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Bacteriophages are viruses that attack bacteria. Reports indicate that appropriate
administration of living phages can be used to treat lethal infectious diseases
caused by gram- negative bacteria, such as Escherichia coli, Pseudomonas
aeruginosa, Klebsiella pneumonia, Vibrio vulnificus and Salmonella spp and gram
positive bacteria such as Enterococcus faecium and Staphylococcus aureus.
Bacteriophages specific for Enterococcus faecalis, Streptococcal phage lytic for
Streptococcus mutans and recently phage to Streptococcus salivarius have been
isolated. The isolation and identification of lytic bacteriophages to oral pathogens
could be considered as approach towards phage therapy of dental plaque and caries.

Introduction
2) cells. This is especially useful if
patients are allergic to antibiotics
because phages will not affect any
other cells than the ones targeted for
infection .
3) Phages are known to outnumber
bacteria 10:1, they can overpower
bacteria and stop them from dividing
and continuing to infect the host.
4) Phages mutate at a higher rate than
bacteria and are able to respond fast to
possible phage- resistant bacteria.
5) The cost of developing a phage system
is cheaper than that of developing a
new antibiotic.
6) Phages or their products do not have
any side effects.

Bacteriophages are viruses that attack
bacteria. Phage therapy, a method using
phages for the treatment of bacterial
infectious diseases was introduced by
Felix D Herelle, who co discovered
phages in 1920.1 However , with the
arrival of the the antibiotic era in the
1940 s it got suppressed, but the ongoing
evolution of bacterial multidrug resistance,
the potential of phage therapy is again
being evaluated.
Advantages of using Phage Therapy
The advantages of using phage therapy (28) are ;
1) They are extremely specific to their
target bacteria and won t affect other
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Effect of Phages on Bacteria

Isolation of Bacteriophages from oral
cavity

The first step of phage infection is
adsorption to the receptor on the bacterial
surface. After adsorption, phage DNA is
injected into the bacterial cytoplasm, the
DNA is replicated and synthesized,
multiple copies of DNAs are then taken
into the capsid which is constructed de
novo during the late stage of phage
infection. The progeny phages are released
and the descendant phages infect the
neighbouring bacteria in quick succession.
Even if the number of phages is less than
that of bacteria, the number of phages will
exceed that of bacteria after several
generations, the entire bacterial population
will eventually lyse.9

Phage Therapy

Bacteriophages have been isolated from
the oral cavity although there are limited
number of reports. A bacteriophage
infecting Lactobacillus casei has been
obtained from the oral material
19
,bacteriophages specific for species of
Veillonella species, were isolated by
Hiroki et al20. Phages lytic for
actinomyces spp were isolated by Tylenda
et al21 from dental plaque specimens and
virus
specific
for
Actinobacillus
actinomycetomcomitans
have
been
described22. Delisle and Rotkowski,23 have
described
bacteriophage
lytic
for
Streptococcus mutans. Bahrach et al24
tried to isolate bacteriophages for Gram
positive oral pathogens such as
Streptococcus sobrinus, Streptococcus
mutans and Streptococcus salivarius from
human
saliva
but
found
only
bacteriophage for Enterococcus faecalis.
Hitch et al25 isolated bacteriophages from
oral cavity but they obtained phages
specific for non oral bacteria such as
Proteus mirabilis but did not find any
phage specific for oral pathogenic
bacteria.

The effectiveness of phage therapy against
bacterial
infectious
diseases
has
accumulated since 1980, when Smith et
al11 undertook rigorous investigations into
phage therapy for pathogenic Escherichia
coli infections in a veterinary context.
Subsequently phage efficiency has been
proved against experimental infections by
12
Escherichia
coli
,Pseudomonas
aeruoginosa 13, Klebsiella Pneumoniae 14,
Enterococcus faecium15, Vibrio Vulnificus
16
and Salmonella spp 17, Staphylococcus
aureus 18 in animal models.

Nelson et al 26 reported the genome
sequence of C1 as the first Streptococcal
phage. The complete genome sequence of
Streptococcus mutans lytic bacteriophage
M102, has been revealed 27. Temperate
bacteriophages harbored by Enterococcus
faecalis strains have been isolated from
root canals of
teeth
in patients
undergoing
retreatment
following
unsuccessful endodontic therapy 28. This
study also demonstrated lysogenic
bacterial strains and their inducible viruses
in infected root canals.

