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ABSTRACT: 

Background: Nowadays, fighting bacterial infections has become increasingly difficult. Many 

treatments for infections are proving inconclusive due to the increase in antibiotic resistance. 

That is why scientists are currently reviewing a treatment that has been used for a century in 

Eastern Europe: Phage therapy. Phage therapy focuses on the fight against bacterial infections 

by viruses capable of destroying bacterial cells and curing or preventing the infection. 

 

Objectives: The main objectives of this study are to understand, the mechanism of action of 

bacteriophages, its importance in treating bacterial infection, studying the challenges of 

phage therapy in the treatment of bacterial infections of the oral cavity and understanding 

the benefits of this therapy compared to the antibiotic therapy 

 
Methodology: We have studied 41 articles and 15 websites to understand the benefits of this 

therapy and the way in which it is useful to treat bacterial infections. 

 

Conclusion: Phage therapy is a very promising treatment against bacterial infections and has 

a particularly attractive advantages over antibiotic therapy since many bacteria exhibit 

resistance to different antibiotics. The papers we reviewed showed us that bacteriophages 

are very effective in fighting bacterial infection and have very few disadvantages, some of 

which are insignificant. Bacteriophages however do not permit the host to develop resistance 

and do not create an imbalance in the endogenous flora. 
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RESUMEN:  

Introducción: Hoy en día, la lucha contra las infecciones bacterianas es cada vez más difícil. 

Muchos tratamientos para las infecciones están resultando inconclusos debido al aumento de 

la resistencia a los antibióticos. Por ello, los científicos están revisando actualmente un 

tratamiento que se utiliza desde hace un siglo en Europa del Este: La terapia de fagos. La 

fagoterapia se centra en la lucha contra las infecciones bacterianas mediante virus capaces de 

destruir las células bacterianas y curar o prevenir la infección. 

 
Objetivo: Los objetivos principales de este estudio son comprender el mecanismo de acción 

de los bacteriófagos y estudiar los retos de la terapia fágica en el tratamiento de las 

infecciones bacterianas de la cavidad oral y comprender los beneficios de esta terapia en 

comparación con la terapia antibiótica. 

 
Metodología: Hemos estudiado 41 artículos y 15 sitios web para entender los beneficios de 

esta terapia y la forma en que es útil para combatir las infecciones bacterianas. 

 
Conclusión: La terapia con fagos es un tratamiento muy prometedor contra las infecciones 

bacterianas y tiene ventajas particularmente atractivas sobre la terapia con antibióticos que 

conoce la resistencia múltiple de las bacterias. Los artículos que estudiamos nos mostraron 

que los bacteriófagos eran muy eficaces para combatir una infección bacteriana y que tenían 

muy pocas desventajas, algunas de ellas insignificantes. Los bacteriófagos experimentan muy 

poca resistencia en su huésped y no desequilibra la flora endógena 
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INTRODUCTION:  

Dental diseases are perhaps one of the diseases most related to infections. Biofilms are 

responsible for almost all infectious diseases in the oral cavity inducing caries, periodontal 

diseases, gingivitis, endodontic infections and periimplantitis. Nowadays antibiotics are used 

to treat dental diseases but the increase in antibiotic use has caused resistance which 

sometimes prevents the infection from being completely treated. 

An alternative treatment for dental diseases considering antibiotic resistance is phage 

therapy. Bacteriophages are natural viruses able to infect and kill bacteria, they are present 

everywhere in the environment, play an important role in the natural balance of bacteria and 

can be effective antibacterial agents. Bacteriophages are specific to certain strains and are 

easy to isolate and handle. Phage therapy opens up a new perspective on the therapeutic 

treatment of infections and on researches. New discoveries and researches on phage therapy 

have been brought to light to fight infections in an era where self-medication has increased.  
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I. History of phage therapy 

The name bacteriophage comes from the Greek word “bacteria eater” and are abundant 

everywhere on earth. The first suggestion of the utility of the bacteriophages was proved by 

Frederick Twort in 1915, an English bacteriologist, who found connection between a virus and 

bacterial cell lysis as a coincidence. (1) 

In 1917, Félix d’Hérelle, a French microbiologist, retrieved Twort’s research and was the first 

to propose phage therapy in human infections. He was credited with the official discovery of 

bacteriophages. The process of the phage therapy was performed by mixing a bacterium free 

filtratrate of the patients’ fecal matter with Shigella isolated from the patient. One part of this 

mixture was introduced in animals and another portion was spread on agar medium to 

determinate the growth of the bacteria. On this agar culture, Felix d’Herelle observed plaques 

characterized by appearance of clear areas meaning the lysis of the bacteria. (2) 

The first dose of bacteriophages was injected at the Hôpital des enfants malades in Paris, in a 

twelve years old boy with chronic dysentery and the results showed a disappearance of the 

symptoms with a single dose of anti dysentry phage, with a complete health recovery within 

twenty four hours. The results of this study were not directly published, the first report of 

phages to treat multiple infections, was launched in 1921, by Richard Bruynoghe and Joseph 

Maisin who used phage therapy to treat staphylococcal skin disease of a surgical open lesion. 

