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Bacteriophages are the viruses which infect bacteria and hence, they are friends to human 
beings. Bacteriophages belong to a group of viruses which have the greatest number of 
entities in it. There are 10 families of phages which include tailed and sessile phages. Some 
phages like T4, T7 have an unique structure of having head and tail. Phages follow two 
patterns of life cycle as lytic and lysogenic cycle. Lytic cycle causes killing of the bacteria and 
this property is utilized for the phage therapy. Twort and d’Herelle were the two scientists 
who identified bacteriophage, and contributed immensely to the field of phage therapy. 
Phages are unique antibacterial agents in their ability to increase their numbers only in the 
presence of bacterial targets. Bacteriophages are used for the detection of bacteria, typing of 
bacteria, destruction of biofilms, phage ligand technology, bacteriophage therapy against 
various infections and phage display. To counteract antibiotic resistance, an increasing 
menace to the human community, phage therapy is a timely gift. Though bacteria develop 
resistance to phages rarely, they are less toxic with minimum adverse effects compared to 
antibiotics and occasionally needs repeated administration. These points favor the use of 
phages as alternative to antibiotics. Bacteriophage or phage therapy is therefore very useful in 
various fields like medicine, veterinary science, dentistry, and even agriculture. This current 
review deals with the history, taxonomy and life cycle of phages, and their uses in veterinary 
and biomedicine, and the commercially available phage products. 

All copyrights reserved to Nexus® academic publishers 

 
Key Words: Bacteriophages, 
Antibiotic alternatives, 
Phage lysins, Phage therapy 

ARTICLE CITATION: Karthik K, Muneeswaran NS, Manjunathachar HV, Gopi M, Elamurugan A and Kalaiyarasu S (2014). 
Bacteriophages: Effective Alternative to Antibiotics. Adv. Anim. Vet. Sci. 2 (3S): 1 – 7. 

 
INTRODUCTION 
Viruses are the microorganisms which are widespread 
throughout the world, and infecting almost all organisms 
showing no mercy even to the bacteria. Phages are the 
special group of viruses which includes the bacteriophages 
and virophages. Bacteriophages are viruses that attack and 
lyse the bacteria in lytic cycle. Since their discovery in 1915, 
they are fascinating and researchers are working on their 
therapeutic potential against various drug resistant bacteria 
(Dhama et al., 2013; Tiwari et al., 2014). Though the advent 
of antibiotics reduced the importance of phage therapy, it is 
gaining momentum due to recent emergence of antibiotic 
resistance. Phages have the unique record of the last three 
classes of virus to be identified during the period of World 
War I (Grabow, 2001). Bacteriophages are also used as 
surrogate viruses for lot of human and animal viruses 
(Ackermann, 2011). Phages either incorporate its genetic 
material or remain quiescent in lysogenic cycle but disrupt 
the bacterial metabolism and causes rupture of bacterial cell 
wall in lytic cycle.  Phages are genetically diverse (Hambly 
and Suttle, 2005) and are known to infect more than 140 

bacterial and archeal species in the world. The list of phages 
is huge, and it lines up in such a fashion that every bacterial 
species has a pile of bacteriophages to infect them. The 
number is rising day by day and presently there are around 
5360 tailed phages and 179 other phages (Ackermann, 2011). 
This overwhelming number makes it the largest virus group 
known. The present review describes the salient features of 
bacteriophages and their therapeutic potential as well their 
use as alternative to antibiotics. 
History of Phages 
Phages were unveiled to the universe officially by the work 
of the French–Canadian microbiologist Felix d’Herelle in 
1917, though much has been reported by the English 
bacteriologist Frederick Twort earlier (Twort, 1915; 
d’Herelle, 1917). Felix d’Herelle aptly named them as 
bacteriophages, and he suggested that there is only one 
phage as Bacteriophagum intestinale and rest others are its 
races. But the history of phage is still older than what has 
been documented which is extracted from Greek word 
‘phagein’ which means ‘eat’– to eat or devour the bacteria 
(d’Herelle, 1918). Immediately after their discovery, the 
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thought of using phages to fight bacterial infections was 
already apparent.  Phages were used by the Russians during 
World War–II, to treat many soldiers infected with various 
bacterial diseases such as dysentery and gangrene (Abedon 
et al., 2011). Earlier in 1896, a British bacteriologist named 
Ernest Hankin reported that there were some unidentified 
antibacterial agents against Vibrio cholera in Ganges and 
Yamuna rivers of India (Hankin, 1896). Gamaleya, a Russian 
bacteriologist when working on Bacillis subtilis also recorded 
a similar phenomenon (Samsygina and Boni, 1984). Soon 
after his discovery of phages, d’Herelle started working on 
the therapeutic potential of the bacteriophages against the 
bacteria which causes dysentery. Felix d’Herelle used the 
phages against patients suffering from bacterial dysentery 
and this study yielded a good response with patients 
showing reduced clinical symptoms but these results were 
not recorded properly. Richard Bruynoghe and Joseph 
Maisin were credited for their work on phage therapy 
against staphylococcal skin disease, and first time 
documented it (Bruynoghe and Maisin, 1921). 
Taxonomy of Phages 
Sir Macfarlane Burnet initiated the classification of phages 
in 1937 while he observed the difference in size and activity 
against various physiochemical agents (Burnet, 1933) where 
as H. Ruska suggested the classification based on their 

