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['ACTION BACTERICIDE DES EAUX DE LA JUMNA ET DU GANGE

SUR LE MICROBE DU CHOLERA
Pat 3. E. HAKKIN

B laborlois do gonvernement, Asca, Inde,

Quand on wvoit, & la traversée do Gange oo de Ta Jumna,
au milien d'one des grandes villes indiennes. des miiliers
d'habitanis se laver, eux, leurs troupeanx et lenrs vétements
dans ane ean trouble el sale, el quand on songe que fréquem-
menl des cadavees 4 moilie hralés trouvent lear dernier asile
dans le fleuve, on est bien excusable de penser que ces eaux
doivenl élre dangereuses a4 consommer, el que la vénération
des Hindous pour leur fleuve sueré prouve leur ignorance de
toule idée de santé ou de propreté, C'est ee que pensent les
Aautorités européennes, ef, en ce qui concerns la distribution do
choléra, elles considiérent volonliers e Gange comme le prinei-
pal agent de la transmission de la maladie dans son pays d'o-
rigine, et comme le pére nourricier de son microhe,

Un simple examen microseopique des eaux de ces deux
fleuves révile ponrtant une remarquable différence avee lus eanx
des fleuves earopéens ayant le méme degré de trouble. On trouve
dans ces dernigres des débris végélaux el animaux abondants,
beaucoup de microbes el de formes vivanles végétales et ani-
males. L'eau du Gange ou de 1a Jumna ne présente an contraire
aucune trace de malidres organiques, & moins qu'elle ne soit
recueillie au voisinage d'un bathing glit (lien de baignades) au-
dessous de la ville. Le limon emporté par le flenve est presgue
exclusivement du sable ou du mica. L'examen baclériologique
prouve que les microbes sont heancoup plus rares que dans des
rivieres européennes de méme importance '. Nos rivibres sont

L S few miceobes des rividres de flade, Communigation au eongrés médical,

Hankin published his observations in
1896 in the annals of the Institut
Pasteur — that was the first evidence
of the presence of bacteriophages
in water and their antibacterial
activities.

It was a viral-like agent with
antibacterial properties. It was
temperature sensitive and capable
of passing through a porcelain filter,
and it could reduce titres of the
bacterium  Vibrio cholerae in
laboratory cultures.

indien tenu sn décembrs 1854, "L'action bactericide des eaux de la Jumna et du Gange sur
- . le vibrion du 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.

aiqmmhue lomﬂmanllu]]ytul to the cardiae
oriflce, !ml!u; for thn {nduration nround the
per ulcer, Falling to find an uleer on
iha soterior wrMe tho stomach is pulled out
with tha transverss colan, and its posterior surface
uplnmd through aa incision in the mesocolon.

A parforation is seldom of mors Lthan a torof an

g
Butare abd ;am-j
astomy l e B siin 9 . )
My besl thanks are due to my howee surgeons fox
thelr motes on the above onsos, and especially to
Mr. W. 8. Perrin, sargical registear to the London
i{gviﬁﬂ- lor his care in collacting and collating thn

ioch in dismeter, thoogh sccasicnally twice aalu'se
as this, nnd can b Armly oocloded by the passage' of
ong or twa sutnres. Thess sntures should seoure B
good wida grip throngh the whole thickness of the
argan, eloce a smeall grip will essily tear out of the
sall cedematous wall, e pecluded uleor should be
invaginated whmpuumble by & eriesof interropied
sutares ming up the searous and muscnlir conts.
I of the wulcer may, howover, prove
impossiblo ir tho uleor nod area of surrcunding
induraticn are very large, or In poma instances
whers the uleer is st the sitachmant of the
duodennm to the posterior wall. In such cases tha
oecluded ulcer is covered with a graft of detached
omentnm, ar dralnage iy down to the nloer
with & gauze pack (Corner’) in case the preliminary
sutores cut ouk.

Ona must pext consider whether s gastro-
]annolmm should bo done. In most cnses whara

ihe patient is nob likely to die shortly we finlsh passing

with & gastro-jejuncetomy, especinlly where the
of the pylorus, since if

ulger iz in the vicinity
thia be done the patient con ba i-ud. niter operation
much more effectively, and there can be little doubt

that many of theso patients are suffering from mol-
nutrition, the resulta of previous dyspepeis, which

vents bealing taking plece readily. Thisnddi
mu noh add greatly to the duration of the operation
ithe whole procedure from start to finish averages,
we find, shout 35 minoies) and improves the
pwspeute of nltimate soccess. In the less nanal
canos vhut? the uleer is o? the bodytl;;th;étommh
gastro-enterostomy is not so urgently n
nevertheless p ndvisable.

The Usea of Jejunostomy.

