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Abstract: Bacteriophages, also called phages, are obligate intracellular parasite that infect bacteria and
reproduce by taking their host’s biosynthetic pathways. They are the most abundant living entities on earth
which affect the abundance and evolution of bacterial species. Two categories of bacteriophages are
recognized; temperate and virulent, which propagate in two possible ways; lytic life cycle and lysogenic life
cycle. They have been characterized by their host range and the physical characteristics, including capsid size,
shape and structure, as well as genome size and type. These advances can have a profound impact on the
development of safe therapeutic phage preparations having optimal efficacy against their specific bacterial
hosts in humans and animals. Bacteriophages have been reported to be effective in treating various bacterial
diseases such as cerebrospinal meningitis, skin infections, hepatic abscesses, lung infections, eye infections
and urinary tract infections. Although phage therapy has been historically associated with the use of
bacteriophages in human medicine, phages also have been extensively used in veterinary medicine. In
conclusion, use of bacteriophages as antimicrobial is an excellent alternative for the treatment of bacterial
infections. Therefore, optimization of formulations and long-term stability data is required before it can be
widely used within a clinical setting.
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INTRODUCTION Two categories of bacteriophages are recognized;

Bacteriophages are viruses  that  infect  bacteria. possible ways; lytic life cycle and lysogenic life cycle [7].
They are the most abundant living entities on earth which During lytic infection, virulent phages inject their nucleic
affect the abundance and evolution of bacterial species, acid into the host cell following attachment. Expression of
since several bacteriophages exist  on  the  planet  [1]. the phage genome directs the cellular machinery of the
Bacteriophages were discovered by Fredrick Twort and host to synthesize new phage capsule material. The
Felix d’Herelle, whom d'Herelle called bacteriophages resulting phage progeny are released by fatal cell  lysis
(eaters of bacteria) [2]. enabling the  lytic  cycle  to  continue  as new cells are

Bacteriophages, also called phages, are obligate infected. The number of progeny released (burst size)
intracellular parasite that infect bacteria and reproduce by varies from 50-200 new phage particles [1]. In contrast,
taking their host’s biosynthetic pathways [3]. It depends during lysogenic  infection,  temperate  phage  nucleic
on the  host  for its propagation, which is influenced by a acid recombines with the host cell genome forming a
variety of  factors  such  as  temperature,  nutrients,  light dormant prophage. The prophage is reproduced in the
and other environmental forces [4]. These bacterial host cell line and confers immunity from infection by the
viruses have genetic material in the  form  of either DNA same type of phage. Stress conditions such as ultraviolet
or RNA, encapsidated by a protein coat. Bacterial light or chemical mutagens can induce a switch to the lytic
genomes have revealed that phage genome elements are cycle [8].
an important source of sequence diversity and can The number of phages that has been isolated and
potentially influence pathogenicity and evolution of characterized likely represents only a tiny fraction of the
bacteria [5]. phages existing on earth and phages with new

In theory, all bacteria are susceptible to viral characteristics    are   continuously   being  isolated   from
infection,  often   by   several   types   of   phages  [6]. different parts of the  world  [9,  10,  11].  Nowadays  when

temperate  and  virulent,  which  propagate  in two
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everything is much more advanced than ever before, Historically, phage therapy has been practiced in
scientists begin paying attention to bacteriophage due to France since 1919, when d’Hérelle’s preparations were
their potential to be used as antibacterial, phage display given to patients with dysentery at the Hospital [20]. His
systems and vehicles for vaccines delivery [5]. In bacteriophage laboratory produced the first commercial
addition, the evolution of antibiotic-resistant bacteria has phage cocktails. These preparations were produced
aggravated curiosity in development of alternative commercially in France until approximately 1978. Through
therapy to conventional drugs. One of the emerging drugs the mid 1990’s, the Pasteur Institutes of Paris and of Lyon
that can be used as alternative to antibiotics is continued to produce small amounts of bacteriophage
bacteriophage therapy. The use of living phages in the preparations on demand. Intensive studies on the
cure of lethal infectious life threatening diseases caused therapeutic use of phages for treating infectious diseases
by gram positive and gram negative bacteria has been were taken up in 1920 [3] and continued to be reports in
reported [12, 13]. The emergence of modified pathogens the literature of phage therapy until 1979 [21]. Successful
such as Mycobacterium tuberculosis, Enterococcus Phage therapy trials were reported from Baylor
faecalis, Staphylococcus aureus, Pseudomonas University’s College of Medicine in 1923 and said that
aeruginosa and Methicillin-resistant S.aureus (MRSA) “bacteriophage holds enormous possibilities as a new
has created massive problems in treating patients in weapon for fighting infectious disease” [22]. Not long
hospitals [14, 11, 15]. Since phages have already been after their discovery, bacteriophages were successfully
proven to be a good natural antimicrobial treatment, the used to treat certain bacterial diseases, such as dysentery
use of phages as alternative bacterial therapeutics may [23]. However, a number of factors led to the decline of
have promise [16, 11]. bacteriophage usage for medical applications. The most

