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Summary 

 First discovered more than a century ago but having since 
become somewhat obsolete, bacteriophages are now 
attracting a great deal of attention as a means of treating 
infections caused by antibiotic-resistant bacteria. 

 However, French medicine does not recognise any 
bacteriophage-based treatments and phage therapy is only 
used for experimental and compassionate purposes. This is 
mainly due to the fact that an economic model and legal 
framework for this type of treatment has not yet been 
established in France. 

 With patients and carers eager to find a solution to 
multidrug-resistant bacterial infections, often with serious 
health consequences, there is a strong argument for a policy 
to promote phage therapy and develop new methods of 
producing phages for personalised medicine. 

Mrs. Catherine Procaccia, Senator 
Vice-President of the Office 

 

Since the middle of the 20
th

 century, antibiotics have been 

an extremely effective and inexpensive solution in the 

fight against bacterial infections. However, with an 

increase in multidrug-resistant bacteria (MDR bacteria),
1
 

and with little progress being made in the search for new 

antibiotics,
2
 it is now time to look for solutions that go 

beyond antibiotic treatment. 

Discovered by both the English bacteriologist Frederick 

Twort in 1915 and the French-Canadian biologist Félix 

d’Hérelle in 1917, bacteriophages, also known as 

“phages”, are viruses that are naturally found in 

bacteria, which can infect them, multiply within them and 

eventually kill them. This means that they can be used to 

treat bacterial infections. 

Although phages are the most abundant organisms in the 

biosphere, they have limited specificity with respect to 

their bacterial target and therefore have a much smaller 

effective range than antibiotics.
3
 A phage is generally only 

effective on a single bacterial species and sometimes only 

on a few strains of that species. 

After a short period of success between the 1920s and 

1940s, phages were soon replaced by antibiotics, which 

were easier to use, more stable and capable of targeting a 

wider range of bacteria with just one product. Phage-

based pharmaceuticals were produced in France until the 

1970s and were listed in the Vidal dictionary up until 

1976.
4
 But only the former Soviet Bloc countries such as 

Poland, Russia and Georgia (all close to the Eliava Institute 

in Tbilisi) still recognise and use bacteriophages, which are 

available in pharmacies without a prescription. This is 

mainly due to the fact that these countries had limited 

access to antibiotics during the Cold War. 

Given the continuing lack of treatments for patients 

infected with MDR bacteria, we must now turn to phages 

to find new solutions.
5
 

 Phages, viruses in bacteria 

• Composition and structure of phages 

Phages are found in large numbers
6
 and in many different 

varieties
7
 throughout the natural environment. They are 

easily found in aquatic or moist environments, including 

fresh water, salt water, sewers, and soil. They play a major 

role in balancing bacterial ecology. 

They are composed of nucleic acid, which contains their 

genetic information, in the form of DNA or RNA, and 

proteins that form the phage capsid shell, to protect the 

DNA or RNA. The majority of known phages contain 

double-stranded DNA. 

They come in many different forms. Their size can vary 

from a few dozen to several hundred nanometres. Their 

genome can contain anywhere between 18 and 

400,000 genes. 
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They are equipped with a means of attaching themselves 

to the target bacteria (often a tube-like appendage for 

“caudate” phages) and injecting their genetic material into 

the bacteria. 

Illustration: a T4 phage
8
 

 

• How phages infect bacteria 

When a phage reaches its host bacterium, it attaches to its 

surface and injects its genome by puncturing the bacterial 

wall. Then, there are two possible infection cycles: the lytic 

cycle and the lysogenic cycle. 

The lytic cycle is the one that is used for phage therapy: 

lytic phages, also known as “virulent” phages (the most 

common forms found in the environment), hijack the host 

bacterium’s cellular machinery. They then replicate the 

injected DNA within the bacteria and use the bacteria’s 

metabolism to produce new phages at an exponential 

rate. This process eventually kills the host bacterium and 

releases a large number of phages that can attack 

identical neighbouring bacteria. 

The lysogenic cycle, or lysogeny, is triggered by phages 

known as “temperate” phages. The phage DNA first 

integrates into the bacterial chromosome and the 

bacteriophage replicates passively during cell division, 

thus transforming the bacterium into a genetic reservoir 

for the phage. The genome in its dormant state is known 

as a “prophage” and can represent up to 20% of the host 

bacterium’s genome. It becomes “active” when the 

bacterium experiences some kind of deficiency and then 

enters the lytic cycle. Temperate phages also have the 

disadvantage of being able to modify the host bacterium 

by providing additional virulence factors (as in the case of 

the Panton-Valentine toxin introduced into 

Staphylococcus aureus). 

 The therapeutic potential of phages 

Phages are already used in non-medical applications. For 

instance, lytic phages are used as an antibacterial 

treatment in the food industry (e.g. the use of Phage P100 

to control Listeria monocytogenes). They can also be used 

for water treatment and processing. 

But recently, their use in the medical treatment of serious 

bacterial infections in humans (as well as in veterinary 

medicine) has been re-examined
9
 to respond to cases 

where antibiotic treatment has proved ineffective, but also 

to reduce the use of antibiotics or simply to treat certain 

bacterial infections more effectively (i.e. acne). 