Whara the patiant's condition is axtremely grave
and every moment spent on the operaticn is of
importance, wo ndviss simply ocoluding the ulcer
with one or two sutnres, placing a panze drain down
to the site of padonum.aud porforming a jojunce.
tomy for the purpose of feeding the patient early.
Jojunostomy is performed on the invagination
(Kader) prineiple, takes less than five minutes to
perform, and has the ndvan thot Anid nourish.
ment can ba introduced to the moat absorbont
surface of tho intestinal eanal, in a situatfon whsrs
vomiting §& impossible, and which, unlike the
Tectum, is unxli: to reject the proffered rofresh-
ment. The actunl results of cases treabod by this
method were less good than were those of cases
treated otherwise simply awing to the very grave
condition of the patients: 1 recovered and 3 died.
One of the Iatter, which bad bosn pecforated thros
daye, lived four deys afteroperation. Another lived

Wim pole-stret, W.
—_,——

AN INVESTIGATION ON THE NATURE OF
ULTRA-MICROSCOPIC VIRUSES*

BY F. W, TWORT, LE.C.P. Loxp., MR O.8.
(From the Labercterics of the Drown Tasiitwtion, Londew.)

Dyaxae the past threa yesrs n considerahle
number of experiments have been carried oné at
ths Brown Institution on Alter-possing virnsea,
Many of thesa, provious to the onthreak of the
war, were performed by Dr. . 0. Twort, and,
nnfortunately, elreumetances during the presant
year have mads it difficult to continne the work.

In the first instance attempts wers mada to
demonsirato the presonce of non.-pathogenia Olter.

viroses. As ia well known, in the case
of ordioary bu:h:il. for every puﬂlmn[u micro-
organiem diso d many n th io varietien
of the same type Lave bean found in natare, and
1t seams highly probabla that the sama rula will ba
found to hold good in tha casa of nltra-micros 0
virases. It iz diMenlb, howorer, o obiain proof of

dition | their existence, as ﬁ.&howmm ity i the only evi-
dence wo have at the pressnt Ume of the presencs

of an ulira-microscopic virng, On the other hand,
it seems probabla that if non-pathogenio yarlaties
axist in natore these phould be more easily culti-
vated thon the pathogenio warictios; nccondingly,
ettempts to eoltivats thesa from snch materials an
woil, dung, grass, hiny, siraw, aod wator from ponds
werd mads on gpacially prepared medisn Saveral
hundred media were tested. Ik iz impossible
to doseriba all thesa in detall, bal gencrally

ege, or serum was used as n basie, and
tn thess varying quaniitles of cortnin chemieals
or extracts of fungi, seeds, &z, were ndded. The
material to bo tested for viruses was covered 'urlth
water and incubated ot 30° C or gver for varyi
periods of =lmo. then possad lhmgh a ne:kefeld
flter, and thae fil 1]
medin, In then atpenmeuu L3 Iew ordinary
bactaria, os ' weara oftan
found to pau sluongh the filter; buk in no casa
was it possible to obtain o gmwth of » tros filter.
passing virus.

Attempts wers also mads to infest such animals
A rabbits nod g'umala-.rigl by incenlating two doses
ot the fliered material, or by rubbing this into tha
shaved skin. In other cases inoculationa wera
made directly from ona nnimal to another in the

wan made on bubal of the Local Government

4 Tax Lawosr, Jan. M0ab, 1§04, b, 101

! This
Boand.

The Lancet, Jan. 10th, 1914, p. 101
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Felix d'Herelle

In 1917 Félix d’Herelle isolated first
bacteriophages from the stools of
patients recovering from
dysentery*.

He supposed that bacteriophages
were agents that cause natural
recoveries*.

He showed that bacteriophages
could be used to treat bacterial
infections in humans*.

Bacteriophages have been used in
medicine since 1919, ten vyears
before the discovery of the penicillin
— the first antibiotic*.

*http://www.pasteur.fr/en/brief-history-bacteriophages

Felix d'Herelle at a bacteriophage
research center.

.Thacker PD. (2003) Set a microbe to kill a microbe: drug
resistance  renews interest in phage therapy.
JAMA;290(24):3183-5.



v In 1917 d’Herelle and co-workers isolated

phages with lytic activity against pathogenic
bacteria:

Escherichia coli, Neisseria
Pasteurella multocida, Pseudomonas
aeruginosa, Salmonella typhi, Shigella
dysenteriae, Streptococcus species, Vibrio

cholerae, Yersinia pestis.

meningitis,

He developed the idea of "phage therapy”
as prophylactic and/or therapeutic use of
selected bacteriophages in the destruction
of pathogenic bacterial cells while
remaining completely innocuous to host
cells (d"'Herelle, 1923).

For this idea he deserved the Noble Prize, to
which he was nominated eight times (every
year since 1925), although he was never
awarded one.

Fruciano D.E., Bourne S.(2007) Can J Infect Dis Med Microbiol. 18(1): 19-26.

MICROBISLOGIE. — Sir un microbe fnetiible amntagenisle des bacilles dysantd-
riguas. Mote (% de 81, F. o'Hereuee, présentée parM. Houx.