They observed a clear regression of the infection within 24h-48h (3). Thirty years after the first 

trial, the first commercialization happened, Félix d’Hérelle and his laboratory created five 

different strains of bacteriophages. In 1940, the pharmaceutic company Eli Lilly 

commercialized seven phages for humans infections such as, staphylococci, streptococci, 

Escherichia Coli and other bacterial pathogens, used in US for treating a range of infections, 
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involving in wounds, upper respiratory infection, abscesses, vaginitis and mastoiditis 

infections (infection of the mastoid air cells of the inner and middle ear). (2)  

A few years after its first commercialization, due to the controversy existing around the use of 

phage therapy and the extend use of antibiotics, the production of therapeutic phage therapy 

ceased in the Western World but it was still used in the Eastern word and Sovietic Empire like 

Poland, Germany, Georgia and Russia (4) 

 

II. Antibiotic resistance  

In recent decades, a new phenomenon has emerged that is responsible for the increase in 

infections: antibiotic resistance, due to self-medication and overuse of antibiotics. One of the 

main treatments in the fight against antimicrobial resistance is phage therapy, which can be 

very effective in the case of bacterial infections. (5) 

 

Table 1: comparison antibiotic therapy vs phage therapy (5) 
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III. Bacteriophages as therapeutic treatment 

1. Introduction of bacteriophages  

Bacteriophages are viruses that infect bacteria. Viruses may vary in shape and can be 

icosahedral, head tail or filamentous. Their genetic material is enclosed in this protein capsid. 

Bacteriophages are widespread in their habitat and they alter and adapt to target biofilm-

embedded cells. Virions can gain access to dense biofilm and migrate through the 

neighbouring cells that are tightly packed, undermining the entire structure. Bacteriophages 

are active in bacteria involved in biofilms, so they could have great potential for treatment of 

dental diseases. (6) 

Bacteria in biofilms can, however, form anti-bacteriophage refuges, in order to coexist with 

bacteriophages and bacteria. In human saliva, several bacteriophages can be detected, and 

the most common hosts are: Firmicutes, Fusobacteria, Actinobacteria, Bacteroidetes and 

Proteobacteria. (7) 

 

2. Structure of bacteriophages 

The head and tail of bacteriophages is unique to them. Their genome is made up of DNA and 

the number of genes can range from 4 to millions.  

The configuration of a head tail bacteriophage is made of: (8) 

- Head: capsid containing the double stranded DNA, with the internal proteins 

- Neck: connection between head-tail 

- Tail: tubular structure allowing the passage of DNA when contacting bacterial surface  

- Tail fibers: protein that are attached to the bacterial surface 
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- End plate: location of the pins allowing the penetration of the bacterial membrane to release 

phage DNA into the host  

 

Figure 2: Structure of a bacteriophage (9) 

 

Bacteriophages are divided in 6 groups according to their morphological components: (8) 

A. Capsid and long tail with contractile sheath 

B. Capsid and long tail with rigid sheath 

C. Capsid and short tail  

D. Grand size nucleocapsid with fibrous surface 

E. Phage incorporating one nucleocapsid without tail 

F. Rod-like/filamentous bacteriophages  

The most interesting bacteriophages involved in oral cavity are the tailed bacteriophages 

which are the ones that belong to the Caudovirales family, viruses with double stranded DNA. 

The structure of their tail is unique. (8) 
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3. Mode of action 

3.1. Chronic cycle  

The chronic infection cycle is a lytic cycle without bacterial lysis. Viral particles produced at 

low flow rates are excreted by budding or extrusion, and infected cells continue to divide, 

passing the virus on to their offspring. (10) 

 

3.2. Lytic cycle  

The lytic cycle is specific to virulent bacteriophages. This cycle is defined by the infection of 

the bacterium by the bacteriophage leading to its complete lysis. (10-12) 

The steps of the lytic cycle are:  

- Attachment of the phage to the host receptor 

- Entry of viral DNA into host cell 

- Transcription 

- Replication of phage DNA 

- Assembly 

- Release  

 

3.3. Lysogenic cycle  

The lysogenic cycle is specific to temperate bacteriophages. These bacteriophages reproduce 

into the host cell without altering or killing it but transforming its properties, thus the virus 

remains dormant until the host conditions deteriorate. (11,12) 

The steps of lysogenic cycle are:  

- Release of DNA phage into the host cell 

- Integration of DNA phage into DNA host cell 
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- Division of the bacteria cell 

- Replication of the viral DNA into bacteria cell  

 

Figure 3: lytic and lysogenic life cycle of bacteriophage (13) 

4.  Phage preparation 

In order to ensure an adequate supply of bacteriophages, they must be properly isolated and 

prepared before being applied for therapy. Every sample of the environment contains 

pathogens which may therefore contain bacteriophages that can produce the lysis and the 

infection of a bacteria. Due to its high concentration of microorganisms, a sewage are the best 

sources of bacteriophages. (14) 

 

4.1. Isolation  

Bacteriophages are isolated from an environmental sample that is sterilized, to remove 

cellular microorganism and is filtered through the membrane or centrifuged. The host strain 
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is added to the filtered sample and plating the mixture is plated using the double agar method 

to obtain plaques. (3) 

4.2. Characterization  

Phages are characterized by the following methods: (15) 

• Examination of the ability to lyse others bacterial strains not used in the isolation process  

• Testing of adsorption of the plaque  

• Testing of the latent period, period defined by the timing of phage-induced host cell lysis 