shape and structure visualized under electron microscope 
(Ruska, 1943). Holmes in 1948 classified whole viruses into 
three major families namely Phaginae, Phytophaginae and 
Zoophaginae (Holmes, 1948). Phages come under the family 
of Phaginae according to his classification. Lwoff, Horne and 
Tournier in 1962 proposed that the classification of viruses 
should be based on the nucleic acid properties and their 
system had latinised naming system (Lwoff et al., 1962).  In 
the year 1971, International Committee on Taxonomy of 
Viruses (ICTV) classified phages in to six genera which are 
as follow: the φX group, filamentous phage, lipid phage 
PM2, T–even phages, λ phage, and the ribophage group 
(Ackermann, 2009). Abeles et al. (1984) classified phages 
based on a handful of characters like morphology, physical, 
chemical properties, nucleic acid possession, host, 
pathogenesis and behavior in the environment. Goyal et al. 
(1987) classified phages into three groups based on their 
receptors on the host. According to this classification, the 
phages may be of:      

 Somatic phages– receptors present on the cell wall 

 Capsular phages– receptors present on the capsular 
polysaccharide 

 Appendage phages– receptors present on the 
appendages like flagella, pili or fimbriae 

 
Table 1: Taxonomy of Bacteriophages 
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According to the ICTV classification, phages have been 
classified under the order Caudovirales and there are about 10 
families. Like other viruses, phages too have either DNA or 
RNA which may be either single stranded or double 
stranded. They may be either filamentous or pleomorphic in 
shapes which is unique, and may also have a tail (tailed 
phages) (Ackermann, 2011). Caudovirale is the order under 
which both tailed phages and sessile phages are grouped. 
The tail in the tailed phages varies in their length and based 
on the criteria, they are further grouped into three families 
as Myoviridae, Siphoviridae and Podoviridae. Myoviridae includes 
the phages which have contractile tail, Siphoviridae includes 
phages which have long tail but they are non–contractile 
and Podoviridae includes phages which have short tail 
(Fauquet et al., 2005). These tailed phages are a large group 
of viruses which account for 96% of the phages. There are 
seven other families of filamentous, pleomorphic phages 
which come under unassigned group as per the recent 
classification of ICTV 9th report. List of phages with details 
about shape and structure is given in table 1. 
Replication of Phages 
To replicate inside the host, bacteria the first step in phage 
life cycle is the attachment of phage to the host membrane. 
Attachment is mediated by the presence of the tail in case of 
tailed phages, while in sessile phages; it is driven in by some 
other structures which are present over their surface. This 
binding is mostly reversible. Followed by attachment, the 
next important process is the penetration of nucleic acid. 
Penetration is achieved by two ways either by the 
contraction of tail or by the presence of some specialized 

enzymes which cause the distortion of the bacterial cell 
membranes. The hollow tail of the phage forms a pore over 
the cell membrane through which the phage nucleic acid 
makes its entry into the bacterial cell. The phage without 
the nucleic acid remains attached to the cell wall of bacteria 
as a ghost. Most of the phages are the host specific and 
sometimes a bacterium can be made susceptible to a phage 
through artificial means of transfection. Once gaining entry 
into the host, the nucleic acid has two ways to propagate 
itself.  