Bacteriophages are very specific to their hosts which serious challenge came when antibiotics were discovered.
minimize the chance of secondary infections unlike Other contributing factors included poorly designed
antibiotics which can cause secondary infection or super clinical trials, clinical failures (often due to the lack of
infection. They are environmentally friendly and are based recognition that phage are specific for a given host
on natural selection, isolating and identifying bacteria in bacteria) and overzealous claims for efficacy. However,
a very rapid process compared to new antibiotic large pharmaceutical Companies in some countries
development, which may take several years, cost millions recognize the effect of bacteriophage treatment (e.g.USA)
of dollars for clinical trials and may not be very cost and commercialization of bacteriophage preparation for
effective [17]. Knowledge of the bacteriophage in general the treatment of Staphylococcus infections was begun [3].
would allow the design of phage specific for bacterial
illness. Unlike the previous generation of antimicrobial Morphology: The basic structural features of
preservatives, bacteriophages are viruses that are the bacteriophage are coats or capsids that protect the
natural  predators  of  bacteria  [3]. The antibiotic genome hidden inside a capsid and additional structure
resistance of the bacteria does not affect the infectious providing interface with a bacterium membrane for the
activity of a phage. Therefore, the objective of this genome release. Different phage species  can  vary  both
seminar paper is to overview the bacteriophages and its in  size  from  24-400  nm  in  length and genome length.
antimicrobial uses. All phages contain a head, which stores the genetic

Overveiw of Bacteriophage bacteriophage. Most have 20 sides of capsid and are
Historical Background: Bacteriophages were discovered called icosahedral and other bacteriophages may be
more than a century ago by observing unexpected filamentous. The capsid is usually in a geometric shape
antibacterial properties against cholera in the water of and it consists of one or two different proteins. The main
Indian River and similar phenomenon was observed while function of the capsid is to protect the genetic material
working with Bacillus subtilis [18]. However, from the environment. Specifically, the capsid prevents
bacteriophages were discovered independently in 1915 by enzymes from breaking down the genetic material [24].
Frederick Twort (1877–1950), an English bacteriologist Some phages have tails attached to the phage head.
and physician and in 1917 by Félix d’Herelle (1873-1949), The tail is a hollow tube that serves as a passageway for
a self-taught French-Canadian bacteriologist who the genetic material to pass from the capsid to the host
proposed the name “bacteriophage”. Félix d’Herelle bacteria. A bacteriophage tail is attached to the capsid
published his discovery of “an invisible, antagonistic through a connector which serves  as  an  adaptor
microbe of the dysentery bacillus" [19]. between   these   two  crucial  components  of  the  phage.

material and forms part of the overall structure of a



Am-Euras. J. Sci. Res., 11 (3): 199-208, 2016

201

Fig. 1: Structure of bacteriophage [27]. later, liberating many new phages. Temperate phages, in

The connector is a hetero-oligomer composed of several infect a new host cell. Sometimes the infecting phage
proteins [25]. At its distal end is a hexagonal baseplate, initiates a lytic cycle, resulting in lysis of the cell and
bearing the tail fibers. A thin tail tube is built up on the release of new phage. The infecting phage may
base plate and this is surrounded by a sheath, which alternatively initiate a lysogenic cycle; instead of
contracts upon infection and becomes demonstrably replicating, the phage genome assumes a quiescent state
shorter and thicker. The base plate and tail fibers are called a prophage, often integrated into the host genome
involved in the binding of the phage to the bacterial outer [28, 30].
membrane that makes the attachment irreversible [26].
Structure of bacteriophage (e.g T page) is shown below Bacteriopage Genetics: Bacteriophages are the viruses4

(Fig-1). with either DNA or RNA as the genetic material and both

Nature of Bacteriophages: Phages, like all viruses, are The structure is same as that found universally among
obligate intracellular parasites. Although they carry all the living organisms: a polynucleotide chain consisting of a
information to direct their own reproduction in an deoxyribose (or ribose) phosphate backbone to which are
appropriate host, they have no machinery for generating attached specific sequences of the four nucleotides
energy and no ribosome for making proteins. They are the adenine, thymine (or uracil), guanine and cytosine; in all,
most abundant living entities on earth, found in very large except the single stranded phages, two such
numbers wherever their hosts live, in sewage and feces, complementary chain are paired together in a double helix
in the soil, in deep thermal vents and in natural bodies of [32]. Each phage particle (virion) contains its nucleic acid
water. Their high level of specificity, long-term genome (DNA or RNA) enclosed in a protein or
survivability and ability to reproduce rapidly in lipoprotein coat, or capsid; the combined nucleic acid and
appropriate hosts contribute to their maintenance of a capsid form the nucleocapsid. Most known
dynamic balance among the wide variety of bacterial bacteriophages contain dsDNA genomes and this type of
species in any natural ecosystem [28]. bacteriophage is thought to be the most common in

Classification of Bacteriophages: At present, more than those with ssRNA genomes, dsRNA genomes and
5000 bacterial viruses have been examined by electron ssDNA genomes [28].
microscope [29]. Historically, phage have been
characterized by their host range and the physical Bacteriophage Life Cycle: A bacteriophage reproduces
characteristics of the free virion, including capsid size, by one of two types of life cycles. These cycles are the
shape, resistance to organic solvents and structure, as lyticlife cycle and the lysogenic life cycle [33].

well as genome size and type. Currently, there exist three
basic means of characterizing phages into types: first one
is infection which can be either lytic or lysogenic phage.
The second one is morphology in which bacteriophage
can be tailed, isometric (isosahedral), helical (filamentous
or rod-shaped) and pleomorphic phages. The third one is
genetic makeup (genome) in which they can be
represented by DNA or RNA in the form of dsDNA
(Helical and Pleomorphic phages), ssRNA, dsRNA, or
ssDNA. The vast majority of phages contain double
strand DNA [6].