A recent study concluded by Laano et al,10
shows that bacterial virulence seems to be
dependent on the structure, shape and
motility of the colony and phages are only
able to successfully decrease the virulence
when the colony is in the proper
morphotype formation that is the stability
of the bacterial colonies affected their
abilities to resist the phage.
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A recent study29 describes the isolation of
a new phage from Neisseria meningitides
strain (WUE 2594) which were attained
from 3 healthy plaque samples. The study
highlights that phages are present in dental
plaques of healthy individuals and that
they could potentially provide a selective
bacterial therapy against their host species
Neisseria31. A study by David T Pride et
al30 has identified a vast majority of
human salivary viruses as viruses of
bacteria, having integrase homologs
suggesting a predominant role in lysogeny.
They have found the viruses of
Veillonella,
Streptococcus
and
Megasphaera also suggesting they might
exist as prophages in the respective hosts,
supporting the presence of lysogenic
viruses in the community.

oral streptococci, starters of dental plaque
formation, could be considered as a
powerful approach for phage therapy of
oral pathogenic bacteria. Recently the
efficacy of bacteriophage treatment on
Pseudomonas aeruginosa biofilms in a
root canal model has been studied. It was
seen that phage application significantly
reduced the biomass of 24 hour and 96
hour PA4 biofilms grown on microplates
but did not produce significant reduction
of 24 hour or 96 hour PA 14 biofilms
grown in the extracted tooth model 35.
Development of Therapeutic Phages
A newly isolated phage needs to be
examined in detail by 1) Genome analysis
as the phage genome reflects the
biological characteristics of the phage and
the presence of pathogenic and lysogenic
genes 36. ii) The therapeutic effectiveness
of the phage must also be tested in vivo,
because phage multiplication depends on
host bacterial growth (ie bactericidal
effectiveness differs in vitro and in vivo.
Problems with Phage Therapy
The problems in phage therapy are the
following:

Bacteriophage Therapy in Dentistry
Bacteriophages lytic for a range of oral
bacteria may be considered as a potential
resource of bacteriophage therapy32 of oral
infection. A study by Paisano et al33 on in
vitro
antimicrobial
effect
of
bacteriophages on human dentin infected
with Enterococcus faecalis ATCC 29212
showed that addition of phage lysate to the
roots following the 6 day incubation
period led to a substantial reduction in
bacteria viability. They concluded that
phage therapy may be an important
alternative for the treatment of root canal
infections refractory to conventional
endodontic therapy. Keivan et al,34 have
identified the Streptococcus salivarius
bacteriophage isolated from Persian Gulf
as a potential agent for dental caries phage
therapy. They have isolated a lytic
bacteriophage from Persian Gulf that
attached specifically to Streptococcus
salivarius, a member of dental caries
producing Streptococci. The identification
of new lytic phages capable to eliminate

1) The inactivation of administered phages
or lysine by a neutralizing antibody and
allergic reactions to them. Though it has
not been practically seen the decrease in
therapeutic effect with multiple
administration.
2) Appearance of mutants resistant to
phages. Resistance of bacteria to phages
is often caused by changes in the phagereceptor molecules in Gram-negative
bacteria. In phages of Gram-negative
bacteria, host range mutant phages,
which restore the ability to adsorb to the
host are easily isolated from the original
phage population 37.There are very few
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studies on interactions between Grampositive bacteria and their phages , and
more research is required for further
development of phage therapy.

less free phages in the sample and more
uptake of phages in the E.coli cells.
Phages have been proven to infect
vulnerable bacterial colonies and decrease
their number when administered in
laboratory
settings.
Phages
are
advantageous and unique in their
abundance over bacterial cells and their
abilities to target specific bacteria that
have receptors on their cell surfaces.
Phages can overcome the barriers that
bacterial cells use to resist their adsorption
if the bacterial cells are genetically altered.
Phages are the key to solving problems of
antibiotic resistance and helping people
fight disease faster. The isolation and
identification of new bacteriophages
capable to eliminate oral bacteria, starters
of dental plaque formation could be
considered as a powerful approach for
phage therapy of oral pathogenic bacteria
in dentistry as well as modern medical and
pharmaceutical biotechnology.

3) Another problem of phage therapy is the
capture and transfer of bacterial toxin
genes by phages. This problem may be
overcome by selection of suitable
phages that do not have natural
generalized or specialized transduction
abilities or by construction of
genetically modified mutant phages
against such phages 38.
4) Issues with quorum sensing and phage
uptake in bacterial cells: A problem
involved with phage therapy usage on
bacterial colonies is the bacterial ability
to sense its environment and change
itself accordingly. Quorum sensing
enables bacteria to sense local
population densities and switch their
patterns
of
gene
expression
appropriately. The use of quorum
sensing to regulate anti-phage activities
allows bacteria to improve their defense
mechanisms and avoid infection during
growth in competitive conditions 39.In a
system modeled using phages against an
Escherichia coli host by Kroghsbo et al,
it was found that Escherichia coli cells
avoided infection by phages much more
when they were grown in cultures
containing AHLs (signaling molecules
assosciated with quorum sensing) than
when they were not grown with AHLs.
The AHL treatment of bacterial cells
reduced the phage adsorption rate and
allowed bacterial cells to prosper , it did
not have any effect on the adsorption
rate of phage in the Sid A receptor
mutant. The sid A receptor mutant did
not allow the AHL signals to resist
phage adsorption and this resulted in
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