• Testing of the burst size 

• Testing of the morphology 

 

4.3. Purification  

Different phage purification methods exist depending on the isolation of bacteria in culture (3) 

• For the phage lysate (liquid sample of phage): low-speed centrifugation and filtration through 

membrane filter 

• For small-scale preparations: high speed centrifugation in a cesium chloride gradient 

• Extraction with organics solvents  

• Anion exchange chromatography  

 

4.4. Phage stabilization (3) 

• Methods using low temperature 

• Lyophilization  

• Spray dying 

• Encapsulation by the process of emulsification 
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4.5. Phage administration  

Phage administration varies depending on the site of infection (16) 

• Oral application 

• Rectal administration 

• Topical administration 

• Injection into the wound 

• Mouth washes 

• Mouth rinses 

• Toothpaste 

• Tooth powder 

• Slow-release implant 

• Fistula an abscess rinses to fight local infections 

 

5. Numbering of clones 

This step makes it possible to know the number of active bacteriophages obtained and 

therefore to be certain that this quantity will be sufficient from a therapeutic point of view. 

The phage titer (the number of lytic phages per unit volume) in number of Range Forming 

Units (RFU) per milliliter is measured: it is necessary to make sure that the titer is greater than 

or equal to 107  (17) 
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IV. Pharmacology of phage 

1. Pharmacokinetics  

1.1. Adsorption  

Studies have been conducted on the possibility of a passage of the gastrointestinal barrier by 

phages, called "phage translocation". The duration determined for this passage varies from 

one study to another, from a few minutes to several days. Some studies indicate that intra-

rectal administration of bacteriophages generates phage action rates as high as intramuscular 

injections and that they are obtained more rapidly in the rectum; five minutes intrarectally 

versus fifteen minutes intramuscularly to obtain the same peak phage action. (7,18) 

 

1.2. Diffusion 

Some studies indicate that after oral administration of phages to laboratory animals, they are 

found two to four hours later in the bloodstream and ten hours later in various organs such 

as the liver, kidneys or spleen. It has also been proven that bacteriophages injected into the 

general circulation spread to the brain and that there is a multiplication of phages at the site 

of infection. (7,16) 

 

1.3. Metabolism  

The metabolization of phages can be their inactivation, if they interact with the immune 

system, or on the contrary an activation if they replicate in situ. (7,16) 

 

1.4. Elimination 

Many studies attest to the elimination of bacteriophages in urine or feces. (7,16) 
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2. Pharmacodynamics  

2.1. Anti-infectious effect 

Some studies have shown that the interaction between phages and bacteria was mainly due 

to a random collision, (a process common to all viruses in contact with a bacterium) and that 

a minimum threshold of bacterial density was necessary for the good proliferation of 

bacteriophages. This is why, it is necessary to have a good onset for phage therapy treatment 

of the disease, and not to start phage therapy too early, as too low a bacterial population at 

the site of infection would not allow the phage to spread and would be eliminated by the body 

before the infection of the bacterium has begun.(18,19) 

 

2.2. Innate immune response and bacteriophages  

2.2.1. Macrophages 

The role of macrophages in the innate immune response against phages is strongly debated 

and studies suggest that macrophages do not play an important role in the inactivation of 

bacteriophages. (7) 

2.2.2. Polymorphonuclear leukocytes 

The polymorphonuclear leukocytes cells are incapable of being activated by bacteriophages 

but, however if the polynuclear cells are activated by the organism as a result of an underlying 

infection, these leukocytes are capable of inactivating the bacteriophages. Scientists speculate 

that this inactivation may be due to the acid hypochlorite that polymorphonuclear leukocytes 

are likely to release. (7) 

 

2.2.3. NK cells (natural killers) 

It would appear that NK cells are not responsible for the inactivation of bacteriophages. (7) 
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2.2.4. Dendritic cells  

Some studies have shown that dendritic cells would phagocytize bacteriophages very rapidly, 

but oral intake of bacteriophage would reduce the activity of dendritic cell against phages. (20) 

 

3. Adaptive immune response  

3.1. Humoral immune response 

Most of the antibodies observed during the administration of bacteriophages are neutralizing 

antibodies and can inactivate the virus only if they bind to the proteins necessary for the 

proper functioning of the phage cycle. These anti-phage antibodies can reduce the bactericidal 

properties of bacteriophages, but this immunity can be very variable from one phage to 

another, and some bacteriophages can have very little immunogenicity. (7) 

 

3.2. Immune cellular response 

The cellular immune response consists of the activation of T lymphocytes. Some studies 

suggest that T lymphocytes have no impact on the activity of bacteriophages.(7) 

 

4. Inflammatory impact 

Phages have an anti-inflammatory action on the mucous membrane of the digestive tract as 

well as on the gastrointestinal tract. This phenomenon is mainly due in particular to the 

inhibition of dendritic cells with pro-inflammatory properties.(20) 
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V. Dentistry application of phage therapy  

1. Dental caries:  

1.1. Actinomyces bacteriophages  

Actinomyces bacteriophages: they potentially use surface structure that mediate the contact 

with streptococci as receptors. The relationship between Actinomyces and streptococci 

contributes to the growth of biofilms. Blocking co-aggregation with bacteriophage will reduce 

the formation of the biofilm without the elimination of the health associated Actinomyces 

which may control the development of the plaque. (5,21–23) 

