niveau des l&sions et souvent par la dispsrition
tolale de ces derniéres en 24 & 48 heures. Les infections déji arri-
vées a la suppuration se vident et s¢chent rapidement.

A la suile de ces inoculations, il se produit, chez certaing mala-
des, une ascension fébrile, chez d'autres la ltempérature ne subil
guére de modification. 11 mous a semblé que cette élévation de
la température ge produit surtoul chez ceux atleints de vastes 16-
sions el ot la lyse rapide entratne la résorption de grandes quan-
tités de produits microbiens. L'endroit d'injection est durant 24
heures douloureux et légeérement mdématié.

Nous avons essayé celle thérapeulique chez des patients atleints
d’anthrax ou de furoncles, mais il n'est pas impossible que d'an-
tres 1&sions telles que les acmée et les diverses complications sta-
phylococciques d'aulres affections culanées ne puissent profiter
de la méme médication.

Ces observations ne sont-évidemment pas assez nombreuses pour
établir définilivement la valeur de cetle méthode el elles n'onl pu
étre nssez prolongées pour déterminer jusqu'a quel point ces ino-
culations protdgent contre les rechutes,

(Institul de baclériologie de U'Unmiversilé de Louvain).

———Bruynoghe R Maisin J. C-SocBiol. 1921

—

O

Phagothérapie
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VlLL»ENEUVE'SA»NT-GEOQGES Bacterlophage prOducerS in the USSR Phage therapy and phage
Lucie 6 Raymond AUBRAC in 1930s-1940s ::,Z:lg:::nt tahr::ugh tl;il;
work of Soviet researchers

N— .

e Mechnikov Research Institute of Vaccines arﬁ Sera, Moscow
e Leningrad Research Institute of Vaccines an& 5Siera

e Thilisi Research Institute of Vaccines and Sera

e Mechnikov Research Institute of Vaccines and Sera, Ufa :
® Perm Research ihstitute of Vaccines and Sera !

° Gorky Research Instltute of \{accmes and Sera i

e Ukrainian Research |nst|tute'
e Mechnikov R earch Instntut .o*FVaccmes and SFra, Kharkiv

e Khabarovsk Re: earc Institut of Epidemiology : %nd Mlcrbblology
e Tashkent Resea‘rcﬁ I:Ltl‘tulte of«Vaccmes and era1 ‘ y

ta

e Tomsk Research Institute of,Vagqnes and};era : o] ,'

f,EpldEmlology and Microbiology

’-v ,,,,,

Q’ftplﬂemi‘ology and Mlcroﬁlology

° Kazakhstan Research Institu

Bacté-rhino phage |

Grippe .Coryza Rhino-pharyngites

Baclé -inlesli phage

Enterites Colites.Diarrhees infantiles

Baclé-slaphy phage }

Furonculgse -Anthrax




Au sein de I'Union sovietique et des forces de 1'Axe, les bactériophages ne furent pas
mis tout de suite de coté, ["antibiothérapie n’étant au début de la seconde guerre mondiale que
balbutiante. Allemands, Japonais et Soviétiques continuerent de soigner les infections avec
des phages. Le paquetage militaire distribue aux soldats de la Wehrmacht contenait méme des

flacons de suspensions de phages a appliquer sur les blessures de guerre. Les médecins

Verbandkasten

o

WWITI:

Red Army (USSR)

German Army (North Africa campaign)
Japanese Arm

INFECTIONS INTESTINALES

ENTEROFAGOS

GACTERIOPHAGESPOLYVA NTS Pl d mil| e lyses par souche,
che: pre e q porties du mande.

allemands utiliserent en particulier un traitement contre la dysenterie, nommeé « Typhus-
Paratyphus B-Polyfagin » (figure 8). Lorsqu’une partie de la France fut occupée, les troupes
d’occupation réquisitionnerent le « Laboratoire du Bacteriophage » pour produire des
préparations phagiques (ils n’exploiterent cependant que les nstallations, et non pas les

produits phagiques déja créés par le laboratoire) pour ravitailler leurs troupes. D’Herelle dut

Schachtel mit 3 Amp. zu 1 ccm . . . . . . 1,40
Flasche zu 10 em . . e A e 70

17 Typhus-Paratyphus B-Polyfagin (Baktenophagen
Behringwerke)

Zus. Polyvalente Vaccine mit 500 Mill. 1yphus- u. je

250 Mill. Paratyphus A- u. B- Baznllen pro ccm,

0,5% Phenol.
Ind. Prophylaxe des | yphus und Parat)phus
Dos. 2—3 X 0,5 bzw. 1 cem subkutan in Abstinden

-von 7—8 Tagen.

Packung A (orale Anwendung):
Schachtel mit 6 Amp. zu 10cem, . . « . 4,65
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choleras sequencing begins
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watsr (1896)  and named by Usa of phages as molecular biology >
A d" Héralle (1917) tools begins (1950s) and continues
A to prasant day
e
1890 1900 1920 1940 1960 1980 2000
I
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Major timelines in th




LE TUEUR DU BACTERIOPHAGE

Thanks to PENIGILLIN

...He Will Come Home !
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In late @ the World Health Organization (WHO) set
up an international trial of phage therapy for cholera in
Dhaka. This trial was designed according to the widely
accepted international standards and conducted with
the support and under the review of the National Institutes
of Health, USA. In several WHO sponsored studies in East
Pakistan (now Bangladesh) in the 1970s, bacteriophage
therapy was compared with tetracycline as the therapeutic

PHAGOTHERAPIE ET CHOLERA

gent. It was reported that very high dose phage therapy
as comparable to tetracycline in reducing the excretion
f vibrios in the stool'. '2,

. Monsur, K.A., Rahman, M. A., Huq, F., Islam, M.MN., Narthrup, R.S.
and Hirschhorn, N. Effect of massive dosos of bacteriophage on
axcretion of vibrio, duration of diarrhoea and output of stools in
acute cases of cholera. Bull World Health Organ 42: 723, 1970.

18. Marcuk, L.M., Hikiforoy, V.M., Scerbak, J.F, Lovitov, TA., Kotljarova,
R.l., Mammsina, M.5., Dovydov, 5.U., Monsur, K.A., Rahman,
M.A., Latif, M.A., Northrup, R.S., Cash, R.A., Huq, I., Dey, C. and

Phillips RA. Clinical studies of tho use of bacterlophage in the

treatment of cholera. Bull World Health Organ 45: 77, 1971,
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El Lilly and Company

Swan Myers (Abbot Laboratories)

Squibb and sons (B. M. S.)

Laboratoire Parke-Davis (Pfizer)

Instituts Pasteur de Paris et de Lyon
aboratoire du Bactériophage (5
ep.) (Robert & Carriére)

German company Antipiol

Saphal en Suisse

IP Paris et Lyon

Géorgie —Russie

Delmont Laboratories aux USA
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m derniere commercialisation 1974 (Vidal)

Laboratoires Robert & Carriere

m derni¢res disponibilités officielles 1990 (I.P.)

IP de Paris (J.-F.Vieu) et IP de Lyon (F. Guillermet)

m aujourd’hui pas interdite. ..

83 o

Mode d’emploi, — Ingestion buccale: woe
ampoule matin el soir dans 20 cent. cubes
d'eau alealine. Instillation vésicale. (Voir
nofice explicative),

Trés important. — L'action dn Buelé-Coli-
Phage est nulle en milien acide. 1 est done
nécessaire  d'obtenir I'alcalinisation des
urines,

Hi. — BACTE-PYO-PHAGE
Composition. Mélange de hactériophages
polyvalents adaptés aux microbes des
lpfentmns purulentes  (Staphylocoques,
Streptocoques, Coli, ete.), ’
Indications. — Furoncles, Authrax, Pang-
.rig, Phlegmons, Ostéites, Plaics infeclivs.
Mode d’emploi. — Injection « in <ilq «
(méthode RAIGA) dans le foyer méme do
I'infection ou (h:v.' la région enflammée
pouvanl passer rapidement & 'étal i,

IV. — BACTE-STAPMY-PHAGE

Composition :

Mélange de bactériophages adaptés aux di-
verses variélés de Staphylocoques (An
rens-Citreus-Albus)

Indications :

Fumncu_loscs aiguls et chroniques, Anthrax,
Infections urinaires 4 staphylocoques,

Mode d'emploi

Injections win silus (méthode RATGA).
Applications locales en cas d'uleéralion,

B
V. — BACTE RHINO-PHAGE

Composition. — Mdélange de bactério-
phages polyvalents adaplés aux microbes
du rhino-pharynx (Staphylocoques, Steep-
locorques, Pnenmocogues, Fntérocoques,
ete.).

Indications. - Grippe, Coryza, Rhino-
pharyngites, Otites, Sinusites,

Niode d’emploi. Pulvériser suivant la
gravité des cns la valeur d'une ou plu-

sieurs amponles au moyen du pulvirisa-

tear spécial ; Pulvolyseur Ercé.

Vi. — BACTE-DYSENTERI-PHAGE

Composition. Mélange de  bactério-
phages polyvalents adaptés aux lnirrn-hr\
de la dysenlerie bacillaire (Flexner, Shiga,
Hiss).

indication. — Dysenteries bacillnires sous
toutes les formes.

Mode d’emploi. Ingestion : Une am-
poule dans un demi-verre d'eau ordinaire
froide ; cépiter la dose de qualre on
quatre heures,

Agents Générux :

Laboratoires ROBERT ot CARRIERE

37, rue de Bou gogne PARILS

36. Dictionnaire des spécialités pharmaceutiques Louls Vidal de 1931.

...mais pas autorisée !

de Félix d'Hérelle

PLRLGRINAT DUN BACTERIOLOGES
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e | Bactériophages et chirurgie orthopédigue

A propos de sept cas.

G. Lang, P. Kehr, H. Mathevon, J. M. Clavert, P. Séjourne et J. Pointu *

{Strasbourg)

RESUME

Les auteurs rapportent sept observations ou furent utilisés les bactériophages en chivurgie orthopédigue. s souli-
gnent U'intérét de cette thévapeutique dans les cas d'infections chroniques & germes polyrésistants. Ce sont toujours
des phages adaptés qui ont été wtilisés, Le protocole d'utilisation est précisé, 11 doit étre visoursus tant dans la chro-
nologie que dans I'exécution des diffévents gestes, Les résultats obtenus sont trés enconrageants. Evi demment le
bactériophage reste une thérapeutique d'exception mais il peut rendre de trés grands services surtout en chivurgie
orthopédique quand on connait la chronicité désespérante des vstéites,

CONCLUSION

L'utilisation de bacténiophages adaptés dans le trai-
tement des infections osscuses chroniques polyrésis
tantes aux antiblotiques nous parait étre une solution o _
, . 1 T Ee . . Revue de Chirurgie Orthopédigue,
thérapeutique de secours intéressante. Nos résultats 1079, 65, 33-37.
nous encouragent pleinement a poursuivre dans ce sens,
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Pétition en faveur de la renaissance

de la bactério

Frappd par le désarmoi dcs
milades se irouvani, depuis
plusiewrs mois, dans 1'impassi-
biliné de trouser en pharmacie
=5 ampeales de Bact&riophuge
quilewr pvident ELE prescriles oo
blen de remouveler la pravision
gue les plus prévoyants d'entre
pux uvaient constilufe pour
SUTmOnLEr Vieioagusemnl, dks
ke primne débur, tout sssEul mi-
crobéen. j'ai pensé gue la 50—
et des Amis de Félix d"Hé-
refle se devait de mettne la puis
SHUACE OF SO0 auloriie yn wervice
de wes dobiances g m'ELakeil
exprinées pour contribuer b re-
danner & Iz Phagothérapie 1ous
lizs miayens dexprésivan dont 18
prestigense découvere die Pr
d'Hérelle I'n dotéde. Evidem-
ment, le thérapeuls pewl lou-
jours,  ear gucieng  foege  au
e e maene |:"|'!|'||1|'.'|.'."||"'F|II.I"JI'I

phémomens atare] exisie, pré-
parer son malade pour faciliter
chez lui, giice & san propre
Eacifnaphage iniestisal, la pro-
doction naturelle de |8 guénson
spentenée des maladies infec-
DruEes, Mas e = guirson
milurelle dirigds = 8 Besoin.
pour parfaire son aciion saha-
trice, du ri-tnsemencement du
milien intestinal por des races
mauvelles et vinulerles de Hac-
térophage. Ce sont ces races
que Je Laboratoire. qui & cessé
0N ACLIVILE poar des raisons qui
me sont Exonnues, sélection
ian sces fore des prdparations
distribetes & la cligntéle par ks
pharmacies.

Fai donc réealy, e vee de
cansLileser une wérilahle pdition
4 pridenter #n haul liem, &
COmVier |

ha

— Vous, mes maiires, mes
collégues, €1 mes confréres qui
€ges devenas, poar le phus prand
Bugn de vos malades, les adepies
du Baciérinphage de d*Hérelle ;

== ¥Wpoas, malodes ou blessés
qui gver béndfickd, anssl bien
TUT WOUS-MEMEes U EUT VoS
proches ou vos amis, des suooks
reTnporEs am cours des applica-
tiens thérapeutiques du Pedne-
méne de Bactériophagee ;

= Wous, memhbres de ka so-
il desamisde Fel d Hérelic
quei sy |25 groupds pour pou-
voir, par le soutien de chacun,
assurer la plrennité de 'duvre
exeeptionnelle de oo grand sa-
vamd qui, venu de Monoiréal, a
allect & la Framie ko ploire atta-
chiée & la déconiverie Jun phd-
momdne naturel domt le micros-
cope Elecimonigue, [l umigue

ie thérag

uti

ERNE la Seiente . a Condirnd dans
ses moandess déiails la rdalicg
que la mélthode sxpérimeniale
stube avail permis de déwailer 2
& signer ume  attestatiom
pour influencer par le nombre
ded  sgmataires 15 mibheux
sCienifiqess Aptes h relever b
Fiambe g qui est keahé par sudte
de l2 défadllance du Labaratain:
gl avail &1t Tondé pard Herelle
en 1928 of qui & pesmis. AU COurs
des 5 années quil suivireml, k
mise am poing d'un Iraibemenl
d'ure efficacice jamais dgalde
par sa qualité, sa consance £ =
parfaite innocuiléd -k Phagothé-
rapic. Ceme  didfalllance est
d*mutent  ples  catassrophigue
que, d"ane part, ce Luboraloine
£1ad1 le seul & assurer la Prepars-
tan des différendes races de
Baclériophnge gui som imdis=
pensibles i la pratiges médscal=

Félin &' Hérglh:.

el chirurgicale dans le dosaing
de toute a pathologie infec-
lieuse & que, d'ouire part, le
phdncameéns de Bactériophage
qui exl reprodusl dans e bud
ihérapeariquee ne peut dire renms
placé par wocune  spécualilé
pharmaceutigee  puisqise, sl
de teos les raitemenis, il esi
I"expression d'wn phénoméne
de la nature. L arcétde oo Laba-
ralaire a paidr  compdguence
inélucrable d'enirainer dans =a
chute In prutigue d 'ume o Bode
iBErmpeatigue gui & (@l 363
presves dans 1ous les domaines
depuiz 1917, date & loguelle e

Efnomine de Bacténophage

I péwidié @ monde do haut de
Ia tribene de I'Académie des
Sciences.