Phages can be divided into two classes based on
lifestyle: virulent or temperate. Virulent phages (e.g T4
phage) can only multiply by means of a lytic cycle; the
phage virion adsorbs to the surface of a host cell and
injects its genome, which takes over much of host
metabolism and sets up molecular machinery for making
more phages. The host cell then lyses minutes or hours

contrast, have a choice of reproductive modes when they

single and double stranded forms of each are known [31].

nature. However, many other kinds are known, including
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Fig. 2: Lytic life cycle of bacteriophage [36].

Lytic Cycle: Lytic or virulent phages are phages, which intracellular phage are released into the medium. It is
multiply in bacteria and kill the cell by lysis at the end of believed that phage enzymes weaken the cell wall of
the life cycle.In the lytic life cycle, the virus breaks open bacteria [33].
or lyse the host cell in which it results in the death of the Generally, lytic phages have distinctive phases in the
host. The host cell undergoes lysis and dies, lytic developmental cycle (Fig-2):Adsorption of the phage
simultaneously liberating a large number of progeny on the host cell by binding to a specific receptor, nucleic
phages,  which  are  each  then  ready to start another acid injection in to the bacterial cell, expression of the
cycle by infecting new neighboring bacterial cells [4]. phage early genes, synthesis of early proteins and phage
Soon  after  the  nucleic  acid  is  injected,  the  phage genome replication followed by expression of the phage
cycle  is said  to  be  in  eclipse  period  [34,  35].  During late proteins involved in the formation of new phage
the eclipse phase, no infectious phage particles can be particles and lysis of the host bacterium, Assembly of the
found  either  inside  or  outside  the  bacterial  cell. phage heads and tails and packaging of the genome and
Eclipse  phase  represents  the  interval  between  the finally lysis of the host bacterium and release of the new
entry  of  phage  nucleic  acid  into  bacterial  cell  and phage progeny [36].
release of mature phage from the infected cell. The phage
nucleic acid takes over the host biosynthetic machinery Lysogenic Cycle: Lysogenic bacteriophages are those
and phage specified m-RNA and proteins are made. In that can either multiply via the lytic cycle or enter a
some cases the early phage proteins actually degrade the dormant state in the cell. The lysogenic cycle is a cycle in
host chromosome structural proteins (head, tail) that which bacteriophages reproduce without killing the host.
comprise the phage as well as the proteins needed for Genetic recombination occurs between the viral DNA and
lysis of the bacterial cell are separately synthesized. the bacterial genome as the viral DNA is inserted into the
Nucleic acid is then packaged inside the head and then bacterial chromosome. Bacteriophages which have this
tail is added to the head. The assembly of phage life cycle are lysogenic phages, or ‘temperate’ or dormant
components into mature infective phage particle is known phages which may take the form of a ‘prophage’ by
as maturation. In lysis, the bacteria begin to lyse due to integrating with the viral DNA in the host chromosome
the accumulation of the phage lysis protein and [37].



Am-Euras. J. Sci. Res., 11 (3): 199-208, 2016

203

Fig. 3: Two cycles of bacteriophage reproduction [24].

In  most  cases  the  phage   DNA   actually the discovery of antibiotics in the 1940s. Phage therapy
integrates into the host chromosome and is replicated research continued in Eastern Europe where phage
along with the host chromosome and passed on to the treatments against a wide array of bacteria including
daughter cells. This integrated state of phage DNA is Staphylococci, Pseudomonas, Proteus spp. and enteric
termed prophage.  This  process  is  known  as  lysogeny pathogens were produced [17, 38]. There has been a
and the  bacteria  harboring  prophage are called renewed interest in phage therapy over the past two
lysogenic bacteria. Since the prophage contains genes, it decades, partly as a consequence of increasing antibiotic
can confer new properties to the bacteria. When a cell resistance in bacteria. Good work has focused on animals
becomes lysogenized, occasionally extra genes carried by as models for human infection or veterinary applications
the phage get expressed in the cell. These genes can [39, 40].
change the properties of the bacterial cell [37].  This
process  is known  as  lysogenic conversion or phage Phage Products as Antimicrobial Agents: With the
conversion. The lysogenic and lytic life cycle is shown increasing worldwide prevalence of antibiotic resistant
below (Fig-3). bacteria, bacteriophage endolysins represent a very