[hes selles de divers sujels sonvalescents de dysenterie bacillaire, et dons
an caz de 'urine, 7ai fzold oo miccobe invisible dosd de propridtés anta-

' Wair Twaanproawen ot ses collabocolours, Hoadnkiiihe dcadende wn Weren-
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goniates vis—3-vis do bacille da Shigs. % rechercho csl jparticulierement
wiste dans les cas d'outécite baoale conséentive & une o veenteris; chez les
convelescents ne présentont pas cetle complication Ia disparition dn microbe
anti smit de trés priés celle do bacille pathogdne. Maolgrd de nombrenx
eximens, je n'al jamoais brouvd de microbes antagoniztes, ni dans les sebies
de dysentériques 4 la période d'¢tat, ni dane lea zelles de sujets normanx.

Llizplemont du microbe anti-Shiga est simple @ on enzemence un tohs
dc bovillon avec guatre & eiog goulles de sciles, on place & étuve & Jo0
prendant 13 ligwres puis on filee & la Bougie Chamberland L,. Une petite
quantite dun filteat actif ajoutie, soit & ane eolture en bodillon de baeilles
de Shign, soit & nne émmlsion de-ces bacilles dans du bouillon o méme
funs de l'ean physiologiqua, proverqoe Paredt de la enlture, la mort des
bacilles puie leur iyse gui est compléte aprés un laps de temps variant de
ruelques heures i quelques jours suivant Uabondance plus oo meins prande
de la coltars et la guantive de filtrat ajoukie,

Le mierabe invisihls cultive dans b cublure lysde de Shiga car une imoe
de ce liguide, repostée dans on2 nonvelbe culture da Shiga, reproduil e
méme phénoméne avee ls méme intensitd : j'ai cffectud jusquid ce jour,
aven la premidre sonche izolée, ples de S0 réensemencements swooessils,
Lrexpérience snivante doone d'ailleurs o preove visible que 'action aoba-
goniste est produite par un germe vivant ; 55 on ajoute 4 uné colinre
de Shiga une dilution d'une colture précédents Iysde, do fagon qae la
vultore de Shiga n'en contienne gquion millioniéme envicon, eb =i, mmd-
diatement aprés, on ftzle sur gélose inclinée upe gouttslstte de cette
sulture on oblieot, aprés incubalion, une conche de hacilles dyseniériques
préseniant un certain nombre de cervles Penviron 199 de dinmates, i [
colture ost nalle; ves points ne peunvant représenter que des colontes dw
microbs antagonistes ! une substanee chimique ne pouerait se conventrer sur
deepoinis définis. En epéeant sur des quantités mesurées, j'aipo wair gu’une
culture lysée de Shiga contiznt Jde cinug @ sim millinsds de germes filtranis
par centimétes cube, Do trojz-milliardizme de centimétre cube d'une cul-
ture précédents en Shigs, clest-i-dire un seul germe, intredoite dans un
tube de houillon, empéche la eulture do Shiga méme cneemened largement ;
I méme quantité ajoutée & 10 d'woe calture de Shign la stérilise et Iy
I¥sc cn cing ou six jours.

Les diverses souches du miceobe anti qua j'ai iseléas ailajent primitive-
ment actives que contre ls haciile de Shira; par cnltuce en symbicse aves
les bacillez dyzentériques type Hiss ou Flexner j'ai pu, apris queldques

http://www.pasteur.fr/ip/portal/action/WebdriveActionEv
ent/oid/01s-00002g-016
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Co-discovery of phages: 1915 F.Twort, 1917 F. d’Herelle
1

1920 - 1934 high expectations

1921 - first article on phage therapy: Bruynoghe, R. and Maisin, J., Essais de

thérapeutique au moyen du bactériophage du Staphylocoque, J Compt Rend Soc Biol 85,
1120-1121, 1921.4 (Staph skin infections)

1934 - critical review of the available literature on phage therapy, conclusions not in favor of
the therapy (phage effect = enzyme) Eaton MD, Bayne-Jones S. JAMA 1934,103,1769-76.

AV
Displacement of phage therapy after WWII by antibiotics
V
Phage therapy “rediscovered” by the English literature

Smith, H. W. Huggins, M. B. Successful treatment of experimental Escherichia

coli infections in mice using phage: its general superiority over antibiotics.J Gen
Microbiol 1982, 128, 307-318.



France
1919 — early 1990 (Pasteur Institute in Lyon)

D’Herelle tested safety of phage preparations on himself, family and colleagues (orally and
injections), no ill effects.