Clest done un develr pour la
Bociétd des amis de Félia d ' He-
relle. doal Is mizsdop est d'asse-
Fer ba ddfense de V'ouvre da Pr
d"Héralle conbre Lowle manes-
vre dirigée direc1ement ou inds-
recdemend contrg slle, gue d'ap-
puver de son influence outes
initintives péméreuses qui somd
disposes 3 wmuvrer dang co
sens, Ples les voux Seront nom-
breuses,  plus  elles  saront
chance d'étre enténdues,

Discaples comviimcus & |a
Baciéfopbapie, veacr mus 0
meoies en nous affrant le poids de
wlTe sigmalure.

I & Hl.'g.l-l.'Hi‘ltﬂfHI

Fawe Moay  remseionducmy
radresser ow Iy Ralga-Cié-
mencedy, 1L rwe Fairsiére,
FAITG Marls,
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Photo 1 : Bactériophage 3A de Staphylococcus aureus

(Microscopie éléctronique ; coloration : acétate d'uranyl ; grossissement : x 92 400)
Cliché H.W. Ackermann
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dsDNA ssDNA

Qoo =2

Podoviridao Corticoviridas Toctlviridao

SH1
Myoviridae == ——
Siphoviridae
P Lipothrixviridae
| ¢
Rudlviridae

ssRNA

e © O o

‘Globuloviridae’ Pllm_uvlrldao . -
dsRNA
Guttaviridae  ‘Blcaudaviridae’ Fuselloviridae Salterprovirus Cystoviridao Inoviridae

Figure 2 Morphologie des principaux groupes de bactériophages. D’aprés et avec autorisation de H.W. Ackermann [77].
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BACTERIE

(Taille moyenne : 1 000 nanometres)

Pili sexuel, : ;
organite \ \ \ Fimbriae,
d'attachement B & ——1 structures
lors de la | 5 d'attachement
reproduction

Capsule, T coque. ==
T'outes le§ bactCricy {Appareil nucléaire,
£ =nposedentpey W (49 'ADN chromosomique

Paroi, enveloppg
rigide qui donne §
forme, sa résistancg
a la bactérie

Plasmide, élément d'AD! 5
qui porte des informations
génétiques spécifiques

1032 bactériophages
(<10% connus)

| Flagelle, organe de (< 6 000 o identifiés)
o /4- déplacement

/
/

cytoplasmiqué

103! bactéries (20%
detruites/24H)
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ASPECTS QUANTITATIFS

Bacteriophages live in soil (about 10® phages per 1 g soil);
in rivers, lakes, and oceans (10® phages per 1 ml of sea
water): and in other living beings (the human gastrointes-
tinal tract contains about 10' phages). As for the total
bacteriophage population, it reaches according to scientific
estimates an astronomic value of 10% phages, or 10° tons
of substance. This peculiar “dark matter” of biological
origin spans the overall earth biosphere.

Some more statistics: assuming that an average diameter
of a phage particle is 50 nm, all bacteriophages of the globe

put in line will cover a distance of 5 x 10% kilometers or

5 = 107 light years! This is the distance to Virgo Superclu-
ster, nearest to us, while only 4.2 light years separate us

from the nearest star, the Proxima Centauri

2 N. V. Tikunova, V.V. Vlassov, 2013
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PHAGE COUNT




Seasonal epidemics of cholera inversely correlate
with the prevalence of environmental cholera phages

Shah M. Faruque*, Iftekhar Bin Naser*, M. Johirul Islam*, A. S. G. Faruque*, A. N. Ghosh®, G. Balakrish Nair*,
David A. Sack*, and John J. Mekalanos*®
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Faruque. PNAS. 2004: 1-6
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Adsorption
Host recognition

Penetration and

DNA injection
Host cell lysis and

phage release Lytlc
Cycle

Phage DNA a
replication
Phage assembly

Synthesis of
new phage

CYCLE LYTIQUE / CYCLE LYSOGENIQUE &> Vﬁ

Insertion of prophage
into host genome

2> (D

Lysogenic
Cycle

envirenmental

&

Release of

prophage due to

4

Cell division
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U TROUVE-T-ON DES PHAGES ?
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ANTIBIO-PHAGO-FILMOGRAMME

Modeles expérimentaux statiques

Biofilm Ring Test (BioFilm Control)

\ y :
@ ot cubation re (Image |, Magnétisation

! Pas de Biofim ;
particdes attrées

Bofilm :
particules bloquées

Microptague 96 puits Milieu de culture
{ou bareties 8 puits) + Bactérles (SBI)
+ Particules paramamétiques

Biofilm en
Pas de biofilm développement Biofilm instalié
(anneau = Ring Test)

Control
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BIOFILM ET OSTEOBLASTOSE

Staphylococcus aureus biofilms decrease
osteoblast viability, inhibits osteogenic
differentiation, and increases bone resorption

GEEPnage

Phagothérapie

Unknown/ Transcription

Protein Synthesis and
Processing

o

Oxidative
Stress

DNA Binding/
Cell Division

Cell Wall

Transport
(0.5%)

s Control
— UAMS-1
B SANMMC-1

Pathogenesis

ergy Metabolism
5. aureus SAMCC 700 Biofilm Condition Media

% of ApoptoticCells

5. aureus el N
UAMS-1 s e

S SR

k. . N . . os. AR = BRVE_N s A . BB - o R

Sanchez et al. BMC Musculoskeletal Disorders 2013, 14:187
http://www.biomedcentral.com/1471-2474/14/187
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Phage-Antibiotic Synergy (PAS): f-Lactam and Quinolone
Antibiotics Stimulate Virulent Phage Growth

The Influence of Antibacterial Substances on the
Interaction of Bacteria and Bacteriophages

1. The Influence of Penicillin

By W. J. ELFORD
National Institute for Medical Research, Hampstead, London

. . SUMMARY:: Penicillin in concentrations up to 100 units/ml. in broth or synthetic
2 e media has no demonstrable effect, after 20 hr. incubation at 87°, on the activities of
Staphylococcus K phage, Coli-phage C 36, Coli-dysentery phage S18, a Streptococcal

phage and a Bacillus subtilis phage.
The simultaneous action of penicillih and phage on young cultures of Staphylococcus

Host MFP aureus (Oxford) in broth or synthetic medium at 87° produces, under certain
Pha ge OMFP conditions, a more rapid lysis than occurs in the presence of penicillin or phage alone.

) The phenomenon of accelerated lysis through the joint action of penicillin and
Cefotaxime (CTX) 0 ng/mL phage occurs with other organisms besides Staph. aureus, e.g. B. subtilis and

Streptococcus pyogenes, Group C, differing from that with Staph. aureus only in

degree.

Host MFP Penicillin does not affect the adsorption of phage by the organisms. When the
phage OMFP amount of antibiotic is sufficient to interfere adversely with the growth of the cell
i then the multiplication of phage decreases. It is suggested that certain balanced
Cefotaxime (CTX) 50 ngImL intracellular reactions of metabglism are disturbed by %lg;saction of penicillin, and as
aresult, intermediates essential to growth both of cell and phage cease to be available,
A phage-inhibiting substance was demonstrable in certain instances when Staph.

André M. Comeau'®, Francoise Tétart'®, Sabrina N. Trojet, Marie-Frangoise Prére', H. M. Krisch'* ~ QUTEUS (Oxford) cultures were lysed by peniCillin-

1Laboratoire de Microbiologie et Génétique Moléculaires, Centre National de la Recherche Scientifique, Université Paul Sabatier-Toulouse, Toulouse,
France, 2 Laboratoire de Bactériologie, Institut Fédératif de Biologie, Centre Hospitalier Universitaire de Toulouse, Toulouse, France



T.-able 1 Examples of Studies Showing Antibiotic—Phage Podtive Effects against Problematic or Moded

Burkhollana capacia - PAS®

cl:mﬂumun - Increasad survival of brvaa

tatracycline
Escharnichia col Mot descrbad Erofloxacn - Total protaction of birds [17]
Escharichia col Myoniridae Cafotaximea - PAS [37]

- BEradication of bactedal biofims

Klabsialla preumonias Podowirdaa Ciprofloxacin @ - Eradication of bacterda [27]
(T7-lika) - Prevantion of resistant varants
Psaudomoras aaruginasa Podonvirdaa Streptormycin - Decreased bacterdal density [3
- Limitad antibotic resistance

Psaudomonas aanuginosa Siphovindae Caftriaxona - Synengistic reduction of bactedal growth  [41]

Psaudomaonas fuorescans  Podovindaa Kanamycin - Dacreasad bacteral survival [29
- Limitad antibiotic resistance

StaphiococoLUs auraus Myovindae Linezolid - Stopped MRESA hindpaw foot infaction [2H]
- Decreasad bactardal dansity

Slaphylococcus auraus Myovvindaa Gantamicin - Decreasad bactaral dansity [30

- Prevantion of phage-masistant vaniants
“Phrage-antibotic synangy.
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Co-Therapy Using Lytic Bacteriophage and Linezolid:
Effective Treatment in Eliminating Methicillin Resistant
Staphylococcus aureus (MRSA) from Diabetic Foot
Infections
Sanjay Chhibber*, Tarsem Kaur, Sandeep Kaur
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Figure 4. Bacterial load (in terms of Log CFU/ml) in A) Hindpaws of diabetic BALB/c mice following treatment with phage MR-10,
linezolid and combination of phageMR-10 and linezolid (25 mg/kg/per oral) and Phage titers(in terms of Log PFU/ml) in B)
Hindpaws of phage treated (group 2 ) and phage + LZD treated (group 4). [Error bars represent the standard deviation (S.D) from four

independent values].
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Synergistic Interaction Between Phage Therapy and
Antibiotics Clears Pseudomonas Aeruginosa Infection in

Endocarditis and Reduces Virulence

Frank Oechslin,' Philippe Piccardi,' Stefano Mancini,' Jérome Gabard,? Philippe Moreillon,' José M. Entenza,' Gregory Resch,' and Yok-Ai Que?

"Department of Fundamental Microbiology, University of Lausanne, and 2Department of Intensive Care Medicine, Bern University Hospital, Switzerland; and *Pherecydes Pharma,
Romainville, France

Background. Increasing antibiotic resistance warrants therapeutic alternatives. Here we investigate
phage-therapy (phage) alone or combined with antibiotics against experimental endocarditis (EE) due to
an archetype of difficult-to-treat infection.

Methods. 1n vitro fibrin clots and rats with aortic EE were treated with an antipseudomonas phage cocktail alone or combined
with ciprofloxacin. Phage pharmacology, therapeutic efficacy, and resistance were determined.

Results.  Invitro, single-dose phage therapy killed 7 log colony-forming units (CFUs)/g of fibrin clots in 6 hours. Phage-resistant
mutants regrew after 24 hours but were prevented by combination with ciprofloxacin (2.5 x minimum inhibitory concentration).
In vivo, single-dose phage therapy killed 2.5 log CEUs/g of vegetations in 6 hours (P < .001 vs untreated controls) and was compa-
rable with ciprofloxacin monotherapy. Moreover, phage/ciprofloxacin combinations were highly synergistic, killing >6 log CFUs/g
of vegetations in 6 hours and successfully treating 64% (n = 7/11) of rats. Phage-resistant mutants emerged in vitro but not in vivo,
most likely because resistant mutations affected bacterial surface determinants important for infectivity (eg, the pilT and galU genes
involved in pilus motility and LPS formation).

Conclusions. Single-dose phage therapy was active against P. aeruginosa EE and highly synergistic with ciprofloxacin. Phage-
resistant mutants had impaired infectivity. Phage-therapy alone or combined with antibiotics merits further clinical consideration.

Keywords. bacteriophage; phage therapy; endocarditis; Pseudomonas aeruginosa; resistance; antibiotic.
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Figure 1. Activity of phage cocktail PP1131 in in vitro fibrin clots. Clots were produced from rat plasma and infected with 10° colony-forming units (CFUs)/mL of either
phage-resistant Pseudomonas aeruginosa strain PA7 {A) or phage-susceptible strain CHA (B). Clots were left untreated (solid lines) or exposed to 108 PFUs/mL of PP1131 for
24 hours at 37°C (dashed lines). Phage titers in noninfected clots (solid lines) and in PA7-infected or CHA-infected clots (dashed lines) were determined 6 hours and 24 hours

v e - « M

18 24
Time (hours)

B P aeruginosa CHA

Bacterial titers
12.

10,

log CFU/mL

Time (hours)

Phage titers

log PFU/mL

12 18
Time (hours)

' MLLA



" CENTREHOSPITALIER
U’ INTERCOMMUNAL
2

VILLENEUVE-SAINT-GEORGES
Lucie & Raymond AUBRAC

b
(s

P. aeruginosa CHA P. aeruginosa CHA
Phages + ciprofloxacin synergism Phages + meropenem synergism

T
o M
o
o M

oo

_
E
—
S5
L
Q
=
L

ra =Y on
log CFU/mL

Time (hours)

Phage
e ABT  [=memi= ABT + phage|

Figure 2. Bactericidal synergism between phages and selected antibiotics. Bacterial killing by phage-antibiotic combinations was tested by using 10% PFUs/mL of PP1131

with 2.5-times the minimum inhibitory concentration (MIC) of ciprofloxacin {A) or meropenem (B} (MIC of 0.19 pg/mlL and 0.125 pg/ml, respectively). Each value represents
the mean + S0 of 4-16 independent clots. Abbreviation: ABT, antibiatic.
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With the emergence of multi-drug resistant bacteria the use of bacteriophages (phages) is
gaining renewed interest as promising anti-microbial agents. The aim of this study was to
isolate and characterize phages from human fecal samples. Three new coliphages,
¢APCEc01, pAPCEc02 and APCECO3, were isolated. Their phenotypic and genomic
characteristics, and lytic activity against biofilm, and in combination with ciprofloxacin, were
investigated. All three phages reduced the growth of E. coli strain DPC6051 at multiplicity of
infection (MOI) between 10> and 10°. A cocktail of all three phages completely inhibited ;
the growth of E. coli. The phage cocktail also reduced biofilm formation and prevented the W o N
emergence of phage-resistant mutants which occurred with single phage. When combined

with ciprofloxacin, phage alone or in cocktail inhibited the growth of E. coli and prevented
the emergence of resistant mutants. These three new phages are promising biocontrol
agents for E. coliinfections.
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Fig 6. Effect of a combination of ciprofloxacin HCl and phages $APCEc01, $APCEc02, and
bAPCEc03, alone or in cocktail, on the growth of E. coli strain DPC6051. Each condition was tested in
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Wilbert Sybesma, Reinhard Zbindenz, Nino Chanishviliz, Mzia Kutateladzes,
Archil Chkhotua‘, Aleksandre Ujmajuridze?, Ulrich Mehnert' and Thomas M. Kessler'*

! Meuro-Urcdogy, Spinal Cord Injury Cenfar and Besaanch, Univarsily of Zivich, Balgrist University Hospital, Zich,
Switzariand, © instituto of Modical Microbiology, University of Zirich, Zonch, Switreriand, @ The Biava institute of
Bactariophage, Microbiology, and Virology, Thilisi, Georgia, * Tsulukidze National Cantar of Urology, Thillsl, Georgia

Background: Urinary tract infections (UTls) are among the most prevalent microbial
diseases and their financial burden on society is substantial. The continuing increase
of antibiotic resistance worldwide is alarming so that well-tolerated, highly effective
therapeutic alternatives are urgently needed.

