
Previously, we addressed the issue of antibiotic resistance and we concluded that it             

was unquestionably an internationally and institutionally recognized public health matter.          

Yet, now that we have established the problematic, it is now essential to find one or several                 

solutions. The one that embodies our project is phage therapy as a substitutive treatment to               

antibiotics or as a complement. 

 

“Portrait-robot of a phage”: 

Any virus can multiply inside a living cell, weather it is from a mammal, a plant or a                  

prokaryote (bacteria and Archaea). A virus whose host is a bacteria is called a bacteriophage               

(phage). A phage is generally specific of a bacterial species and in some cases, of a few                 

strains from a species. In the nature, phages are present wherever bacteria are because they               

are the host of at least one phage. The therapy which is using phages to treat bacterial                 

infections is called phage therapy.”1 

As a virus, a phage is no “more than genetic material in a shell” 2. Nonetheless, it can                  

be considered as a mighty and very specific weapon. This is why, we will see that later, it can                   

be considered at an useful ally to every person in need of a solution to get rid of a pathogenic                    

bacteria. 

As a matter of fact, our world is each day, each second, the witness of a merciless                 

fight where the phage is a key figure. In view of its action, the phage can be considered as                   

“the deadliest entity on our planet”3 because it is estimated that they kill each day, up to 40%                  

of the bacteria present in Oceans and 50% on the ground. However, this entity is not a danger                  

to humans because it only targets bacteria. This is why their efficiency has soon catched the                

attention of humanity. 

The phage appearance is quite peculiar: it has a head (containing its virus genetic              

material) which looks like an icosahedron (20 faces and 30 edges). This “head” rest on a                

“long tail that ends with fibers that look like legs”5. Yet, even if this description does not                 

reminds us of anything we already know, these tiny beings, invisible to the naked eye,               

represent half of the living species (including bacteria) on earth. Hence, in a numerical point               

of view, phages are the most abundant species on earth. Their number is estimated to 1031                

entities. We can naturally find them by billions on our skin, our mucous membranes and in                

the gut. 



 

 

Figure1: Bacteriophage specific of Staphylococcus aureus. Obtained thanks to an electronic           

microscope with negative coloration by uranyl acetate. It is an A3 bacteriophage from the              

Siphoviridae family. The magnification is 924,400 and the black line is a 100 nanometers scale.               

Photography by Hans Wolfgang Ackermann. 

 

Currently, around 6,000 different phages have been studied. It only at best 10% of the               

whole population present on the planet. Only virulent phages - that kill bacteria after a “lytic                

cycle” - are use in phage therapy. Hence, among the phages we know, 80% are said “lytics”. 

 

 



Order Family Morhology Nucleic Acid Number 

Caudoviridale Myoviridae  double stranded 
DNA 

1312 

Siphoviridae  3262 

Podoviridae  771 

 Corticoviridae  double stranded 
DNA 

32 

 Tectiviridae  double stranded 
DNA 

19 

 Plasmaviridae  double stranded 
DNA 

5 

 Inoviridae  double stranded 
DNA 

66 

 Microviridae  double stranded 
DNA 

38 

 Cystoviridae  double stranded 
DNA 

3 

 Leviviridae  double stranded 
DNA 

38 

Table 1: Ackermann bacteriophages classification  

 

Operating method: 

 

To speak about phages, it is possible, as said in the first writing about antibiotic               

resistance, to use Darwin’s theory of evolution. In fact, a phage is determined by a process of                 

coevolution with the bacteria it depends on. The survival and the growth of a phage depends                

on his capacity to multiply inside a bacterium. It then has to avoid defense and protection                

mechanisms from the bacterium. The need for a phage to find a host (a specific bacterium) is                 

also the origin of its fragility. When a “lytic” or “virulent” phage (some are “lysogenic” and                

don’t kill the bacterium but rather integrate parts or their DNA to transform the infected               

bacteria properties) comes in contact with a specific bacterium, “it connects the fibers from              

its tail with receptors and uses a biological syringe to pierce the bacterium membrane”8. In a                

second phase, it injects his genetic material in the bacterium. Therefore, in a few minutes, the                

bacterium is “infected”. It is forced to continuously produce constituent parts of phages until              



the bacterium is full of new viruses. At last, phages are producing a substance called               

“endolysin” - A powerful enzyme - and “holins” (proteins) whose role is to pierce a hole in                 

the bacterium wall so that phages can be freed. Hence, new phages can in turn infect new                 

bacteria until there is no more hosts left to infect. The process stops and phages are                

eliminated. 

It is worth noting that the lytic phase (from the recognition to the release) of a                

bacteriophage is done in less than an hour (about 20 minutes only for some species). 

 

 

(A FAIRE !!!) 

 

Our interest in this fight: 

 

As might be expected, in the fight against Multiple-Drugs Resistant bacteria (MDR),            

phages can have a role to play. In fact, however extremely specialized and deadly they are                

against bacteria, they are not a danger to human cells. Yet, where antibiotics kill with no                

distinction every bacteria (even commensals bacteria from our microbiota), the phages target            

only a specific family of bacteria. 

