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ABSTRACT  

Phage therapy involves the use of specific 

viruses that can infect and lyse pathogenic 

bacteria. Since, antibiotic resistance is widely 

increasing among bacteria phages offer a 

promising field as natural, self-replicating and 

self-limiting antibiotics. Clinical trials are 

conducted to use phages against multi-drug 

resistant bacterial infections. The most 

powerful and cost-effective application of 

phage therapy is in the treatment of diseases 

such as cholera and dysentery. While phage 

therapy has been around for over 100 years, 

the treatment still is not a main part of 

medicine. Phage therapy has largely existed 

on the fringes of medicine, particularly in 

Western countries like the USA, where it is 

occasionally approved for compassionate use, 

on emergency basis when no other approved 

therapies are available. This review was 

undertaken to discuss, review and highlight 

the importance and future research of phage 

therapy. 

 

Keywords: Bacterial infections, Bacteriophages, 

Multidrug resistance, Phage therapy. 

 

INTRODUCTION 

Bacteriophages, abbreviated as phages are 

viruses that infect bacteria, and occur widely 

in nature in soil, water, sewage, and even in 
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and on our body, particularly in the gut and in 

feces in close association with bacteria. 

Phages are regularly consumed in foods. The 

presence of high concentrations of phage 

particles, up to 108 per mL in some natural 

waters, suggests that they may have a role in 

the control of bacterial populations in such 

environments [1]. Prior to the discovery and 

wide spread use of antibiotics, it was 

suggested that bacterial infections could be 

prevented and treated by the administration 

of bacteriophages. These early hopes phage 

therapy have not been fulfilled, but these 

viruses have contributed much to 

microbiology. As phages could be grown 

easily on bacterial cultures, they provided the 

only convenient model for the study of virus-

host interactions at the cellular and molecular 

level before the development of cell culture 

techniques [2]. 

 

History of phage therapy  

Ernest Hankin, a British bacteriologist 

reported (1896) on the presence of marked 

antibacterial activity against Vibrio cholerae, 

which he observed in the waters of Ganges 

and Jamuna rivers in India, and he suggested 

that an unidentified substance, which passed 

through fine porcelain filters and was heat 

labile was responsible for this phenomenon 

and for limiting the spread of cholera 

epidemics [1,2]. Two years later, the Russian 

bacteriologist Gamaleya observed a similar 

phenomenon while working with Bacillus 

subtilis [2]. The British microbiologist, 

Frederick Twort (1915) described a 

degenerative change in staphylococcal 

colonies isolated from the calf lymph, which 

could be transmitted serially by application of 

culture filtrates from the original growth [3]. 

The French-Canadian microbiologist, Felix 

d’Herelle (1917) observed that filtrates of 

feces cultures from dysentery patients 

induced transmissible lysis of a broth culture 

of a dysentery bacillus, and suggested that the 

lytic agent was a virus and gave it the name 

bacteriophage. The name was formed from 

“bacteria” and “phagein” (to eat or devour, in 

Greek), and was meant to imply that phages 

eat or devour bacteria. d’Herelle made 

immediate use of his discovery and used 

various phage preparations to treat 

thousands of people having dysentery, 

cholera and bubonic plague in India [2,3]. 

Richard Bruynoghe and Joseph Maisin (1921) 

used bacteriophages to treat staphylococcal 

skin disease. The phages were injected into 

and around surgically opened lesions, and the 

authors reported regression of the infection 

within 24 to 48 hours [4]. 
 

While phage therapy developed rapidly in 

Europe and USA, with phages even being 

produced by American pharmaceutical 

companies, it declined from 1940s onwards. 

Massive production and use of antibiotics 

from the 1940s onwards led to the complete 

disappearance of phage therapy [5]. However, 

it has developed significantly in Soviet 

countries, especially Goergia, as well as in 

Poland and Russia, where it is still widely 

practiced [6]. In France and Belgium phage 

therapy has continued to be used occasionally 

to treat patients in cases of therapeutic failure 

[7]. The phage therapy is gaining the 

importance since the beginning of 21st 

century due to the appearance of multi-drug 

resistance among bacterial pathogens [6].  