Objective: To investigate the effect of bacteriophages on Escherichia coli and Klebsiella
pneumoniae strains isolated from the urine of patients suffering from UTls.

Material and methods: Forty-one E. coli and 9 K. pneumoniae strains, isolated from
the urine of patients suffering from UTls, were tested in vitro for their susceptibility toward
bacteriophages. The bacteriophages originated from either commercially available
bacteriophage cocktails registered in Georgia or from the bacteriophage collection of the
George Eliava Institute of Bacteriophage, Microbiclogy and Virology. In vitro screening of
bacterial strains was performed by use of the spot-test method. The experiments were

strains varied between 66% (Pyo bacteriophage) and 93% (Enko bacteriophage).

After bacteriophage adaptation of the Pyo bacteriophage cocktall, its Iytic activity
was increased from 66 to 93% and only one E. coli strain remained resistant. One
bacteriophage of the Hliava collection could lyse all 9 K. pneumoniae strains.

Conclusions: Based on the high Ilytic activity and the potential of resistance
optimization by direct adaption of bacteriophages as reported in this study, and in view
of the continuing increase of antibiotic resistance worldwide, bacteriophage therapy is a
promising treatment option for UTls highly warranting randomized controlled trials.

FIGURE 1 | Plaque morphology of Escherichia coli strain #33. Tho figure shows overgrown (partial) lysis (L) in case of Pyo and Intesti bacteriophages and
confiuant (complete) lysis (CL) in case of Sas and Enko bacteriophagas. Al thesa resuts are positive.
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Phages present in gut microbiota

Bacteria and bacteriophages

Translocation to tissues

[ Interactions with immune cells ]

Inhibition of local iImmune and
inflammatory reactions

l Figure 2. Phage-mediated immunoregulation. Phages can downregulate both Th1- and Th2-derived cytokine production by
Inhibition of skin allograft rejection (T4) eliminating bacteria (and bacteria-dependent upregulation of immunity and inflammation). They can also directly control the activity
Inhibition of alloantigen - induced immunoglobulin production  of lymphocytes present in gut-associated lymphoid tissue. Phages that translocate can also act at different tissues (Figure 1).
Mo significant effects on:

intracellular killing by phagocytes

granulocyte and monocyte migration

the expression of CD40, CD80, CD8S8 on monocytes
DC differentiation
granulocyie degranulation

Immune homeostasis

igure 1. The potential role of intestinal bacteriophages in maintaining immune homeostasis.

Andrzej Gorski®'2?, Krystyna Dabrowska', Ryszard Miedzybrodzki'23,
Beata Weber-Dagbrowska'2, Marzanna tusiak-Szelachowska', Ewa

10.2217%Fmb-2017-0049 © Andrzej Gorski Future Microbiel. (Epub ahead of print) Jonczyk-Matysiak®' & Jan Borysowski®
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TABLE 1. Bacterial and Bacteriophage Counts on Lung Homogenates and Data Obtained o4
From Bronchoalveolar Lavage Fluids I r T T | r
2 Hr Post 6 Hr Post Infection 16 Hr Post Infection
Infection —
Uninfected (Without PBS 536 P1 PBS 536 P1 B
Variable Animals Treatment) (Control)  (Treatment)  (Control) (Treatment) 100 ) m
Bacterial count (lung MNA 1.0x 108 83=108 43 10° 48= 108 D43 108 [2.1 x 108
homogenate, CFU/g) [45x10" [5.2x10% [2.0x 107 [2.1 % 10% 1.8x 107
1.6x 107 1.0x 107] 1.3x 105 5.5 x 10]
Bacteriophage count (lung MNA MA 0 88x10° 0 1.1 =100 [2.5 % 107 754
homogenate, PFU/g) [26x 10% 1.5x 10'9p ?F_E -8 Control (n=14)
F o .
14x 107 s £+ Cefiriaxone (n=6)
Bronchoalveolar lavage fluid analysis a 50 - 536 P1 (n=8)

Total nucleated cell count 1.3x105¢ NA 31x108 39x 108 1.0x 10" 10x 107 lﬁ

(cells/mL) 93x10° (£97x10°) (£94x10°) (£23x109 (+45x 109" 2
]

Ratio of polymorphonuclears/ 42/95.8 NA 93.2/6.8 929/78 96.8/3.2 91.8/82 o
monocyte-macrophages (%) (+1.5) (2.7 (+4.2) (+1.8) (+ 4.8F 254

Percentage of phagocytes with NA NA NA NA 26.6 (+ 6.8) 0.6 (£0.2)"
engulfed bacteria (%)

Total protein (ug/mL) 74 (+ 6) NA 140 (£50) 208 (+44) 320 (+62) 304 (+ 76)* 0-

LDH activity (fold change 1 NA 1.3 (£ 03) 13(02) 3907 3.1 (£ 06F i T T T 1 T
comp_ared with noninfected 1] 1 2 3 4 15
condition) Time (days post-infection)

KC/CXCL-1 (pg/mL) 24 (£ 19) NA 14816 17,729 14927 3,487

(£ 3,720) (£ 2,5631) (£1,044) (£ 1,264
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Chandan Kishor?, Raghvendra Raman Mishra*T, Shyam K. Saraf!. Mohan Kumar?, Arvind K. Srivastav*

& Gopal Nath?
Tabte. Bacomiophace gy of e ad chromc stovmyeit bk mode

Group A 37wk 4wk Stk &% wk 7% wk onwards
Background & objectives: Methicillin resistant Staphylococcus aurens (MRSA) are the commonest cause : cLm2 cLxm
of osteomyelitis. The aim of this study was to evaluate the role of an alfernative therapy i.e. application e o oemo e
of 8. aureus specific bacteriophages in cases of osteomyelitis caused by MRSA in animal model. Growpe  Puags g 1 e 12 it on
Methods: Twenty two rabbits were included in this study. The first two rabbits were used fo test the o ?E;mm:i:::mmmm
safety of phage cocktail while the remaining 20 rabbits were divided into three groups; group A (n=4) ; cim camam
to assess the establishment of osteomyelitis; group B (n=4) osteomyelitis developed but therapy started : e e
only after six weeks; and group C (n=12) osteomyelitis developed and therapy started after three weeks. s iz cm camsas

; cur cax camss

Groups B and C rabbits were treated with four doses of cocktail of seven virulent bacteriophages at the . o o o
interval of 48 h. Comparison between three groups was made on the basis of observation of clinical, 5 cire cone cans C2RSHS  Fou b secrifced on day 5 in 6"

week

radiological, microbiological, and histopathological examinations. B o o o e
1 ClR2 C1R2 C1,R2 C2R5H3
Results: Experimental group rabbits recovered from the illness in the subsequent two weeks of the therapy. = o o o e
Group B Phage therspy given om days 13,57
Appetite and activity of the rabbits improved, local oedema, erythema and induration subsided. There et s derved for S weskine.
were minimal changes associated with osteomyelitis in X-ray and histopathology also showed no signs ' e cha e e o
2 ClLER1 C1R2 C1ER3 C1R3 CIR3
of infection with new bone formation. Control B group rabbits also recovered well from the infection. : cre cms cums ciza care
. . . . 4 ClR2 ClER2 ClR3 ClR3 CIR3
Interpretation & conclusions: The present study shows a potential of phage therapy to treat difficult S e ——
. . . . . comical Ern.Jsinn, nsl.Enlysis_ sclerosis, xnd sequestrum formation; R4, cortical mnsum ostealysis, sequestmum fmmxﬁ.n?l al:d arthritis
infections caused by multidrug resistant bacteria. e S e e

All four rabbits of group B were kept for long term observation to sez changes in clinical and radiological features

4. Histopathological slides of group C rabbits showing minimal
mmation at 3rd week (a) and no inflammation with new
1ation at 6™ week (b). Stain H & E. magnification 10x.

Fig.2. Pus culture showing positive result in 2™ (a) and 5th (b) week, negative result in 7th week (c) in group B rabbits.

Indian J Med Res 143, January 2016, pp 87-94
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Baokground: A cockfall of four baci=dophages was constructed, which
ogedmer has broad acthvity against a paned of clinicaly relevant and
diverse Stapibpiococous sureus Isolates. The efoacy of this oockill
was evaluaied vs. vancomycin (Yan) in a 5 aurews lung infection
micadel

Madhode: Neutropenic ICR mice were Inoculsted imtrarasaily (IN) with
B.58 log 10 CAUY In 50 pl of T35, At 2 brs postinfection, S0 pL phage
cockial was administered N o Sree dosage Qroups (n=S) of mice
consizEng of 2610, 2108, ard 25108 PFUIML per prage. A second
ldentical dose was adminisiened IN af & hrs posSnfecion. The
muftiplicity of Infecion (MO of =ach of the 4 phages In e cockiall was
= 5, ~5 and ~0.5 af the 2 hr @me point (Srst sdministrabion).

Wan (100 ma%g) was administered subcufaneoushy at 2 Br and & hr
postinfection io & 4th group. The remaining groups wens infeched, but
untreated. One group of conirol mice was euthanized at 2 b post-
Infection and all offer milce were suthanized at 24 hrs and CRTung
pair delemined.

Regulte: Administrabion of phage cocktal resuited In S, aureus Hiers of
5.0, .16 and 7.2 mean logi0 CFW lusg palrfor the 201010 210108 and
24108 FRUImIL trestment growps, respecively. The bwo highest phage
reatment groups and 'Van demonsirated a significant reduction ip
=0.0001) In lung SFU vs. B 24 hr rontreated control, with miean logio
CFUMung palr decreases of 3.1 , 3.02, and 3.63 (van], respectieely. The
20108 FFEUmL treatment group did not achieve ciatizScal sigrificance
vs. S 24 hr nontreated control {p=0U074) Twenty saven 5. suess
colonies recovered from Hee murine lung infection mode] demonstated
shmiliar sensiivity o the indvdusl phiages and by e £ phage cockial
when comipared 1o the starting strain.

Comslusione: The teo highestdoses of e phage cockial exnibited
eMcacy that was comparable b0 Vam In a 5. aweews lung Infecion model.
Mo svidence of recovery of phage resistant isolates was observed.
These resuits demonsirale the polential therapeufic utllity of phage
therapy In bscieral hurg Infections.

BACKGROUND

4 The rizing Bde of baciedal resistance o anfbioScs has diven 2
renewed Infenest in nowsl Seraples that can crcumvent traditional
mechanksms of neslstance

4 This clinical chalenge has sparked 8 re-sxmminaton of the potendal of
bacteriaphage (phage) Sieragy.

Table 1. 5. aureus Neutropenic Lung Model

1 3 1xiF PFUIphage
2 3 Phage | N | fxiDf PFUiphage | 24mr
3 5 Il PFUphage
4 §  |vancomydn| SC 100 mg'kg 24 hr
5 3 - - 24 hr
§ 5 - - FI

4 Mice wers Immunocompromised with 150 mgikg cyclophosphamide
on day -4 and 100 mgikg on day -1

< Inoculum of .98 logy CFU & aursus UNT144-3 I 50 pl was
deilvered Intranasally io famale ICR mice

< Infection coninols recedwed SO pl FES-Mg diuent at 2 hrs and & hrs
post Infection
- Mean bacieral lung ters were 724 log 10 CRAUWIung pair at 2 hrs
- mcreased bo 9018 o, SFUMANg pair at 24 frs

4 A4dphage cockisl was administzred 2 hre and & hrs post-imfection
using 3 dosing levels. 100 m@fg wancomycin was administered 35 at
2 hrz and & hrs post-infection

4 S0 pL doses of phage mibrwere administered such Sat sach mouse
recaiyed 1610 FFLU per phasge, 16100 FFU per phages, or 12107 PFU
per phage at each time point, acconding b its dosage group.

Al the Bme of the first adminisiration of S0 yL phage mix, fene wene
1.74 ¥ 107 CFWNng palr. Thus, the mullplicEy of Infection was ~&0,
~5 and ~0.5 for e 3 dosage groups at the 2 hres e point wiven the
first phage mily dos= was administensd.

4 In Infected, unreabed controls, the mean log CRMuNg pair Shers
Increased ~ 2 logs between 2 hrs and 24 hrs post-infection (Table 2).

4 Administaton of e teo highest phage cockll concentasons
resubedin 3 iogis CFU reductions compared 1o the 24 hrs control
group and 1 e, CFU reductions compared to bacteria Hbers a8 2 hrs
post-infection

Table 2 Evaluation of 4 phage cocktall vs vancomycin

1%10*PFIiphage BID
1x10" PFUiphage BID
17 PFUiphage BID 782045
Wancomysin 24 hrs E85=14
nfected unireated 24 hrs S1E=0.32
nfected, untreated 2 hrs 7242012

Figure 1. Efficacy of 4 phage cocktail in 5. aureus
lung maodel: statistical analysis of dosing groups

T4

1wl 1w ibt 1A Vencamycin Indectnd  Indecicd
PFUiphage PFUGage PPUphige 100 isghs  2hee M

Lo CFUTmng pair

4 Figure 1 shows a comparison of the difersnt eatment groups that
demonstrated siafstical signFficance as delemined by ANOVA
analysls [Tukey's multiple comparisons best).

4 The 1¥i0* PFUphage amd 1xl 0! FFU/pRage reatment groups
demonstrated & significant reduction in ung CFU v the 24 Brs non-
tresied control (P <0.0001 for both). These wo ineatments were
simliario the wncomycin-treated group.

< Ajthough e 1w’ FFU/prape treatment group also suggesizsd a
trend towans decreased lang Counts, siaistcal signficanoe vs e 24
hrs mon-treated confrol was not achleved [P=0,0745].

4 Twenty seven E. aursus colonies necoverned from the morine kng
Infection model demonsirated similar sensEwEy o P indvidual
phapes and io the 4-phage cockal wihen compared o the starting
strain.

CONCLUSIONS

4+ AS. surews S-phape ookl sdminisisnsd at e two highest dosage
levels demonsirabed eMicacy simllar io vancomyn Ina 5 aun=us lung
midel of Infection.

4 =3 log reductions in mean CFUAERG palr were observed when
compared o the 24 hrs unireabed confrol, and = 1 kog reducions wers
pbserved wes the 2 hrs untrestz=d control

4 MO values of z & PFU per phage at the ime of first administabion
were necessary for eficacy. An MG of 06 was insfMective.

4 These data support the potentisl ulliRy of phage cockballs &5 8
therapeutic agent for 5. sureus lung Infscions.
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Bacteriophaae therapy for the treatment of P. aeruginosa infections in cystic fibrosis patients
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INTRODUCTION RESULTS CONCLUSIONS

AB-PAD1 Phage Mix Hosf Range
Phages were isolated from a varety of environmental sources inAustralia and the UE, using different
protocols a5 previowsly described [2]. Four phages were sefected based on the spectum of activity
aganst a reference paned of 67 distinet CF isolates, with the msmber of isolates tangeted by =2 phages
considersd an important selection criteria. The overall actvity of the selected 4-phage mix AB-PAM s

Chronic lung mfections caused by Pseudomonas seruginosa (PA) are a major
cawse of morbidity and mortality in cystic fibrosis (CF) patients. In some cases
effective antibiotic therapy is no longer available, with multi-drug resistant
{MDR) forms of these bacteria becoming increasingly challenging o reat. Thus,
new alfemative means of controling MOR. PA infections are urgently needed.