In theory, phage therapy has many advantages: 

- fast treatment: a single dose is enough to destroy a 

whole colony of bacteria, thanks to the multiplication 

effect of the phages acting against the bacteria; 

- no side effects: by destroying the target bacteria, the 

phages also disappear once the bacterial infection has 

been treated; 

- a highly targeted treatment: phages attack only the 

target bacteria and do not affect the patient’s entire 

microbiome.
10

 

Phages also have the ability to attack the bacterial 

biofilm
11

 that forms on surfaces, such as prostheses, and 

which is resistant to conventional antimicrobial agents 

such as antibiotics. Using phages on bacterial biofilm can 

then make an antibiotic treatment more effective. This 

means that phage treatment and antibiotic treatment 

can be combined. 

Phages have great potential for use in the medical field: 

they can be used to treat a wide range of infections, such 

as chronic prosthetic joint infections (PJI), respiratory 

infections (pneumonia), urinary tract infections, 

gastrointestinal infections and even skin infections (e.g. 

from burns) caused by MDR bacteria such as 

Pseudomonas aeruginosa (P. aeruginosa), Staphylococcus 

aureus (MRSA), Acinetobacter baumannii (A. baumannii) 

and Escherichia coli (E. coli). 

However, phages are ineffective in treating intracellular 

bacterial infections since they are unable to reach them 

inside the eukaryotic cells. 

 Limited but promising phage trials in France 

Faced with drug-resistant bacterial infections, last-chance 

phage-based experimental treatments have been 

initiated for patients with a vital and/or functional 

prognosis (i.e. amputation) and have given good results.
12

 

But this is only for compassionate use
13

 and involves very 

few patients.
14

 This is not a routine form of treatment. 

The use of phage treatment involves several different 

stages: 

- Since phage therapy is a precision therapy, as phages 

are used to target certain bacteria and not others, the 

process starts by identifying one or several phage(s) that 

are capable of destroying the target bacteria (phagogram) 

from a library of available phages.
15

 

- Next, the effective phages need to be produced and 

purified to provide a stable solution. This step is not 

technically complicated. However, since no phages are 

available in pharmacies and none are currently recognised 

as medicinal products, this step can take several weeks, 

making it impossible to use phages for urgent cases. But 
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since only a small amount of the phage produced is 

needed for treatment, the rest can be stored for a year, or 

more, and used for other patients if needed. 

- Finally, the phages are administered to the patient in 

such a way that the phage is not destroyed before 

reaching its target bacteria. This can be done through 

direct contact during surgery (local application, in situ) or 

intravenously (IV). 

This process is currently being carried out in France on a 

purely experimental basis, as there are no phage-based 

medicines with marketing authorisation (MA) and 

therefore no standardised products available to healthcare 

professionals. 

 Restrictive regulations 

Phages are legally considered to be medicinal products 

and, as such, are subject to European and national 

legislation governing their release onto the market 

following an assessment of their benefits and risks. This 

means that the process of approving phage-based 

pharmaceuticals involves costly clinical trials.
16

 The trials 

have to be conducted using standardised products that 

comply with “good manufacturing practices” (GMP) 

guidelines, and this certification alone is quite expensive. 

These trials also need to produce controllable and 

quantifiable results. However, the individual nature of 

these treatments makes it difficult to prove their 

effectiveness through randomised controlled trials 

(RCTs).
17

 Therefore, we need to use a more sophisticated 

method to prove their effectiveness. 

 The absence of an economic model 

Phages are of little interest to major pharmaceutical 

companies (Big Pharma). As biological, living agents, they 

cannot be patented as such. Only the process of selecting 

and preparing phages and phage cocktails can be 

patented. Unlike chronic disease medications, they have 

an immediate effect and are not intended for long-term 

use. The highly individual nature of the treatments, owing 

to the phages’ limited range of effectiveness, makes mass 

production practically impossible. As a result, only a few 

small companies are venturing into what is perceived as a 

potential “niche market”. In France, the company 

Pherecydes Pharma plans to launch a clinical trial in 2021 

using phages to treat staphylococcus aureus on 

prostheses. A previous trial launched in 2015 to assess the 

effectiveness of phage therapy for burn wound infections 

(Phagoburn) produced disappointing results.
18

 

Due to the lack of products developed according to 

industrial quality standards (GMP), experiments on phage 

therapy are now mostly conducted using academically 

produced pharmaceutical compounding preparations.
19

 

However, the small number of cases treated and the non-

standardisation of products do not provide sufficient 

evidence of the efficiency and safety of phage-based 

preparations, even if, in theory, they appear to be useful 

and without risk for patients. 

 The overriding factor: meeting patients’ 

expectations 

Patients and their families are becoming increasingly 

aware of the need for access to a more comprehensive 

range of treatment options. Faced with the failure of 

conventional antibiotic-based treatments, patients 

suffering from life-threatening or debilitating drug-

resistant infections are now turning to phage therapy. 

