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Abstract
Nowadays the most difficult problem in treatment of bacterial infections is the appearance of
resistant bacteria to the antimicrobial agents so that the attention is being drawn to other potential
targets. In view of the positive findings of phage therapy, many advantages have been mentioned
which utilizes phage therapy over chemotherapy and it seems to be a promising agent to replace the
antibiotics. This review focuses on an understanding of phages for the treatment of bacterial
infectious diseases as a new alternative treatment of infections caused by multiple antibiotic
resistant bacteria. Therefore, utilizing bacteriophage may be accounted as an alternative therapy. It
is appropriate time to re-evaluate the potential of phage therapy as an effective bactericidal and a
promising agent to control multidrug-resistant bacteria.
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Introduction
Bacteriophages (or phages) were discovered in
1915 and 1917 by Frederick Twort and Félix
d’Herelle respectively. However, d’Herelle
was the first scientist who applied the term
“bacteriophage”; a microbe that has the
potential to attack bacteria and kill them. He
was also the first to report that the agent of
bacterial death was in fact a virus (1).
Phages are reported as the most abundant
organisms on earth (2) and are ubiquitous in
the nature. More than 5000 classified
bacteriophages are known (3). Phages are
easily identified in the water sources, sewage
soil and even ocean depths (4) and that can be
isolated easily. In the first step of isolation, the
sample assumed to contain specific phages
against the target bacteria is placed in a
suitable salt solution and the supernatant is
then filtered with appropriate filter to remove
bacteria. The second step is to examine the
culture supernatant of suspected bacteria. If
the bacteriophage which is specific to the
bacteria appears, plaque formation will occur
in the latter days (5).
For almost every bacterial species, there
exists at least one phage that can exclusively
infect and eventually destroy that particular
bacterial group. Based upon the replication
methods, phages are classified as either lytic or
lysogenic. A lytic phage replicates in bacterial
host and destroys its host in a process but a
lysogenic phage inserts itself into the genome
of its bacterial host and establishes a stable
position in the bacterium which has been
infected (6). Lysogenic phages transfer genes
which express toxin proteins or pathogen
factors among bacterial species (7).
After discovery, bacteriophages were the
subject of multiple researches for treating the
bacterial diseases, such as dysentery (8). In the
1920s and 1930s Lilly and Squib worked on
preparation a bacteriophage for the treatment
of Staphylococcus infections. Several studies
which has been performed showed that
artificial skin included bacteriophage inhibited
the infection of skin transplantation (7- 9).
However, a number of factors including
antibiotic discovery caused the decreased use
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of bacteriophage for medical applications. The
antibacterial effect of phages accounts as a
function of their replication in the host bacteria
and as long as their host persists, they will
continue to grow exponentially. Only a low
concentration of bacteriophage can grow in the
bacterial culture to a degree that they can
inhibit the growth of the host bacteria (1, 10).
However, after killing the host bacteria, the
titre of infectious bacteriophages will decrease
(11). Recontamination by bacteria increases
bacteriophage
population
so
that
bacteriophages are able to prevent the
infection frequently (12) and the prevalence of
resistance in bacteriophages are less than
bacteria (13). Specific receptor of a phage is
necessary for binding of phage to the bacterial
surface. These groups of viruses are not able to
enter eukaryotic cells including that of human
and animal because of lacking the phage’s
receptor (11).
The
anti-bactericidal
effects
of
bacteriophage are generally studied in 2
divisions, active and inactive. In active
replication the number of bacteriophages is
lower than bacteria but they attach to bacteria
and replicates efficiently. In the inactive
replication,
the
number
of
primary
bacteriphages is higher than bacteria so that all
bacteria are infected and lysed by primary
bacteriophages (14-20).
Multidrug-resistant pathogenic bacteria
and phage therapy
Despite great advancements in antimicrobial
therapy, the most serious challenge is the
appearance and spread of multidrug-resistant
pathogenic bacteria. Moreover, treatment of
bacterial infections is still cost consuming. Some
sophisticated therapy which weaken the patients’
immune system and make them more
susceptible to nosocomial infections, highlights
the importance of various prevention methods.
Since bacteria have evolved the mechanisms
which enable them to grow in the presence of
antibacterial agents, elimination of the
nosocomial infections is becoming increasingly
more difficult resulting in an alarming rate of
changing and developing infections.. Bacterial
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resistance to antibiotics and other aspects of
antibiotic consuming like as the risk of breast
cancer in women (21) necessitates new
disinfecting policies. Several reports have been
published which address perspectives of using
phages against bacterial infections. They explain
application of living phages can cure infectious
diseases which are caused by Gram-negative
bacteria, such as Escherichia coli, Pseudomonas
aeruginosa,
Acinetobacter
baumannii,
Klebsiella pneumoniae, Vibrio vulnificus,
Salmonella spp and also Gram-positive bacteria,
such
as
Enterococcus
faecium
and
Staphylococcus aureus (22-27).
As antibacterial agents, bacteriophages are
easy to distinguish from different aspects
including virolysin producing, antimicrobial
peptide encoding, delivering system for genes
encode antimicrobial agents and infecting
sensitive bacteria as a living phage. In this study,
we attempt to have a comprehensive review of
all aspects of usage of phages which seem
important.
Treatment by using virolysin
Virolysins are significant kind of bacterial cell
wall
hydrolases
which
degrade
the
peptidoglycan of the bacterial cell wall and help
to nascent phages release. Lytic double stranded
phages are responsible for encoding virolysins as
the final stages of the phage lytic cycle (28). The
hydrolysis process of the bacterial cell wall by
virolysin consists of 2 steps: the first step is to
bind to the sites on bacterial cell wall and the
second is to cleave the peptidoglycan bonds
(29). Hence, virolysins are the killer of Gram
positive bacteria and narrow spectrum of lytic
enzymes. virolysins have been used for therapy
of a variety of pathogen bacteria such as:
Staphylococci,
group
A
Streptococci,
Streptococcus
pneumoniae,
Enterococcus
faecium, Bacillus anthracis, S. pneumoniae and
Clostridium bacteria (30).
There are some positive points in using
virolysins as antibacterial therapy agents:
1- They are an acceptable alternative for
treatment of antibiotic resistance bacteria.
2- Immunogenicity is not a concern to their
effectiveness (28).