= Four phages were isolated and combined into a effectve profotype
phapge mix capable of infecting P aerugingsa clinical isolates collected
arourd the world. The developed 4-phage mix was shown to infect both
antibiotic susceptible/resistant and mucoidnon-mucoid CF sirains.

. . . : ised in Tabde 1.
Bacteriophage (phage) therapy & a potential therapeuic ool for the reatment ST - This study has shown that AB-PAQ1 has 3 broad range of activiy
of bactenal infections. However, due to the specific nature of phages, questions Mumberof  Area (Year of kkolaflon)  Type  AB-PADT % of Aofivity % of kolaies cenciitve to 22 addressing concems that the specificity of phages could make this
hawe been raised about the clinical i of ¥ based products Isclates phagos In mix
P e sed : @wﬁw perced ::: u”;';ﬁ;?'”:' i 25 ::::: mmm'ﬁnﬂﬁﬁlﬂmmgmtr;
We have orevi in the deveh of three &0 AL ZDOTE T o= 533% 250% reformulated overtime as the bacterial populations evolve.
mixes and shown that phages are sficacious in reducing both bactenial load & UzA 2014 EE B Ham - AB-PAD1 administered 3t the three dosage levels demonstrated efficacy
and rﬂmﬁmﬂ::;mmmmﬂmmm[” In this study, mm"ﬁ : u-s.uL:..l':mT?zuﬂ] H;,_FGF :;3’: ij: similar to meropenem ina P aﬂ?&m&mﬁn&lmﬂnﬂﬂdinﬁﬂiﬂn.
expanded the in testing eveloped a bactericphage mix (AB-PAD However, there seems o be a non-significant trend suggesting a
active sgainst relevant cinical PA isolates collscted fom around the word. In 188 Total CF Isalaies 7% 1% possiie dose-dependent effect.
addition, we demonstrated the efficacy of AB-PADT i vive n a murine lung Fr Total Isolates [CF « Mon-CF) ETI% 2145

lehlmdﬂﬂ.bl lﬂ'ﬂtnbﬂtl Mm{ffmhﬂﬁme(ID‘HmﬂJ—_dhw!mh

mmmmm_dhw
dorms. LR Lindsd Hingdorm, AL Scwimin: =
Smes ol Armeoa % ol sdnTh={re sEeEfve solvEeiol N u-_—u:m:-

Murine Lung Infection Modal

In addition, we have confimed the usability of AB-PAD for:
f Clinical use (exclusively lytic, efficacious in vive)
+" Mebulisation (no significant decreasas in fite were observed)
+ GNP Manufacturing (long-term stability, current process optimisation)

The use of phages as therapeutc tools confnues io be a viable opbon for
the treatment of PA infections in CF patients. AmpliPhi Biosciences, in
collaboration with the Brompton Hospital, plan to evaluate the safety and

infection model.
METHODS

In vitro testing: Lytic bacteriophages were isolated from environmental sources |
in Australia and England and their activity screened against a reference
collection of 67 P aeruginosa from CF patients. A prototype combnation of four |

phages was then developed and tested for its activity against 420 global CF p=00002 efficacy of AB-PADT in CF patients.
and non-CF clinical isolates collected between 2007 to 2015. Isolates included '!_
were both anfibicte susceptible/resistant and mucoid’non-mucoid. El REFEREMCES
In vive testing: | CD-1 female mice were inoculated E 1.Pabary, i 2ingh, C., Morales, 5., Bush, A, Alshafl, K, Bikon, O, Alon, E., SmEgman, A
EHB},EEUIMLM 8.2 hﬂ;ﬁm* gﬁ m post mﬂp&}nf - Davier, J. (2095) Ant-Freudomonal bacteriophage reduces imectve borden and

u [Tl WaEs I ‘groups. Iinflammadory response In marnine lung. Aatimicnebial Agents and Chema. 60 (2)c T4&-51.
mice consisting of 7.5¢10°, 7.5x10° and 7.5x10° PFUImL per phage (for 3 total ¥ .
of 1.5¢10%, 1.5¢10, or 1.5x10" PFL administered). A second identeal dose was R FLrRe oy e A (3305, Bacteroenages: Siloay nd Aspleatons. Bcs
admiristered IN at & hrs Pl. Meropenem (23 mg'kg) was adminisiered
subcutaneously at 2 hrs and 8 hrs Pl to a fourth group. A ffth group was ACKNOWLEDGEMENTS
infiected, but treated with the phage diluent. Al mice were euthanized &t 24 hrs T Wi woukd Tke fo thamk cur colesgues: G. Meams, D Rankn, R. Cols for performing the
and CFUNung pair determined. Statistical analysis was performed using Tukey's U’-‘";:'" ’5’1":” ’5'1":” ]"1';'1""‘ I;';"‘* phage testing. K Bofnk, 2. Kalcc and A Alsgim fr technical assistance in phage podecion
rrultiple comparisons test (Graphpad Prism 6, p < 0.05). par per daze o Saze =k " Willam Weiss and the UNTHEC Fre-Cinical Services beam for pefarming the animal work

“AuThor’s Comtact dezals: Sandra Moraias, spmiiiampliphibio.com, 81 () 8005 7834, Ampiehi Blosciences Is 3 public U

and Or Karen 3w for providing experimental imput.
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C’ fﬁﬂﬁgﬁﬁ'ﬂ Efficacy of Iytic Staphylococcus aureus bacteriophage against multidrug-

Joseph Michael Ochieng’ Oduor'?, Nyamongo Onkoba?, Fredrick Maloba*, Washingtone Ouma Arodi?
Atunga Nyachieo'”

Abstract

Introduction: The use of bacteriophages as an alternative treatment method against multidiug-resistant bacteria has not been explored in Kenya.
This study sought to determine the efficacy of environmentally obtained lytic bacteriophage against multidrug-resistant Staphyviococciis auvreuts
(MDRSA) bacterium in mice.

Methodology: Staphviococcuis aureus bacterium and S. aureus-specific lytic phage were i1solated from sewage and wastewater collected within
Nairobi County, Kenya. Thirty mice were randomly assigned into three groups: MDRSA infection group (n = 20), phage-infection group (n =
5). and non-infection group (n = 5). The MDRSA mfection group was further subdivided imnto three groups: clindamycin treatment (8 mg/kg:
n = 5). lytic phage treatment (108 PFU/mL (n = 5). and a combination treatment of clindamycin and lytic phage (n = 5). Treatments were done
at either 24 or 72 hours post-infection (p.1), and data on efficacy, bacterial load, and animal physical health were collected.

Results: Treatment with phage was more effective (100%) than with clindamycin (62.25% at 24 hours p.1 and 87.5% at 72 hours p.1.) or
combination treatment (75% at 24 hours p.i. and 90% at 72 hours p.1.) (p < 0.001).

Conclusions: The results show that the environmentally obtained S. aureus lytic bacteriophage has therapeutic potential against MDRSA
bacterium in mice.

Table 3. End point (day 10) bacteria count (mean log10 CFUl/g + SE) isolate from organs.

Groups Mean logi CFU/mL + SE at day 10 p.i Mean logio CFU/g + SE at day 10 p.i
Treatmentat24  Treatment at 72 hours " ) .
hours post infection post infection Brain Lungs Live
Naive 0.0 0.0 0.0 0.0 0.0
Control phage 0.0 0.0 0.0 0.0 0.0
MDRSA only 80202 9.0£02 72402 7002 9.0=0.2
. - ) . o . MDRSA + clindamycin 3.0£0.2(62.25%) 1.0£0.2 (87.5%) 30202 14202 1.6£02
Figure 2. Survival rates. Figure 3. Blood bacteremia and viremia levels of mice. MDRSA + phage 0.0 (1009%) 0.0 (100%) 00 00 00
1t DRSA + clindamyein + phage 20£02(75%) 0.0 (100%) 0.0 4002 2002
1 MDESA: multidrg-resistant Staphylococeus aureus; p.i.: post-infection.
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Prospects of Phage Application in
the Treatment of Acnhe Caused by

a frontiers
in Microbiology

Propionibacterium acnes

Ewa Joriczyk-Matysiak '*, Beata Weber-Dabrowska "2, Maciej Zaczek’,
Ryszard Miedzybrodzki =3, Stawomir Letkiewicz**, Marzanna tusiak-Szelchowska' and
Andrzef Gorski =2

TABLE 2 | Described phages that are active against PropioniDactenium scnes.

Phage symbaol, total ~ Classification In Brief characteristics Host range and specificity of action  Possible use In
number of Isolated Tamilly phage therapy
phage straing
PHE Sphoviidae Lytiz flack of lysageny genas). Phiage Aoie to lyse P acnas strains, but not ale  High specicty only
Ecketed from skin scrub wash sample 10 lyse other strains that are spert ofthe  against £ acnas end
from paliert. Phage produces ciaar ‘shdn microblome: Fropionibacanum hic IHe: cycle may
plagues wiih furbid centers. granuiosum, Propionbacisnum avdum,  predisposs to use of
Sigphyiococcus apigeTTids, ihis prage In the
Conynabactarium bows [Ferrar et &l {harapy of acne.
2007
PACT-PACTD Mot done Pseudolysogenic e cyde. Lyels of P acnies sirains, butnot yels of B Cebomecrogol oreem
Bocpropionc, ' awdum, P ‘aquecus concentration
cychohexsnicum, F jensenl, £ thosnl, P of phags for potential
ireugenraichil, Naow yic spectrum. ‘application In topical
traafrmant of acna
[Brown et al, 2018).
Phage lzaisied from baciena from skin
‘swab sampie from patient. i did not
contain bactarial vinlkenca feciore.
PAD2-PADYE, Sphovirdae Prasanca of peaudolysogeny. Do not ‘Species spaciic. OntyInlect P acnes, not  Probsibly bad
PASE-PASS? confer Eupernfecton Immurity. oiner sirains ciossy reiated to canadate for phage
Propiontactanum (Lood et &, 2008 tharapy.
P1.1,FO.1, P14 4, Sphoviridas Probahiy the presenca of pseudalysogeny  Broad range of ciinical Eclstes, phaga Marinell et &l 2012)
P100A, P100D, P00, [eck of lysogany-relsted panee) phages.  Immunity If prasant s connecled with e sugpested usa of
PI01A, FID4A, P05 leiated o Nealiny subjects and petiants  presence of chromosomally encoded endalysn—
with acne. Lack of genatic diversity. alements. paptidoghycan
hydrolesas that ae
tacteriophage-
‘encoded entimicrobial
paptides to traat
bacterial infection.
48 phapes, 3., Sphoviidae Pseudoly=Eogenic and/or If cycl, 21 P acnas SirEns fnoiudng clades 1A-1, The eulhors suggested
PHL111M01, phages were isoiabed from patients with -2, 1B-1, and 182) were suscapibie to treat the lsolated
PHLOTMCS, acne, 27 from haafthy voluntears. Phages &l 15 teshad phages. But sirains of clade  phages may be used n
PHLOBOLOG, hewe Imitad dversity In gencme. IB-3, I, I were highly resigtent fo phages.  madulation of
PHLOTIMOZ Moneover, B granuiasum and B awsum Fropionibacterum
wars fesistent i gl tested phapes. Two papulations in human
sirains of P humarusd were susceptible skin [Lu et al, 2015,
10 ol tegted phages, e was suscapibie
10 10 from 15 phagas. Acihity of P acnas
phages includes bachartal strains et are
ciosaly relatad o Proplonibactertum
Spenice.
Dphages: fom P-a-1tc Mot done Lyliz pheges, iWE0genic ones were not Boih Gram-positive Bnd Gram-negalive  Becteropheges were
P-g-3 detected. P-ai to P-&7 were [soisted from  siraing from genera other than ueed io dlstinguisn C.
plaques on P acnes lewn, but P-a-dand  Propbnbscianum were not lysed by ances from C. awdium
p-2-0 Came O SawWags. ihema bactanophages [Dendt, 1974). and C. granukasum,
Lyt Ife cycle may
predisposa to use of
ihis prage In the
{harapy of acne.
15 phages Pohyhedral heeds wih  Lysogenic, Induced with mitomyoin © from  soleted from 2 acnss of heakhy Probabéy bad
fiendhie unsheatned tals 7% of B acnas strains Individuals. Sireins of P aones belonging  canuidale for phage
fo sarotype | were more suscaptble to. tharapy because of
phage than ihose rom sanatyps I WEOgENic Cyck.
{Webster end Cummins, 1978).
12 phages Mot done Lysogenic phages. Phages Bolsted from  Phage of verying hoet range, but nona Bad candidste for
sk swab semple from patient, whilch tyses el subtypes of B scnes. phage therapy baceusa
(el et &l 2003). o WEogenic: cyck,

Propionibactenum acnes is associated with purulent skin infections, and it poses a global
problem for both patients and doctors. Acne vulgans (acne) remains a problem due to
itz chronic character and difficulty of treatment, as well as its large impact on patients’
quality of ife. Due to the chronic course of the disease, treatment is long lasting, and
often ineffective. Cumrently there are data regarding isolation of P acnes phages, and
there have been numerous studies on phage kiling of P acnes, but no data are available
on phage application specifically in acne treatment. In this review, we have summarnzed
the curent knowledge on the phages active against P acnes descnbed so far and their
potential application in the treatment of acne associated with P acnes. The treatment of
acne with phages may be important in order to reduce the overuse of antibiotics, which
are currently the main acne freatment. However, more detailed studies are first needed to
understand phage functioning in the slan microbiome and the possibility to use phages
to combat F acnes.

REVIEW
publizhed: 08 February 2017
doi: 103389/ fmicbh.2017.00164
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VVibrio cholerae infection in animal models

Lucie & Raymond AUBRAC

Minmin Yen'2*, Lynne S. Cairns'* & Andrew Camilli

Effective prevention strategies will be essential in reducing disease burden due to bacterial

infections. Here we harness the specificity and rapid-acting properties of bacteriophages as a a I - 1 b
] ) ) ) o 10° 103! =
potential prophylaxis therapy for cholera, a severely dehydrating disease caused by Vibrio 1o -2 1
cholerae. To this end, we test a cocktail of three virulent phages in two animal models of % 108 % ms: .
o . _— . @ . H] u
cholera pathogenesis (infant mouse and rabbit models). Oral administration of the phages up z 108 2 o E 10°
= . = -
to 24 h before V. cholerae challenge reduces colonization of the intestinal tract and prevents :;5; 100 ¢ - E 10* 4 —-:'-— "=
cholera-like diarrhea. None of the surviving V. cholerae colonies are resistant to all three g 10° g 103! R
3 402 -0 * 3 42 ] al
phages. Genome sequencing and variant analysis of the surviving colonies indicate 5 101 ™ 5 101!
that resistance to the phages is largely conferred by mutations in genes required for the :Eﬂ —r— :EU !
production of the phage receptors. For acute infections, such as cholera, phage prophylaxis %cg: @{\' c?q; @‘f; ﬁ\ @q’\ & o> \p,}\
could provide a strategy to limit the impact of bacterial disease on human health. ,;pé\ N dzu‘f‘ N {jzdf‘
b
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Phage therapy: assessment of the efficacy of a bacteriophage isolated in the treatment of

salmonellosis induced by Salmonella enteritidis in mice.