A boy with a severe dysentery — the symptoms ceased after a single administration of phage
Hopital des Enfants Malades, Paris, 1919 (unpublished)

1916 — 30 d’Herelle in China, Laos, India, Vietnam, Africa combating epidemics of cholera
and plague

1931 - first intravenous use (d’Herelle, treatment of cholera in India)
Staph bacteriemia, 1 hr iv infusion



USA
1920 - 30s
Eli Lilly, Abbott Laboratories sterile phage lysates

Discouraging JAMA report (based on > 100 studies of phage therapy), except staph infections
and cystitis

Eaton M.D., Bayne-Jones S. Bacteriophage therapy. JAMA 1934,103;1769-76

MacNeal W., Frisbee F. One hundred patients with Staphylococcus septicaemia receiving
bacteriophage service. Am. J. Med. Sci. 1936;191:179-195. doi: 10.1097/00000441-
193602000-00004

1936 — 40 typhoid patients, Los Angeles area

1950 — 1994 Staph Phage Lysate (SPA) (Delmont Labs) intranasally, topically, orally, sc iv
only minor side effects

1987 A veterinary license for SPL, clinical effedicacy confirmed in dogs by clinical trial

Clinical trial in the Czech Republic (Stafal, 1992-94) registered in the Czech Republic and
Slovakia for the topical treatment of Staph. skin infections



Georgia
Eliava Institute In Thilisi, established in 1930 by Eliava and d’Herelle
1980: 1200 employees, production capacity: 2 tons /week
(Kutter et al., Curr Pharm Biotechnol 2010,11,69)
Tablets, liquid (in the past 80% for the Soviet Army)
Complex cocktails: Pyophage (S,aureus, E.coli, P.aeruginosa, Proteus, Streptococcus)

Intestiphage (23 different enteric bacteria)



Russia 1920s — currently
Vestn Otorinolaringol. 2015;80(1):80-3.

[Prospects for the application of bacteriophages in otorhinolaryngology].

[Article in Russian] Nosulya EV.

Abstract

The objective of the present work was to summarize the available literature data concerning
the importance of and prospects for for the application ofbacteriophages for the treatment of
the most common diseases of the upper respiratory tract and the ear.

PMID: 26003968 [PubMed - in process]

Brazil : Institute Oswaldo Cruz 1924 - ? (anti-dysentery phage)
Romania 1960s (synergism with antibiotics)

Military use

The Finnish Campaign (1939-40)

Afrika Korps 1941-43

Soviet — German war 1941-45



Poland
1920s — 2015

1945 — 54 L.Hirszfeld establishment of phage bank, Institute of Immunology and
Experimental Therapy, PAS

1954 — 1987 Slopek, > 1000 pts 84-97% success rate reported
2005 — establishment of phage therapy unit (compassionate use based on Declaration of

Helsinki and relevant Polish legislation (Constitution of Poland, act on the profession on
doctors, ethical code of the Polish Medical Association)



Ludwik Hirszteld

Eds: MA Balinska, WH Schneider
University of Rochester Press, 2010

Ludwik Hirszfeld (1884-1954), one of the
most prominent serologists of the twentieth
century, established the nomenclature and
the inheritance of blood groups, and opened
the field of human population genetics. He
also carried out groundbreaking researchin
the genetics of disease and immunology.
Following World War II, he founded Poland's
first Institute of Immunology in Wroclaw,
which  now bears his name. His
autobiographical memoir, The Story of One
Life, first published in Poland in 1946,
immediately became a bestseller and has
been reedited several times since. It is an
outstanding account of a Holocaust survivor
and a writer capable of depicting the
unigueness and the tragedy of countless
individuals caught up in the nightmare of
1939-45. Herecollects his time as a physician
in the Serbian army in 1915 and his
satisfaction as one of the scientific elite who
rebuilt Poland ...
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Attempts to use bacteriophagy in surgery

Polish Medical Journal 1927.6,67

Nr. 4. 1927,

POLSKA GAZETA LEKARBEKA 67

na. Zaraz po przyjécin chorege na oddzial podano 0,6 gr. neosal-
warsanu doZzylnie. W ciagu nocy wystapily objawy ze strony jelit,
gwaltowne bdle brzucha, biegunka krwawa. Tak w wydzielinie
przyrannej jak | w kale stwierdzono mikroskopowo i w hodowli
laseczki waglikowe.

Chory zmarl po 48 godzinach wirdd silnego zapadu.

Sekcja zwlok wykazala: (asystent dr. Janusz):

Pustulae malignae et infiliratio cedematosa cutis antibrachii
dextr. Hyperaemia pulmonnm maioris gradus, Lymphadenitis hae-
morrhagica acuta glandularum mesaraicarum. Tumeor lienis oacotus.
Ecchymoses multiplices pleurae ac pericardii. Foens metastitici
.haemorrhag. partim exuolceranies mucosae fracius digestorii.