3- Different researches have demonstrated that
enzyme resistant strains of pathogenic bacteria
are not developed by using sub-lethal doses of
virolysins (31).
4- Effective dose of virolysin is noticeably
low (milligrams or even micrograms per litre).
Consequently,
allergic
responses
and
neutralizing by immune system are prevented
(32, 33).
5- On the other hand, resistance to the
virolysins is unlikely because the mutations
changing the bacterium cell wall would in fact
kill the bacterium (34).
6- They eliminate the pathogenicity of
bacterium rapidly.
As noted above virolysins seem to be a
convenient option among antibacterial therapy
choices and have been tested for the control of
various bacterial infections such as Entero.
faecalis, Entero. faecium, Staphylococci, B.
anthracis, Sterptococci (group A), Sterp.
pneumoniae and Clostridium (30). However,
they have no effect on gram negative bacteria.
In addition, their production is more expensive
in comparison with antibiotics.
Another application of virolysins is using
them as bacterial ghost vaccines which punch
holes in the bacterial cell wall and release the
cell components. Immunization by these
vaccines has been shown to be protective
(35, 36).
Virolysins have other applications such as
DNA extraction from bacterial cell, pathogen
detection (lyses of bacterium cell wall by
virolysins results in releasing numerous
antigens that are detectable by appropriate
antibodies) (37) and releasing recombinant
proteins from bacterial cells (38).
Antimicrobial peptides encoded by phages
Bacteriophages encode two types of
antimicrobial peptides: lytic factors and phage
tailed complexes. Lytic factors function as a
kind of virolysin-holin system that induces
bacteriolysis at a particular time. There are
different types of lytic factors including: E
lytic factor encoded by φX174, L lytic factor
encoded by MS2/GA classes of RNA phages,
A2 lytic factor encoded by RNA Qβ/SP
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phages. Phage tailed complexes identify
specific receptors on the surface of bacterium,
penetrate through the outer membrane and
lyses the peptidoglycan, then inject the phage
genome into the bacterium. The best example
of phage tailed complexes is the tail of
bacteriophage T4 (40-43). Since the mode of
action of lytic factors is not completely
understood and there are many obscure points
about using them and also phage tailed
complexes as alternatives to antibiotics, still
further investigations seem to be necessary
(44-46).
Phages as therapy delivery system
Nowadays efficient viral delivery systems are
developed to introduce the appropriate genome
to the target cells (47). Phages can also be
utilized as therapy delivery systems. In this
process phages deliver genes encoding
antimicrobials, or toxic antimicrobials into
target bacteria (48, 49). Furthermore,
filamentous phages have the ability to carry
therapeutic genes into target mammalian cells.
In this approach, mammalian cells are
transduced
by
a
receptor-mediated
endocytosis. This process, by itself, is not an
antimicrobial process but can be progressed to
deliver antimicrobial genes into intracellular
bacterial pathogens (50).
Therapy using living phages
It is necessary to note since 1919 in the former
Soviet
Union
and
Eastern
Europe,
bacteriophages have constantly been a novel
target for antibacterial intervention and have
been clinically used for the treatment of
resistant bacterial infections.
Nevertheless, since the initiation of
antibiotics consumption in the western
countries, the scientists have not considered
the use of phages for the treatment of bacterial
infectious diseases (51). Not all phages are
appropriate for phage therapy. Lytic phages
that infect their hosts rapidly replicate and
produce a lot of progeny and ultimately lyse
the bacteria which are preferred to be
compared with the phages that integrate their
genome into the bacterial genome (52).
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Experiments of phage therapy in humans
Before 1940, a variety of infections including:
gastroenteritis, sepsis, suppurative wounds,
dermatitis, osteomelitis, emphysemas and
pneumonia were cured by phage therapy in
humans (children and adults). In these
experiments, the success rates were about 80
to 95 percent and there was no undesirable
reaction (53).
The emergence of antibiotic-resistant bacteria
leads to considering phage therapy as a valuable
alternative which is nowadays under
investigations. For instance, in studies performed
by the Institute of Immunology and
Experimental Therapy, Slopek et al conducted a
series of investigations. In the first step they
evaluated phage therapy on 150 patients with
suppurative bacterial infection. In 137 patients
out of 150, the positive results were obtained and
the successive rate was 91.3%. One year later
they designed the same study on 114 children
with suppurative bacterial infection.
One
hundred and nine (91.3 %) cases were cured by
phage therapy. In another survey they
investigated the effect of phage therapy on 370
cases with suppurative bacterial infection which
in 342 cases (92.4%) positive therapeutic results
were obtained. This survey confirmed the great
effectiveness of bacteriophages in the treatment
of septic infection, spontaneous or postoperative
caused by pyogenic Staphylococci, Escherichia,
Klebsiella, Proteous and finally Pseudomonas
bacteria. These results were confirmed by the
further investigations conducted by slopek
et al which showed the same outcome. It is
noticeable that in all of these studies the majority
of the patients who were under phage therapy
showed antibiotic resistant. Of the Polish
Academy of Science, 550 patients with different
bacterial infections involving Klebsiella,
Salmonella, Pseudomonas, Staphylococcus,
Streptococcus and antibiotic-resistant E. coli
infections were successfully treated by phage
therapy with the success rate of 75-100% (5460). Other examples are the treatment of Bacillus
anthracis and Propionibacterium acnes
(responsible for emerging acne on the skin) by
corresponding phages (60, 61).
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Phage therapy and limitations
Utilizing bacteriophages as therapeutic agents
has encountered human with some problems
including:
1- Development of antibodies against phages.
2- Uptake and inactivation of the
bacteriophage by the spleen.
3- Contamination of phage preparation with
bacterial component such as endotoxins.
4- Although significant knowledge about the
genetics of phages and their effectiveness is
present but little is known about their
behaviour in vivo particularly in humans (27).
5- Phage therapy may fail as a result of
differences between physiology of bacteria
that are inhabitant of human body and bacteria
grown under laboratory condition (52).
6- There is no guarantee that lytic phages under
laboratory condition remain lytic in human body.
It may change to lysogenic phages.
7- In a conversion of lytic phage to lysogenic
phase, the bacterium containing prophage will
be immunized against the corresponding lytic
phage and also the bacterial virulence may be
altered (62).
8- Bacteriophages may encode toxins.
9- Lyses of bacteria by macrophages may
result in release of vast amount of endotoxins
that would be harmful for the body (63).
10- Resistance to bacteriophages may occur
by different mechanisms including:
a) Omitting the specific phage receptors from
the surface of the bacterium cell,
b) Integrating genome of phage into the
genome of bacterium,
c) Loss of a specific gene which is necessary
for the phage replication or assembly (64).
11- A study performed by Khajeh
karamoddini et al showed that bacteriophage
concentration, incubation duration and the
method of culture on the antibacterial effects
of phages are counted as other limitations of
phage usage (65).
An easy way to solve many of the
aforementioned problems is using products of
phages instead of the whole phages. There are
two examples of these products. The first one
is capsid protein A2 that is derived from the
RNA phage Qβ. The mode of action of A2 is

