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was set up in the Soviet Union in the 1920s. Despite @ subsidiary of NPO Microgen;
Alexandra N. DABIZHEVA, Cand. Sci. (Med.), Head

of the Marketing and Promotion Department, NPO Microgen,
Russian Ministry of Health (Moscow);

Natalia N. VOROSHILOVA, Dr. Sci. (Med.), Head

of the Bacteriophage Production Unit at the Immunopreparat
company (Ufa), a subsidiary of NPO Microgen
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- \ % i political repressions, as a result of which its first director,

‘N Pho‘ from the archivelof ¢ | Eliava, was shot and some of its staff were sent into exile,
L ' Microge the Institute of Bacteriophages (Tbilisi, Georgia) survived
and persisted to become the world’s leading center
of therapeutic research and production of these bacterial

h only research center of bacteriophagology, which  of the Bacteriophage Department, NPO Biomed (Perm),
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“Mass production of bacteriophages for practical purposes
requires enormous attention and diligence as well as in-depth
theoretical knowledge on the part of the bacteriologist
who organizes this production. The isolated bacteriophages
must be thoroughly examined before they are put into
production. It is only active bacteriophages, which double
the number of corpuscles in about 10 minutes — a criterion
for the high virulence of a bacteriophage race — that have
therapeutic value. The bacteriophage must dissolve the majority
of strains of a given bacterial species from most diverse sources
and from various locations.

“The bacteriophage must have good viability. The virus must
be cultivated on freshly isolated bacterial strains that have
undergone as few passages in artificial media as possible.
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Given that the individual properties of different bacteriophage
races are largely different, therapeutic products should use
a mix of several virulent races of a given bacteriophage.
The bacteriophage must be thoroughly controlled after
the production. The control must ensure the high quality
of the product, its sterility, and the absence of harmful effects
when the product is administered into the body.

“The vials used for bottling the bacteriophage must be made
of highest-grade glass that does not emit alkali; otherwise,
the pH of the liquid will change over time and the bacteriophage
may die. Provided that the bacteriophage is properly prepared
at the highest scientific level, health professionals are armed
with an extremely valuable weapon to fight various infectious
diseases”(Pokrovskaya et al., 1941)
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NPEAHCNOBHE

B wmure uanosed omuiT apumenerus BakTepwodsrs npm Jie-
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This unique publication summarizes the experience
in the use of bacteriophages to treat wounds &
infections in the military field conditions during
the Russian—Finnish war of 1939—1940.
Photo: the title page, the preface and an illustration
from the book Treatment of Wounds with Bacteriophage,
Moscow: USSR People’s Commissariat of Public Health
(Narkomzdrav), 1941

Institute to save the soldiers wounded in the war with
the White Finns.

They found that a relatively small amount of bacteria
get into the tissue at the time of wounding, and those
bacteria could be easily destroyed by bacteriophages during
the first hours, when the bacteria were still on the wound
surface. In most cases, an early treatment of wounds with
bacteriophages prevented suppurative processes in tissues
and led to faster healing.

As a result, the use of staphylococcal and streptococcal
bacteriophages helped clean wounds from bacteria in more
than half of the cases and achieve a complete sterilization
of the wound in 30—40 % of the patients. The elimination
of infection through the use of bacteriophages allowed
surgeons to suture the wound a week earlier, thus
accelerating the healing process. Bacteriophages also
proved effective in treating acute inflammatory processes
(phlegmons, tendovaginitis, abscesses, etc.); in most cases,
the treatment was conservative, without large incisions.

All these results showed the great importance
of the prevention of purulent complications in wounds
through the use of bacteriophages, which were not only
completely harmless but also widely available, inexpensive
and easy-to-manufacture therapeutic agents.

Bacteriophages
in the Battle of Stalingrad

The further history of phage therapy is associated
with the tragic events of World War IT in 1941-1945.
In those years, with a total lack of antibacterial drugs
(at the beginning of the war, the Soviet Union did not
have a technology to produce penicillin), it was decided
to organize mass production of bacteriophages to treat
infections in the soldiers of the Red Army.