Application of Bacteriophage as Antimicrobial Agents: fight against infectious disease. Phage endolysins, or
Since their discovery by Twort (1915) and independently lysins, are enzymes that damage the cell walls' integrity by
by d’Herelle (1917), the bacteriocidal properties of phage hydrolyzing the four major bonds in its peptidoglycan
have raised interest in their potential use in the control of component [41]. Vincent Fischetti (1940) was the first,
medical conditions. In the pre-antibiotic era of the early however, to focus on the deadly weapons, the potent and
twentieth century, the potential of bacteriophages to be specific enzymes called lysins produced by these viruses.
a powerful tool in dealing with infectious diseases of These lysins create lethal holes in bacterial cell walls that
bacterial etiology also captured the imagination of the can kill a wide range of gram-positive pathogenic bacteria
scientific and non-scientific communities [22]. Phages and have proven their effectiveness in both preventing
were used widely in the early 20 century to treat human and treating infections in mice, an important step towardsth

and animal illness with varying degrees of success. In the their potential application in human disease For nearly a
West and US, research into phage therapy declined century, scientists have attempted to treat bacterial
following inconsistent results and as a consequence of infections with whole phages [12]. 

promising novel alternative class of antibacterial in the
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Bacteriophage as Antimicrobial Agents have been extensively used in veterinary medicine. One of
Bacteriophage Therapy in Humans: Understanding of the earliest animal models used in several phage therapy
biological properties of phages and the basic mechanisms studies was murine salmonellosis, a systemic disease
of phage-bacterial host interaction has improved produced in susceptible mice by several serotypes of
dramatically since the days of early therapeutic uses of Salmonella. Phages are ubiquitous in the environment and
bacteriophages. These advances can have a profound their use in livestock is likely to provide one of the most
impact  on  the  development  of  safe   therapeutic   phage environmentally friendly antibacterial approaches
preparations having optimal efficacy against their specific available today [43].
bacterial hosts. Phages as therapeutic agents in humans In Britain, Smith and Huggins carried out a series of
were first used in 1919 just when they were discovered excellent, well-controlled studies on the use of phages in
[42, 43]. Phages have high specificity for specific bacterial systemic E. coli infections in mice and then in diarrheic
strains, a characteristic which requires careful targeting disease in young calves and pigs. Bacteriophages might
[44, 45]. The majority of human infections such as viral or be useful for the prevention of P. aeruginosa infections
bacterial start at a mucous membrane site (upper and in patients with burn wounds [56]. Phage therapy has
lower respiratory, intestinal, urogenital and ocular) which been successfully used to remove E. coli 0157:H7 from
are the reservoir for many pathogenic bacteria found in livestock. The protective effect of bacteriophage was
the environment (i.e., Pneumococci, Staphylococci, assessed against experimental S. aureus infection in mice
Streptococci), many of which are reported to be resistant [57].
to antibiotics [46]. Phage lytic enzymes have recently The sewerage-derived bacteriophage reduced the
been proposed for the reduction of nasopharyngeal abscess area and the count of S. aureus in the abscess
carriage of pathogen and also as a therapeutic use for was lowered in a bacteriophage dose dependent way [58].
resistant bacteria [47]. It was reported about treatment of a dog with chronic

Phages have been reported to be effective in treating bilateral otitis external that had consistently grown P.
various bacterial diseases such as cerebrospinal aeruginosa. In recent years the phage therapy has
meningitis in a newborn [48], skin infections caused by received lot of attention due to an increase in the
Pseudomonas, Staphylococcus, Klebsiella, Proteus, E. prevalence of antibiotic resistant strains in clinical
coli and sub hepatic abscesses, Staphylococcal lung settings. A numbers of recent experimental studies have
infections, Pseudomonas aeruginosa infections in cystic proved the efficacy of phages in treating different
fibrosis patients [49], eye infections, neonatal sepsis, infections. When the animals were colonized with their
urinary tract infections and cancer [50]. Clinical respective bacteria and treated with a small amount of
improvement was associated with rapid (7 days) lysin specific for the colonizing organism, the animals
elimination of the S. aureus resistant to many antibiotics were found to be free of colonizing bacteria two to five
(including ciprofloxacin) [51]. Oral phage therapy was hours after lysin treatment [59].
used for targeting MRSA [52]. The first controlled clinical
trial of a therapeutic bacteriophage preparation showed Safety of the Therapeutic Bacteriophages: During the
efficacy and safety in chronic otitis because of drug long history of using phages as therapeutic agents
resistant P. aeruginosa [53]. Phage lytic enzymes also through Eastern Europe and the former Soviet Union,
effective in post-exposure cases of anthrax, in which there has been no report of serious complications
individuals can be treated intravenously to control the associated with their use [60]. Phages are extremely
bacilli entering the blood after germination because higher common in environment and regularly consumed in foods
doses of phage lysin or multiple doses will result in nearly [61]. They have been commonly found in human
100% protection [54]. Several clinical trials on phage gastrointestinal tract, skin and mouth, where they are
therapy in humans were reported with the majority coming harbored in saliva and dental plaques [62]. Phages are
from researchers in Eastern Europe and the former Soviet also abundant in environment including saltwater,
Union [55]. freshwater, soil, plants and animals and they have been

Bacteriophage Therapy in Animals: Since the discovery sera commercially available in United States Therefore,
of bacteriophages in 1915–1917, they have been used to phage therapy can be used to lyse specific pathogens
prevent and treat various bacterial infections. Although without disturbing normal bacterial flora and phages pose
phage therapy has been historically associated with the no risk to anything other than their specific bacterial host
use of bacteriophages in human medicine, phages also [63].

