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Careful selection of bacteriophages
for phage therapy is needed to

encountered in clinical practice. As an
example, the phage mixture ‘Pyophage’ in-
cludes viruses of different species that are
active against strains of bacteria such as
Staphylococcus, Streptococcus, Proteus,
Escherichia coli, Pseudomonas aeruginosa,
and Klebsiella pneumoniae – which are the
most common pathogens. Maintaining the
lytic activity of commercial phage prepara-
tions is achieved by continually updating
their composition by the introduction of
new phages that are active against the
newly emerged phage-resistant bacterial
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domain (IID) can recognize RNA, includ-
ing those with overhangs. Mimicry of
cellular RIG-I like receptors is part of
the arsenal of Ebola virus immune eva-
sion tactics [10].

Unique replication products defined by
Deflubé et al. are the latest findings that
shed light on the unusual replication initi-
ation mechanism utilized by Ebola vi-
ruses, which, not too long ago, was
considered to be similar to that of other
NNSVs.
avoid undesirable consequences.
Different approaches to phage
therapy are compared: from the
use of multispecies industrially pro-
duced phage mixtures with wide

variants. As a result, phage preparations re-
leased under the same name at different
times, or by different enterprises, may differ
significantly in activity with respect to a
given set of strains isolated from a particular
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range of antibacterial activity to
the ‘magistral phage’ approach in
which bacteriophages are selected
for treating individual patients.

Prolonged use of new antibiotics, consis-
tently administered for therapy, inevitably
leads to the emergence of resistant variants
of pathogenic bacteria; this necessitates a
search for alternative approaches to anti-
bacterial therapy. One such approach is
the use of phage therapy, that is, the use
of viruses that infect bacteria; these viruses
are called bacteriophages (phages). The ini-
tiator of phage therapy was the French
scientist F. D’Herelle, one of the discoverers
of phages. His collaboration with Georgian
researchers in the 1930s promoted the in-
troduction of phage therapy into clinical
practice and led to the beginning of the in-
dustrial production of phage as a medical
preparation. Since then, phage therapy
has been successfully applied in Russia
and in some countries of Eastern Europe,
being used mostly against surface infec-
tions – for example, in the treatment of
infected wounds. Now several industrial
enterprises in Russia (e.g., ‘Microgen’) pro-
duce preparatons of therapeutic phages
which display high-level activity against sev-
eral of the bacterial species most frequently

patient.

At the same time, phages of some species
should be considered as obviously unac-
ceptable for therapy. This would include
those that are a powerful factor in imparting
pathogenicity and virulence to bacteria or
that may cause undesirable evolutionary
changes to pathogenic bacteria.

An example of a phage that is unaccept-
able for therapy is the filamentous phage
Pf, which is active on P. aeruginosa. In a
series of studies, the results of which were
summarized in a recent study [1], a critical
role of this bacteriophage was shown
to be suppression of immunity against
bacterial infection; the presence of Pf
was frequently associated with chronic
nonhealing wound infections involving
P. aeruginosa. When phage Pf is internal-
ized by human and murine immune cells it
stimulates maladaptive viral pattern-recog-
nition receptors and suppresses bacterial
clearance from infected wounds. Accord-
ingly, the authors hypothesized that vacci-
nation against Pf phage virions could be a
potential strategy to prevent at least some
P. aeruginosa infections. It would be inter-
esting to assess the possible effect of Pf
phage on the course of bacterial infection
of the lungs in an animal model.
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Another group of phages that are unac-
ceptable for phage therapy is a large
group of temperate phages – trans-
posable phages. One of the possible sce-
narios of phage evolution during phage
therapy, which can affect human health,
may be associated with the activity of
transposable phages. The first phage
transposon active on P. aeruginosa –

phage D3112 – was described long ago
[2], but the study of phages of this species
still reveals unexpected effects, including
an amazing ability to integrate into its
own genome [3]. Another feature of this
phage is the peculiarity of its expression
during interspecies transfer. When trans-
ferring the D3112 genome in the hybrid
plasmid RP4 :: D3112 to E. coli (strain
B), the E. coli exconjugants which re-
ceived RP4::D3112 retained viability only
at 42°C (at subfibril temperature), and
when the incubation temperature was
lowered to 30°C these cells died, forming
filamentous bacteria [4,5]. It is difficult to
predict how the properties of the clinical
P. aeruginosa variants or other bacterial
species could change and what effects
may result from the interspecies migration
of a hybrid plasmid with the transposable
phage during a real bacterial infection.
With the loss of the RP4 plasmid, E. coli
clones persistently retain the D3112
genes, as a result of prophage transposi-
tion into a bacterial chromosome.

The possibility of interactions of phages
of different species and different bacte-
ria, as well as the long-term evolutionary
consequences of this, have not yet been
investigated. In this regard, it is neces-
sary to be extremely cautious in treating
humans with some unusual lytic variants
of transposable phages. Thus, the pro-
posed use of phage PA10 [6] – which is
closely related to phage D3112 (90% of
similarity) and exhibits lytic activity
against pathogens of several different
species – could lead to unexpected
and potentially dangerous results.

From our point of view, ensuring manda-
tory security in phage therapy remains
the most important challenge. Therefore,
it is necessary to exercise some caution
in the use of multispecies phage mixtures.
In phage therapy, we think that it is more
secure to use sequential applications of
monopecies phage preparations [7].

Work is currently under way in Western
Europe to introduce the ‘magistral phage’
system for the therapeutic use of phages in
medical practice [8]. One of the obvious
and fair objectives of this system is to
make phage therapy more accessible for
the individual treatment of patients. The
technology of the ‘magistral phage’ therapy
differs from the phage therapy model used,
for example, in Russia, primarily in that an
acceptable phage preparation is selected
from the existing set of industrial phage
samples (see above) – which does not re-
quire a long individual selection of phage
and thus significantly reduces the costs.

The previously proposed suggestion that
phages can be used by introducing them
into the blood stream, using modified
phage λ (active on E. coli strains) [9],
also requires further detailed studies – in
particular, concerning the need to ex-
pand the spectrum of lytic activity in rela-
tion to other species of pathogenic
bacteria.

Since the efficacy of phage therapy de-
pends on the conditions under which
phages are used, and the type(s) of
phage(s) used, the acceptability of phages
for therapy (from the point of view of pa-
tient safety and possible influence on the
evolution of pathogenic bacteria) will inevi-
tably involve further research.
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Early-Life Microbiota
Perturbations and
Behavioral Effects
Antonia P. Francis1 and
Maria Gloria Dominguez-Bello2,*

The maternal environment, during
the prenatal and postnatal periods,
is a determinant of offspring devel-
opment and health. Perturbations
during these periods can affect
maternal behaviors and maternal–
infant bonding, and also impair
transmission of maternal microbi-
ota to the offspring. Impaired mi-
crobiota has been associated with
alterations of offspring cognitive
development and behavior.

Microbiota Functions in Human
Health
Microbiota refers, collectively, to themicrobes
that have coevolved with a host; their
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