similar as penicillin, and affects the synthesis
of bacterium cell wall by interfering with
related enzyme (66). The other example is a
lysis protein called E protein of phage φX174
(a kind of DNA phages) (67).
Advantages of phage therapy
1- High specificity for target bacterium.
2- As long as the bacterium is present, the
phage will be able to reproduce itself.
Therefore
several
administrations
are
unnecessary. On the other hand, phages are
self-replicating and self -limiting.
3- The receptors of phages on the bacterium
cell wall are mainly virulence factors, so if a
phage-resistant bacterium emerges, it would be
less virulent (27).
4- Bacteriophage therapy would be useful in
the allergic patients to antibiotics.
5- Bacteriophages do not infect human or
animal cells. This makes them safe to be
utilized clinically.
6- Because of their high specificity,
bacteriophages do not affect microbial flora of
the human body.
7- The frequency of phage mutation is higher
than that of bacteria, so if a phage-resistant
bacterium emerges, the phage responds
quickly (68).
8- Compared with antibiotics, phage therapy is
inexpensive (63).
9- Few side effects of phage therapy have been
reported.
Therapy using phages and antibiotics
together
The combined use of bacteriophage and
antibiotics seems to be more effective than
either of them alone. This kind of combined
product is available in Georgia in the USA.
There are some positive points in this
combination such as increasing the efficiency
of therapy and reducing the emergence of
resistant bacteria (69).
The prospects of bacteriophages
Regarding the limited development of
bacterial resistance to phages, bacteriophages
might be recommended as valuable and maybe
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the only effective antimicrobial agent against
some bacteria in specific situations. It is
indeed time to re-evaluate the potential of
phage therapy as a promising agent to control
multidrug-resistant bacteria. This was an
assessment of bacteriophages to control
pathogenic bacteria without harmful effect for
ecosystem and human life so that
bacteriophages seem very promising for this
purpose. However, due to the nature of phages,
care should be taken in the cases of in vivo
utilization, once this new technology is
successfully and safely experimented. In spite
of remarkable effects of phage application
such as antibacterial, slow activity and high
specificity of action, it necessitates acquiring
precise knowledge of infecting agent. Also in
vivo bactericidal effects of phages are poorly
understood, so further studies have to be
conducted to clarify it (70). Whether
bacteriophage lytic enzymes with high
efficacies and strong effects on their targets
can be utilized as a drug in treatment of the
broad spectrum of bacterial diseases awaits
further investigation.