shown to be unintentional contents of some vaccines and
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From a clinical standpoint, phage therapy appears to antibiotic development, which may take several years,
be very safe. However, in the last few years, modified may cost millions of dollars for clinical trials and may also
phages are being explored increasingly, due to the not be very cost effective [17]. Furthermore, the
limitations of phage therapy using lytic phages. The development of phage resistance can be forestalled
safety concerns regarding spontaneously propagating altogether if phages are used in cocktails (preparations
live microorganisms and the inconsistency of phage containing multiple types of phages) and/or in
therapy results in the treatment of bacterial infections conjunction with antibiotics [68]. In fact, phage therapy
specifically induced scientists to explore more controllable and antibiotic therapy, when co-applied, are synergistic
phages [64]. This phage had the benefit of minimizing the [69]. Bacteriophage production is simple despite complex
release of membrane associated endotoxins during phage and expensive antibiotic production. The
therapy [13]. In order not to compromise  on  the  issue  of pharmacokinetics of bacteriophage therapy is such that
the safe use of therapeutic phage preparation, rigorous the initial dose increases exponentially if the susceptible
characterizations of each phage to be used therapeutically bacterial host is available. In such cases, there is no need
should be done, in particular, especially looking for to administer the phages repeatedly, however; a repeated
potentially harmful genes in their genome [65]. dose of antibiotic is required to cure the bacterial disease

Benefits of Bacteriophage Therapy: Phages appear to be
better therapeutic agents as they have several advantages CONCLUSION AND RECOMMENDATION
over traditional antibiotics. Although bacteriophage
therapy can probably be used to prevent or treat most Numerous studies performed in human and different
bacterial infections, it is likely that antibiotic-resistant species of animal have demonstrated that the
bacteria will become the first clinical targets of phage bacteriophage therapy is important in the treatment of
therapy technology. One of the main  differences bacterial infection. Intensive studies on the therapeutic
between phages and antibiotics, as far as their use of phages for treating infectious diseases were started
antimicrobial activity is concerned, is their target range. long time since the pre-antibiotics era and continued to be
Phages are very specific and they will normally only lyse reported as a new weapon for fighting against bacterial
strains of one species or a subset of strains within a infection. Currently, there has been an increasing interest
species, it permits targeting of specific pathogens without to use bacteriophages as antimicrobial over the past two
affecting desirable bacterial flora. Several studies in which decades, partly as a consequence of increasing antibiotic
the efficacy of phage preparations and antibiotics were resistance in bacteria Bacteriophage therapy has been
evaluated side-by-side suggest that, when phage practiced in worldwide in both animals and humans. With
preparations are carefully selected, they can be as regard to antimicrobial, Phages are very specific and
effective as and sometimes more effective than, antibiotics effective than antibiotics and act without affecting
in treating certain infections in humans [66, 67] and desirable bacterial flora. Moreover, bacteriophages are
experimentally infected animals. On the other hand, environmentally friendly and are based on natural
several studies in which phages and antibiotics were used selection, isolating and identifying bacteria in a very rapid
simultaneously (e.g., to treat chromic pulmonary process compared to new antibiotic development activity.
suppurations) reported that the combined use of phages Surprisingly, phages and antibiotics were used
and antibiotics improved the outcome of therapy [67]. simultaneously (e.g., to treat chromic pulmonary
Moreover, bacteriophages replicate at the site of infection suppurations) in which they boost the outcome of
where they are mostly needed to lyse the pathogens, but therapy.
antibiotics travel throughout the body and do not On the above conclusion, the following
concentrate at the site of infection. No side effects have recommendations are forwarded:
been reported during or after phage application, but
resistant bacteria, allergies (sometimes even fatal More research should be done on the properties and
anaphylactic reaction) and secondary infections are the behavior of the specific phage–bacterium system for
common side effects of antibiotics treatment [63]. safe and controlled use of phage therapy.

Bacteriophages are environmentally friendly and are New technologies should be developed and
based on natural selection, isolating and identifying commercialized to analyze phage and their
bacteria in a very rapid process compared to new antimicrobial usage.

[70].



Am-Euras. J. Sci. Res., 11 (3): 199-208, 2016

206

ACKNOLEDGEMENTS 11. Hanlon, G.W., 2007. Bacteriophages, pp. an appraisal

First of all, I would like to praise the almighty GOD for
his endless mercy and my heartfelt gratitude to my
advisor Dr.Mebrat Ejo for his unreserved crucial
comments, valuable encouragement, provision of
necessary material and sacrifice of his time to correct this
manuscript.

I would like to address special thanks to the seminar
coordinator Dr.Sileshe Nigatu and Dr. Samson Leta for
their excellent provision of information how to write
scientific paper.

REFERENCES

1. Wommack, K.E. and R.R. Colwell, 2000. Virioplankton,
viruses in aquatic ecosystems. Microbiology and
Molecular Biology Reviews, 64: 69-114.

2. Harper, D.R. and E. Kutter, 2008. Bacteriophage:
therapeutic uses. John Wiley & Sons (editor).
Chichester: In the  Encyclopedia  of  Life  Sciences,
pp: 713-730.

3. Walker, K., 2006. Use of bacteriophages as novel
food additives. United States: Michigan State
University, pp: 1-9.

4. Jassim, S.A.A. and R.G. Limoges, 2013. Impact of
external forces on cyanophage-host interactions in
aquatic ecosystems. World J Microbiol Biotechnol.,
29(10): 1751-1762.