 

A patient infected in Egypt with resistant 

strain of Acinetobacter baumannii was treated 

by phages that cured him in USA at University 

of California [8]. In England, a cystic fibrosis 

patient with disseminated drug resistant 

Mycobacterium abbscessus was cured by the 

use of phages [9]. William Smith and his 
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colleagues reported the successful use of 

phages to treat experimental E.coli infections 

in mice [10]. Soothill et al reported the utility 

of phages in preventing and treating 

experimental disease in mice and Guinea pigs 

infected with Pseudomonas aeruginosa and 

Acinetobacter [11], and they suggested that 

phages might be efficacious in preventing 

infections of the skin grafts used to treat burn 

patients [12]. The efficacy of a phage 

preparation was evaluated for the treatment 

of Klebsiella pneumoniae infection, and found 

to be efficacious in treating experimental 

infections in mice and Guinea pigs and 

nontoxic to animals [13]. The results of these 

preclinical studies were used to evaluate the 

safety and efficacy of the phages in treating 

109 patients having Klebsiella infections, and 

found that the phage preparation was both 

effective with clinical improvement and 

bacteriological clearance and nontoxic for 

patients [14]. 
 

Phage therapy has agricultural applications to 

eradicate Salmonella from chickens to 

prevent human infections and to treat 

diarrhoeal diseases of live-stock such as cattle 

and fish. Phages can also be used as 

biocontrol agents in agriculture and 

petroleum industry [15]. 

 

Mode of action of therapeutic phages 

Phages exhibit two types of life cycle: 1. 

Virulent or lytic cycle- lysis of the bacterial 

cell by phage 2.Temperate or lysogenic cycle-

integration of phage DNA into the bacterial 

chromosome. Phages are excellent vehicles 

for horizontal gene transfer 

by transduction. So, they find wide use in 

recombinant-DNA technology to construct 

mutants and to transfer genes of interest 

from one bacterium to another [5]. In context 

of therapeutic use, only virulent phages with 

lytic cycle are relevant. In the virulent cycle, 

the phage attaches specifically to the surface 

of a susceptible host bacterium, and injects its 

DNA into host cell. A given phage will be able 

to attach itself to a given bacterial species. 

Phage DNA replicates in host cell cytoplasm 

via bacterial enzymes, and synthesizes 

proteins and lipids needed to form capsids. 

After assembly of these different components 

into daughter phages (progeny), the 

bacterium will be lysed releasing between 50 

and 200 new phages, which can attach 

themselves to new bacteria to start the 

virulent/lytic cycle again (Fig 1). In 

therapeutic use, it is therefore necessary to 

isolate active phages against the bacteria 

responsible for patients’ infection, amplify 

them, and administer them in such a way that 

they come into contact with the pathogen. 

Phages, multiplying in contact with the host 

bacteria, will spread as long as there are cells 

left to infect [16]. Once, the pathogenic 

bacteria are eliminated, the phages, which 

cannot survive without a host, will then be 

degraded. They could be used as an 

alternative to antibiotic use, or used together. 

Some studies show their synergistic potential 

and a reduced acquisition of resistance in 

bacteria [17].  They could be used to 

decolonize patients before surgery, or to 

decolonize carriers of Staphylococcus aureus 

in immunosuppressed patients [18]. Phage 

therapy is more effective than antibiotics in 

the treatment of biofilm infections, especially 

Pseudomonas aeruginosa, and Staphylococcus 

aureus [19].   
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It is suggested that phages enter into blood 

stream within 2 to 4 hours after a single oral 

dose, and found in the internal organs such as 

liver, spleen, and kidney etc., in 

approximately 10 hours. Administered 

phages can remain in the human body for 

several days [16].  Some therapeutic phages 

have some unique unidentified genes or 

mechanisms for lysing target bacteria 

effectively. A gene from anti-Salmonella 

phage has been identified, which is 

responsible for the phage’s potent lethal 

activity against Salmonella enteric serovar 

Typhimurium strains [21]. In one study, a 

unique mechanism has been described for 

protecting phage DNA from the restriction-

modification defenses of S. aureus host strain 

[22]. 

Comparison of prophylactic and 

therapeutic use of phages and antibiotics  

 

Though lytic phages are similar to antibiotics, 

phages have some advantages over 

antibiotics and phages have been reported to 

be more effective in treating certain 

infections in humans and animals. The phage 

action is very specific affecting only the 

targeted bacterial species without disturbing 

the normal bacterial flora, and chances of 

developing secondary infections are avoided. 

Antibiotics target both pathogenic and 

normal flora, which disturbs microbial 

balance in the patient leading to secondary 

infections. Since phage action is highly 

specific, the etiologic agent must be identified 

before initiating phage therapy. Thus, 

 
Fig 1. Virulent (lytic) replication cycle of phage [20] 
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antibiotics are more effective than phages 

when the identity of the etiologic agent is not 

known [23]. Phages can be given in a single 

dose, since the phages can replicate 

themselves and are not diluted out by body 

fluids. Phages replicate at the site of infection 

and are thus are available where they are 

most needed. Whereas antibiotics are 

metabolized and eliminated from the body 

and do not necessarily concentrate at the site 

of infection. The phages grow exponentially at 

the site of infection and require less frequent 

phage administration to achieve an optimal 

therapeutic effect. In cases of intestinal 

infection, phages along with the feces will 

prevent the spread of infection, if feces 

contaminate food and water [24]. 
 