Conclusion
Nowadays an increasing inclination has been
made throughout the world in field of phage
technology which has led to novel findings
therapy (51). The main aim of this study was
to evaluate the efficacy of bacteriophage

application as a new alternative bactericidal in
reduction and/or elimination of multidrugresistant pathogenic bacteria. Phage specific
receptor is necessary for binding of phage to
the bacteria surface and so that viruses are not
able to contaminate the eukaryotic cells
including human and animal because of
lacking the phage’s receptor on eukaryotic
cells (11). Thus bacteriophage seems harmless
for human, animal and plant cells. For the
above reasons a number of clinicians and
scientists are interested to use bacteriophages
in order to treat bacterial infections (51). Thus,
phages can be considered as potential
antibacterial agents. It seems that phage
therapy is highlighted as the headlines of
research subjects now (64).
In this study, we concluded that phage is an
effective bactericidal agent and promising
agent to control multi drug-resistant bacteria.
It will inevitably be required to study the in
vivo antibacterial effect of bacteriophages
which may be similar or different to what
might be observed in vitro. Thus, the detailed
roles of phages to cure diseases still remains
an open question which needs to be
investigated and to clear the exact mechanisms
by which bacteriophages can be utilized to
pave the way for treatment of bacterial
infection in vivo and to overcome some of the
restrictions we are encountered.

References
1. Tammelin A. Staphylococus aureus surgical wound infection; possibility of preventing wound infection by use
of bacteriophages. Nature 1992; 22:26-31.
2. McNerney R, Traore H. Mycobacteriophage and their application to disease control. J Appl Microbiol 2005;
99:223–233.
3. Ackermann HW. Bacteriophage observations and evolution. Res Microbiol 2003; 154:245–251.
4.Higgins SE, Higgins JP, Bielke LR, Hargis BM.Selection and application of Bacteriophages for Treating
Salmonella enteritidis Infections in Poultry. Int J Poult Sci 2007; 6:163-168.
5. Kutter E. Phage therapy: Bacteriophages as natural self-limiting antibiotics. AstraZeneca Research Foundation
India, 2001.
6. Levin BR, Bull JJ. Phage Therapy revisited the population biology of a bacterial infection and its treatment with
bacteriophage and antibiotics. Am Nat 1996; 146:881-898.
7. Markoishvili K, Djavakhishvili N, Goderdzishvili M, Meipariani A, Chavchanidze Z, Tsitlanadze G, et al.
PhageBioDerm - new prospects for treatment of wounds and trophic ulcers. Exp Clin Med 1999; 2:83-84.
8. Saunders ME. Bacteriophages in industrial fermentations. In:Webster R, Cranoff A.editors. Encyclopaedia of
Virology. London: Academic Press;1994.116-121.
9. Soothill JS, Ayliffe GAJ. The efficacy of phages in the prevention of the destruction of pigskin in vitro by
pseudomonas aeruginosa. Med Sci Res 1988; 16:1287-1288.