Leczenie waglika doZzylnemi wlewaniami neosalwarsanu za-
poczathowal w ostatnich latach Becker, ktiry po jednorazowem
podaniu 0,6 gr. neosalwarsanu uzyskal w przypadku posocznicy
waglikowej niezwykle korzystny wynik leczniczy. Chory, ktory
uchodzil za zupelnie straconego, zostal uratowany, a krew, badana
bakterjologicznie na drugi dziefi po podaniu neosalwarsanu, oka-
zala sie zupelnie jalowa. Bettmann podaje korzystne wyniki
leczenia neosalwarsanem w dwéch przypadkach waglika, a Gsell
w jednym, u 28-letniego mezczyzny. Material znaczalejszy, bo
obeimujacy 54 przypadkdw waglika mial w leczeniu Grasser.
Miekorzystne wiyniki otrzymatl w 4 przypadkach, mimo podania neo-
salwarsanu, co stanowi 7.4%¢ Smierielnogci. Podlug Grassera
jednorazowe podanie 0,45 gr. neosalwarsanu wystarcza przy wagli-
ku skérnym o lekkim przebiegu. W przypadkach ciedszyvch nalezy
podawaé mneosalwarsan dwu do trzechkrotnie, w odstepach dwu-
dniowych, Przypadki waglika jelitowego daja prognoze bardzo
niekorzysing. Einecker opisuje 5 przypadidw waglika jelitowe-
go, ktére bez wyiatku zakoficeyly si¢ zejSciem Smiertelnem. Po-
czatek byl nagly, wirdéd objawdw niezytu jelit, przy stanie pod-
gorgezkowym. Po 1—3 dniach schorzenia o $redniem nasileniu wy-
stapil nagle obraz Smiertelnego zapadu. Myslano o stadjum asfik-

Dr. Jerzy JASIENSKI asystent kliniki. Krakdw.

Préby zastosowanla bakterfofagil w chirurgil '),
Dyrektor: Prof. Dr.

Kiedy d'Herelle przed niespelna 10 laty odkryl w przesgczu
stolca ozdrowiefica po czerwonce to, czego natury do dzi§ jeszcze
nie znamy, a co nazwal bakteriofagiem, zdyvi przesacz ten roz-
puszczal w probéwece pratki czerwonki, kiedy wykry!l dalej podob-
ne bakterjofagi i podobne ich dzialanie w calym szeregu innych
chordb, przypuszczal, Ze odkryciem tem spowodowal przewrdt
w calej nauce o zakazeniu, odpornodci i lecznictwie. Na podsta-
wie dofwiadczen pracownianych i plerwszych préb zastosowania
bakterjofaga w celach zapobiegawczych i leczniczych w klinice
zwierzat i ludzi — powstala wéwezas jego Smiala hipoteza o od-
pornosci. Przebieg uodpornienia mial bwvé walka migdzy balkterja-
mi, a czynnikiem uodporniajacym t. j. bakterjofagiem, wyzdrowie-
nie — skutkiem bakterjofagii, a odporno$¢ w réwnym stopniu za-
kaina, co i choroba, bo sztuczne czy naturalne zakazenie czlowie-
ka bakterjofagiem mialo ja wywolywaé., Hipoteza ta i proby za-
stosowania bakterjofaga w klinice spotkaly sie =z bardzo ostrg
krytyvka w literaturze niemieckiej, samego odkrycia jednak nie
mozna byto nie docenié. Kilkaset prac, pofwigconych temu zja-
wisku, wykazalo szereg wilaéciwoscl bakterjofagdw, pod kazdym
wzgledem ciekawgych, zmienilo poniekad nasze poglady o morfo-
logii bakterji, nie rozstrzygnelo jednak natury bakterjofaga, nad
ktéra najzawzigtszy spér sie toczy co do tego, czy jest zaczynem
czy tez ustroiem Zyvwym. Nie silono sie jednak dalei nad wyjagnie-
niem bicloglcznego znaczenia zjawiska, nie podajac nawet 2adnyvch
innych hipotez, jak tylko twvczacych sie jego natury. Préby lecz-
niczego dzialania bakterjofaga, w sztucznych zakaleniach zwie-
rzat wypadly nacgél nilepomyélnie. Préby zas$ stosowania go
w klinice ludzkiei nie byly zbyt liczne, 2 naogdl sa do$é sprzeczne
w otrzymanych wwvnikach. Trudnof$cl w ich ocenle stanowi réw-

Z Kliniki chirurgiczne] U. J. M. Rutkowski.
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Phage Therapy Unit

Ludwik Hirszfeld Institute of Immunology and
Experimental Therapy

Polish Academy of Sciences, Weigla 12, 53-114
Wroclaw, Poland

Head: prof. Andrzej Gorski

The Phage Therapy Unit at the Institute of Immunology and Experimental Therapy,
Polish Academy of Sciences, was opened at the end of 2005.

According to Polish law, phage therapy is considered an experimental treatment which is
carried out on the basis of the respective legislation (pharmacological law, regulations of the
Minister of Health) and Declaration of Helsinki. Experimental treatment (or, translated literally, a
therapeutic experiment) occurs when a physician introduces new or only partially tested diagnostic,
therapeutic, or prophylactic methods for the direct benefit of the person being treated. In contrast,
an investigational experiment has the primary purpose of broadening medical science (and is
tantamount to clinical research). To satisfy the existing requirements, two basic items are
prerequisites for experimental therapy: the written informed consent of the patient and approval by
bioethics commission. Furthermore, it may be implemented only by a qualified doctor and when
available treatment has failed (arts. 29/1, 21/2, and 21/3 of the law on the physician’s profession).
Therefore, our current therapy involves cases in which prior antibiotic treatment did not lead to the
eradication of infection.