Mikkhahi F', Soltan Dallal MM™-2, Alimohammadi M?, Rahimi Foroushani A*, Rajabi Z2, Fardsanei F', Imeni SM%°, Torabi Bonab P2

4+ Author information

Abstract

AIM: This work aims to isolate and perform comparative studies of a phages active against a Salmonella enteritidis strain from Iran. Also,
suitable phage candidates for therapy of mice will be selected.

BACKGROUND: Bacteriophage is of particular interest as a biocontrol agent in the prevention of food-borne ilinesses. In recent years tend to

use bacteriophages to control pathogenic bacteria has increased. A bacteriophage is considered to be a potent antibiotic alternative for
treating bacterial infections.

METHODS: the specific phages against Salmonella Enteritidis was isolated and candidates for therapy of mice will be selected. Mouses
divided into the six specific groups. Groups of mice were as follows: A: Bacteri (control) B: Bacteri+ bacteriophage (Simultaneous), C: Bacten
+ bacteriophage Four days later, D: Bacteriophage + bacteri four days later E: Bacteri+ Ciprofloxacin (Simultaneous) F: Bacteri+
ciprofloxacin+ bacteriophage (Simultaneous).

RESULTS: In this study, a lytic bacteriophage is isolated and it shows that phage has a head size of 46 nm and without a tail, by using an
electron microscope. Oral administration of a single dose of 2 x 109 PFU/mouse bacteriophage enable to protect mouse against
salmonellosis and it causes treatment of salmonellosis in mice.

CONCLUSION: The use of this phage compared to ciprofloxacin shows that in addition of the treatment of mouse, it also prevents weight loss.

KEYWORDS: Bacteriophage; Isolation; Salmonella enteritidis

PMID: 26702137
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weweeoss | Experimental phage therapy against haematogenous
multi-drug resistant Staphylococcus aureus
Hneumonia in mice

] MDRsA. Control

10 [ MDRsA + Clindamycin

B noRrsA + Phage

n MDRSA + Clindamycin + phage

¥ %

Log,,CFU/gm

Groups

MDRSA, multidrug-resistant Staphylococcus aureus.

MDRSA, multidrug-resistant Staphylococcus aureus.

FIGURE 5: Mouse lung tissue slides (40x magnification). Tissue from non-infected, non-treated mice (A) and phage-infected, non-treated mice (B) were well ventilated.
Tissue from MDRSA-infected, non-treated control mice (C) had pockets of serous fluid (pneumonia) (1), lymphocyte-infiltrated (inflamed) septa (2), deflated alveoli (3)
and alveoli full of mucus (4). Tissue from MDRSA-infected, clindamycin-treated mice (D) had pockets of pneumonia (1), inflamed septa and perivascular fibrosis of blood
vessels (5). Tissue from MDRSA-infected, phage-treated mice (E) was well ventilated with resolved inflammation. Tissue from MDRSA-infected mice treated with a
combination of clindamycin and phage (F) had pockets of pneumonia (1), inflamed septa (2) and deflated alveoli (3).

African Journal of Laboratory Medicine
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Manufacturer:

JSC Biochimpharm

Addres: Gotua str. 3, Tbilisi 0160. Georgia.
Phone: +995 32 2 244777 +995 32 2 244778
Fax: +995 32 2 380895

E-mail: biochimpharm(@geophage.ge
Web-site: www.biochimpharm.ge

State Registration No R-001875

Renewal: March 2010

Approved by Order of the Head of Drug Agency
of the Ministry of Labour, Health and

Social Affairs of Georgia

Ne 40/adm, January 29, 2008

EPY

BACTERIOPHAGUM PYOCYANEUM LIQUIDUM

Quantitative composition

PHAGESTTI 1s presented as a liquid and 1 ml product contains:
Bacteriophagum Shigella;

Bacteriophagum Salmonella:

Bacteriophagum E.Coli:

Bacteriophagum Proteus (vulgaris, mirabilis):
Bacteriophagum Staphylococcus:

Bacteriophagum Pseudomonas:

Bacteriophagum Enterococcus;

Each quantity not less than - 105;

Recommendation dosage scheme for treatment:

Age Per oral administration Per rectum (enema)
up to 6 month 5ml X la day S5ml X 1aday
6 to 12 month Sml X2aday 10ml X1 aday
1 to 3 years Sml X 3 aday 20ml X 1 a day
3 to 8 years 10 ml X 2-3 a day 30ml X 1 aday

SALMONELLAE T

e
- T —— oo

TABULETTAE BACTERIOPHAGUM

TAﬂﬂlE TTAElBAL‘ TERIOP)

— " PHAGEDYS

TABULETTAE BACTERIOPHAGUM DYSENTERICUM

= PHAGETYPH

BACTERIOPHAGUM SALMONELLAE TYPHI

PHAGESAL

TABULETTAE BACTERIOPHAGUM SALMONELLAE

PHAGESTAPH

BACTERIOPHAGUM STAPHYLOCOCCICUM LIQUIDUM
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Bacteriophages
Pseudomonas aeruginosa bacteriophage Intesti-bacteriophage
Coliproteic bacterjopliage Pyopolyphagée (pyobacteriophage combined, liguid)

Staphylococcal bacteriophage Pyobacteriophage polyvalent, purified®

Dysenteric bacteriophage, polyvalent

SEXTAPHAGE P (pyobacteriophage polyvalent)
Klebsiella bacteriophage, polyvalent, purifi..

Klebsiella pneumoniae bacteriophage, purified INTESTI-BACTERTOPHAGE

Klebsiphage (Klebsiella pneumoniae bacteriophage )| solutionfororal and rectol use

Coli bacterioph
ofr bacteropiiage Mixture of filtrates of phagolysates active against Shigella flexneri 1, 2, 3,4, 6 serovars and

Proteus bacteriophage Zonngi, salmonellae of paratyphoid A and B, typhimurium, cholerae suis, infantum, oranienburg,
Salmonellosis of ABCDE groups bacteriophage enteritidis; enteropathogenic colibacillus of etiologically significant serovariants, enterococci,
staphylococci, Pseudomonas aeruginosa, Proteus vulgaris and mirabilis. Intesti-bacteriophage

Streptococcal bacteriophage possesses the ability to specifically lyse the above-mentioned bacteria.

Contents lists awvailable at SciVerse ScienceDirect

Virology

E1L.SENVIEBER journal homepage: www elsewvier com/locate/ywiro

Safety analysis of a Russian phage cocktail: From MetaGenomi .
analysis to oral application in healthy human subjects
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Bernard Berger #, Sayeda Huq P, Lutz Krause *', Rodrigo Bibiloni -, Bertrand Sch
Gloria Reuteler #, Harald Briissoww &% :

= Nescld Research Ce nire, Nestec Lrd Vers—chez-les-Bilanc, CH- OO Lawsarre 26, Switzeriarnd
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IBSS BIOMED S.A.

BSS BIOMED S.A., @ Polish bictechnology Company,
an expert in probiotics and vaccines
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The GMP (Good Manufacturing Practice) System that is in place at the company guarantees that
the products manufactured by IBSS BIOMED S.A. fully meet quality and safety standards.

Our products are a resulf
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Quality-Controlled Small-Scale Production of a Well-
Defined Bacteriophage Cocktail for Use in Human
Clinical Trials
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Phagothérapie

Quality and Safety Requirements for Sustainable Phage Therapy

Products

Jean-Paul Pimay - Bob G. Blasdel - Laurent Bretaudeau - Angus Buckling « Nina Chanishvili « Jason R Clark » Sofia Corte-Real -
Laurent Debarbieux « Alain Dublanchet « Daniel De Vos « |éréme Gabard « Miguel Garcia « Marina Goderdzishwili « Andrzej Gérski «
John Hardcastle « lsabelle Huys « Elzabeth Kutter « Rob Lavigne « Maia Merabishvili « Ewa Olchawa « Kaarle ). Parkka « Olivier Patey
Flavie Pouilot » Gregory Resch« Christine Rohde « Jacques Scheres » Mikael Skurnik « Mario Vaneechoutte « Luc Van Parys
Gilbert Verbeken « Martin Zizi -+ Guy Van den Eede

Tablel ExpertCorsernsus Qualty and Safaty Bequirements for Sustainable Phape Therapy Produds

A. Production emaronment

When producton actiities indude the procesing of intermediate, bulk or finished phage produds exposed to the emdronment, this must take place in an
emaronment with spedhed ar quality and deanliness in order to minimize the nsk of contfaminabion. The eflectveness of these measures must be valdated and
monitored. Where intermediate, bulk or finshed produds are exposed to the environment dunng processing, without a subsequent microbial inadhvation
process, an air quality with partide counts and microbial colony counts equnalent to those of Grade A as defined in the cumment BEuropean Guide to Good
Manufacturing Practice (GMFP), Annex | and Directive 2003948 C is required with a background ervironment at least equivalent to GMP Grade D in terms of
partides and microbial counts. The bicsafety lewvel (B5L) 5 determined by the host bactena used in the produchion proceses (eg., BSL-2 for Pssudomonas

OELGN0Sa).
C. Quality Assurance and Quality Control (A specificabons
Preducts/charactenstics Control test Limits of acceptance Recommended test procedures

C.|. Host bacteria used in produdion (stodk suspensions)
The bacteral hosts used in the produdion process — with the exception of seledion, adaptation and effidency of plating (EOP) and host range determination
should be as safe (or least pathogenic) as feasible.

Cingin Document pedigree/ Krnowm ongin Soreening of saentific iterature, lab
history /pathogenicty books, consignment letters,..
leaas]

ldentfication ldentification at the spedes Matching spedes and strain identification * State of the art dinical microbiclogy

and strain levels techniques

* Highly discriminating {moleculary
gEnomic) byping techniques (eg.,
MLST, AFLF, PFGE, Rep-PCR, )

As few spontanecushy produced {(or by * [rv witro induction methods

Maost often itwill not be possible to find or  * Induction of phages

quickly generate a suitable host
bacterium that is free of prophages or
phage-like elements, but one should
navertheless strive o use non-lysogenic
strains, containing as few phages or other
phage-like elements of genetic exchangs
LI, 12] as possible

Aosoid mutator strairs as host bacteria

Validated presenationStorage (oryopreser-
wvaton, freeze-drying, ..)

.2, Bactenophages {Master Seed lots)

Oinigin

* Host genome screening
for phage or phage-like

elements

Soreen for mutator strains in
case of doubt

Monitor storage conditions
(eg.. temperature)

induction} temperate phages, complete
prophage sequences or phage-like ele-
ments as possible®

Mo miutator strain

“ariable, depending on the presenation
method

* Known ongn

(Mitormycine C [1 3] or UW
induction)

* State of the art DMNA sequenang and
anahsis (bicinformatics) procedures

State of the art tests (e g, fosformydn
and riampicn Disk Diffusion Tests)
[14]

“ariable (e g.. temperature probes,
t=mperaturs indicator labels, ..)

Pharm Res
DOl 101007 s 1095-014-161 7-7
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PHERECYDES
PHARMA

2014 2015

Anti E. Coli / Anti P. aeruginosa : infections des brllures & de la peau

PPO121 'l S ‘1 Coli Phase 11

& Pragodurn 1 b
- GMP
PP1131 oo PSEUDO Phase /I
|

|
Anti P. aetuginosa : infections réspiratoires
| |

PP1231 R&D |
(&) PreamoPhage | — |

Anti Staptiybeoques : infections osseuses, articulaires, prq'théses...

i Fagonna
:

Tail Ping

Hexagonal Base Plate

Pipeline des produits en développement de Pherecydes Pharma




COMPANY

LOCATION

PRODUCTS

APPLICATIONS

IN TRIALS?

AmpliPhi

ContraFect
Corporation

EnBiotix

EpiBiome

Fixed-Phage

Intralytix

Micreos

Novolytics

Pherecydes

Synthetic
Genomics

TechnoPhage

Richmond,
Virginia

Yonkers,
New York

Cambridge,
Massachusetts

San Francisco,
California

Glasgow,
U.K.

Baltimore,
Maryland

Wageningen,
Netherlands

Warrington,
U.K.

Romainville,
France

San Diego,
California
Lisbon,
Portugal

Bacteriophage
lysins

Engineered
phages

Natural phage
cocktails

Natural phages
fixed to solid
surfaces

Natural phage
cocktails

Bacteriophage
lysins

Natural phage
cocktails

Engineered
phages

P. aeruginosa lung infections
in cystic fibrosis; S. aureus
wound and skin infections; C.
difficile gastrointestinal
infections

S. aureus bacteremia

Staphylococcal infections of
prosthetic joints

E. coli and Shigella

dysenterige diarrheal
infections in children

MRSA wound infections

S. aureus, P. aeruginosa, E.
coli wound infections; irritable
bowel disease

S. aureus and MRSA skin
infections

MRSA skin infections

E. coll and P. aeruginosa burm
and skin infections; P.
aeruginosa respiratory

infections; S, aureus
bone/joint/prosthetic
infections

Infections in burn wounds,
skin, and cystic fibrosis

Chronic ulcers, respiratory
and skin infections

Phase 1
approved
November
2015

Phase 1
launched
April 2015
Preclinical

Preclinical

Preclinical

Preclinical

Preclinical

Preclinical

Preclinical



"N CENTREHOSPITALIER
| \’ INTERCOMMUNAL

s oo PROJETS Lprsoineisi
STAPHYLOCOQUES ET OS

® PHOSA | 2015-2016 |

Cocktail de bactériophages pour lutter contre certaines infections bactériennes ostéo-
articulaires provoquées par Staphylococcus (aureus et epidermidis)
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Comparaison phage-antibiotique

Phagothérapie

Phagothéraple Antiblothéraple
Mode o action ef Un phage se multiplie dans le foyer infectiews, Jil Antibictigues (ATB) métabolisés in vivo et
pharmacologs disparait avec la bactérie. Dose unigue diffusion vanable
théoriquement suffisante Pharmacologie des ATB connus
Spécifiorte Un phage s'altague a une espéce bacténennell Un ATE a large spectre est actif sur plusieurs
pathogéne ciblée 2 respect des flores especes bacténennes = non-respect des flores
commensales (diarrhée, mycoses)

Eifefs secomndaires Rares effets secondaires (figvre, céphalée) Nombreux effets toxiques (digestifs, allergiques,
neurclogiques, rénaux, cardiagues, tendinewx,
efc)

[fmpact emaronnamenta’ Faible si les phages sont naturels Important si Femploi massit (uilisation dans

Inconnu si phages génétiqguement modifiés I€levage)
Limitas Bacterie pathogéne doit &tre isolée Confre-indications connues (toxicite)
Résistance R aux phages peut apparaitre en cours de Les H aux ATE en augmentation pour foutes les
trarterment —» utiliser plusieurs phages espéces et pour tous les ATE partout dans le
(= cocktail =) monde. Les R sont souvent mulfiples
Les phages restent achfs sur les bactéries R
aux ATE et ne les sélectionnent pas
Froduction ef codt Phage naturel peu colteux, rapidement Mise sur le marche ATE longue et coliteuse —»
utilisable —» intérét pour les pays a faibles colit excessif pour les pays en voie de
ressources développement
Phage genétiguement modifié coltewx = Désintérét actuel de 'industne phamaceutigue
brevet possible, délai, disponibilités ?
Effficacie Efficacité prouvée dans de nombreuses Efficacité si les indications sont bien posées
etudes exemples animales, Echec si bactérie R ou non isolée
études exemples humaines rares et limitées Etudes exemples rigoureuses avec autorisation
de mise sur le marché

Indications Indications mal définies et n'existe aucune Prescription ATE standardisée, nomes et

standardisation pour utilisation des phages indications bien etablies (référentiels)

Réglementation Phages, biomédicaments, absents des textes Réglements bien adaptés pour fabncation et

de la santé publigue

utilisation des ATE
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MODES D'ADMINISTRATION

GEEPhage

Phagothérapie

Recent advances in bacteriophage therapy: how delivery [[{]

routes, formulation, concentration and timing influence

the success of phage therapy

Elizabeth M. Ryan, Sean P. Gorman, Ryan F. Donnelly and

Brendan F. Gilmore

School of Pharmacy, Queens University Belfast, Belfast, UK
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Figure 1. This figure, based on the data in the 1943 mouse studies of
Rene Dubos,™ provides significant insight into why phage therapy
works well even in treating infections that antibiotics can't reach. When
he injected the mice intraperitoneally with 10° phages, they quickly
appeared in the blood stream, entering the brain, hﬁth»ﬁﬂyr were rapidly
cleared. However, if the mice were also injected intracerebrally with
Shigella dysenterige, the host for these phages, then 46/64 of the mice

survived (as compared with 3/84 in the absence of appropriate viable
phage) and the brain level of phage climbed to over 10° per gram. Once
the bacteria were cleared, phage levels dropped below detection limits.