Moreover, even when bacteria evolve and become resistant to antibiotics,          

bacteriophages coevolve to keep being efficient, reproduce and survive. Phages can be            

characterized as “evolving entities gifted with a form of adaptive intelligence”, what            



antibiotic molecules are unable to do. Recent researches have shown that to become resistant              

to a phage specie, a bacterium is more likely to renounce its resistance to antibiotics (too                

many survival mechanisms has sometimes an energetical cost too heavy to be viable for a               

bacterial species).10 Hence, in the case of a conjointe offensive, with antibiotics and phages,              

we can considerably increase our chances to kill pathogenic bacteria that used to be resistant               

to antibiotics. 

 

Figure 2: the clear spots observed were caused by the lysis of a bacteriophage on a                

Staphylococcus aureus (double agar layer technique) spread on the surface of a petri dish              

containing an agar medium. On he left, the suspension was diluted 10-6 times. The spots               

cannot be counted. On the right, the same suspension was diluted 10-7 and 15 spots can be                 

counted. We can deduce that the initial suspension contained 15 x 107 bacteriophages per              

milliliter, the required concentration for a treatment. 

Photography from Alain Dublanchet 

 

History of this therapeutic option: 

 

Event if at the scale of mankind history, this issue is relatively recent - as well as the                  

use of antibiotics - the use of phages came prior to antibiotic treatments. As a matter of fact,                  

phages have been discovered during the first World War at the Pasteur institute of Paris and                

phage therapy was first used in 1919 in France. 
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phage therapy was first used in 1919 in France. 

To be more precise, Felix d’Hérelle (1873-1949) made a breakthrough in 1917 at the              

Pasteur institute: the bacteriophage, an “ultravirus” (impossible to observe at this time            

without electronic microscopes) that kills bacteria. He concluded that it was possible to use              

this “invisible microbe” to fight epidemia. Let’s point out that this discovery was not made               

thanks to one individual. It was based on an article 12, published in The Lancet in 1915 by                  

Frederick Twort (1877-1950) that d’Hérelle published his famous article “on an invisible            

microbe antagonist to dysenteric bacilli”. F. Twort had already described his experience of             

bacteria causing dysentery lysed by bacteriophages but d’Hérelle was more precise about the             

therapeutical applications. Hence, we can say that F Twort is the one who really discovered               

phages and F.d’Hérelle phage therapy. 

After F.d'Hérelle was dismissed from the Pasteur Institute, he worked in the Soviet             

Union and in Georgia (from 1934 to 1936) where he started institutes of research on               

bacteriophages. Then, he had to prematurely leave the country when, during one of the              

Stalinist purges, one of his associate was shot for having “tried to poison a well with                

bacteriophages”. 

Ever since that time, numerous bacterial disease (dermal, ocular, pulmonary,          

urinary…) have been treated with more or less success by phages prepared in an artisanal               

fashion or even commercialised. First globally used for decades, phage therapy was replaced             

in the 40’s by antibiotic therapy that was thought to be the final solution to fight against                 

bacterial infections. An abandonment that in reality did not concern every country in the              

world because communist countries and in a broader sense the “Eastern Bloc”, kept using this               

therapy for a long time. Moreover, we must admit that research work linked to              

bacteriophages have not stopped but rather got incorporated into other studies, even in the              

Occidental countries. This is why in the 60’s, the american biologists Max Delbrück, Alfred              

Hershey and Salvador Luria who were working on the interactions host/phage received a             

Nobel prize in medicine-physiology (1969) because of their discovery regarding replication           

mechanisms and genetic structure of viruses. 

 



Bacteriophages and phage therapy nowadays: 

 

It’s only very recently, with the emergence and extension of bacterial resistances to             

antibiotics, that people have started to fear a return to the pre-antibiotics era. Phages are once                

again considered as potential viable and promising therapies. Hence, the number of studies             

and researches on the subject does not cease to get bigger.  

 

In light of recent knowledges, reintroducing phages in the therapeutic arsenal appears            

possible. As an example, in the US, the only phages currently commercialized are used to               

protect food against bacterial infections. In that regard, the Food and Drug Administration             

(FDA) - the US government service in charge of controlling and regulating drugs before they               

are commercialized - authorized in 2006 the use of a “cocktail” of viruses as a conservation                

agent for some fresh produces. This preparation, approved by the health agency under the              

label “LMP &02” is a mixture of six bacteriophages specific of the “Listeria monocytogenes”              

bacteria responsible of the listeriosis (a digestive illness). In 2006, IntralytixINC was in fact the               

first company in the world to receive an authorization from the FDA for a product based on                 

bacteriophages technology and destined to food safety. This is why the firm wants to submit               



to the FDA new “viral cocktails”. For instance, EcoShieldTM against E.Coli, a bacillus             

responsible for pathogenic affections like gastro-enteritis. 

Nowadays, other companies propose a large number of products using phages           

technology (disinfection agents against contamination and sanitary products for the          

agribusiness…). These commercial applications are a major step forward in the           

understanding and the acceptance of phages as a preventive way keep a good human health.  