Particular attention was given to phages that destroy
bacteria causing intestinal infections such as cholera,
typhoid, dysentery, salmonellosis, etc. The reason was the
inevitable lack of hygiene in the field conditions. Later,

In the early stages of industrial production of phage drugs,
bacteriophages were grown in large glass containers
such as three-liter bottles
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H [OSTOMY BpeMA OT BpeMmeHd sanacu GakTepaodara HysHD no-
BTOPHO mpoLReparh, YTobsl A48 NMpakiHueckol pabork BCeria Aa-
BaTh TONLKC BLICOKOKAMECTBEHHLIA npenapar,

NPENAPATBI BAKTEPHO®AIA, NMPHMEHAEMBIE .
B XHPYPIHYECKOH NPAKTHKE

Ilan nedchun xupypriveckux saGonesaunii 8 CCUP naroTos-
JAI0TeH  pasimudble Gaktepiodard: cTaQHACKOKKCBHR, CcTpento-
KOKKOBBIH, CHHErHOMHbIA, 3HTEPOKOKKOBLI, Gaktepuodary opc-
THE KHINEHHOM Nanoukd, npotHs soabyanredell raaopof raurpe-
Hel # Op. ITu OGaxtepuodard ynorpebaswTced B Tex <aywasx,
ROrma ﬁanepam&rnqmme HCoAedOBAHHE TOMHO YCTAHOBHAIO
BHA MHKPOOPran#sma, o0yC/OBAHBAIOWErO AaHHHH HHpERILUOH-
nulil mpouecc. B Tex cayuasx, Korga GakTepHOJOrHYecKOe Hocae-
LOBAHHE HE NPOM3BELEHO HAM MPOLECC BLI3LIBARTCH HECKOJbKH-
MH BHIAMH MHMKDOOPTAHHAMOB, [1'Ipe/lh NPeAJOKH/ NPHMEHATH
cMecl Ma OakTepiodaros, He AOMHIARCL [OCTAHOBKH TO4YHOID
GaxkTepHoJoruuecKoro Anarnosa. Cvecr  GaKTepnodaros 13101 BO3-
MOAHOCTH B MpakTHueckoli ofcTaHoBKe NpHMenHT: GakrepHogar |
HeMennenHo. J'2peanp npeaarier B XHPYPrU4ecKod npaKTHKE
ynorpeGaaTh cMech H3 CTaHIOKOKKOBUrO, CTPENTOKOKKOBOrO,
NAPAKHILEYHOTD, 3HTEPOKOKKOBOTO, MPOTEAHOTO M CHHErHOAHOTO
GaxTepuotparons, ITy cMech A'Ipesns Hassan NHOQAroM. _

[pi npesenesns nuodara B G0abHOM OpraHH3Me «paboTaioTs
(nnanpyoT) ToapKo Te OawtepHodiarM, KOTOpHle BCTPETHIHCE
€ COOTBETCTBYIOUIMMH HX JARTHYECKOR cneuuduuHocTH OaxTepus-
MH, OGYCAOBJHBAIOUIMMH AaHHoe 3afoaesanme. OcrasbHbie Gak-
TEpHGd}ETHf HMEllHeca B cMecH, OCTAKTCH HHAKTHBEHLIMH, HH-
KAKOrO BpPEda OpPraHH3My OHH HE NPHHECYT W uepes HEKOTO P
weGoapmiol cpoK GYAYT 6bileNeHbl H3 OprauA3IMa.

Tlpn oTcyTeTsus roToBore nHOGAra MOMHO €AMHM C1eT4TH
cMeCch M3 HMEIIHXCH B PACNOPAMKEHHH XHPYpra 6akrepuodaros.
JKenarearHo COCTABAATL CMECH TAKHM obpazoM, YToOl HE BKIO-
YATL B HHX JmnHke Gaxktepuodard. Hanpumep, Gakrepuosoruve-
CKHMM HOCJEIOBAHMAMM YCTAHOBAEHO, YTO B NEPBEE HaCH NOCTE
paHenus M3 aspoGHLIX MHKpOGOB B paHe wilue BCEro 0GHapy-
KHBAWOTCH CTPENTOKOKKH # crapuaokoxkd, [lpoTeil y cHmnertod-