698

Iran J Basic Med Sci, Vol. 15, No. 2, Mar-Apr 2012

Bacteriophage and Pathogenic Bacteria

10. Kokgohn TA, Schrader J, Waller JJ, Schrader HS. Effects of stress on bacteriophage replication, School of
Biological sciences university of Nebraska-lincoln.lincoln, NE 2000; 68588-0343.
11. Balow A and Duerden BI. Topley and Wilsons microbiology and microbial infections.9th ed, Vol. 2.1998.
12. Pllitzer R.Cholera world health organization. Geneva. Switzerland. Available at: http;//www.evergreen.edu/user
T² phagetherapy/phagethea.1999.
13. Ross RP. Development of phage resisant starter strains infection control and hospital epidemiology. J Soci
Health Epidemial 1999; 22:14-19.
14. Krueger AP, Northrop JH. The kinetics of the bacterium-bacteriophage reaction. J Gen Physiol 1931; 14:223.
15. Payne RJH, Jansen VAA. Phage therapy, the peculiar kinetics of self - replicating pharmaeuticals. Clin
Pharmacol Ther 2000; 68:225-230.
16. Stencel Ch. Phages eyed as agents to protect against harmful E. coli. American Society for Microbiology News.
1999; 65: 666-667.
17. Thomas A, Lalitha MK., Jesudason MV, John S. Activity of bacteriophages. Am Arch 1983; 25: 211-214.
18. McKinstry M, Edgar R. Use of phages in therapy and bacterial detection, In Waldor MK, Friedman DI, Adhya
S. (ed.), Phages: Their Role in Bacterial Pathogenesis and Biotechnology. ASM Press, Washington, DC. 2005 ;
430–440.
19. Little, JW. Lysogeny, prophage induction, and lysogenic conversion. In Waldor MK, Friedman DI, Adhya SL
(ed), Phages: Their Role in Bacterial Pathogenesis and Biotechnology. ASM Press, Washington DC. 2005; 3765.
20. Wagner PL, Waldor MK. Bacteriophage Control of Bacterial Virulence. Infect Immun 2002; 70:3985, 3985.
21. Emami SA, Tayarani- NaJaran Z, Sabouri Ghannad M, Khajeh Karamadini P, Khajeh Karamadini M. Antiviral
activity of obtained extracts from different parts of cupressus sempervirens against Herpes Simplex Virus Type
1. Iran J Basic Med Sci 2009; 12:133-139.
22. Khajeh Karamoddini M, Emami SA, Sabouri Ghannad M, Alizadeh Sani E, Sahebkar A. Antiviral activities of
aerial subsets of Artemisia as a medicinal plant against Herpes Simplex virus type 1 (HSV1) in vitro. Asian
Biomed 2011;1:63-68.
23. Sabouri Ghannad M, Majzoobi MM, Ghavimi M, Mirzaei M. Needlestick and sharp injuries objects among
health care workers in Hamadan province, Iran (In press) 2012. J Emerg Nurs DOI: 10.1016/j.jen.2011.01.009.
24. Miedzybrodzki R, Fortuna W, Weber-Dabrowska B, Gorski A. Bacterial viruses against viruses pathogenic for
man? Virus Res 2005; 110:1–8.
25. Bradbury J. My enemy’s enemy is my friend. Lancet 2004; 363, 624–625.
26. Levin, B.R., Bull, J.J. Population and evolutionary dynamics of phage therapy. Nat Rev Microbiol 2004;
2:166–173.
27. Inal JM. Phag e therapy: a reappraisal of bacteriophages as antibiotics. Arch Immunol Ther Exp 2004; 51:237244.
28. Stone R. Bacteriophage therapy: Stalin’s forgotten cure. Science 2002; 298:728–731.
29. Sulakvelidze A, Alavidze Z, Morris JG. Bacteriophage therapy. Antimicrob Agents Chemother 2001;45:649659.
30. Weber-Dabrowska B, Mulczyk M, Gorski A. Bacteriophage therapy of bacterial infections: an update of our
Institute‘s experience. Arch Immunol Ther Exp 2000; 48:547–551.
31- Parisien A, Allain B, Zhang J, Mandeville R, Lan CQ. Novel alternatives to antibiotics: bacteriophages,
bacterial cell wall hydrolyses, and antimicrobial peptides. J Appl Microbiol 2008; 104:1-13.
32. Garcia P, Garcia JL, Garcia E, Lopez R. Nucleotide sequence and expression of the pneumococcal autolysin
gene from its own promoter in Escherichia coli. Gene 1986; 43:265-272.
33. Fischetti VA. Bacteriophage lytic enzymes: Novel anti-infectives. Trend Microbial 2005; 13:491-496.
34. Low LY, Yang C, Perego M, Osterman A, Liddington RC. Structure and lytic activity of a Bacillus anthracis
prophage endolysin. J Biol Chem 2005; 280:35433-35439.
35. Fischetti VA. Bacteriophage lytic enzymes: novel anti-infectives. Trends Microbiol 2005;13: 491-496.
36. Fishetti VA, Nelson D, Schuch R. Reinventing phage therapy: are the parts greater than the sum? Nat
Biotechnol 2006; 24:1508-1511.
37. Leverentz B, Conway WS, Alavidze Z, Janisiewicz WJ, Fuchs Y, Camp MJ, et al. Examination of
bacteriophage as a biocontrol method for Salmonella on fresh cut fruit: a model study. J Food Protect 2001;
64:1116-1121.
38. Panthel K, Jechlinger W, Matis A, Rohde M, Rohde M, Szostak M, et al. Generation of Helicobacter pylori
ghosts by PhiX protein E-mediated inactivation and their evaluation as vaccine candidates. Infect Immune 2003;
71:109-116.
39. Ebensen T, Paukner S, Link C, Kudela P, de Domenico C, Lubitz W, et al. Bacterial ghosts are an efficient
delivery system for DNA vaccines. J Immunol 2004; 172:6858-6865.
40. Young R, Wang IN, Roof WD. Phage will out: strategies of host cell lysis. Trends Microbiol 2000; 8:120-128.