In case of lytic cycle, phage causes the lysis of the 
bacterial cell once the replication cycle is completed. They 
take over the machinery of the cell to make phage 
components. Immediately after the entry of nucleic acid into 
the bacterial cell, eclipse period starts and at this moment 
not even a single infectious phage particle can be found 
either outside or inside the bacterial cell. Replication cycle 
is similar to the replication cycle of all viruses in that once 
the nucleic acid is formed; it is packaged into the head, 
followed by the assembly of tail. The cell wall of the bacteria 
is weakened by the phage enzymes which lead to the 
rupture of the membrane and ultimately the mature phages 
make their release from the infected bacterial cell (Skurnika 
and Strauch, 2006). A key difference between the lytic 
and lysogenic phage cycles is that in the lytic phage, the 
viral DNA exists as a separate molecule within the bacterial 
cell, and replicates separately from the host bacterial DNA 
without integration. Figure 1 show the steps involved in 
lytic cycle phage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: Steps during lytic cycle of Bacteriophage 
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Temperate or lysogenic phages are either undergo lytic cycle 
or can integrate its nucleic acid with the host genome, and 
can remain dormant. Integration of nucleic acid causes the 
transfer of phage nucleic acid to daughter bacteria. 
Integrated phage is also called as prophage and the bacteria 
harboring this prophage are called as lysogenic bacteria. Due 
to the integration of phage nucleic acid, the properties of the 
bacteria may vary and this process is called as lysogenic or 
phage conversion (Skurnika and Strauch, 2006).  The 
exposure to UV or other radiations, some chemicals etc may 
lead to termination of this lysogenic cycle and induces start 
of lytic cycle. This process is called induction. 
Uses of Bacteriophages 
Bacteriophages are currently used for the diagnosis and 
typing of a particular bacterial species. Each bacteriophage 
has a specific affinity for a particular bacterium which helps 
in typing of that particular bacterium. The most useful 
aspect of bacteriophage is the phage therapy against 
bacterial infection which yields promising results. 
Bacteriophages have also been successfully used against 
bacterial biofilms. In case of therapeutic approach, 
bacteriophages could be used either directly or genetically 
modified form. Bacteriophages are also widely used in food 
industry to minimize the bacterial load and phages are also 
used in phage display (Westwater et al., 2003).  

Phage endolysins or lysins are enzymes that cause 
damage to the cell wall’s integrity by hydrolyzing the four 
major bonds in its peptidoglycan component; it can be used 
as antimicrobials. Phage lysins have been used in veterinary 
field mainly to control mastitis which is of major 
importance economically. Ply700 lysin has very good effect 
on Streptococcal organisms that are involved bovine 
mastitis. LysH5 lysin acts against Staphylococcus organisms 
causing mastitis in cattle (Obeso et al., 2008). LySMP has 
broad spectrum of activity against Streptococcus suis, swine 
pathogen causing endocarditis and is also a zoonotic 
pathogen (Lun et al., 2007). Ply3626, a lysin against 
Clostridium perfringens, showed good effect in controlling the 
pathogen in poultry houses. Ply511 is a Listeria monocytogenes 
phage lysin used to control Listeria infection in dairy 
products (Gaeng et al., 2000).  

Bacteriophages have also been used as diagnostics for 
the detection of food borne pathogens like Enterobacter, E. 
coli, Salmonella and Staphylococcus. Biosensors based on phages 
are rapidly growing and gaining its importance in food 
industries (Clark and March, 2006). Bio detectors based on 
either whole phage or phage proteins like tail–spike protein 
of Salmonella phage P22 are used. Phages and their proteins 
immobilized on atomic force microscopy can detect 
pathogens and used for Salmonella detection. Immobilization 
of phages on silica particles also guarantees cheap and 
effective method of pathogen detection. Phage based bio 
sensors can be linked to PCR based systems for better 
detection efficacy (Pettya et al., 2006). Recombinant phages 
like phage against Vibrio harveyi carrying luxAB genes, when 
enters the bacterium undergoes usual replication and this 
gene is incorporated into the bacterium. While detecting 
the bacteria, an illumination is produced due to the presence 
of luxAB gene which confirms Vibrio harveyi infections 
(Loessner et al., 1996; Oda et al., 2004). Infection of 
pathogenic phage leads to release of many particles of phage 