MYy newueHHe CHEMHX paH MOMHO NPpOH3BOIAHTH cMechio H3 CTREN-
TOKOKKOBOrO H CTA(HNOKOKKOBOrO GakTepHoparos, He BHIW0Yan
B Hee NpoTeHHoro H CHHErHOMHOTO. HyHo uMers B BHAY, 4TO
B OYEHb CJDMHBIX CMeCcAx HPDHCIDEI.HT. Mo  HamHM Habuone-
HUAM, OCAAGJEHHE OTAEJbHBIX KOMIOHEHTOB, 4TO CHHMAET Jeuel-
Wble KauecTBa npemaparta. IloapobGuo o 3TOM CKA3aHO HIKE, B

3

Soviet microbiologists implemented an inventive idea to produce an integrated
phage drug, which was called by its author—Félix d’Hérelle himself—pyophage
(from pyo meaning ‘purulent’). The goal of combining several bacteriophage
species targeting different bacteria was to expand the combat spectrum
of the drug. This was particularly important for wounds: the injured area
is infected by a variety of bacteria, and emergency prevention and treatment
of already festering wounds is best done by different bacteriophages. The same
principle was later used in the creation of intesti-bacteriophages, i. e., comhined
Russian drugs based on intestinal phages, which are still widely used for mass
prevention and treatment of intestinal infections
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As shown by the experience
of the Russian—Finnish War,

~ the use of bacteriophages to treat

wounds enabled surgeons to suture
the wounds a week earlier, which
accelerated the healing process.
Photo: pages from the book
Guidelines to Surgical Treatment
Methods, Moscow: USSR People’s
Commissariat of Public Health
(Narkomzdrav), 1942

hospitals began to use the wound
infection bacteriophages that proved
effective during the Russian—Finnish
war. These drugs helped reduce
the stay of a wounded soldier in a field
hospital to a week. In total, during
the war years, the production units
established by Soviet bacteriological
institutions manufactured more than
200,000 liters of wound bacteriophages
for the Soviet army!

These organizations not only
produced tons of phage drugs; they
did a huge amount of research.
The reason was that nutritional
microbiological media were made
from meat, which was in deficit
during the war. Therefore, concurrent
with the production, researchers had
to find, as quickly as possible, new
ways to prepare nutritional media, and
they learned how to make them from
placenta, casein and even blood clots.

It was bacteriophages (namely,
the cholera bacteriophage) that
became a key to success in the famous
Battle of Stalingrad, the decisive
battle of World War II. Cholera had
always been an inevitable companion
of armies at war. For instance,
during the Sevastopol campaign
of 1854—1855, the Anglo—French
troops lost 73,000 men in military
operations and 18,000 due to choleral!
At Stalingrad in the summer of 1942,
there was an outbreak of cholera on the
territory occupied by German troops.
On the one hand, it was an unexpected
ally; on the other hand, it was a direct
threat because the epidemic would not
stop at the front line.
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Mpt morau vOeauTbes, wT0 MOCKOBCKRIT HHCTATYT HMedd
Meunnkosa u ToHIHCCKHI HRCTHTYT OGaxktepuohards H3roToB-
JAAI0T MPCNAPaTHl BLICOKOrO KauecTsa (raba. 1).
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This counting
and filling machine
for the packaging

of bacteriophage
drugs was designed
at the plant

in the city of Gorky
(now Nizhny
Novgorod)
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As shown by these guidelines for practicing
surgeons, which were published

at the beginning of World War Il

by that time bacteriophages had become

a recognized antibacterial agent

and were recommended for use in surgical
practice to treat wounds and acute infectious
and inflammatory processes. Photo: the title
page and preface to the book Guidelines

to Surgical Treatment Methods, Moscow:
USSR People’s Commissariat of Public
Health (Narkomzdrav), 1942
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It was important to assess the risks on site, and this task
was assigned to Prof. Zinaida Ermolieva from the Institute
of Experimental Medicine (Moscow), who had already
had an experience of working with bacteriophages under
battlefield conditions. (By the way, it was Ermolieva who
obtained in the same year 1942 the first Soviet penicillin
(krustozin VIEM), which began to be used extensively
in military hospitals by the end of World War I1.)