Iran J Basic Med Sci, Vol. 15, No. 2, Mar-Apr 2012

699

Masoud Sabouri Ghannad and Avid Mohammadi

41. Remaut E, De Waele P, Marmeout A, Stanssens P, Fiers W. Functional expression of individual plasmidencoded RNA bacteriophage MS2 genes. EMBO J 1982; 1:205-209.
42. Model P, Webster RE, Zinder ND. Characterization of Op3, a lysis-defective mutant of bacteriophage f2. Cell
1979; 18:235-246.
43. Arisaka F, Kanamaru S, Leiman P, Rossmann MG. The tail lysosyme complex of bacteriophage T4. Int J
Biochem Cell Biol 2003; 35:16-21.
44. Leiman PG, Kanamaru S, Mesyanzhinov VV, Arisaka F, Rossmann MG.Structure and morphogenesis of
bacteriophage t4. Cell Mol Life Sci 2003; 60:2356-2370.
45. Milller ES, Kutter E, Mosig G, Arisaka F, Kunisawa T, Ruger W. Bacteriophage T4 genome. Microbiol Mol
Biol Rev 2003; 67:86-156.
46. Rossmann MG, Mesyanzhiniov VV, Arisaka F, Leiman PG.The bacteriophage T4 DNA injection machine.
Curr Opin Struct Biol 2004; 14:171-180.
47. Sabouri Ghannad M, Zamani A. The full length hepatitis C virus polyprotein and interactions with the
interferon-Beta signaling pathways in vitro. Iran Biomed J 2008; 12:23-24.
48. Embleton ML, Nair SP, Heywood W, Menon DC, Cookson BD,Wilson M. Development of a novel targeting
system for lethal photosensitization of antibiotic-resistant strains of Staphylococcus aureus. Antimicrob Agent
Chemother 2005; 49:3690-3696.
49.Yacoby I, Shamis M, Bar H, Shabat D, Benhar I. Targeting antibacterial agents by using drug-carrying
filamentous bacteriophages. Antimicrob. Agents. Chemother 2006; 50:2087-2097.
50. Larocca D, Larocca D, Burg MA, Jensen-Pergakes K, Ravey EP, Gonzalez AM, et al. Evolving phage vectors
for cell targeted gene delivery. Curr Pharm Biotechnol 2002; 3:45-57.
51. Hanlon GW. Bacteriophages: an appraisal of their role in the treatment of bacterial infections. Int J Antimicrob
Agents 2007; 30:118-128.
52. Joerger RD. Alternatives to antibiotics: Bactericins, Antimicrobial peptides and Bacteriophages. Poult Sci 2003;
82:640-647.
53. Alisky J, Iczkowski K, Rapoport A, Troitsky N. Bacteriophages how promise as antimicrobial agents. J Infect
1998; 36:5-15.
54. Slopek S, Durlakowa I, Weber-Dabrowska B, Dabrowski M, Kucharewicz-Krukowska A. Results of
bacteriophage treatment of suppurative bacterial unfections. III. Detailed evaluation of the results obtained in
further 150 cases. Arch Immonol Ther Exp 1984; 32:317-335.
55.Slopek S, Durlakowa I, Weber-Dabrowska B, Kucharewick-Krukowska A, Dabrowski M, Bisikiewicz R.
Results of bacteriophage treatment of suppurative bacterial infections. II. Detailed evaluation of the results. Arch
Immonol Ther Exp 1983; 31:293-327.
56. Slopek S, Durlakowa I, Weber-Dabrowska B, Kucharewick-Krukowska A, Dabrowski M, Bisikiewicz R.