In the medical sphere, start-ups are starting to work on bacteriophages. Since 2011,             

they are classified as drugs in the EU. Hence, even if there is no authorization for a                 

commercialization of phages in a human therapeutic context yet, it is necessary to keep              

conducting clinical trials and wait for results. 

Apart from this exception, there is no Marketing Authorization (MA) for           

bacteriophages. Yet, this authorization is essential for any new treatment commercialization.           

To obtain it, it is mandatory to meet modern standards of production. It is only after an                 

evaluation of the risks/benefits ratio for each medication of a biological nature, that phage              

therapy will be used as a substitution or a complement to antibiotic therapy. This is why, the                 

European Union launched in 2013 a first project on the subject, called “Phagoburn” to test               

phages against resistant bacteria targeting burnt patients (Twelve patients in total, recruited in             

France, Belgium, Switzerland are participating to the study). The results should be published             

in a near future. 

 

Pros of phage therapy 16: 

First of all, the first advantage to phage therapy is in the nature of a phage and its                  

specific and targeted action. Bacteriophages have a much more specific activity than most of              

the antibiotics. As a matter of fact, in view of their mechanism of action, a lytic                

bacteriophage will only destroy a few specific strains of bacteria from a given species. This               

point is a crucial difference with antibiotics that have a broad spectrum and destroy              

indifferently harmful bacteria and useful bacteria. This targeted action is at the origin of              

phages innocuity. Eukaryotic cells (from humans, animals and plants) are ignored by phages             

and as a consequence, they are no threat. 

As a corollary to the first advantage of phages - the great discriminative mode of               

action - we can expect a very low, if not non-existent, emergence of secondary effects. “The                

rare secondary effect, if any, are the consequence of bacteria lysis at the beginning of the                



treatment: headheaks, fever, liver pain. Phage therapy has a rapid action from the moment              

bacteriophages are administered.” 

Given the fact that phages greatly depend on the presence of the target bacterium, the               

administered quantities don’t need to be adjusted according to the patient’s weight and             

psychological condition. Moreover, because bacteriophages only multiply in the presence of           

the target bacterium, a small initial dose is quickly increased in situ. On the other hand,                

without it, bacteriophages cannot multiply and are destroyed and/or eliminated. Unlike           

antibiotics that are metabolized from the moment they are administered. We can then             

consider bacteriophages as “intelligent” antibacterials. 

Furthermore, and this is a key point to our problematic, bacteriophages use a             

particular action mechanism to kill their target. As a consequence, the mechanisms used for              

bacteria to resist to antibiotics have no impact on the lytic activity of phages. Hence,               

bacteriophages can be used to treat bacterial infections that cannot be treated by classical              

antibiotics anymore. 

Another important point comes from the fact that bacteriophages are not a scarce             

resource, they are present everywhere. Hence, it is very easy to find them close to the place                 

where the target bacterium is. As the research is easy and low-cost, we can point out that this                  

is an advantage for developing countries. Finally, they are naturally present in the             

environment and each day humans are in contact with these viruses. This presence can be               

explained by the fact our organism does not react to the presence of bacteriophages because               

the immune system has developed a tolerance to their presence. 

For all these reasons, thages appears to be a therapy that we must not ignore. Its use                 

could allow us to take the lead in the antibiotic resistance race. Nonetheless, like every               

therapy, phage therapy has a lot of advantages but it is essential to understand and consider                

its limits. 

 

Limits: 

The very first of these limits is also linked to bacteriophages main advantage, namely              

their great specificity with a target bacterium. This impose that we know precisely the              

bacterium responsible for the infection before using it as a treatment. Hence, it is necessary to                

analyse biological samples from the infected patient to grow them and identify the             

bacterium.It is essential to have one (or several) bacteriophage(s) capable of killing the             



infectious bacterium. Without any satisfaction of these requirements, an option is to use             

cocktails of bacteriophages to increase probabilities of success.However, like antibiotics,          

resistance mechanisms can appear. As a matter of fact, bacteria can develop resistances to the               

bacteriophages used as a treatment. This is why we have to proceed to the association of                

several phages inside a cocktail. This allows the probabilities of a resistance to drop              

drastically. Furthermore, it is still possible to seek new effective phages in the environment. 

On a different note -and not directly linked to phages activity -, it is the regulatory                

aspect that can appear as a limit to phages use. In fact, phage therapy implies the use of                  

“living” viruses. One of the main obstacles to this form of therapy is the need for a regulatory                  

statute for this type of viruses.  

Finally, the last point concerns the public representation of such a therapy. The trust,              

the degree of information and the representation in the collective mind are key elements that               

must be taken into account. 

 

 

To conclude, we saw that phages were entities that we have been coexisting with for a                

long time. Yet, at the scale of this eternal coexistence, our interest in it is quite recente. this                  

interest was strengthened by the global antibiotic crisis. In view of the issues raised: the               

phages efficiency, their innocuity, their specificity and their limits, we can affirm that they              

are part of a solution to the antibiotic resistance challenge. A claim that we have chosen to                 

develop in our project. 

 

 

 