5. Clark, J.R. and J.B.  March,  2006.  Bacteriophages
and biotechnology: vaccines, gene therapy and
antibacterials. Trends Biotechnol., 24(5): 212-218.

6. Ackermann,  H.W.,  2007.  5500  Phages examined in
the electron   microscope.    Archives    of  Virology,
152(2): 227-243.

7. Inal, J.M., 2003. Phage therapy: a reappraisal of
bacteriophages as antibiotics. Arch Immunol Ther
Exp., 51(4): 237-244.

8. Jiang, S.C. and J.H. Paul, 1998. Significance of
lysogeny in the marine environment: Studies with
isolates and a model of lysogenic phage production.
Microbial Ecol., 35: 235-243.

9. Broudy, T.B. and V.A. Fischer, 2003. In vivo
lysogenic conversion of tox(-) Streptococcus
pyogenes to tox(+) with lysogenic streptococci or
free phage. Infection and Immunity, 71: 3782-3786.

10. Brüssow, H. and E. Kutter, 2005. Phage ecology.
Bacteriophages: biology and applications. In Kutter
E, Sulakvelidze A, editors. Boca Raton, FL:CRC Press,
pp: 129-63.

of their role in the treatment of bacterial infections.
International  Journal  of  Antimicrobial  Agents,
30(2): 118-28.

12. Fischetti, V.A., 2008. Bacteriophage lysins as
effective antibacterials. Current Opinion in
Microbiology, 11: 393-400.

13. Parisien, A., B. Allain, J. Zhang, R. Mandeville and
C.Q. Lan, 2008. Novel alternatives to antibiotics:
bacteriophages, bacterial cell wall hydrolases and
antimicrobial peptides. Journal of Applied
Microbiology, 104: 1-13.

14. Coelho,   J., N.     Woodford,    J.    Turton   and
D.M. Livermore, 2004. Multiresistant Acinetobacter
in the UK, pp. how big a threat? Journal of Hospital
Infection, 58: 167-169.

15. Burrowes,    B.,      D.R.     Harper,     J.    Anderson,
M.; McConville and M.C. Enright, 2011.
Bacteriophage therapy: potential uses in the control
of antibiotic-resistant pathogens. Expert Review of
Anti-Infective Therapy, 9(9): 775-85.

16. Fortuna, W., R. Miedzybrodzki, B. Weber-Dabrowska
and A. Gorski, 2008. Bacteriophage therapy in
children: Facts and prospects. Medical Science
Monitor: International Medical Journal of
Experimental and Clinical Research, 14: 126-132.

17. Weber-Dabrowska, B., M. Mulczyk and A. Gorski,
2000. Bacteriophage therapy of bacterial infections:
an update of our institute's experience. Arch Immunol
Ther Exp (Warsz), 48: 547-551.

18. Adhya, S. and C. Merril, 2006. The road to phage
therapy. Nature., 443: 754-755.

19. Golkar, Z., O. Bagasra and D. Genepace, 2014.
Bacteriophage therapy: a potential solution for the
antibiotic resistance crisis. South Carolina Center for
Biotechnology, Claflin University, Orangeburg,
United States J Infect Dev Ctries, 8(2): 129-136.

20. Marinelli, L.J., S. Fitz-Gibbon, C. Hayes, C. Bowman,
M. Inkeles, A. Loncaric, D.A. Russell, D. Jacobs-Sera,
S. Cokus, M. Pellegrini, J. Kim, J.F. Miller, G.F. Hatfull
and R.L. Modlin, 2012. Propionibacterium acnes
Bacteriophages Display Limited Genetic Diversity
and Broad Killing Activity against Bacterial Skin
Isolates. Mbio., 3: 5-12.

21. Sheng, H., H.J. Knecht, I.T. Kudva and C.J. Hovde,
2006. Application of bacteriophages to control
intestinal Escherichia coliO157:H7 levels in
ruminants. Appl Environ Microbiol., 72: 5359-5366.

22. Ho, K., 2001. Bacteriophage therapy for bacterial
infections: rekindling a memory. Perspect Biol Med.,
44: 1-16.



Am-Euras. J. Sci. Res., 11 (3): 199-208, 2016

207

23. Edgar, M.M., 2005. Phages. (D. I. Matthew K. 36. Young, R., I.N. Wang and W. Roof, 2002. Phage will
Waldor, Ed.) United States: ASM Press.

24. Orlova, E.V., 2012. Bacteriophages and Their
Structural Organisation, Bacteriophages, Dr.
IpekKurtboke (Ed.). Shanghai: InTech., pp: 1-29.

25. Lurz, R., E.V. Orlova, D. Günther, P. Dube, A. Dröge,
F. Weise, M. van Heel and P. Tavares, 2001.
Structural organisation of the  head-to-tail  interface
of a bacterial virus. Journal of Molecular Biology,
310(5): 1027-37.

26. São-José, C., S. Lhuillier, R. Lurz, R. Melki, J. Lepault,
M.A. Santos and P. Tavares, 2006. The ectodomain
of the viral receptor YueB forms a fiber that triggers
ejection of bacteriophage SPP1 DNA. The Journal of
Biological Chemistry, 281(17): 11464-11470.

