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Introduction:

Introduced in the early 1900s, phage therapy is the
application of bacteria-specific combat
uncontrolled and undesired bacteria such as those associated
with infections!. The emergence of bacterial resistant to most
of the currently available antimicrobial drugs has become a
critical problem in modern medicine, because of the
significant increase in immunocompromised patients in
particular?. The concern that mankind is re-entering the
preantibiotics era has become very real, and the development
of alternative anti-infection modalities has become one of the
highest priorities of medicine and biotechnology.
3Bacteriophages are viruses that invade bacterial cells and, in
the case of lytic phages, disrupt bacterial metabolism and
cause the bacteria to lyse. The history of bacteriophage
discovery has been the subject of lengthy debates, including a
controversy over claims for priority. Ernest Hankin, a British
bacteriologist, reported in 1896 on the presence of marked
antibacterial activity (against Vibrio cholerae) which he
observed in the waters of the Ganges and Jumna rivers in
India*. He suggested that an unidentified substance was
responsible for this phenomenon and for limiting the spread
of cholera epidemics. Two years later, the Russian
bacteriologist Gamaleya observed a similar phenomenon
while working with Bacillus subtilis, and the observations of
several other investigators are also thought to have been
related to the bacteriophage phenomenon®. However,
Frederick Twort, a clinical bacteriologist from England,
reintroduced the subject almost 20 years after Hankin's
observation by reporting a similar phenomenon and
advancing the hypothesis that it may have been due to, among
other possibilities, a virus®. Owing to their host specificity
which can range from an ability to infect only a few strains of

viruses to
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a bacterial species to, more rarely, a capacity to infect more
than one relatively closely related bacterial genusphages only
minimally impact health-protecting normal bacterial flora’.
By contrast, many antibiotics, which tend to have broader
spectrums of activity, are prone to inducing superinfections,
such as antibiotic-associated Clostridium difficile colitis or
Candida albicans yeast infections?.

Phages against many pathogenic bacteria are easily
discovered, often from sewage and other waste materials that
contain high bacterial concentrations. Isolation can be more
technically demanding, however, if host bacteria themselves
are difficult to culture and bacteria may differ in terms of the
number of phage types to which they are susceptible®.

Early research on phage therapy:

Not long after his discovery, d'Herelle used phages to treat
dysentery, in what was probably the first attempt to use
bacteriophages therapeutically!®. The phage preparation was
ingested by d'Herelle, Hutinel, and several hospital interns in
order to confirm its safety before administering it the next
day to a 12-year-old boy with severe dysentery. The patient's
symptoms ceased after a single administration of d'Herelle's
anti-dysentery phage, and the boy fully recovered within a
few days!l. The efficacy of the phage preparation was
confirmed shortly afterwards, when three additional patients
having bacillary dysentery and treated with one dose of the
preparation started to recover within 24 hours of treatment.
However, the results of these studies were not immediately
published and, therefore, the first reported application of
phages to treat infectious diseases of humans came in 1921
from Richard Bruynoghe and Joseph Maisin!2, who used
bacteriophages to treat staphylococcal skin infections. The
bacteriophages were injected into and around surgically
opened lesions, and the authors reported regression of the
lesions within 24 to 48 hours!3. Several similarly promising
studies followed, and encouraged by these early results!4.



Prophylaxis and treatment of bacterial infections in humans:
Since phages consist mostly of nucleic acids and proteins,
they are inherently nontoxic'>. However, phages can interact
with immune systems, at least potentially resulting in harmful
immune responses, though there is little evidence that this
actually is a concern during phage treatment'®. The
international literature contains several hundred reports on
phage therapy in humans, with the majority of recent
publications coming from researchers in Eastern Europe and
the former Soviet Union and only a few reports published in
other countries!”. The most detailed reports on phage therapy
in humans were by Slopek et al., who published a series of
reports on the effectiveness of phages against infections
caused by several bacterial pathogens, including multidrug-
resistant mutants'8. They have reported that five hundred fifty
patients having bacterial septicemia and ranging in age from
1 week to 86 years were treated at a total of 10 hospitals
located in three different cities. Antibiotic treatment was
reported to be ineffective in 518 of the patients, leading to the
decision to use phage therapy. The etiologic agents in the
studies were staphylococci, Pseudomonas, Escherichia,
Klebsiella, and Salmonella, and treatment was initiated after
isolating the etiologic agents and selecting specific, highly
potent phages from a collection of more than 250 lytic
phages'®. Phages were administered as follows: (i) orally,
three times a day before eating and after neutralizing gastric
acid by oral administration of baking soda or bicarbonate
mineral water a few minutes prior to phage administration;
(i1) locally, by applying moist, phage-containing dressings
directly on wounds and/or pleural and peritoneal cavities; and
(iii) by applying a few drops of phage suspension to the eye,
middle ear, or nasal mucosa. During the course of treatment,
the etiologic agents were continuously monitored for phage
susceptibility, and if phage resistance developed, phages were
replaced with different bacteriophages lytic against the newly
emerged, phage-resistant bacterial mutants.