Results of bacteriophage treatment of suppurative bacterial infections. I General evaluation of the results. Arch
Immonol Ther Exp 1983; 31:267-291.
57. Slopek S, Kucharewick-Krukowska A, Weber-Dabrowska B, Dabrowski M. Results of bacteriophage treatment
of suppurative bacterial infections. IV. Evaluation of the results obtained in 370 cases. Arch Immonol Ther Exp
1985; 33:219-240.
58.Slopek S, Kucharewick-Krukowska A, Weber-Dabrowska B, Dabrowski M. Results of bacteriophage treatment
of suppurative bacterial infections. IV. Evaluation of the results obtained in children. Arch Immonol Ther Exp
1985; 33:241-259.
59. Slopek S, Kucharewick-Krukowska A, Weber-Dabrowska B, Dabrowski M.Results of bacteriophage treatment
of suppurative bacterial infections. VI. Analysis of treatment of suppurative staphylococcal infections. Arch
Immonol Ther Exp 1985;33:261-273.
60. Slopek S, Weber-Dabrowska B, Dabrowski M, Kucharewick-Krukowska A.Results of bacteriophage treatment
of suppurative bacterial infections in the years 1981-1986. Arch. Immonol Ther Exp 1987; 35:569-583.
61. Lood R., Collin M. Characterization and genome sequencing of two Propionibacterium acnes phages
displaying pseudolysogeny. BMC Genomics 2011;12:198.
62. Cheng CM, Wang HJ, Bau HJ, Kuo TT. The primary immunity determinant in modulating the lysogenic
immunity of the filamentous bacteriophage. J Mol Biol 1997; 287:867-867.
63.Matsuzaki S, Rashel M, Uchiyama J, Sakurai S, Uijhara T, Kuroda M, et al. Bacteriophage therapy: a revitalized
therapy against bacterial infection diseases. J Infect Chemother 1997; 11:211-219.
64. Skurnik M, Strauch E. Phage therapy: facts and fiction. Int J Med Microbiol 2006;296:5-14.
65. Khajeh Karamoddini M, Fazli-Bazzaz BS, Emamipour F, Sabouri Ghannad M, Jahanshahi AR, Saed N, et al.
Antibacterial efficacy of lytic bacteriophages against antibiotic-resistant Klebsiella species.
Scientificworldjournal 2011; 11:1332-1340.
66. Bernhardt TG, Wang I, Struck DK, Young R. A protein antibiotic in the phage Qβ virion: diversity in lysis
targets. Science 2001; 22:2326-2329.

700

Iran J Basic Med Sci, Vol. 15, No. 2, Mar-Apr 2012

Bacteriophage and Pathogenic Bacteria

67. Bernhardt TG Wang, I, Struck DK, Young R..The lysis protein E of φX174 is a specific inhibitor of the MraYcatalyzed step in peptidoglycan synthesis. J Biol Chem 2001; 276; 6093-6097.
68. Courchesne NM, Parisien A, Lan CQ. Production and application of bacteriophage and bacteriophage-encoded
Lysins. Recent Pat Biotechnol 2009; 3:37-45.
69. Petty NK, Evans TJ, Fineran PC, Salmond GPC. Biotechnological exploitation of bacteriophage research.
Trends Biotechnol 2006; 25:7-15.
70. Skurnik M, Strauch E. Phage therapy: facts and fiction. Int J Med Microbiol 2006; 296:5-14.

Iran J Basic Med Sci, Vol. 15, No. 2, Mar-Apr 2012

701