27. Birge, E., 2006. Bacterial and Bacteriophage Genetics.
5 ed. New York: Springer Science+Business Media,th

Inc., pp: 179.
28. Guttman, B., R. Raya and E. Kutter, 2005. Basic Phage

Biology, Biology and Applications. Elizabeth Kutter
and Alexander Sulakvelidze (editor). CRC PRESS,
USA, pp: 42-76.

29. Ackermann, H.W., 2001. Frequency of morphological
phage descriptions in the year  2000,  Arch.  Virol.,
146: 843-857.

30. Waldor, P.L., 2002. Bacteriophage Control of Bacterial
Virulence. United States: Michigan State University,
pp: 272.

31. Mathur, S.V., 2003. Bacteriophage Therapy : An
Alternative to Conventional Antibiotics (JAP, Ed.)
New Delhi: Maulana Azad Medical College., pp: 51.

32. Benett, P.M. and T. Howe, 1998. Bacterial and
bacteriophage genetics.9 ed. New York:Topley and
Wilson’s  Microbiology   and  Microbial  Infections,
2: 231-286.

33. Zaman, G., A. Smetsers, A. Kaan, J. Schoenmaters
and R. Konings, 1991. Regulation of expression of the
genome of bacteriophage M13: Gene V protein
regulated translation of the mRNAs encoded by
genes I, II, V and X. Biochimica et Biophysica Acta,
1089: 183-192.

34. Favrin, S.J., S.A.A. Jassim and M.W. Griffiths, 2001.
Development and optimization of a novel
immunomagnetic separation-bacteriophage assay for
the detection of Salmonella enterica Serovar
enteritidis in  broth.   Appl   Environ.  Microbiol.,
67(1): 217-224.

35. Favrin, S.J., S.A.A. Jassim and M.W. Griffiths, 2003.
Application of a novel immunomagnetic separation-
bacteriophage assay for the detection of Salmonella
enteritidis and Escherichia coli O157:H7 in food. Int
J. Food Microbiol., 85: 63-71.

out: Strategies of host cell lysis. Trends in
Microbiology, 8: 120-8.

37. Verheust, C., K. Pauwels, J. Mahillon, D.R. Helinski
and P. Herman, 2010 Contained use of
bacteriophages: risk assessment and biosafety
recommendations. Appl. Biosaf., 15(1): 32-44.

38. Chanishvili, N., T. Chanishvili, M. Tediashvili and
P.A. Barrow, 2001. Phages and their application
against drug resistant bacteria. J. Chem. Tech.
Biotechnol., 76: 689-699.

39. Biswas,   B.,   S.   Adhya,   P.   Washart,   B.  Paul,
A.N.  Trostel,  B. Powell, R. Carlton  and  C.R.  Merril
2002. Bacteriophage  therapy  rescues  mice
bacteremic from a clinical isolate of vancomycin-
resistant Enterococcus    faecium.    Infect   Immun;
70: 204-210.

40. Huff,  W.E.,  G.R.  Huff,   N.C.   Rath,   J.M.  Balog
and A.M.  Donoghue, 2002.  Prevention of
Escherichia   coli    infection    in     broiler   chickens
with   a   bacteriophage    aerosol   spray.    Poult  Sci;
81: 1486-1491.

41. Lopez, R., E. Garcia and P. Garcia, 2004. Enzymes for
anti-infective therapy: phage lysins. Drug Discovery
Today, 1(4): 469-474.

42. Summers, W.C., 1999. Bacteriophage discovery, Felix
d’Herelle and the Origins of Molecular Biology. Yale
University Press. pp: 47-59.

43. Sulakvelidze,  A.  and   P. Barrow,  2005. Phage
Therapy in  Animals  and  Agribusiness,  Biology
and Applications.    Elizabeth   Kutter  and
Alexander Sulakvelidze (editor). CRC PRESS, USA.
pp: 326-371.

44. Merril,   C.R.,   D.   Scholl   and   S.L.   Adhya,  2003.
The  prospect  for  bacteriophage  therapy in
Western medicine. Nature Reviews Drug Discovery,
2: 489-497.

45. Bradbury, J., 2004. My enemy’s enemy is my friend:
using phages to fight bacteria. Lancet, 363: 624-625.

46. Young, R., 1992. Bacteriophage  lysis:  mechanism
and regulation. Microbiology and Molecular Biology
Reviews, 56: 430-481.

47. Loeffler, J.M., D. Nelson and V.A. Fischetti, 2001
Rapid killing of Streptococcus pneumoniae with a
bacteriophage    cell      wall    hydrolase.   Science,
294: 2170-2172.

48. Stroj,   L.,     B.     Weber-Dabrowska,     K.    Partyka,
M. Mulczyk, and M. Wojcik, 1999. Successful
treatment with bacteriophage in purulent
cerebrospinal meningitis in a newborn. Neurologia
neurochirurgia polska, 3: 693-698.