—m— MNormal Blood
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® Infected Blood

==0==|nfected Brain
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Luce & Raymond AUBRAC in Microbiology of Gastric Juice Barrier by a
e e iy B Therapeutic Staphylococcal
Andrze] Sors Bacteriopha

AS5/80 phage 12000 Ranitidine i.v. so0ca Omeprazole v
10000 SD000
E E 2000 = p gamm - Controd
m contra
5 000 2 mekg & 30000 28 meikg
r— = = "5 mg/kg
= a =
] = g0p0 =10 madke & 20000
= £ oo £ =10 makg
g 2000 10000
=
= o a
duadenurm small intestine duadenurm small infestine
{middle part) (rviddle part)
- " 16000 T :
Ranitidine p.o. anoan Alugastrin p.o,
14000
23000
= 12000
£ T
& 10000 = Contral g Ao = Contral
i & 15000 =5min
T4 phage & 8o -5 make 5
P g & 6000 w25 midke g'mooo =15 min
E £ m30min
5 aooa =75 Mk =
= 2000 5000 T
E a o -
= duodenum srmall intesting duadenum small intestine
E {middie part) {mididie part)
o
g soon Yoghurt p.o. so0a Milk p.o.
= 2000 - ano0
%awo = Control ? 3000 = Contral
s, 2000 S ity Zzuw = 1min
% 1000 = 10 min g 1000 10 fmin
FIGURE 1 | Effect of acidity on phage survival. *Phosphate bufforod o o | I S IS
saling (pH 7.4) was used as control. The phages wera incubated in buffers at duadenum nkiche pact duedentm e
37=C dor 60 rmin.

FIGURE 2 | Influence of ranitidine, omeprazole, Alugastrin, yogurt, and milk on A5/80 phage ability to survive in the stomach and to pass into the
small intestine. Samples for phage titer determination were taken 20 min after oral administration of 0.5 ml of phage lysate (107 piwml). Groups of animals differad

TABLE 1 | Comparison of the bioavailability of A5/20 phage at different time points after itz oral versus intravenous administration to rats.

Timea since the phage Phage titer after oral administration [pfu/mi] Phage titer after intravenous administration [pfuw'mi]
administration
EBlood Liver Elood Liver

n Meaan n Mean n Mean n Mean
1h 2 0 2 O 3 45t 2 419+
2h 3 a 2 O 1 S0 - -
4h 2 0 2 0 1 180 1 33
18 h 2 0 2 0 1 5 1 5

Al animale received phage st dose of 2 = 108 pfu {in 1.0 ml of phage lysats). Alugastin (1.0 mi) was appfied 15 min bafore the phage adminisfration. T, min. -max.
vala: 405555 piu. ¥, min.-max. valua: 3734985 piu. No phage was dafected neithar in bdood nor fvar in @ controd group of hwo animals [non-traated with the phagal.
M, number of tested animals.
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Lucie & Raymond AUBRAC

Phage matching § Formulation
(isolation or development
modification) (or modification)

Etiology

identification Treatment

Personalized phage therapy or phage bank
(autophage, bespoke, sur-mesure)

Custom formulation development

Phage matching B Formulation
(isolation or development Treatment
modification) (or modification)

Etiology
identification

Restart of process given bacterial resistance to treatment

© 'Typlcal Georgian approach
(single cocktail, modifiable)

Etio Phage matching Formulation
ide k’gl. ; y tion (isolation or development
modification) (or modification)

Treatment

-

Cocktail reformulation given bacterial resistance
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Table 2. Models of formulation for antibacterial treatment.

Type of Approach Antibacterial Personalized Prior to use Breadth of | Flexibility Flexibility
formulation types used per medicine characterization | spectrum of | (to bacterial (in spectrum
formulation of infectiont activity resistance)*  of activity)®

Phage bank Sur-mesure 1 +++ + +4++ +++
(monophage)

Personalized Sur-mesure
cocktail

Cocktail bank  Sur-mesure
Via prét-a-
porter
Single cocktail Prét-a- =1 or »>1 - -
porter
Typical Prét-a- 1 - +
antibiotic porter
Narrow- Prét-a- 1 + >+
spectrum porter
antibacterial®
Single cocktail Prét-a- >1 or >>1 - +
porter but
modifiable
fDegree to which etiologies must be identified to achieve reasonable likelihood of treatment success.
*Potential fo respond, in a clinic, to treatment failures resulting from infection resistance to a given phage formulation.
fPotential for modification of formulation used for treatment over subyear time scales.
"Should phages prove able to adapt in vivo to resistant bacteria, then this designation may be modified towards increased flexibility; see [28] for discussion of this
potential.
#Such as monocional antibodies [100], enzymes [101] or bacteriocins [102]; proposed characteristics assume that the antibacterial diversity of such agents is small
relative to that of phages.
"This designation refers to an inability to respond to resistance in specific patients when using a fixed cocktail, but nonetheless that such patients may be
subseqguently treated given sufficiently rapid updating of otherwise modifiable cocktail formulations by manufacturers.
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A AT M Pseudomonas aeruginosa for Their

Application to Children Suffering
With Cystic Fibrosis

Victor Krylov™, Olga Shaburoval, Elena Pleteneva’, Maria Bourkaltseval,
Sergey Krylov?, Alla Kaplani, Elena Chesnokova’, Leonid Kulakovz, Damian Magillz2 and
Olga Polygach’

! Laboratory for Genefics of Bacteriophages, Department of Microbiology, LI, Mechnikov Research Instifute for Vaccines and
Sera, Moscow, Russia, * Medical Biology Centre, School of Biological Sciences, Gueen's Liniversity Belfast, Beffast, UK

for the growth of bacteria of various species. At the early

stages, staphylococcal infection is the major culprit, followed by
P. aeruginosa domination (Kosorok et al,, 2001). The production
of alginate by these bacteria, an extremely viscous polysaccharide,
by these bacteria promotes the proliferation and survival of
other hazardous species, such as Burkholderia sp., worsening | ==~
the overall prognosis (Henry et al., 1992; Lynch and Dennis, S

During the course of infection a gradual change in the

agreement of physicians in CF unit to collaborate in the study (for request of grant support).

properties of the primary infecting strains of P. aeruginosa
takes place, manifested by a decrease in their pathogenicity and
virulence, as well as increased sensitivity to the lytic effect of
bacteriophages (Friman et al., 2013; Cullen et al., 2015). Moreover
these strains, being adapted to the conditions of the lungs, are
influencing the expression of the pathogenic properties of other
species in the concomitant microflora (such as Burkholderia
multivorans, Burkholderia cenocepacia, Pandoraea pulmonicola

FIGURE 8 | Diversity of

on lawn

phiCHU

PAO1

P aer

plaques. Baris 1 cm.

and Pandoraea apista) significantly lowering them.

The replanting of phages from clear (a),
turbid (b) or semiclear (c) plaques again leads to production of all types of

Frontiers in Microbiology | www.frontiersin.org 1

October 2016 | Violume 7 | Article 1631

FIGURE 1 | Official permission for application of phage therapy in CF unit of The Central Republican Children Clinical Hospital, Moscow, Russia and
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Clinical Aspects of Phage
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f Phage Tlflefaﬁ‘,; Unit, Ludwik Hirszfeld Institute of Immunology and Experimental Therapy, Polish Academy

of Sciences, [Wroclaw, Poland

Ivances in

TABLE Il  Status of bacteriophage collection of the Institute of Immunology and

VIRUS RESEARCH

'

Experimental Therapy (May 2011)
Bacteriophage host Number of phages
Escherichia coli 121
Klebsiella pneumoniae or Klebsiella oxytoca 95
Enterococcus faecalis or Enterococcus faecium 73
Enterobacter doacae 48
Shigella flexneri or Shigella sonnei 39
Citrobacter freundii 38
Pseudomonas aeruginosa or Pseudomonas fluorescens 37
Salmonella enteritidis or Salmonella typhimurium 32
Stenotrophomonas maltophilia 18
Serratia marcescens or Serratia liquefaciens 17
Proteus mirahilis 17
Morganella morganii 14
Staphylococcus aureus 7
Acinetobacter baumannii 5
Burkholderia cepacia 2






Gender Males: n = 89
Females: n = 68
Median age Males: 44.5 (21-79) years
Females: 47 (20-82) years
Total: 46 (20—-82) years
Diagnosis Genital and urinary tract infection in men: chronic bacterial prostatitis (n = 14); urinary
infection (1 = 10); chronic bacterial prostatitis /urinary infection (n = 6)
Genital and urinary tract infection in women: urinary infection (n = 14); vaginal infection
(n = 3); urinary/vaginal infection (n = 5)
Soft tissue infection: postoperative wound infection (n = 6); leg ulcer (n = 8); abscess,
phlegmon, or empyema penetrating to the body cavities (1 = 5); deep tissue infection
(n=11)
Skin infection: external ear infection (n = 4); unspecified local infection of skin (1 = 3);
atopic dermatitis complicated by staphylococcal infection (n = 1); acne (n = 1); eczema
(n = 1); furunculosis (n = 1)
Orthopedic infections: prosthetic joint infection (n = 8); osteomyelitis (n = 22); joint
infection (n = 5); osteomyelitis/joint infection (n = 2); discitis (n = 1)
Respiratory tract infections: upper respiratory tract infections (n = 17); lower respiratory
tract infections (n = 4); upper and lower respiratory tract infections (n = 3)
Other: internal ear infection (n = 1), recurrent bacteremia (n = 1)

Pathogens causing the Monoinfections: S. aureus (n = 76, including seven MRSA cases); S. haemolyticus (n = 1);
infection E. faecalis (n = 17); E. coli (n = 15); P. aeruginosa (n = 13); P. putida (n = 1); E. cloacae (n = 1);
K. pneumoniae (n = 1); Salmonella group C (n = 1)
Polyinfections: S. aureus (MRSA)/S. mitis (n = 1); 5. aureus /A. junii (n = 1); 5. aureus/
E. cloacae (n = 1); S. aureus /M. morganii (n = 1); S. aureus / P. aeruginosa (n = 1); E. faecalis /
K. oxytoca (n = 1); E. faecalis /C. freundii (n = 1); E. faecalis/E. coli /K. oxytoca (n = 1);
E. faecalis /P. aeruginosa (n = 1); E. faecalis/P. vulgaris (n = 1); E. faecalis/ 5. aureus (n = 1);
E. faecalis /coagulase negative staphylococcus (n = 1); E. coli/E. faecalis (n = 9); E. coli —
two different strains (n = 1); E. coli /K. preumoniae (n = 1); P. aeruginosa /5. aureus (n = 1);
P. aeruginosa/S. aureus/ P. vulgaris (n = 1); P. aeruginosa/S. maltophilia (n = 1);
P. aeruginosa /group F B-hemolytic Streptococcus (n = 1); P. aeruginosa/A. baumannii
(n = 1); P. vulgaris/E. coli/E. faecalis (n = 1)
Concomitant antibacterial Antibiotics/chemotherapeutics: n = 31
treatment Antibiotics/chemotherapeutics and disinfectants: n = 6
Antibiotics/chemotherapeutics and herbs or supplements for treatment of urinary
infections: n = 4
Disinfectants: n = 3
Number of patients included Patients for whom information on the treatment effect was available: n = 153
in analysis Patients for whom at least one laboratory result during PT was available: n = 154
Patients for whom complete information on cumulative treatment duration was available:
n =49
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Genital and  Genital and
urinary tract  urinary tract Respiratory
infections in  infections in | Soft tissue  Skin Orthopedic  tract
men” women” infections®  infections” infections®  infections”
(n =29) (n =22) (n=30) (n=10) (r=137) (n = 24)
Category of response to treatment n % n % n % n % n % n %
A - pathogen eradication and/or recovery 11  37.9 3 136 5 167 0 00 7 189 2 83
B - good clinical result 2 6.9 0 0.0 2 67 2 20 3 81 3 125
C - clinical improvement 1 34 5 227 4 133 1 100 7 189 2 83
D - questionable clinical improvement 2 6.9 0 0.0 2 67 0 00 3 81 3 125
E - transient clinical improvement 5 172 4 182 8 267 5 500 8 216 3 125
F - no response to treatment 8 276 10 455 6 200 1 100 7 189 7 292
G - clinical deterioration 0 0.0 0 0.0 3 100 1 100 2 54 4 16.7
Good response (total A-C): 14 483 8 364 | 11 367 3 300 17 459 7 292
Inadequate response (total D-G): 15 517 14 636 | 19 633 7 700 20 541 17 70.8
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I Formellement déconseillé Vigilance renforcée
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Votre voyage thérapeutique a Tbilissi

SE SOIGNER EN GEORGIE

69 Sanavardo Street 0104 Thilissi Georgia

Alain LAVIT

Teél : 00995 322 981 995

¢ Se soigner

Mail : contact@sesoignerengeorgie.com

en Géorgie

Quantités Prestations Prix en €/UNITE Prix en €/TOTAL
Sommaire 2 Vols Paris 14h15 Thilissi 02h55-Bagages inclus 240,77 € 481,54 €
Page 2 SOMMAIRE ET RAPPEL DE VOS BESOINS 1 Transfert Aller- Aéroport o€ 0€
Page 3 VOTRE PROGRAMME
1 15 Transferts Appartement-Institut Eliava 200€ 200 €
Page 4 LOCALISATION
Page 5 VOTRE APPARTEMENT 21 Jours Appartement a Thilissi 48 € 1008 €
Page6 VOTRE APPARTEMENT 1 Analyse Institut Eliava 120€ 120¢
Page 7 VOTRE APPARTEMENT 420 €
, 15 Accompagnateur francophone pour 15 jours 28e
Page 8 L'INSTITUT ELIAVA
Page 9 VOTRE TRAITEMENT 1 Traitement Phagothérapie 3 semaines a L'Institut Eliava 3630€ 3630€
Page 10 VOTREWEEK END TOURISTIQUE
Q 1 Transfert Appartement - aéroport pour 2 personnes D€ 0
Page 11 VOTREWEEK END TOURISTIQUE
Page 12 VOS TRANSFERTS 2 Vols retour Thilissi 06h20 - Paris 13h25 Bagages inclus 0,00€ 0,00€
Page 13 VOS TRANSFERTS - VOTRE ACCOMPAGNATEUI Option Massage bains turcs privatisés-Transferts inclus 50€ 0
Page14  LES OPTIONS , Journée de visite de Thilissi avec guide + transferts +
Option taurant 96€ 0
Page 15 VOTREBUDGET res
Page16 COORDONNEES Option Diners chez I'habitant (transferts inclus) 30€
Prix total 5 859,54€
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Développement d'un tourisme médicale sans
prise en charge financiere:

- colt du transport

- colt du logement et séjour

- colit des traductions

- colit des traitements médicaux, voir chirurgicaux
- securité sanitaire (BMR, BK XDR)

Neécessité d'une mobilité suffisante, d'un
accompaghement. .