The fact that phage therapy is already practiced in other 

countries, in the former Soviet Bloc for example, and that 

the expected benefits of these treatments appear to be 

relatively low-risk, makes phage therapy all the more 

attractive. Some patients are willing to go abroad, namely 

to the Eliava Institute in Tbilisi, to gain access to the phage 

cocktails used in those countries. 

However, this medical tourism makes it virtually 

impossible to scientifically measure the effectiveness of 

phage therapy, since the exact substances administered 

and the records of each patient are unknown, and it 

places a significant financial burden on the patients 

concerned. 

Therefore, a framework needs to be created to encourage 

organised phage therapy in France, and the results need 

to be scientifically monitored; otherwise, patients will 

continue to seek this type of treatment elsewhere. 

 Building a framework for the development of phage 

therapy in France 

The French National Agency for the Safety of Medicines 

and Health Products (ANSM) set up a temporary 

specialised scientific committee (CSST) in 2016 and 

another in 2019 to examine the benefits of phage therapy. 

Three hospital-based clinical research programmes were 

also approved.
20

 Phage therapy is now being considered 

as a serious option for combating antibiotic-resistant 

infections, one that is worthy of public funding.
21

 But as 

other countries invest in phages,
22

 France has yet to 

establish a serious development strategy, and the teams 

experimenting with phage therapy, who rely on other 

European countries (e.g. Switzerland and Belgium) for 

their phage supplies, are encountering some major 

obstacles. 

• A stronger research framework 

The first step in phage development is to gather massive 

amounts of medical information that prove their 

effectiveness and lack of side effects. Since phages can 

be used in a wide variety of cases and are themselves very 

varied, the limited number of existing clinical trials is not 

sufficient to collect the relevant data. The teams using 

phages in their experiments must be able to compare 
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their results and standardise their protocols. A register 

tracing their experimental use could provide a record of 

these experiments and thus contribute to the relevant 

therapeutic indications. 

The research framework should also allow for the analysis 

of possible problems regarding the loss of phage 

efficacy due to co-evolution with the target bacterium. 

It is important to avoid the mistakes made with antibiotics, 

which have led to the rise of MDR bacteria. It is also 

important to avoid destroying "useful" bacteria when 

using an antimicrobial treatment. 

Finally, the question of whether or not to use genetically 

modified phages remains to be discussed. Phages can be 

genetically modified, to improve their purity and/or 

stability for example. But we need to have a good 

understanding of the mechanisms at work in the phage-

bacteria combination so as not to alter their useful 

characteristics, especially their ability to replicate. 

• An organised production framework 

Since the effective range of phages is quite limited, we will 

need to develop a wide variety of products in order to 

treat each strain of target bacteria. 

Phages or phage cocktails that target the most common 

strains can be produced industrially.
23

 But we also need to 

be able to produce other phages according to the specific 

needs of the patient. We could therefore set up a dual 

system, with pharmaceutical products marketed by the 

laboratories on the one hand and academically produced 

phage preparations on the other. This is the model that 

was proposed in 2010 by the infectiologist Olivier Patey 

and supported by the Hospices Civils de Lyon.
24

 The aim is 

to establish a phage reference centre to develop phage 

formulations and produce academic phages that comply 

with GMP, within the FRIPHARM in-house pharmacy.
25

 

• An appropriate legal framework 

Given the specific and highly individualised nature of 

phage-based treatments, and because the conditions of 

standardised tests are very different from those in real life, 

it is difficult for phages to move from randomised clinical 

trials to being marketed as a medicinal product.
26

 There 

are several avenues to consider: either create a specific 

legal status, such as that for pro-biotics, or keep them in 

the pharmaceutical system but adapt the guidelines to 

qualify their effects and measure their benefits and risks. 

Also, as the use of phages is today only used for 

compassionate purposes and under the exclusive 

responsibility of the prescribing physician. Phages are 

therefore not legally secure from a medical-legal point 

of view. Today, it is clear that phages do not pose a threat 

to human health, the only risk being that they are inactive. 

 

 

Nevertheless, securing the conditions of prescription 

could encourage their use. In this sense, the 2019 ANSM 

CSST called for a “national guidance and approval 

platform for the use of phages” to be put in place. 

 Conclusion and recommendations 

Phages remain relatively unknown and underdeveloped. 

Phage therapy, once forgotten or overlooked, is now 

being taken more seriously. It would be unreasonable to 

assume that phages are the perfect solution for cases 

where the use of antibiotics is not effective. Nevertheless, 

their effectiveness for certain indications, such as chronic 

prosthetic joint infections, and against certain types of 

bacteria (pseudomonas and staphylococci) has been well 

documented and their non-invasive nature is a genuine 

advantage. 

Phages are part of a highly personalised medical 

approach, adapted to the specific needs of each case. 

Ignoring their potential would be a serious strategic 

mistake. The best approach would be to increase the use 

of phages in the near future by establishing a clear and 

well-defined legal and financial framework for the 

academic, medical and industrial teams working to re-

launch phage therapy both in France and across Europe. 
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