Am-Euras. J. Sci. Res., 11 (3): 199-208, 2016

208

49. Shabalova,   I.A.,   N.I.   Karpanov,   V.N.  Krylov, 60. Sulakvelidze, A. and J.G. Morris, 2001.
T.O. Sharibjanova and V.Z. Akhverdijan, 1995. Bacteriophages as therapeutic agents. Annals of
Pseudomonas aeruginosa bacteriophage in treatment Medicine, 33: 507-509.
of P. aeruginosa infection in cystic fibrosis patients. 61. Bergh, O., G. Borsgeim, S. Bratbak and M. Heldal,
Zurich, Switzerland: International Cystic Fibrosis 1968. High abundance of viruses found in aquatic
Association. pp: 443. environments. Nature, 340: 467-468.

50. Weber-Dabrowska B., M. Mulczyk and A. Górski, 62. Bachrach, G., M. Leizerovici-Zigmond, A. Zlotkin, R.
2001. Bacteriophage therapy for infections in cancer Naor and D. Steinberg, 2003. Bacteriophage isolation
patients. Clin Appl Immunol Rev., 1: 131-134. from human saliva. Letters in Applied Microbiology,

51. Jikia,  D.,       N.       Chkhaidze,       E.     Imedashvili, 36: 50-53.
I.   Mgaloblishvili,    G.  Tsitlanadze,  R.  Katsarava, 63. Sulakvelidze, A., Z. Alavidze and J. Morris, 2001
J.G. Morris and A. Sulakvelidze, 2005. The use of a Bacteriophage therapy. Antimicrobial Agents and
novel    biodegradable     preparation     capable   of Chemotherapy, 45: 649-659.
the sustained release of bacteriophages and 64. Skurnik, M., M. Pajunen and S. Kiljunen, 2007
ciprofloxacin    and      Experimental     Dermatology, Biotechnological challenges of phage therapy.
30: 23-26. Biotechnology Letters, 29: 995-1003.

52. Leszczynski,       P.,            B.       Weber-Dabrowska, 65. Carlton,  R.M.,  W.H.  Noordman  and  B.  Biswas,
M. Kohutnicka,  M. Luczak and A. Gorski, 2006. 2005. Bacteriophage P100 for control of Listeria
Successful eradication of methicillin-resistant monocytogenes in foods: genome sequence,
Staphylococcus aureus (MRSA) intestinal carrier bioinformatic analyses, oral toxicity study and
status in a healthcare worker--case report. Folia application. Regulatory Toxicology and
Microbiolica, 51: 236-238. Pharmacology, 43: 301-312.

53. Wright,  A.,   C.H.   Hawkins,   E.E.   Anggard   and 66. Kochetkova,       V.A.,             A.S.        Mamontov,
D.R. Harper, 2009. A controlled Quality controlled R.L. Moskovtseva,  E.I. Erastova, E.I. Trofimov, M.I.
small-scale production of a well- defined Popov and S. Dzhubalieva, 1989. Phagotherapy of
bacteriophage cocktail for use in human clinical trial. postoperative suppurative-inflammatory
Clinical Otolaryngology, 34: 349-357. complications in patients with neoplasms. Sov Med.,

54. Schuch,  R.,   D.   Nelson  and  V.A.  Fischetti,  2002. pp: 23-26.
A bacteriolytic agent that detects and kills Bacillus 67. Sakandelidze, V.M., 1991 The combined use of
anthracis. Nature, 418: 884-889. specific phages and antibiotics in different infectious

55. Abdul-Hassan,   H.S.,  K.  El-Tahan,  B.  Massoud allergoses. Vrach. Delo., 3: 60-63.
and R. Gomaa, 1990. Bacteriophage therapy of 68. Matsuzaki, S., M. Rashel, J. Uchiyma, T. Ujihara, M.
Pseudomonas burn wound sepsis. Annals Kuroda, M. Ikeuchi, M.  Fujieda,  J.  Wakiguchi and
Mediterranean Burn Club, 3: 262-264. S. Imai, 2005. Bacteriophage  therapy: a revitalized

56. Soothill, J., 1994. Bacteriophage prevents destruction therapy against bacterial infectious diseases.  Journal
of skin grafts by Pseudomonas aeruginosa. Burns, of  Infection  and  Chemotherapy, 11: 211-219, ISSN
20: 209-211. 1437-7780.

57. Tanji,  Y.,   T.   Shimada,  M.  Yoichi,  K.  Miyanaga, 69. Kutateladze,  M. and R. Adamia, 2010.
K. Hori and H. Unno, 2004. Toward rational control of Bacteriophages as potential new therapeutics to
Escherichia coli O157:H7 by a phage cocktail. replace or supplement antibiotics. Trends
Applied      Microbiology         and     Biotechnology, Biotechnol., 28: 591-595. 
64: 270-274. 70. Kumari, S., K. Harjai, and S. Chhibber, 2011:

58. Wills, Q., C. Kerrigan and J. Soothill, 2005. Bacteriophage versus antimicrobial agents for the
Experimental bacteriophage protection against treatment of murine burn wound infection caused by
Staphylococcus  aureus  abscesses  in a rabbit Klebsiella pneumoniae B5055. Journal of Medical
model.  Antimicrobial  Agents  and  Chemotherapy, Microbiology, 60: 205-210.
49: 1220-1221.

59. Marza, J., J. Soothill, P. Boydell and T. Collyns, 2006:
Multiplication of therapeutically administered
bacteriophages in Pseudomonas aeruginosa infected
patients. Burns, 32: 644-646.