éloignemen'l' familial et social prolongeé
—> INEGALITE DEVANT LA MALADIE
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Declaration d'Helsinki de L'AMM - Principes
éthiques applicables a la recherche meédicale
impliquant des etres humains

Interventions non avérées dans la pratique clinique

37. Dans le cadre du traitement d'un patient, faute d'interventions avérees ou faute
d’efficacité de ces interventions, le médecin, apres avoir sollicité les conseils d'experts
et avec le consentement éclairé du patient ou de son représentant légal, peut recourir
a une intervention non avérée si, selon son appréciation professionnelle, elle offre une

chance de sauver la vie, rétablir la santé ou alléger les souffrances du patient. Cette
intervention devrait par la suite faire I'objet d’'une recherche pour en évaluer la sécuritg
et l'efficacité. Dans tous les cas, les nouvelles informations doivent étre enregistrées
et, le cas échéant, rendues publiques.

QUE DIT LE COMITE NATIONAL D'ETHIQUE ? ..... RIEN
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IMPASSES THERAPEUTIQUES
COOPERATION ANTIBACTERIENNE

* Action lytique rapide exponentielle des phages

* Action lytique curative et préventive sur les
biofilms permettant la libération planctonique
des bactéries

* Suppression de I'effet délétere des biofilms
(notamment sur I'apoptose des ostéoblastes)

* Effet synergique avec les antibiotiques




Cas 1: Homme de 45 ans
Polytraumatisme le 10 février 2005 (37 fractures)

avec ostéite chronique du pied a SARM a J30
v

Intervention avec
Phagothérapie en
mars 2008

Disparition des signes
infectieux et fermeture

Progressive de la plaie

Pour la premiéere fois depuis
presque deux ans je peux
méme me baigner !




Cas 2: Femme agée de 30 ans
Traumatisme de la cheville apres
Défénestration en 1995 avec osteite

du pied postopératoire traitée

Avril 2008

.’ I ; i

Rechute en 2004 avec SASM traité
par AB et nouvelle fistulisation en
2006; DRESS syndrome sous AB
en février 2008

Réintervention avec
Phagothérapie
antistaphylococcique

Juin 2010: asymptomatique,
sans syndrome inflammatoire,

sans antibiotique depuis
mai 2009

e {

Mai 2009 | =
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36" Annual Meeting of the European
Bone and Joint Infection Society

7 - 9 September 2017 - Nantes - France

PHAGE THERAPY FOR BONE AND JOINT
INFECTIONS.
REPORT OF FRENCH CASES

O.Patey, A.Dublanchet
Department of Infectious and tropical diseases
CHI Lucie et Raymond Aubrac
Villeneuve Saint Georges
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A controlled clinical trial of a therapeutic bacteriophage

preparation in chronic otitis due to antibiotic-resistant
Pseudomonas aeruginosa; a preliminary report of efficacy

Wright, A.*, Hawkins, CH.Y Anggérd, EET& Harper, DR.

Objectives: To evaluate the efficacy and safety of a thera-
peutic bacteriophage preparation (Biophage-PA) targeting
antibiotic-resistant Pseudomonas aeruginosa in chronic
otitis.

Design: Randomised, double-blind, placebo-controlled
Phase /11 clinical trial approved by UK Medicines and
Healthcare products Regulatory Agency (MHRA) and the
Central Office for Research Ethics Committees (COREC)
ethical review process.

Setting: A single specialist university hospital.
Participants: 24 patients with chronic otitis with a dura-
tion of several years (2-58). Each patient had, at the time
of entry to the trial, an ear infection because of an antibi-
otic-resistant P. aeruginosa strain sensitive to one or more
of the six phages present in Biophage-PA. Participants
were randomised in two groups of 12 treated with either
a single dose of Biophage-PA or placebo and followed up
at 7, 21 and 42 days after treatment by the same otolo-
gist. Ears were thoroughly cleaned on each occasion and
clinical and microbiological indicators measured.

Main outcome measures: Physician assessed
erythema/inflammation, ulceration/granulation/polyps,
discharge quantity, discharge type and odour using a

Visual Analogue Scale (VAS). Patients reported discom-
fort, itchiness, wetness and smell also using a VAS.
Bacterial levels of P. aeruginosa and phage counts from
swabs were measured initially and at follow-up. At each
visit patients were asked about side effects using a
structured form. Digital otoscopic images were obtained
on days 0 and 42 for illustrative purposes only.

Results: Relative to day 0, pooled patient- and physi-
cian-reported clinical indicators improved for the phage
treated group relative to the placebo group. Variation
from baseline levels was statistically significant for
combined data from all clinic days only for the phage
treated group. Variation from baseline levels was
statistically significant for the majority of the patient
assessed clinical indicators only for the phage treated
group. P. aeruginosa counts were significantly lower only
in the phage treated group. No treatment related adverse
event was reported.

Conclusion: The first controlled clinical trial of a
therapeutic bacteriophage preparation showed efficacy
and safety in chronic otitis because of chemo-resistant

P. aeruginosa.

Journal compilation @ 2009 Blackwell Publishing Ltd « Clinical Otolaryngology 34, 349—357



Corneal Infection Therapy with Topical Bacteriophage Administration

Ali Fadlallah™-, Elias Chelala* and Jean-Marc Legeais™

Fig. (1). Slit Lamp photo showing active bacterial keratitis. Fig. (2). Slit Lamp photo showing cornea 3 months after topical
harterinnhaoe adminictratinon

Abstract: Staphylococcus aureus 15 a major pathogen in bacterial kerafitis, a vision-threatening disease. Although the
incidence of S. aureus keratitis varies worldwide, the increasing trend of resistance to certain antibiotics makes this
condition an important, global. healthcare concern. We report the case of a 65-year-old woman with nosocomial left-eve
corneal abscess and interstitial keratitis. The patient then undergo topical Phage therapy with successful results.

This case indicates that bacteriophage eye-drops may be

a novel adjunctive or altemative therapeutic agent for the

treatment of infectious keratitis secondary to antibiotic-

resistant bacteria. As the incidence of bacterial keratitis 1s

increasing because of inappropriate use of soft contact lenses

and infection with multidrug-resistant bactenia. clinical tnials

are ‘l.‘.’ﬂl'l'_zlﬂted to EESEES the _thempﬂ,ltit: Pm?ﬂﬁﬂl of phages in The Open Ophthalmelogy Journal, 2015, 9, 167-168
ocular disease, particularly in antibiotic-resistant cases. ]
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aeruginosa septlcaemla in a patient with

Serge Jennes', Maia Merabishvili®, Patrick Soentjens”, Kim Win Pang”, Thomas Rose', Elkana Keersebilck
Olivier Soste’, Pierre-Michel Frangois', Simona Teodorescu’, Gunther Verween”, Gilbert Verbeken®,

Daniel De Vos® and Jean-Paul Fimay”
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Fig. 2 Timeline showing relevant clinical pammeters and treatments. Dotted lnes mark the upper threshold values, CRP CHeactive pratein
4

Situation on 17 November 2016

Fig. 1 Large pressure sores in the sacral and spinal back areas.

Jennes et al. Critical Care (2017) 21:129
DO 10.1186/513054-017-1705-y
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FIGURE 1 | Local application of phage using gauze and liquid phage
preparations.

Phage Therapy in a 16-Year-Old

Boy with Netherton Syndrome

Pikria Zhvania

', Naomi Sulinger Hoyle'", Lia Nadareishvili', Dea Nizharadze'

and Mzia Kutateladze?

! Oiava Phage Therapy Centar, This] Georgia, °G. Hiava Institute of Bacteriophages, Microbiotogy and Virology,

Thilisi, G )

TABLE 2 | Bactariophage preparations (produced by Eliava Biopraparations Ltd.) used for tregtment.

Phaga preparation

Composition Form Titer  Local application Oral Eye Mosa

Pyo bacteriophage

Phane fysates of Strepfococcus spp., Staphylococcus spp.,  Liquid =0
E. Cof, Psaudomanas asruginosa, and Frofsus spp

Staphyiococcus bacteriophage  Phage sates of Staphyiococcus spp. Liquid, cream w107
Farsis bacteriophage Phage Wysates of Staphylococcus spp., Strepfococcus spp. Liguid il

? frontiers
in Medicine

INFORMED CONSENT

Bacteriophage preparations are a registered drug in Georgia.
Treatment with phage is not considered to be experimental in
Georgia. Despite this, our patients are informed that bacterio-
phage preparations are not registered drugs in Europe and the
United States. The parents of our patient agree to have their sons
information and photographs published in scientific articles.

ETHICS STATEMENT

Phage therapy is not an experimental therapy in Georgia. The
phage preparations used are registered drugs in Georgia, and the
treating physicians are licensed in Georgia.

CASE REPORT
published: 03 July 2017
dai: 10.3280/fmad.2017.00004
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DECISION DG n° 2016-11
du 1 3 AN 2 016 portant création d'un Comitd scientifique spécialisé temporaire

« Phagothérapie » a "Agence nationale de sécurité du médicament et des produits de
santé

Article 2 : Le comité scientifique spécialisé temporaire « Phagothérapie » est chargé de donner
un avis quant aux situations cliniques pouvant justifier d'un acoés précoce aux bacteriophages
ot aux prérequis nécessaires pour une mise a disposition précoce dans le cadre d'autorisations
temporaires d'ulilisation (ATU) ou d'essais cliniques,
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Agence nationale de sécurité du médicament
et des produits de santé

COMITE SCIENTIFIQUE SPECIALISE TEMPORAIRE

CSST201611011- Phagothérapie

Jeudi 24 mars 2016 de 9h30 a 17h00, en salle AO011

JAN
e XS
« Phagothérapi

DECISION DG n° 2016-11

2016 portant création d’un Comité scientifique spécialise tem?oraire
e » a I'"Agence nationale de sécurité du médicament et des produits de
santé

Programme de séance

Sujets abordés Action (pour audition, information, adoption ou
discussion)
1. Introduction
11 Adoption de l'ordre du jour Pour adoption
2. Dossier thematique
2.1 PHAGOTHERAPIE Pour discussion

Elaboration d’'une position quant aux situations

cliniques pouvant justifier d’'un accés précoce aux

bactériophages, et détermination de prérequis

neécessaires pour une mise a disposition précoce des

bactériophages

5. Tour de Table

Question posée N°1
Question posée N°2
Question posée N°3

Pour discussion

Quelles sont les situations de besoin ?

Quels sont les domaines et les objectifs therapeutiques a cibler ?

Quels sont les pré-requis necessaires pour une mise a disposition précoce des
bactériophages ?
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QUE FAIRE?

Création rapide de structures de « référence » au niveau de I'Union
Europeenne avec missions bien definies comme nous le reclamons

depuis plusieurs années avec PHAGE .org

. . ¥ DIS/Site NOH
Existence de: ’&f Lokaal 1.391
L 2 3
@ Bruynstraat 1

- CNR par germes PH-A-GEorg 1120 BRUSSEL

220 Phages for Human Applications Group Europe vzw
$@: Miitair Hospitaal Koningin Astrid

, Blok C, 1ste verdieping

- CNR par pathologies: Infections ostéo-articulaires
- CNR Maladies rares

Situation particuliere de la phagothérapie car:

EI.

Liberté » Egaliu' » Fraternité

REPUBLIQUE FRANCAISE

- il s'agit d'une thérapeutique

- s'appliquant a de nombreuses pathologies d'organe

MINISTERE
DES AFFAIRES SOCIALES
ET DE LA SANTH

- destinée a traiter de nombreuses infections souvent
nosocomiales

- devant tenir compte de |'expérience de I'antibiothéra

Centres de référence
labellisation,
structures

spécialisées

DGOS PF2 - v1 - Mai 2012
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1.|Mi55inn de prise en charge de recuursl de niveau au moins régional ou interrégional, cette
prise en charge étant pluridisciplinaire et globale ;

2I Mission de Ennrdinatiunl: le centre est une téte de pont. Il constitue des filieres (d'amont et
d'aval) sur son territoire, dresse un annuaire de ses correspondants, assure le lien avec les
usagers et 'administration, réalise des actions d'information et de communication ;

3| Mission d’expertisel: en lien avec la prise en charge de recours, le centre organise des
reunions de concertation pluridisciplinaires (RCP). Il assure la réalisation et la diffusion de
procédures et protocoles, réalise un recueil épidémiologique. Il s'assure de la qualité des prises
en charge et forme les professionnels ;

4] Mission d’enseignementl: le centre anime, promeut et participe a la reéalisation
d’enseignements universitaires et post-universitaires ;

5] Mission de recherche|: le centre anime, promeut et participe a la réalisation de programmes
de recherche clinique, translationnelle et fondamentale, sur les soins, en épidémiologie, en

matiére de qualité ;

De plus, un centre de référence doit étre bien identifié et visible.
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CHI VILLENEUVE
SAINT GEORGES
FRANCE

ELIAVA INSTITUTE
TBILISSI
GEORGIA

WROCLAW
POLAND

HIRZFELD INSTITUTE

EUROPEAN PHAGES BANK

DSMZ (Deutsche Sammlung von
Mikroorganismen and Zellkulturen)
GERMANY

USA
Eliava Phages NY

M BALS INSTITUTE
BUCAREST
ROMANIA ?