 

1.2. Streptococcus bacteriophages  

Streptococci are the first cause in the formation of dental plaque, more or less fifty 

bacteriophages of different morphotypes can infect: S.mitis, S.mutans, S.oralis, S.salivarius 

and S.sobrinus. Their use will be helpful for fighting against periodontitis and the prevention 

of caries. The isolation of the Streptococcus mutans bacteriophages has been applied to 

clinical trial recently and it does not exist many study for this bacterium but scientist certifies 

that could be a possible effective treatment for dental caries. (8,23,24) 

 

1.3. Lactobacillus:  

Lactobacillus bacteriophages have been detected to fight against caries. (8,23) 

 

Figure 4: dental caries xrays (25) 
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2. Periodontal diseases:  

2.1. Aggregatibacter bacteriophages  

Aggregatibacter bacteriophages are involved in aggressive localized periodontal disease. 

Several in vitro studies show that Aggregatibacter bacteriophages are able to transfer 

antibiotic resistance cassettes and probably increase the release of leukotoxin. As we know, 

many periodontal diseases are caused due to aerobic and anaerobic pathogens. The variations 

of bacteriophage families in periodontal health and disease and the fact that a healthy 

individual will have greater bacteriophages communities lead us to believe that the possibility 

of developing therapies based on these bacteriophage communities. (23,24,26) 

 

2.2. Lysins:  

Lysins are responsible for the production of the phage enzyme that digest bacterial cell walls 

in order to liberate assembled phage particles. Most of the lysins are active against gram 

positive bacteria involved in abscess and periodontal diseases. Some lysin phage have been 

successfully used to fight against a wide range of streptococcus infections. (8) 

 

2.3. Fusobacterium nucleatum bacteriophages  

F.nucleatum is a pathogen that is an anaerobic gram-negative bacillus directly related to 

periodontal disease. Some studies have discovered the phage FnpΦ02 that attacks that 

bacteria and have reported that this phage was particularly useful to fight against periodontal 

diseases. (8,27) 
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Figure 5: Periodontal disease (28) 

 

3. Endodontic infections:  

3.1. Enterococcus bacteriophages:  

In E.faecalis strains of oral origin, lysogeny has been observed, Enterococci, sometimes 

responsible for oral infections, can be controlled with a wide range of bacteriophages which 

may be helpful, especially in patients with persistent endodontic lesions. E.faecalis is the main 

bacteria responsible for failed canal treatment because it has many survival mechanisms to 

live in unfavourable conditions; it can withstand an environment with:  

- Very low oxygen level 

- Very high pH 

- Temperatures ranging from 10° to 60° 

- At high salinity  

- In a poorly nutrient environment 
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The environment of the root canal treatment is favourable for the growth of this bacteria, 

which is present in primary endodontic infections. E.faecalis phages can be used to reduce 

the chances of recurrent infections. (8,23,29) 

 

Figure 6: Apical periodontitis caused by endodontic infection (30) 

 

4. Periimplantitis:  

Periimplantitis is a pathological disease, occurring in tissues surrounding dental implants. It is 

characterizing by the inflammation of the connective tissues around the dental implants and 

a progressive loss of the supporting bone. Studies demonstrate the presence of bacteriophage 

on the surface of zirconia, that suggest the existence of bacteria that may be responsible of 

periimplantitis. The presence of bacteriophages may be useful, disturbing formation of biofilm 

involved in periimplantitis. (8,23) 

 

Figure 7: periimplantitis radiograph 
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5. Oral mucosa infections:  

5.1. Bacteriophage peptides  

Bacteriophage peptides can ensure the proliferation of epithelial cells in the oral human 

mucosa without any tumoral transformation this may lead to the improvement of tissue 

healing by creating wound closure. Phage therapy for skin wounds (cutaneous membrane) has 

already been extensively studied and performed with very satisfactory results. Additionally, 

phage therapy for oral wounds (mucous membranes) shows great promise. (31) 

 

5.2. Pseudomonas aeruginosa phages  

P.aeruginosa are bacteria involved in oral infections such as abscesses, apical periodontitis, 

pulpitis and maxillary and mandibular alveolitis. Several scientists have found an effective 

phage cocktail to fight the bacterium. (32) 

 

Figure 8: Severe oral mucosa infection by Pseudomonas aeruginosa 
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VI. Potential of phages 

1. Advantages  

1.1. Bactericidal agent 

The advantages of phage therapy in addition to being a good alternative to chemical 

antibiotics, is a natural therapy and has a bactericidal power, which allows the infected cell to 

not be able to regain its viability. Because unlike some antibiotics such as tetracycline which 

are only bacteriostatic, meaning it only prevents the proliferation of the bacterium and not 

complete death of the organism. (33) 

 

1.2. Auto-dosing  

Phages are also self-dosing, which means that during their process of destroying the 

bacterium, they are also able to increase their number specifically where the host is located 

through the lytic cycle and self-replication. Phages themselves are able to establish the dose 

needed to fight the host. (33-35) 

 

1.3. Inherent toxicity  

Phages also have low inherent toxicity. It is also imperative that certain protocols for the 

preparation of certain phages should be strictly controlled and obtain an extremely purified 

form of the phages to be administered in order to avoid anaphylactic responses from 

components of the bacteria in the mixture since bacteriophages can release components of 

the bacteria during the killing process. (33-35)  
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1.4. Minimal disruption of the normal flora 