EMA: compassionate use
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Bioethics Committee

of the Medical Academy in Wroctaw,

ul. Pasteura 1, 50-367 Wroctaw, Poland
tel. (+49) 71/7841014, fax: 71/7841013
email:

DECISION OF THE BIOETHICS COMMITTEE
No. KB-349/2005

The Bioethics Committee of the Medical Academy in Wroctaw, appointed by the President of the
Medical Academy in Wroctaw, directive No. 4X111 R/99 of September 27, 1999, and functioning in
the manner foreseen by the directive of the Minister of Public Health and Welfare of May 1, 1999,
(Law Gazette No. 47, item 480) on the basis of the act concerning the physician's practice of
December 5, 1996 (Law Gazette No. 28 of 1997, item 152 and later amendments), composed of:

Prof. Karol Bal (philosophy)

Prof. Mieczystaw Bernat (surgery)

Fr. Dr. Janusz Czarny (clergy)

Prof. Marian St. Gabrys (midwifery, gynecology, anesthesiology)

Prof. Bogumit Halawa (internal diseases, cardiology)

Dr. Henryk Kaczkowski (maxillofacial surgery, dental surgery)

Irena Knabel-Krzyszowska, M. S. (pharmacy), representative of the Lower Silesian Chamber of
Pharmacists

Prof. Jan Kolasa (law)

Dr. Stawomir Sidorowicz (psychiatry)

Prof. Zenon Szewczyk (internal diseases, nephrology)

Danuta Tarkowska (midwifery)

Prof. Marian Wilimowski (pharmacology)

Andrzej Wojnar, MD (pathomorphology, dermatology), representative of the Lower Silesian
Chamber of Physicians

under the chairmanship of:
Prof. Franciszek Iwanczak (pediatrics, gastroenterology)

in adherence to the principles of Good Clinical Practice and those of the Declaration of Helsinki,
after becoming acquainted with the project:

"Experimental phage therapy in antibiotics-resistant bacterial infection, including
MRSA infection"
(Short title: :Experimental phage therapy of bacterial infection")

proposed by
Prof. Andrzej Gorski
employed at

The Institute of Immunology and Experimental Therapy PAN in Wroctaw
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Abstract -

Wiral Immunol. 2014 Auwg27(6):295-304. doi: 10.1089vim 20130125, Epub 2014 Jun 3.

Phage neutralization by sera of patients receiving phage therapy.

Fusiak-Szelachowska M, Zaczek M, Weber-Dabrowska B, Miedzybrodzki B, Ktak M, Fortuna W, Letkiewicz S, RogdZ P. Szufnarowski K, Jofnczyk-Matysiak E,
Owczarck B, Gorski A

Abstract

The aim of our investigation was to verify whether phage therapy (PT) can induce antiphage antibodies. The antiphage activity was determined in sera
from 122 patients from the Phage Therapy Unit in Wroctaw with bacterial infections before and during PT, and in sera from 30 healthy volunteers using
a neutralization test. Furthermore, levels of antiphage antibodies were investigated in sera of 19 patients receiving staphylococcal phages and sera of
20 healthy volunteers using enzyme-linked immunosorbent assay. The phages were administered orally, locally, orallyflocally, intrarectally, or
orallyfintrarectally. The rate of phage inactivation (K} estimated the level of phages’ neutralization by human sera. Low K rates were found in sera of
healthy volunteers (K £ 1.73). Low K rates were detected before PT (K = 1.64). High antiphage activity of sera K > 158 was observed in 12.3% of
examined patients (n = 15) treated with phages locally (n = 13) or locally/orally (n = 2) from 15 to 60 days of PT. High K rates were found in patients
treated with some Staphylococcus aureus, Pseudomonas aeruginosa, and Enterococcus faecalis phages. Low K rates were observed during PT in
sera of patients using phages orally (K = 1.04). Increased inactivation of phages by sera of patients receiving PT decreased after therapy. These
results suggest that the antiphage activity in patients’ sera depends on the route of phage administration and phage type. The induction of antiphage
activity of sera during or after PT does not exclude a favorable result of PT.

PMID: 24893003 [PubMed - indexed for MEDLINE] PMCID: PMC4076954 [Available on 2013-08-01]
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Review

The potential role of endogenous bacteriophages in controlling
invading pathogens
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Phages targeting infected tissues: novel approach to phage therapy
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Phage Therapy

Cument Research and Applications

“All in all, Phage Therapy: Current Research and Applications is a valuable
resource for anyone interested in phages’ biology and/or biomedical
significance. Although phage therapy has not yet made the leap from niche
treatment to mainstream medicine in most of the world, this book presents a
compelling case that phage-based medicine is an idea whose time has come.”