origin. These particles can be detected by other 
nonpathogenic bacteria by this way the primary pathogenic 
bacteria can be detected. Streptavidin–coated quantum dots 
and phages tagged with biotins can be used as a detection 
system as well (Edgar et al., 2006). A newer technology 
called as Sensing of phage–triggered ion cascade (SEPTIC) 
uses phage DNA which when injected into a bacterium 
causes pore in their membrane thus causing the release of 
ions from the formed bacterial pore  (Dobozi–King et al., 
2005). When the amount of released ion is 108/ cell a sensor 
can detect this by the voltage change between the two 
capacitors (Kish et al., 2005). The major advantage of this 
technique is that the bacteria need not be cultured for this 
and hence bacteria which are zoonotic or harmful can be 
detected based on this method. A chip based on this 
SEPTIC technique with several bacterial phages can detect 
simultaneously many bacteria at a single point of time 
(Pettya et al., 2006).  
Need of Phage Therapy 
Currently, there is a huge problem of antibiotic resistance 
throughout the world in both human and animal medicine 
(Davies and Davies, 2010). As evolution over the time period 
is the basic properties of bacteria, it has its own time frame 
within which it develops resistance against an antibiotic to 
which it was susceptible earlier. Staphylococcus is the most 
common bacterium which develops resistance to most 
antibiotics (Davies and Davies, 2010). Methicillin resistant 
S. aureus, Vancomycin resistant S. aureus and – lot more 
versions has come which are hunting the animals and 
human (Housby and Mann, 2009). Similarly, a pile of 
Mycobacterium species developed resistance to most of the 
known antibiotics. A group of bacteria termed as ESKAPE 
(Enterococcus faecalis, S. aureus, Klebsiella, Acinetobacter baumanii, 
Pseudomonas aeruginosa and Escherichia coli) which are 
superbugs, causes  a major concern to the physician 
(Kutateladze and Adamia, 2010).  
Advantages of Bacteriophages over Antibiotics  
Bacteriophages target very specifically and cause lysis where 
as antibiotics harm normal flora also due to its broad 
spectrum nature. Due to its replicative nature, there is no 
need to administer repeatedly. Most of the phages can be 
administered orally as they can survive in gastric 
environment (Tiwari et al., 2011; Tiwari et al., 2014), and are 
even lethal to antibiotic resistant bacteria. Because of 
minimal side effects, they are considered safe (Mattey and 
Spencer, 2008). 
Problems Associated with Phage Therapy  
Due to its very narrow host range, treating the patient with 
mixed infections is difficult. There are exaggerated claims of 
effectiveness of commercially available phage preparations. 
One such example is a preparation called Enterophagus 
which was marketed as being effective against herpes 
infections, urticaria, and eczema conditions; but the 
preparation  was not effective (Sulakvelidze et al., 2001). 
Also, there is lack of understanding of the heterogeneity and 
mode of the action of the phages.  
Key Considerations before Phage Therapy  
Identification of causative agent followed by screening with 
a library of phages is the primary consideration. Availability 
of number of known phages in the laboratory should be 
ensured always. The selected phage should have a lytic life 
cycle because in lysogenic life cycle there will be an 
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integration of its genome with that of host genome, and 
does not cause much damage to the host leading to failure in 
the phage therapy (Goodridge, 2010). A cocktail of phages 
should be used so that risk of resistance development could 
be nullified or minimized (Merril et al., 2006). The phage 
should not have any toxin gene or any other deleterious gene 
which may be harmful to human or animal. To prevent this, 
selected phages should be sequenced and characterized 
completely in order to know the genome content. 
Therapeutic and Clinical Experience with Phage 
Therapy  
Bacteriophages are used both externally and internally in 
human medicine to treat some complications and diseases 
which are not cured by antibiotics. Bacteriophage wetted in 
biodegradable films gave good relief to patients affected 
having the ulcers, and the ulcers healed quickly 
(Markoishvili et al., 2002). Commercial product named 
PyoPhage which is effective against Pseudomonas 
aeruginosa(Soothill, 1999), Escherichia coli, Staphylococcus aureus, 
Streptococcus and Proteus has been used for healing the ulcers 
(Abedon et al., 2011). Phage derived from sewage could act 
well against Staphylococcus aureus which causes wound 
abscess (Wills et al., 2005). Studies indicated that the intra–
peritoneal injection of bacteriophage against P. aeruginosa 
infection causes reduced infection in mice (McVay et al., 
2007). Oral administration of bacteriophage can prevent 
diarrhea caused by E. coli in calves (Smith and Huggins, 
1987). Similarly oral administration of phage could also 
prevent the sepsis caused by P. aeruginosa (Watanabe et al., 
2007). Intramuscular preparations have also been tried 
against E. coli in chickens which showed good results 
against septicemia (Barrow et al., 1998). Phages against 
vancomycin–resistant Enterococcus faecium prevented mice 
from death (Biswas et al., 2002). Phages against Acinetobacter 
baumanii, P. aeruginosa and S. aureus also had good results in 
mice models (Soothill, 1992). Use of phage has resulted in 
reducing the dissemination of Salmonella Typhimurium, one 
of the prime foes for the swine industry (Ahmad et al., 2002; 
Garcia et al., 2008; Gyles, 2008).  