Due to the high specificity that bacteriophages have for their hosts, ranging from the ability 

to infect a few strains of a specific bacterium to the ability to infect more than one relatively 

close bacterial genus, bacteriophages have only a minimal impact on the health of the 

bacterial flora. In contrast to many chemical antibiotics that have a broad spectrum of activity 

that induce superinfections, which is the condition of reinfection or second infection by the 

same contagious agent. (34,35) 

 

1.5. Narrow potential of inducing resistance and lack of cross resistance with antibiotics 

The relatively narrow bacterial infection range of bacteriophages limits the phage resistance 

mechanism. The host cell does not have any resistance for bacteriophages, the mechanism of 

infection of bacteriophages differs from that of antibiotics. Antibiotic resistance mechanisms 

do not translate into a bacteriophage resistance mechanism, which allows bacteriophages to 

be used against antibiotic resistant infections and multi-drug resistance. (34,35) 

 

1.6. Capacity for low dosage use 

In situ bacteriophages are able to increase their density, which reduces the cost of treatment 

by reducing the dose required to achieve the expected effectiveness. The application of 

phages in small doses also increases the safety of the product avoiding the sides effects, 

phages will only increase their density whilst killing bacteria and will not persist in the body 

due to their cycle. (34,35)  
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1.7. Low environmental impact 

Bacteriophages contain nucleic acids and proteins and hence their composition is much safer 

compared to chemical antibiotics. Phages are generally adapted to natural degradation, such 

as sunlight, extreme temperatures etc…(34,35)  

 

1.8. Low cost 

Typically, phage production consists of host growth and purification.  The price for host growth 

varies according to the species studied and the price of purification is decreasing with new 

technologies. The price of phage isolation and characterization is particularly low in contrast 

to antibiotics production prices. (34,35)  

 

2. Disadvantages 

The naming of bacteriophages as a virus has a social impact and some patients are refractory 

to this treatment due to its name. Phages are also live microorganisms which can have 

consequences, they can replicate causing an overreaction of the immune system and leading 

to an imbalance, in the same way as vaccines or antibiotics and producing auto-immune 

disease (33). Another disadvantage of the phage therapy is the lack of bacteriophages species 

to treat all the bacterial infections.  
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OBJECTIVES: 

The main objectives of this research are: 

1. To understand the mechanism of action of bacteriophages 

2. To understand why it is useful to treat dental diseases 

 

The secondary objectives are: 

1. To compare the benefits of the phage therapy to antibiotic therapy 

2. To understand the challenges of phage therapy 
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METHODOLOGY:  

This study was conducted through 41 articles and 15 websites. 

These articles were found from databases as “PubMed”, “Medline”, “Research Gate”, 

“Cochrane” and Google scholar using the following keywords: phage therapy, bacteriophages, 

alternatives to antibiotic resistance, dental treatment by phage therapy, temperate 

bacteriophages, virulent bacteriophages, safety of bacteriophages, bacteriophages and oral 

cavity 

We have included articles from scientific literatures and published the last fifty years. 

We have excluded the articles with irrelevant contain or just focus on antibiotic treatment and 

the ones that was not fully available. Articles written in another language than English or 

French and just with abstract was also excluded. 

 

Table of comparison of bacteriophages used for dental caries: 

 

N° 

Reference 

Authors/publishing 

date 

Name of article Sample’s origin Evaluation and tool 

 

(26) 

 

Tylenda, 1985 

 

Isolation of 
Actinomyces 

bacteriophage 
from human 

dental plaque. 

 

 

in vitro, 
researches of 

virulent phages in 
sample of dental 

plaque 

 

9 out of 10 of phages 
have been isolated 

from A.viscosus MG1 

 

(36) 

 

Delisle, 1978 

Isolation of a 
bacteriophage for 

Actinomyces 
viscosus 

Test of lyse on 
different strains of 
A.naeslundii and 
A.viscosus 

 
Lytic phage only 

produced by Av-1 on 
its host A.viscosus 
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(37) 

 

Delisle, 1995 

 

Relationship 
among 

A.naeslundii  
bacteriophages 
isolated from 

sewage and oral 
cavity 

 

 

Purification of 
phages from 
sewage and 

dental plaques  
 

 

Existence of several 
type of bacteriophages 
useful to fight against 

Actinomyces.spp 

 

(38) 

 

Dalmasso, 2015 

 
Isolation of a 

novel phage with 
activity against 
Streptococcus 

mutans biofilms 
 

 

Isolation of 
phages from 85 

samples of saliva 
with healthy oral 

condition  

 

Bacteriostatic or 
bactericidal action of 

bacteriophages 
against S.mutans 

 

(39) 

 
Maal, 2002 

 
Identification of 

S.salivarius 
bacteriophage 
isolated from 

Persian Gulf as a 
potential agent 
for dental caries 
phage therapy 

 

 
Samples of dental 

plaque from 
healthy 

volunteers 

 
Success for E.faecalis 
bacteriophages, fail 

for Streptococcus 
bacteriophages 

 

 

Table of comparison of bacteriophages used for periodontal disease: 

 

(40) 

 
Castillo-Ruiz, 2011 

 