(Keen EC, Adhya SL. Review of Phage Therapy: Current Research and Applications.
Clin Infect Dis. 2015 Mar 31. pii: civ257. doi: 10.1093/cid/civ257).
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Randomized controlled clinical trials on bacteriophage application

Aim of the trial

Organizer/Sponsor
time of realization

Comments and references

A single-center
randomized and
placebo-controlled
trial on the safety
and the
bioavailability
measure of oral
phage

Nestlé Research
Center, Nestec Ltd.,
Lausanne,
Switzerland

VI 2003

Fifteen healthy adult volunteers received two doses (103 and 10> PFU/ml) of
purified Escherichia coli T4 phage, and placebo in 150 ml of drinking water.
Neither adverse events nor significant change in population of commensal E. coli
related to phage application were observed. Phages were detected in stools 1 day
after exposure in all volunteers receiving the higher phage dose but a week after a
2-day course of phage application no phage was detected.

Bruttin A and Brissow H. Antimicrob Agents Chemother 2005;49: 2874-2878.

A double-blind
placebo-controlled
initial phase /11
clinical trial
targeting chronic
ear infections
caused by P.
aeruginosa

Biocontrol Ltd.,
London, UK

VII 2006 — X 2007

Twelve patients suffering from otitis media caused by antibiotic refractory P.
aeruginosa were treated with a single dose of bacteriophage mixture prepared
by Biocontrol Ltd. and another twelve with placebo. It was presented that phage
administration was safe, and there was significant reduction of clinical symptoms at
day 42 in bacteriophage treated group (55% of total clinical score at the day zero)
compared to the control group (104%). There was also 76% decrease in mean
count of bacteria in samples taken from the patient’s ears 6 weeks after phage
application when in controls even small increase (9%) was observed.

Wright A et al. Clin Otolaryngol. 2009;34:349-57.

A prospective,
randomized,
double-blind
controlled study of
WPP-201 for the
safety and efficacy
of treatment of
venous leg ulcers

Southwest Regional
Wound Care Centre
in Lubbock, Texas,
USA

IX 2006 —V 2008

This was a phase | study of WPP-201 - a cocktail of 8 lytic bacteriophages
against P. aeruginosa, S. aureus, and E. coli. developed by Intralytix Inc., USA.
It contained a concentration of approximately 1x10° PFU/mI of each of the
component monophages isolated from environment and not genetically modified.
The primary objective of this study was to evaluate the safety of the topical use of
WPP-201 on the healing of the full thickness venous leg ulcers of greater than 30
days duration.

Rhoads DD et al. J Wound Care. 2009;18:237-8, 240-3.




Clinical trials — cont.

Aim of the trial

Organizer/Sponsor
time of realization

Comments and references

A limited clinical trial
using bacteriophages
against methycyllin-
resistant S. aureus and
multi drug-resistant P.
aeruginosa on burn
wounds

Burn Wound Centre of
the Queen Astrid Military
Hospital, Brussels,
Belgium

completed

A well-defined cocktail of lytic bacteriophages against methycyllin-
resistant S. aureus and multi drug-resistant P. aeruginosa (BFC-1)
was applied on burn wounds in 9 patients (10 applications). Phages
were characterized by the fingerprint and electron microscopy and
targeted against bacteria occurring in the Hospital. No adverse events,
clinical abnormalities or changes in laboratory test results that could be
related to the application of phages were observed (the follow-up period
was 3 weeks). Unfortunately, this very prudent ‘clinical trial’ did not
allow for an adequate evaluation of the efficacy of the phage cocktail.

Ref.: Verbeken G et al. Future Microbiol 2007;2(5):485-91.
Merabishvili M et al. PLoS ONE 2009;4(3): e4944.

Rose T et al. Experimental phage therapy of burn wound infection:
difficult first steps. Int J Burns Trauma. 2014;24(2):66-73.

Nasal decolonization of
methicillin-resistant
Staphylococcus aureus
with mupirocin or phage
ISP: a prospective
randomized double blind
comparison of both
treatments

Burn Wound Centre of
the Queen Astrid Military
Hospital, Brussels,
Belgium

ongoing

This is a placebo controlled multicentre clinical trial focused on
nasal/throat decontamination of S. aureus as well as P. aeruginosa in
intensive care patients. Forty patients are intended to be enrolled into
this study.

Ref.: Merabishvili, M. (2012). The phage therapy experience of the
Brussels burn wound centre [abstract]. In EuroPhages 2012:
Bacteriophage in Medicine, Food and Biotechnology; Conference
Handbook, p 21.

Randomized, Double Blind
Placebo-controlled
Studies to Evaluate the
Effect of an Orally-fed
Escherichia Coli (E. Coli)
Phage in the Management
of ETEC and EPEC
Induced Diarrhea in
Children

Nestlé Nutrition
Corporate,

Lausanne, Switzerland
VIII 2009 - 1 2013

This trial aims to evaluate the effect of oral administered E. coli phage
in children aged 4-60 months of age with proven ETEC and EPEC
diarrhea. Enrolled children will be randomly assigned, in equal
numbers, to receive either: (i) a new T4 phage cocktail or (ii) Russian
anti-E. coli phage cocktail (Microgen) at the dose recommended by
the manufacturer or (iii) only oral rehydration solution (placebo) for 5
days in addition to management of dehydration and continued feeding
in accordance with WHO guidelines.