Antibiotic administration may have multiple 

side effects, including intestinal disorders, 

allergies, and secondary infections, while no 

serious side effects have been noticed with 

phage therapy. A few minor side effects 

noticed after phage therapy may be due to 

endotoxins liberated from lysed bacteria. 

However, such side effects are also seen 

following antibiotic administration [25]. 

Phage-resistant bacterial mutants that 

develop are much less virulent than the 

parent wild types. Phage resistant bacteria 

remain susceptible to other phages having a 

similar target range, while resistance to 

antibiotics is not limited to targeted bacteria, 

because of their broad-spectrum activity [26]. 

 

In the rare case that a phage therapy doesn’t 

work, there are plenty of other phages to 

choose from because they are so common in 

nature. Antibiotics are limited while there are 

many phages. Selecting new phages against 

phage resistant bacteria is relatively a rapid 

process; a specific phage therapy can be made 

and matched to bacterial infection within a 

few days or weeks. Developing a new 

antibiotic against antibiotic resistant bacteria 

may take several years [27]. 

 

Safety profile of therapeutic phages 

It is important to ensure further the safety of 

therapeutic phages that they do not carry out 

generalized transduction, do not possess 

genes for drug resistance, toxins, and other 

bacterial virulence factors. Phages have been 

administered to humans orally, in tablet or 

liquid formulations (105 to 1011 PFU/dose), 

locally in creams, rinses (skin, eye, ear, nasal 

mucosa etc.), as aerosols or intrapleural 

injections, rectally, and intravenously to a 

lesser extent, and there have been no reports 

of serious complications associated with their 

use [23]. Phages can be freeze-dried and 

turned into pills. Patients generally receive 

mixtures (cocktails) of phages that target 

bacteria in different ways [25].  Because of 

their absolute safety phage phiX174 has been 

used to monitor humoral immune function in 

adenosine deaminase-deficient hosts [28] and 

to determine the importance of cell surface-

associated molecules in modulating the 

humoral immune response [29]. 

 

Phage-derived lytic proteins 

The phage encoded lytic enzymes are 

functionally similar to the antimicrobial 

eukaryotic enzyme lysozyme. Phages employ 

two major proteins which work together for 

the lysis of the bacterial host: transmembrane 

protein holing and peptidoglycan cell wall 

hydrolase called endolysin (lysin). Phage 

lysins alone are capable of bacterial cell lysis, 

whereas holins are not. Therefore lysins have 

been considered as antimicrobial agents. 

These lysin proteins are fast acting, potent, 

and inactive against eukaryotic cells [30].  

Lysins have successfully saved mice from 

bacteremia caused by multi-drug resistant 
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Acinetobacter baumannii [31], Streptococcus 

pneumoniae [32], and MRSA [33]. Combining 

phage lysins and antibiotics may be more 

effective at eliminating infections than by 

using antibiotics alone [34].  It is unlikely that 

bacteria will develop drug resistance to lysins 

because lysins target sites on peptidoglycan 

cell wall critical for bacterial viability [35]. 

Recombinant phage lysin proteins produced 

by genetic engineering are easier for mass 

production and administer than actual phage 

preparations [9].  
 

The future of phage therapy 

In an era of multidrug resistance against 

antibiotics, phage therapy has emerged as an 

alternative with already proven cases of 

clinical success. The use of phage therapy 

creates additional challenges such as the need 

of increasing phage collections of reference 

phage banks, development of efficient phage 

screening methods for the fast identification 

of the therapeutic phage, establishment of 

efficient phage therapy strategies that tackle 

biofilms, set-up of phage production 

protocols that assure quality and safety of 

phage preparations, and the guarantee of 

stability of phage preparation during storage 

and transport [36]. Two distinct phage 

therapy approaches had been developed. 

Broad-spectrum phage cocktails, which were 

supposed to target the majority of bacteria 

suspected to cause certain infectious 

diseases. The other approach is selecting one 

or more phages targeting the specific 

bacterial pathogen isolated from the patient’s 

infection site [37]. 

 

CONCLUSION 

 

Phage therapy has many applications in 

human medicine, dentistry, veterinary 

science, and agriculture. Phages are natural 

killers of bacteria and possess many 

characteristics that make them good 

therapeutic agents either alone or in 

combination with antibiotics. They are highly 

specific and safe, and very effective in lysing 

targeted pathogenic bacteria, and are 

modifiable to against the emergence of newly 

arising bacterial infections. Phage therapy 

appears to be a promising alternative in the 

treatment of certain multi-drug resistant 

bacterial infections. 
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