Isolation of a novel 
Aggregatibacter 

actinomycetemco
mitans serotype b 

bacteriophage 
capable of lysing 
bacteria within a 

biofilm 

 

 
In vitro, evaluation 
of phage’s activity 

against 
A.actinomycetemco

mitans 
 

 
Improvement of 
cellular lysis with 
decrease of DO 
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(41) 

 
Li, 2018 

 

Effects of chimeric 
lysins against 

planktonic and 
sessile 

Streptococcus 
faecalis hint at 

potential 
application in 
endodontic 

therapy  
 

 

E.faecalis in vitro 
cells treated with 

ClyR 
 

Ex vivo teeth with 
one canal  

 
Biofilm of E.faecalis 

treated with ClyR  

 

Diminution and 
degradation of 

E.faecalis bacteria 

 

(42) 

 

Xu, 2018 

 

Activity of the 
chimeric lysin ClyR 
against common 

Gram- positive oral 
microbes and its 

anticaries efficacy 
in rat models. 

 

 

Effect of modified 
lysin ClyR on 

Streptococcus 
  

 
Reduction of 

dentinal lesion 
with lytic activity  

 

(43) 

 

Yang, 2016 

 
Antibiofilm 

activities of a novel 
chimeolysin 

against S.mutans, 
under physiolofical 

and cariogenic 
conditions  

 

 

Action of modified 
lysin ClyR on 

S.mutans  
 

 

ClyR active against 
all the S.mutans 

strains tested 

 

 

(44) 

 

 

 
Kabwe, 2019 

 
Genomic, 

morphological and 
functional 

characterization of 
novel 

bacteriophages 
FNU1 capable of 

disruptiong 
F.nucleatum 

biofilms 
 

 
Bacteriophages 
isolation from 
mouthwashes 

samples 

 
Breaking down of 

F.nucleatum 
biofilms + lysis of 
the bacterial cells 

 

(27) 

 

 
Machuca, 2010 

 
Isolation of novel 

bacteriophage 
specific for 
periodontal 

pathogen 
F.nucleatum 

 

 
25 samples of saliva 
of healthy patients + 
85 saliva samples of 
periodontal patients 

 
Total lysis of 

F.nucleatum only, 
no lysis or slow 

lysis of the other 
subspecies 
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Table of comparison of bacteriophages used for endodontic infections:  

 
(45) 

 
Tinoco, 2019 

 

Effect of genetically 
engineered 

bacteriophages on 
E.faecalis biofilms 

 

Tempered phages 
isolated and 
genetically 
modified 

Reduction of E.faecalis 
biofilms after 

treatment with phages 

 
(46) 

 
Paisano, 2004 

 

 
In vitro, antimicrobial 

effect of bacteriophages 
on human dentin 

infected with E.faecalis  
 

 
20 humans teeth 

infected with 
E.faecali 

 
Correlation between 
the decrease of the 

bacterial biomass and 
the increase of MOI* 

 
          (47) 

 
Tinoco, 2017 

 

Antibacterial effect of 
genetically-engineered 

bacteriophage 

φEf11/φFL1C(Δ36)PnisA 

on dentin infected with 
antibiotic-resistant 

Enterococcus faecali 

 
In vitro, 40 

humans 
uniradicular teeth 

with dentin 
infection 

 
Reduction of the 

infection caused by 
E.faecalis 

 
(48) 

 
Biswas, 2002 

 
 

 

Bacteriophage therapy 
rescues mice 

bacteremic from a 
clinical isolate of 

vancomycin-resistant 
Enterococcus faecium. 

 

 
Isolates of 

vancomycin 
resistant 

E.faecalis from 
patient 

 
At MOI* 0.3 and 3.0 = 

100% survival rate 
When decrease of the 
dose, increase of the 

disease. 
 

*MOI: Multiplicity of infection 

 

Table of comparison of bacteriophages used for oral mucosa infection:  

 

(49) 

 
Phee, 2013 

 
Efficacy of 

bacteriophages 
treatment on 
P.aeruginosa  

biofilms 
 

 
Pseudomonas 

Aeruginosa PA-14 
infected by phages  

 
Reduction of the 

bacterial biomass. 
No change with 
combination of 
bacteriophages 

 
(50) 

 
Pires 2011 

 

 
Use of newly 

isolated phage for 
control of 

P.aeruginosa 
PAO1 and ATTC 
10145 biofolms  

 

 
35 strains of 
P.aeruginosa 

infected by 17 
different strains of 

phages 

 
Lytic activity of 

bacteriophages on 
P.aeruginosa 

 



Bacteriophages in dentistry. advantages and challenges of using phage therapy in oral bacterial infections – 2020-2021 – Universidad Europea de 
Madrid 

 26 

DISCUSSION OF RESULTS:  

Different cycles of bacteriophages: 

Bacteriophages are classified into two families, virulent or lytic-cycling bacteriophages and 

temperate or lysogenic-cycling bacteriophages. According to the following articles, virulent 

bacteriophages are capable of killing bacteria by lysis and temperate bacteriophages are 

integrated into the genome of their host as a prophage, capable of excising and producing a 

lytic cycle for the host bacterial cell. 