Comparison of phages and antimicrobial drugs:
Advantages of phage therapy over the use of antibiotics can
be framed in terms of phage properties. Researchers paid
more attention to those properties that can contribute
substantially to phage therapy utility2’.

Lytic phages are similar to antibiotics in that they have
remarkable antibacterial activity. However, therapeutic
phages have some at least theorctical advantages over
antibiotics, and phages have been reported to be more
effective than antibiotics in treating certain infections in
humans and experimentally infected animals?!. In one study
Staphylococcus aureus phages were used to treat patients
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having purulent disease of the lungs and pleura??. The
patients were divided into two groups; the patients in group A
(223 individuals) received phages, and the patients in group B
(117 individuals) received antibiotics. Also, this clinical trial
is one of the few studies using i.e. phage administration. The
results were evaluated based on the following criteria: general
condition of the patients, X-ray examination, reduction of
purulence, and microbiological analysis of blood and sputum.
No side effects were observed in any of the patients,
including those who received phages intravenously.
Moreover, the complete recovery was observed in 82% of the
patients in the phage-treated group as opposed to 64% of the
patients in the antibiotic-treated group. Because phages infect
and kill using mechanisms that differ from those of
antibiotics, specific antibiotic resistance mechanisms do not
translate into mechanisms of phage resistance. Thus,
scientists gave the opinion that phages consequently can be
readily employed to treat antibiotic-resistant infections?3.

Good therapeutic phages should have a high potential to
reach and then kill bacteria in combination with a low
potential to otherwise negatively modify the environments to
which they are applied. These characteristics can be
reasonably assured so long as phages are obligate lytic, stable
under typical storage conditions and temperatures, subject to
appropriate efficacy and safety, and, ideally, fully sequenced
to confirm the absence of undesirable genes which can
produce toxins?4,

Mechanism of action of phages:

Despite the large number of publications on phage therapy,
there are very few reports in which the pharmacokinetics of
therapeutic phage preparations is delineated. The publications
available on the subject, suggest that phages get into the
bloodstream of laboratory animals (after a single oral dose)
within 2 to 4 hours and that they are found in the internal
organs (liver, spleen, kidney) in approximately 10 to 25
hours. Also, data concerning the persistence of administered
phages indicate that phages can remain in the human body for
relatively prolonged periods of time, i.e., up to several days2°.
However, additional research is needed in order to obtain
substantial pharmacological data concerning lytic phages,
including full-scale toxicological studies, before lytic phages
can be used therapeutically?’. As for their bactericidal
activity, therapeutic phages were assumed to kill their target
bacteria by replicating inside and lysing the host cell.
However, subsequent studies revealed that not all phages
replicate similarly and that there are important differences in
the replication cycles of lytic and lysogenic phages28.
Furthermore, the recent delineation of the full sequence of the



T4 phage and many years of elegant studies of the
mechanism of T4 phage replication have shown that lysis of
host bacteria by a lytic phage is a complex process consisting
of a cascade of events involving several structural and
regulatory genes. Since T4 phage is a typical lytic phage, it is
possible that many therapeutic phages act via a similar
cascade??; however, it is also possible that some therapeutic
phages have some unique yet unidentified genes or
mechanisms responsible for their ability to effectively lyse
their target bacteria. Authors identified and cloned an anti-
Salmonella phage gene responsible, at least in part, for the
phage's potent lethal activity against the Salmonella
typhimurium host strains®®, In another study, a unique
mechanism has been described for protecting phage DNA
from the restriction-modification defenses of an S. aureus
host strain®'. Further elucidation of these and similar
mechanisms is likely to yield information useful for
genetically engineering optimally effective therapeutic phage
preparations.

Conclusion:

Bacteriophages have several characteristics that make them
potentially attractive therapeutic agents. They are highly
specific and very effective in lysing targeted pathogenic
bacteria. These are rapidly modifiable to combat the
emergence of newly arising bacterial threats. There is a large
body of evidences and a desperate enough need to find
alternative treatment modalities against rapidly emerging,
antibiotic-resistant bacteria to warrant further studies in the
field of phage therapy. In an era where antibiotic-resistant
bacterial infections are on the rise, phages provide numerous
advantages, along with relatively few disadvantages.
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