QUEEN ASTRID
MILITARY HOSPITAL
BELGIAN




Cas 2: Femme agée de 30 ans
Traumatisme de la cheville apres
Défénestration en 1995 avec osteite

du pied postopératoire traitée

Avril 2008

.’ I ; i

Rechute en 2004 avec SASM traité
par AB et nouvelle fistulisation en
2006; DRESS syndrome sous AB
en février 2008

Réintervention avec
Phagothérapie
antistaphylococcique

Juin 2010: asymptomatique,
sans syndrome inflammatoire,

sans antibiotique depuis
mai 2009

e {

Mai 2009 | =
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Prélévement Référence Date prélévt abte demand Souche testée Date-test Demandeur
1 2 3 4 5 6 3
ASR1 ASR2 RP3 GP4 GPS ASGH RP8
Haie chrurgicale 1209 21 1566 1NON2012 Staphiococccus atfeus I 12/10/2012 |D‘ J. Philippe Damman Médecn généraliste s R R R
Médecn frail. 65230 TRIEBAISE
LA BM 31210 MONTREJEAU
1205160279 16/052012 25/0%2012 |Pseudomonas aeruginosa 12/10/2012 |Dr MAY AN Rémi CH Angouléme 168000 R R s S5
1205160279 16052012 25/0%2012 |Enferococcus avium 12/10/2012 |Dr MAY AN Rémi CH Angouléme 16000 R R S fable S
1209200335 16/05/2012 25/0%2012 |Staphylococcus aureus 12/10/2012 |Dr MAY AN Rémi CH Angouléme 168000 s R R s
1209200335 16/052012 25/0%2012 |Profeus mirabilis 12/10/2012 |Dr MAY AN Rémi CH Angouléme 168000 R R S faible [S faible
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BAKTEPUO®AT 3
CTA®UIIOKOKKOBbBIW,

pacTBop ANs NPUEmMa BHyTPb,
MECTHOI0 11 HapYXHOr0 NPUMEHEHWS

8 dnakoHoB no 20 Mn
TPy NOMYTHEHWN HE NPUMEHATL CTEPUNBHO

ﬂpnmeum COrMacHO UHCTPYKUMA

QPB MHOBAKTEPHO®MAT
TOJINBAJIEHTHBI,

PACTBOP JUIA IPHEMA BHYTPD,

MECTHOI'O M HAPYXKHOPO NPHMEHEHHUSA

CTEPUJIBHO 4 duaakona 110 20 ma

MPUMEHATH COIJIACHO
HHCTPYKIMN 110 HPUMEHEHHIO

1PH HTOMYTHEHNIN HE YIIOTPEBIATH

PYOBACTERIOPHAGUM
LIQUIGUM
10 amp. 5ml.

3, Gotua Str. Thilisi, Georgia
TellFax: (995 32) 38 18 11
.com
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(GEEPI‘hia;gil Therapeutic Bacteriophage That Lyses the Escherichia
coli 0104:H4 Strain from the 2011 Outbreak in Germany

NTERCOMMUNAL
j [itcamin Selection and Characterization of a Candidate

Maia Merabishvili'%?, Daniel De Vos', Gilbert Verbeken', Andrew M. Kropinski*®,
Dieter Vandenheuvel®, Rob Lavigne®, Pierre Wattiau’, Jan Mast®, Catherine Ragimbeau®, Joel Mossong®,

10,11

Jacques Scheres ™ ', Nina Chanishvili’, Mario Vaneechoutte®, Jean-Paul Firnay“

1 Laboratory for Molecular and Cellular Technology, Queen Astrid Military Hospital, Brussels, Belgium, 2Eliava Institute of Bacteriophage, Microbiclogy and Virclogy,
Thilisi, Georgia, 3 Laboratory of Bactericlogy Research, Ghent University, Ghent, Belgium, 4 Laboratory for Foodbome Zoonoses, Public Health Agency of Canada, Ontarig,
Canada, 5 Department of Molecular and Cellular Biology, University of Guelph, Guelph, Ontario, Canada, 6 Laboratory of Gene Technology, KU Leuven, Heverlee, Belgium,
7 Unit of Highly Pathogenic & Foodborne Zoonoses, Vetednary and Agrochemical Research Centre, Brussels, Belgium, B Electron Microscopy Unit, Veterinary and
: . Agrochemical 8 Research Centre, Brussels, Belgium, 9 Survelllance and Epidemiology of Infectious Diseases, Laboratoire National de Santé, Luxembouny, Luxembourg,
A ; 10Maastricht University Medical Centre, Maastricht, The Metherlands, 11 European Centre for Disease Prevention and Control, Stockholm, Sweden
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1. Daparmant of Infagnous and Topical dissases 2 Laboratory of microbiology, Wlenauve Saint Gaorges Hospiral, France 3. Georges ENava Insumues, Thillsl Georgla

Introduction

Phages were discovered in 1915 by F. W. Twort and F. d'Herelles who isolated and used
them for the first time in 1919 for the treatment of dysemteria. Since that fime, many
bacterial infection have been treated with phages around the world. They were reglaced
by antibiotics in Western Europe, burt continued fo be used in East Europa.

During the last years we chserved o dramatic increase of MDR bacteri, especially
corbapenemase producing enterabacteria, associated with nasocomial autbreaks.

Such an outbreck due to a mulfidrug resistant strain of axa 48 producing  Kebsiafe
preumaonize (K. preumaniae) occurred of Villeneuve Saint Georges Hogpital in 2010-2011
with 3 waves (fable 1)

Tablel :Qutbreak in Villeneuve Saint Georges Hespital
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Natural bacteriophages against multidrug resistant (MDR) bacteria

Patey 0", Breuil J.*, Alavidze Z*., Mingot N°,, Dublanchet A, 12

Results

Artibiatic susceptibility of the epidemic strain of cur hospital

£ e strain wias muitidrg resistant, being only susceptible to colimycine and of
[ ite. susceptibility o Amikacing and tygecycine.

Phage efficacy:
All our isoltes were susceptible to the specific phage.

This efficacy was fourd for 3 of the 4 French clon strains, Commercial availobke phoges cocktads 00 4B were also sensitive but such an efficacy was nof fourd with 3 ¢

pyobacteriophage =

oxa 48 phage
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Des hopitaux débordés par
tuberculeux d'Europe de I'E

Phagothérapie

par vves Mamou - ke 23/01/2013

INFO LE FIGARO - Depuis quelques mois, des dizaines de
Géorgiens, Tchétchenes et Russes, atteints d'une tuberculose
ultrarésistante, débarquent en France. Outre le coiit élevé de
leur prise en charge, le risque de contagion inquiéte les
autorités sanitaires.

Une reponse: les PHAGES

TB: the return of the phage. A review of fifty years of

mycobacteriophage research
INT J TUBERC LUNG DIS 3(3):179-184

© 1999 IUATLD
R. McNerney
A Question of Attire: Dressing Up Bacteriophage Therapy Department of Infectious and Tropical Diseases, London School of Hygiene & Tropical Medicine, London, UK
for the Battle Against Antibiotic-Resistant Intracellular Bacteria
Effect of mycobacteriophage to intracellular mycobateria

in vitro
PENG Li, CHEN Bao-wen, LUO Yong-ai and WANG Guo-zhi
A12.ISOLATION AND CHARACTERIZATION OF SIX NOVEL

MYCOBACTERIOPHAGES AND INVESTIGATION OF THEIR ANTIMICROBIAL
POTENTIAL IN MILK

S " Lorraine Endersen’, Aidan Coffey'*, Horst Neve?, Olivia McAuliffe?, R. Paul Ross*and Jim
by T O’'Mahony?
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Pharm Res. 2017 Jun 23. doi: 10.1007/s11095-017-2213-4_ [Epub ahead of print]

Anti-Tuberculosis Bacteriophage D29 Delivery with a Vibrating Mesh Nebulizer, Jet Nebulizer, and

Soft Mist Inhaler.

Carrigy NB', Chang RY?, Leung SSY?, Harrison M3, Petrova Z*, Pope WH*, Hatfull GF*, Britton WJ5 Chan HK?, Sauvageau D?, Finlay WH', Vehring R%7.

# Author information

Abstract
PURPOSE: To compare titer reduction and delivery rate of active anti-tuberculosis bacteriophage (phage) D29 with three inhalation devices.

METHODS: Phage D29 lysate was amplified to a titer of 11.8 £ 0.3 logo{pfu/mL) and diluted 1:100 in isotonic saline. Filters captured the
aerosolized saline D29 preparation emitted from three types of inhalation devices: 1) vibrating mesh nebulizer; 2) jet nebulizer; 3) soft mist
inhaler. Full-plate plagque assays, performed in triplicate at multiple dilution levels with the surrogate host Mycobacterium smegmatis, were
used to quantify phage titer.

RESULTS: Respective titer reductions for the vibrating mesh nebulizer, jet nebulizer, and soft mist inhaler were (
0.6 £ 0.3 log,p(pfu/mL). Active phage delivery rate was significantly greater (p < 0.01) for the vibrating mesh neb
pfu/min) than for the jet nebulizer (5.4x10* + 1.3x10* pfu/min). The soft mist inhaler delivered 4.6x10% + 2. 0x10°
actuator dose.

CONCLUSIONS: Delivering active phage requires a prudent choice of inhalation device. The jet nebulizer was ni
aerosolizing phage D29 under the tested conditions, due to substantial titer reduction likely occurring during droj
mesh nebulizer is recommended for animal inhalation studies requiring large amounts of D29 aerosol, whereas
useful for self-administration of D29 aerosol.

KEYWORDS: Mycobacterium tuberculosis; aerosol; nebulization; phage therapy; titer reduction

PMID: 26646325 DOI: 10.1007/511095-017-2213-4
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Burns. 2017 May 11. pii: 30305-4179(17)30206-1. doi: 10.1016/].burns.2017.03.029. [Epub ahead of print]

Liposome loaded phage cocktail: Enhanced therapeutic potential in resolving Klebsiella

pneumoniae mediated burn wound infections.

Chadha P', Katare OF<, Chhibber S-.

+ Author information

Abstract

BACKGROUND: Klebsiella pneumoniae is one of the predominant pathogens in burn wound infections, and prevalence of multidrug resistant
strains has further complicated the situation. An increased interest in phage therapy as a means of combating infection has been accruing in

recent years. In order to overcome the drawbacks associated with phage therapy, the present study was conducted to evaluate the potential

of liposomes as a delivery vehicle for phage in the treatment of burn wound infection.

METHODS: Burn wound infection with Klebsiella pneumoniae B5055 was established in BALB/c mice. The therapeutic efficacy of free phage
cocktail in comparison to liposome entrapped phage cocktail in resolving the course of burn wound infection in mice was evaluated.

RESULTS: The results depicted that mice treated with liposomal entrapped phage cocktail showed higher reduction in bacterial load in blood
and major organs. This was accompanied with faster resolution of the entire infection process as compared to non-liposomal free phage

cocktail. The liposomes increased phage retention time in vivo thus potentiating efficacy. Liposomal phage preparation was able to protect all
the test animals from death even when there was a delay of 24h in instituting the therapy.

CONCLUSION: The results showed the potential of liposome entrapped phage cocktail for treating Klebsiella pneumoniae mediated

infections. Thus, this strategy can serve as an effective approach for treating Klebsiella mediated burn wound infections in individuals who do
not respond to conventional antibiotic therapy.

Copyright © 2017 Elsewvier Ltd and I5SBI. All rights reserved.

KEYWORDS: Bacteriophage; Burns; Infection; Klebsiella pneumoniae; Liposomes
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Cocktail de bacteriophages pour lutter contre certaines infections bacteriennes osteo-
articulaires provoquees par Staphylococeus (aureus et epidermidis)

5] Mission de recherche|: le centre anime, promeut et participe a la réalisation de programmes

de recherche clinique, translationnelle et fondamentale, sur les soins, en épidémiologie, en
matiere de qualité ;

De plus, un centre de référence doit étre bien identifié et visible.
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EQUIPES MULTIDISCIPLINAIRES

CLINICIENS, MICROBIOLOGISTES,
ECOLOGISTES PHARMACIENS, CHERCHEURS,
JURISTES VETERINAIRES, SOCIETE CIVILE,
ETHIQUE

COOPERATION EUROPEENNE : RESEAU DE
CNR

220 Phag_es for Human Applicatiqns Group Europe vzw
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NECESSITE D'UNE
SURVEILLANCE ECOLOGIQUE

!lwlmnmoot Eukaryotes

Ecosystem exotoxing)
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Decosrpoaion % / Fhage theragy
Cavbon oyolng

FIGURE 1| Bacteriophage popuiation, community, and ecosystem Impacts. Examples of phage-associated changes @re Nalclzed. Adapted from
Abedon 2009).
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FDA approved products
(GRAS status i.e. Generally Recognized as Safe)

* 2006 August - ListShield TM ready-to-eat
meat and poultry products. Intralytix. USA

* 2006 October - Listex P100. EBI Food Safety.
Netherlands

* 2011- EcoShield against E.coli O157

20006 - AgriPhage, Omnilvtics, EPA registration
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SalmoFresh”

BACTERIOPHAGE almofresh

_ ‘ ¥ ..,bactenophage preparation

AGROALIMENTAIRE o | " specifically designed

to kill Salmonella
a in foods

can be directly applied to poultry, fish and shellfish, and fresh and processed fruits and
yegetables to help reduce the risk of Salmonellz contamination of the foods. SalmoFresh™

speciatized equipment. It has no impact on taste, smell,

or appearance of foods, and i considered a processing

aid ~ no labeting required L ey
moFt esh

SalmoFresh™ is a Star K-certified kosher and an Sal ot

IFANCA-certified halal product, and is OMRI-listed as o

suitable ingredient in the production of erganic foods. >

For 3 free sample o more information,

smal Intrabytix 2t tades @ intralytiv.com
o cll 1-B77-ITXPHAGE (429-7424) and selact option 3

Safety
% Ngtu o

Qintralytix =~ ©%&a

intralytix.com
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NS Mars 2014

Agence nationale de sécurité du meédicament
et des produits de santeé

La transplantation de microbiote fecal et
son encadrement dans les essais cliniques

TMF= coprophagie médicalement

assistee .
*Dilutions (non standardisée): 50 a 60 g de
selles/ 200 a 300mI| de solutions (eau, sérum
sale, lait,...). Moyens Techniques variables.

1. Généralités et Cadre réglementaire applicable

En France

« Selon le Code de la santé publique A niveau international
= Pas de statut particulier pour le microbiote tecal
Al - Héterogeneite sur le statut du
1 0 9 baCterles par = Art.I.. 5111-1 = definition d un meédicament
gramme . . i i . . . microbiote fécal
= OR microbiote fécal utilise a visee curative
de Se"es DONC considéere comme un MEDICANMENT . L
- - = UUSA  medicament
10 = 100 fOIS plus de = Stade précoce de développement + Pas d” ANDN
bac- DONC cadre législauf applicable aux = UUE : Tissu (Rovaume-TTni.,
tenophages = Préparatioms magistrales et hospitaliéres Danemark et Pays-Bas)

= Mdcets expeéerimentaux destings a 1 essal clinigque

= Art. L.. 5121-1 et L. 5121-1-1 du Code de la SP

FATNSMN 200140 1
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Dr Alain Dublanchet

Alain Dublanchet

La phagotherapie
Des virus pour combattre
les infections

de Félix d'Herelle

LES PEREGRINATIONS D'UN BACTERIOLOGISTE

Renouveau d’un traitement
au secours des antibiotiques

’sdobe g3t ane grande origua, de _.urf‘::; de deux pleds de L
3 ¢ & . large et un demi 4d’:paisseur, faise de gluige potrie avee de i’acrl
% §° %en cwmentsr le cohision, sinplemsnt Sechie mu goledl, Pour formsr

£ B4 S A plut, elles sont roucies pur uncibone do terre glaige, fFur ¢ ooi)