Ref.: ClinicalTrials.gov Identifier: NCT00937274




April 02, 2015
Endolysins: redefining antibacterial therapy

Clinical Microbiologist Bjorn Herpers speaks to Natasha Leeson,
Commissioning Editor of Future Medicine, April 2015

This research was expanded to include a case series of eight
patients with recurring dermatitis who were being treated by
physicians that incorporated Staphefekt SA.100 in their treatment.
In these eight patients, we looked at relief of symptoms and
corticosteroid use. Overall, six had S. aureus and of these six S.
aureus carriers, five of them showed a decrease in S. aureus
burden and they reported relief of symptoms and less
corticosteroid use. However, the other patient did not report relief
of symptoms and the S. aureus did not disappear. So,
unfortunately, one of them failed but in the other five patients we
saw a positive effect. This was the first time that endolysin
therapy has been observed in humans.



Phages given by the FDA In 2006 the designation

Generally Regarded As Safe (GRAS)



NATURE | OUTLOOK

Perspective: The age of the phage

Shigenobu Matsuzaki, Jumpei Uchiyama, lyo Takemura-Uchiyama
& Masanori Daibata

It's time to use viruses that kill bacteria again, say Shigenobu Matsuzaki,

Jumpei Uchiyama, lyo Takemura-Uchiyama and Masanori Daibata.

Nature 509, S9 (01 May 2014) doi:10.1038/509S59a
Published online 30 April



Nature | News

Phage therapy gets revitalized

The rise of antibiotic resistance rekindles interest in
a century-old virus treatment.

Sara Reardon
03 June 2014



Future Microbiology
Vol. 10, No. 5, Pages 685-688 , DOI 10.2217/fmb.15.28 (May)
(d0i:10.2217/fmb.15.28)

Re-establishing a place for phage therapy in western medicine

Elizabeth Martin Kutter*!, Sarah J Kuhl?> & Stephen T Abedon**3 Use of bacterial
viruses as antibacterial agents has a history nearly as long as the now 100-year study of
bacteriophages. Therapeutic phages are especially useful in the absence of alternative
treatments, as was the case in the preantibiotic era and is again true in the face of
declining antibiotic effectiveness and increasing awareness of their often-problematic
consequences. As the dilemma of antibiotic resistance grows, new antimicrobial
strategies must be found or our healthcare system will revert to a preantibiotic era for
many pathogens. This has become a major priority of WHO, as well as politicians and
public health systems around the world [1]. Antibacterial agents against which resistance
has not yet evolved, ones that are inexpensive and also display low toxicities are
needed. Bacteriophages, in particular, exhibit these characteristics and this, the 100th
anniversary of their discovery [2], is a good time to consider how phages may be
integrated into our antibacterial arsenal. The key issue is how to leverage an extensive
history of clinical and experimental safety and efficacy toward re-establishing a place for
phage therapy in western medicine. Here we suggest increased emphasis on
collaborative compassionate use to lay the groundwork for physician
and public acceptance as well as full-blown clinical trials.



We suggest compassionate use of S. aureus phages in combination
with standard Staphylococcus treatment protocols, in collaboration with
academic phage researchers and suppliers of existing phage products, moving as
appropriate toward clinical trials of topical phage applications. Much pertinent clinical
data [6—8] underlies this proposal, from the first phage therapy paper [20] to MacNeal et
al.'s 1930s-1940s work with hundreds of patients in NY, USA [21], to extensive French,
Polish and Georgian published clinical work extending up until current times [6-8,10].
The influential 1930s Eaton and Bayne-Jones JAMA report [17], exploring over 100
English-language articles, concluded that phage therapy of Staphylococcus infections
was the one area where there was sufficient evidence to say that these phages clearly
work: “A great many of the reported favorable results of bacteriophage therapy have
come from the use of this agent in staphylococcal infections.” One also sees far less
bacterial resistance to Staphylococcus phages than to other phages, or antibiotics, that
are used clinically [7,8,11].

In many applications, introducing anti-Staphylococcus phage therapy
into western clinical practice in a collaborative, compassionate-use
fashion would not require further deviation from the current standard
of care beyond careful record keeping as well as blinding for clinical
trials. We predict that successes would facilitate progress toward large-scale clinical
trials of a range of external phage applications. Such accomplishment would increase
confidence and interest in the potential of phage therapy, encouraging commitment of
both private and public funds to its further western



Professor Michael Kidd AM (Flinders University, Australia)

“In the era of evidence-based practice, we need practice-
based evidence. The basis of this evidence is the detailed
information from the case reports of individual people which

informs both our clinical research and our daily clinical
care”’.
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