Use of phage in poultry industry is gaining importance 
due the problem of antibiotic resistance which enters the 
food chain to human. Studies have been conducted for the 
use of phages specific to pathogens of poultry like Salmonella 
Gallinarum and E. coli. EC–Nid1 and EC–Nid are the two 
phages isolated from sewage water and poultry litter, 
proved to be highly effective against O1, O2 and O78 
serotypes of E. coli. INT–401 is a bacteriophage cocktail 
which has controlled the problem of necrotic enteritis in 
chickens caused by Clostridium perfringens (Miller et al., 2010). 
Phages like CP8 and CP34 has been used successfully 
against Campylobacter jejuni infections in poultry (Loc Carrillo 
et al., 2005; Loc Carrillo et al., 2007). There is reduction in 
the load of Salmonella and Campylobacter organisms in the 
poultry meat when a multivalent/cocktail of lytic 
bacteriophages are used, helping the meat industry to 
produce a safe and good quality meat (Carvalho et al., 2010; 
Connerton et al., 2011).Contamination of poultry products 
with Listeria spp. is a major problem both to the poultry 
industry, and also to end users as the pathogen is zoonotic. 
FDA has approved for the use of phages against Listeria spp. 

in ready to eat meat so as to eliminate the zoonotic 
pathogen (Soni et al., 2010).  Various routes of the phage 
administration like oral, aerosol and intra–muscular 
injections were tried to control the dissemination of 
Salmonella through poultry meat (Toro et al., 2005; Bori et al., 
2008). 

ListexP–100 is a product marketed by Dutch company 
EBI, and it is an effective product against Listeria. Further, it 
is tested for its efficacy showing effective against Listeria 
and it lyse almost all organism, and it showed a complete 
reduction in viable counts of Listeria without any toxic 
effects (Carlton et al., 2005). This product is approved by 
FDA in 2006 for commercialization (Monk et al., 2010). 
Similar product which acts against L. monocytogenes causing 
food poisoning is produced by a US based company 
Intralytix, and is known as ListShield (Lu and Koeris, 
2011).Similarly, Intralytix also claimed to have developed a 
bacteriophage based product against E. coli O157. 
FASTPlaqueTBTM is a commercial diagnostic kit for the 
detection of Mycobacterium tuberculosis from the sputum of 
human samples. This is marketed by Biotec Laboratories 
(Ipswich, UK), and now the test has been combined with 
PCR to increase its effectiveness (Botsaris et al., 2010). 
MicroPhage is another system used to detect MRSA (Lu and 
Koeris, 2011). Agriphage is a product for treatment of 
tomato and pepper spot, and it is marketed by US based 
firm Omilytics (Lu and Koeris, 2011). 
 
CONCLUSION 
Bactriophages causes the destruction of harmful bacteria in 
human as well as animal; they can be considered a good 
option to treat even antibiotic resistant microorganisms. 
Bacteriophages have vast utilities which make them friend 
to human, and the most dangerous enemy to bacteria. Lytic 
and lysogenic phages are present in the environment but 
lytic phages are used for phage therapy, because lysogenic 
phage integrates its genome into the bacterium and hence, it 
is unable to kill the bacterium. Phage therapy has many 
other potential benefits, and giving it ample support can 
pave the way to a healthier future. Phage therapy is gaining 
importance day by day in the community because of the 
increase in the antibiotic resistance scenario in the 
population. Unlike antibiotics which may produce 
contraindications, these bacteriophages are natural and 
produce no or few unwanted effects when used for 
treatment. There are a lot of positive points on phages 
which recommends the use of phage over antibiotics for the 
prevention and cure of bacterial diseases. Lot of phage based 
products is making their entry into the market which shows 
good result for what they are intended to. Hence, future 
research on bacteriophage will show the world regarding its 
potential to treat infections caused by MDR bacterial 
pathogens. 
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