Articles of Ravat (2015) Dufour (2016) and Clokie (2011) explain the mechanism of the 

lysogenic cycle of bacteriophages. Temperate phages have particular enzymatic activities that 

allow the insertion of their genome into bacterial DNA. When a temperate phage enters the 

bacterial cell, a lysogenic cycle occurs, allowing the phage genome or prophage to insert itself 

into the bacterial genome and become an integral part of the bacterial DNA. This allows the 

bacterial DNA to pass on viral DNA as it divides. (34,51,52) 

In article of Clokie (2011) the author explains how the lytic cycle occurs. Virulent 

bacteriophages have the capacity to multiply themselves and not only during bacterial 

division, which makes it possible to create several dozen identical viruses. According to this 

article, bacterial replication would generate two daughter bacteria every half hour, which 

would not resist lysis by a dozen bacteriophages. (52) 

 

Dental caries:  

Actinomyces: 

Articles of Tylenda (1985), Delisle (1978) and Delisle (1995) discuss about Actinomyces 

bacteriophages, isolated from different media, respectively; dental plaque, raw domestic use 



Bacteriophages in dentistry. advantages and challenges of using phage therapy in oral bacterial infections – 2020-2021 – Universidad Europea de 
Madrid 

 27 

and from sewage and dental plaque. According to article of Delisle (1978), bacteriophages 

have a lytic action only on its host and do not produce any growth inhibition on other 

organisms (36). Articles of Tylenda (1995) and Delisle (1995) found the existence of different 

distinct types of bacteriophages useful against Actinomyces. These articles confirm the 

presence of Actinomyces bacteriophages directly present in the oral cavity and can be a good 

alternative against the development of caries and the formation of dental plaque. (26,37) 

 

Streptococcus:  

The Article of Dalmasso (2015) and Maal (2002) concern the activity of bacteriophages on 

Streptococcus. In Dalmasso's paper, it is noted that the ability of the bacteriophage to reduce 

the infection or stop the proliferation of the bacteria is effective, even at a very low MOI and 

within hours. This study shows that even despite the narrow host range of bacteriophages, it 

remains a good antimicrobial agent against caries caused by streptococcal infection. In the 

article Maal (2002), the authors consider existence of bacteriophages capable of combating 

the streptococci responsible for caries and plaque, but that these have been isolated from the 

waters of the Persian Gulf and not directly from human saliva, which makes the fight against 

streptococci more complicated, but possible and very promising for phage therapy in 

dentistry. (38,39) 
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Periodontal diseases:  

Aggregatibacter bacteriophages: 

In the article of Castillo-Ruiz (2011), the authors present us the benefits of phage therapy 

against the Aggregatibacter responsible for the periodontal diseases. This study shows us that 

the isolated phages were able to infect the bacterial cell and to penetrate the biofilm to cause 

its lysis and in consequence to stop the periodontal infection caused by Aggregatibacter. (40) 

Lysin ClyR:  

In articles of Li (2018), Xu (2018) and Yang (2015) the authors worked on the modified lysine 

ClyR. The ClyR lysine has a wide host range and a strong activity against streptococci. Article 

of Li (2018), the author highlights the efficacy of lysine against E.faecalis responsible for 

endodontic infections. In article of Xu (2018) and Yang (2015), it is found that lysin is very 

effective against caries caused by streptococcus. The bacteriophage clyR is a promising agent 

for the prevention and treatment of caries-related oral diseases. Article of Xu (2018), the 

author and his collaborators defined endolysins as the antibacterial agents with the highest 

potential in the fight against infections. However, in article of Yang (2015), the author suggests 

that we should be careful with the administration of lysine, as it can cause immunological side 

effects due to its pharmacokinetics, so it is preferable to use a topical or oral infection. (41–43) 

Fusobacterium nucleatum bacteriophages:  

In the articles of Kabwe (2019) and Machuca (2010) the authors talk about Fusobacterium 

bacteriophages capable of fighting oral biofilms and periodontal diseases. Machuca’s study 
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defined that bacteriophages are useful to treat periodontal disease caused by F.nucleatum. 

The host range of this phage is described as not harmful for the oral flora of the mouth, 

suggesting that a treatment by bacteriophages for periodontal disease can be consider, 

moreover in this article, scientists isolated the bacteriophage from a healthy individual, which 

proved that bacteriophages could be isolated from both healthy and a diseased individual. 

They also determined that the bacteriophage was a lytic or virulent phage and concluded that 

this bacteriophage was a specific phage that attacked the F.nucleatum bacterium. In paper 

Machuca and Kabwe articles, scientists demonstrate the ability of the bacteriophage to invade 

and destroy the F. nucleatum bacterium involved in periodontal disease. (27,44)  

Endodontic infections:  

E.faecalis:  

Article of Tinoco (2019), Khalifa (2015) and Paisano (2004), emphasize the use of 

bacteriophages to fight against endodontic infection. All these articles present a consensus on 

the responsibility of E.faecalis in the infection of dental canals, it is explained that E.faecalis 

penetrates the dentinal tubules and can survive within the dental canals. These articles 

confirms that E.faecalis is resistant to certain endodontic disinfections due to its properties 

explained in the introduction and also prove the effectiveness of bacteriophages as an 

endodontic treatment which, contrary to basic treatments, can present resistance and 

superinfection. (45,46,53) 