To obtain Vibrios cholerae, one needed “material,” i.e
corpses of those who died from cholera. Berlin began
to receive bizarre messages: dead bodies were disappearing
from German field hospitals. The corpses were stolen and
carried over the front line by Soviet scouts. However,
the Vibrios cholerae that were sent to a factory in the city
of Gorky (Nizhny Novgorod) were too weak to be used for
the industrial cultivation of bacteriophages. The factory
did a great deal of work to infect rabbits and cultivate
the necessary pathogenic bacteria and their bacteriophages.
Unfortunately, the train with the phage drugs, which had
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been so difficult to obtain, was bombed out by German
aircraft. Therefore, Ermolieva organized in besieged
Stalingrad an underground secret laboratory for the
production of the cholera bacteriophage directly. The drug
was given to nearly 50,000 people every day.

At the end of 1942, Zinaida Ermolieva received a direct
call from the Commander-in-Chief Iosif Stalin, who
asked her: “Is it safe to keep more than a million people
at Stalingrad? Can the cholera epidemic interfere with
the military plans?” The bacteriologist said that she had
already won a victory at her front, now it was the time
for the Red Army.

These events marked the beginning of the mass
use of bacteriophages in the Soviet Union. Notably,
this happened at the time when the world switched
to antibiotics, which were discovered by a British scientist
Alexander Fleming in 1928.

Contemporary history

The history of bacteriophages on the Soviet territory
continued after World War II. Up to now, bacteriophage
drugs have been successfully produced by Russian
companies that make immunobiological products.

Currently, NPO Microgen, Russia’s largest producer
of such products, a state company under the Russian
Ministry of Health, produces 14 drugs containing
bacteriophages targeted at the most common pathogens
of bacterial infections. They are used for the prevention and
treatment of acute intestinal infections (dysentery, typhoid,
salmonella, etc.) and for the treatment of purulent-septic
and other diseases of various localization: surgical
infections, diseases of the ear, nose, throat, lungs and pleura,
urogenital pathologies, gastroenterocolitis, intestinal
dysbacteriosis, and infectious diseases in newborns and
infants. The drugs have been produced at three plants
associated with microbiological institutions: in Ufa since
1939; in Gorky since 1941; and in Perm since 1995.

Of course, the bacteriophage cultivation technology
has largely improved since the times of World War 1II.
The companies now use a reactor cultivation technology
and optimized growth media. Particular attention is paid
to the cleaning of bacteriophages from ballast components.
To this end, the producers use ultrafiltration, which
increases the safety of the drugs.

Bacteriophages are currently produced in Russia
on an unprecedented scale, like nowhere else in the world.
Bacteriophages are manufactured as high-grade drugs,
and the consumption of these antibacterial agents
in Russia is more than 1 billion packs per year. However,
it was only in 2016—one century after the discovery
of bacteriophages!—that these drugs were included into
the official Russian pharmacopoeia.
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ne of the latest examples of the preventive use
of Russian bacteriophages on a mass scale flood
relief programs.

For instance, in 2013, about 70,000 doses
of intesti-bacteriophage, which targets a broad spectrum
of bacteria causing gastrointestinal disease, were delivered
to the regions of the Russian Far East. In 2014, more
than 8,000 packages of this drug were sent, together with
dysentery and salmonella bacteriophages, to the Altai Krai
and the Republic of Khakassia, which had also suffered
from floods.

Thus, phage drugs have been and still are a means
of rapid response to bacterial threat at the gravest moments
in the Russian history. The culture of producing and using
these antimicrobial agents, which has been preserved
through the creative and selfless work of Russian scientists,
is particularly valuable now, in the light of the rapidly
growing bacterial resistance to antibiotics.

This article uses illustration materials from the archive

of NPO Microgen and from the books “Treatment of Wounds
with Bacteriophage” (1941) and “Guidelines to Surgical
Treatment Methods” (1942)
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An important step in the development of industrial
bacteriophage production was to design a technology

of deep cultivation in fermenters (left). This method,
which allows broad variations in the composition

of the nutrient medium to achieve the maximum yield

of the target product with minimal manual labor, is still
successfully used at the plants of NPO Microgen (above)
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