The articles of Tinoco (2017) and Biswas (2015) speak about the antibacterial effects of phage 

therapy, on antibiotic resistance of E.faecalis infection. In Tinoco's article it can be seen that 

the biomass of E. faecalis biofilms is significantly reduced after infection of the bacteria with 
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the bacteriophage. In the Biwas paper it is found that bacteriophages are beneficial to the 

survival of vancomycin-resistant E. faecalis infected mice. It is found that depending on the 

MOI of the phages inoculated into the body of the mice, up to 100% survival of mice and only 

minimal signs of disease can occur (41,42). The use of bacteriophages in combination with 

antibiotic treatment or as monotherapy for the elimination of antibiotic-resistant bacteria has 

proven to be an excellent alternative. The articles of Khalifa (2015), Tinoco (2019), speak about 

effects of bacteriophages on E.faecalis biofilms. In Khalifa's article it is proven that there is a 

reduction in bacterial biomass during infection by E. faecalis bacteriophages responsible for 

the contamination of dental canals. In Tinoco's paper, a 10 to 100 folds decrease in the 

number of viable cells in E. faecalis biofilms was observed after treatment with bacteriophages 

(45,53). Articles of Tinoco (2016), Zhang (2013) and Tinoco (2017) concentrate on the genetic 

modification of temperate bacteriophages into virulent bacteriophages to facilitate control of 

E. faecalis infection in endodontic infection. All of them obtained encouraging results and 

proved a better efficiency of virulent bacteriophages. (54–56) 

 

Oral mucosa infections:  

Pseudomonas Aeruginosa:  

In articles of Pires (2011) and Phee (2013) the authors talk about Pseudomonas aeruginosa. 

Some difficulties to the phage therapy and its action against the bacteria can be observed. 

Article of Pires shows the failure of certain bacteriophages to infect their hosts, which proves 

that their effectiveness does not depend on their broad activity. This article also shows that 

phage therapy is more effective in planktonic cultures than in biofilms. In article of Phee it 

would seem that some bacteriophages were not effective and could not penetrate the 
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biofilms, which could be due to an inhibitory action of the dentin to the phage or due to the 

thickness of the cell walls or the reduction of adsorption sites. (49,50) 

 

Advantages of phage therapy:  

In articles Khalifa (2015) and Szafran ́ski (2017) the authors highlight the advantages of phage 

therapy by demonstrating the ability of phages to fight against bacteria that have developed 

antibiotic resistance, by associating phages either with antibiotic treatment or monotherapy, 

these results show us a better eradication of the bacterium with a bactericidal rather than 

bacteriostatic effect (31,53). Articles of Paisano (2004) and Cornelissen (2011), the authors 

differentiate between two types of bacteriophages, virulent and temperate bacteriophages. 

In these articles it is noted that virulent bacteriophages have greater advantages, notably the 

ability to replicate at the site of infection. The authors explain that due to this advantage, 

virulent bacteriophages are able to control the infection with a single application. (17,46) 

Disadvantages of phage therapy:  

In articles Biswas (2002) and Dalmasso (2015) the authors talk about host spectra, one of the 

disadvantages of bacteriophages is their narrow spectra, but these authors propose a new 

solution by proving that it is possible to isolate phages with a larger spectrum within the same 

species. (32,42) 

Safety:  

In the article of Szafran ́ski (2017), Cornelissen (2011) we can see the safety of bacteriophages 

on the organism it invades, these two articles show us that bacteriophages have the capacity 
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to destroy the host cell without damaging the bacterial flora and leaving it intact. These 

articles also demonstrate the self-replication power of bacteriophage allowing a unique 

application and control of bacterial infection. (25,51) 

Article of Biswas (2002) also shows us the advantages of the safety of bacteriophages and that 

the waste released during bacterial lysis is in no way harmful to the bacterial flora and does 

not induce any anaphylactic or immune responses (42) 
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CONCLUSION:  

Phage therapy is a therapy that was discovered a very long time ago but has declined in the 

face of the discovery of antibiotics, but due to many problems caused by antibiotics, phage 

therapy is being revived to fight bacterial diseases. 

Throughout this study we have been able to analyse and study the mode of infection of 

bacteriophages, which mainly involves two cycles: the lytic cycle and the lysogenic cycle, i.e. 

being self-replicating or self-limiting, which makes them a major asset in the fight against 

bacterial infections. 

We have observed that bacteriophages have a strong bactericidal power without altering the 

endogenous flora and it is only very rarely that resistance is observed, unlike with antibiotics, 

which is why this therapy, little known to the general public, has a very promising future.  

However, bacteriophages must be subjected to a very careful biological and genetic analysis 

before being used clinically. Nowadays, thanks to medical, biological and engineering 

advances, it is now easy to produce proteins from bacteriophages. Bacteriophages are proving 

increasingly useful against a wide range of hosts such as gram+, gram- or mycobacteria. 

The possibility of adding phage therapy to other therapeutic treatments, such as antibiotic 

therapy, promises great success. 
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Responsibility:  

Bacteriophages are present by the thousands in our environment, both in man-made and 

natural environments such as the human body or water and are mainly made up of proteins 

and nucleic acid, making these viruses harmless to the environment.  

The cost of preparing phage therapy is relatively low, depending on the species involved, 

which gives it an advantage over antibiotic therapy. 

Due to the low environmental impact and the almost zero risk of side effects of phage therapy, 

this treatment is accessible to all types of patients, both thanks to its price and its safety 
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