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Abstract : Bacteriophages, viruses that are widespread throughout the world, are highly specific for 
bacteria, usually of a single species and often of a particular strain. After being discovered and isolated 
100 years ago, their use, called phage therapy, was instituted in medicine two years later and quickly 
used around the world to treat various bacterial infections. In the West, phage therapy was 
overshadowed in the second half of the 20th century by antibiotic therapy, which was then thought to 
be the definitive solution. But because of the increase in bacterial resistance to antibiotics, the idea of 
using bacteriophages in medicine has been reawakened. The innumerable observations reported over 
the years in the literature constitute an invaluable experience. We and some of our colleagues have, in 
the last decade treated some patients compassionately. With the available documentation and our own 
experience we discuss the potential indications and limitations of phage therapy. The observation of 
the increasing number of therapeutic failures in the announced perspective of a post-antibiotic era, we 
believe, that the introduction of bacteriophages into the therapeutic arsenal seems conceivable today to 
two preconditions: that their production as biologic drug meets current regulatory standards and that 
the benefit-risk assessment was conducted in a modern setting. Phage therapy could be applied as a 
substitution or supplement to antibiotic therapy under multiple circumstances in different modes, 
precise indications and limits. 
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1) Introduction 
In 1917, Félix d'Hérelle observed a phenomenon in stool cultures from convalescent patients 

with bacillary dysentery [1]. He asserted the corpuscular nature of clear zones that had appeared on the 
bacterial layers and made the assumption that these clear zones were caused by an "invisible microbe" 
capable of killing bacteria. He gave the name of bacteriophage to this “microbe”. Two years later 
(1919), he demonstrated that the oral administration of bacteriophages in humans is harmless and 
causes the healing of bacterial enteritis caused by Shigella sp. (bacillary dysentery). This 
demonstration was reported in 1921 in a book summary [2] of about seven documented cases 
including five hospitalized and two outpatient cases. It was in 1922 that the first publication [3] of a 
series of localized staphylococcal infections (boils) treated by local injection of bacteriophages showed 
that infections with various bacteria could be successfully treated. From then on, based on a large 
number of cases, the interest of this new treatment in various infections quickly became clear. 
Gradually, until the discovery of antibiotics, their therapeutic application proved widely successful 
worldwide. But after the discovery of antibiotics, faced with easier use of antibiotics, the application of 
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phage therapy was gradually abandoned in Western countries until it finally disappeared in France 
with the closure in the late 1990s of the only possible source of therapeutic bacteriophages still 
existing in two Pasteur institutes (Paris and Lyon). 

In recent years, we have witnessed the worldwide spread of multidrug-resistant bacteria. As new 
and truly innovative antibiotics are rare and new classes are absent, the rising frequency of therapeutic 
failures are raising fears of a new pre-antibiotic era [4]. To respond to this worrying situation, the 
return of phage therapy seemed to be an answer not only alternative [5] but complementary [6] to 
faltering antibiotic therapy. In this perspective, a century of publications on this subject with series of 
bacterial infections treated by phage therapy as well as some recent cases, could constitute an 
invaluable source of knowledge. In this mass of knowledge, it would be unfortunate not to use the 
large body of information acquired over the years and published in French or Russian. Easily 
accessible, these results are accompanied by remarks and comments that are useful to help set up 
modern therapeutic protocols. This is what we propose to report here by adding our own experience of 
cases, particularly osteo-articular infections treated under compassionate protocols. 

However, today, any substance, chemical or biological used for medical purposes, is considered 
a drug and this is the case for suspensions of bacteriophages. The preparation of a drug is governed by 
health regulations in particular in Europe1 and in the United States2 . In this journal issue, a solution is 
proposed by Belgian colleagues [7]. To ensure quality, safety and efficacy, an evaluation of the benefit 
to risk ratio must then be made with an approach that is appropriate from an experimental and 
regulatory point of view [8,9]. 

2) Recent discoveries 

Since its discovery 100 years ago, the study of bacteriophages, predators of bacteria, has 
revealed that in addition to bacterial lysis, bacteriophages have other properties that should be taken 
into account in modern applications of phage therapy. Without pretending to be exhaustive, we point 
out some of them while indicating significant references about them. These "new facts" should be 
taken into account when preparing a modern bacteriophage suspension "tailored" to a patient [10-12] 
for personalised or individualised phage therapy. 

a) Exploration of synergies with antibiotics 

Although observed at the discovery of penicillin [13,14], the synergistic action between 
bacteriophages and antibiotics has been described for many antibiotics and for several bacterial 
species. Thus today the reintroduction of phage therapy is often proposed as a simple "alternative" to 
antibiotic therapy [15]. However, several recent studies both in vitro [16,17] and in vivo based on 
numerous experimental animal models have confirmed the interest of a joint use by showing the 
synergy of specific bacteriophage-antibiotic combinations at sometimes sub-inhibitory doses. The 
reintroduction of phage therapy deserves to be approached with the idea that it could be, not only an 
alternative, but also a complement in circumstances where the diffusion of an antibiotic is weak, for 
example in bone tissue or hampered by the presence of a biofilm [6]. For practical use the provision of 
a standard routine test would be necessary for a reasoned choice of the best combination by 
interference with self-inductors. 

More recently, it has come to light that bacteria can communicate by releasing small mediating 
molecules, called self-inductors (Quorum Sensing), that allow bacteria to synchronize and adapt their 
behaviour by developing, among other things, a biofilm but also to protect themselves against the 

                                                 
1 Defined by EU under Article 1(2) of Directive 2001/83, the definition of ‘medicinal product’ covers: «       Any substance 
or combination of substances presented as having properties for treating or preventing disease in human beings: … » 
2 In the US, a "drug" is: « A substance recognized by an official pharmacopoeia or formulary… intended for use in the 
diagnosis, cure, mitigation, treatment, or prevention of disease. Biological products are included within this definition and 
are generally covered by the same laws and regulations, but differences exist regarding their manufacturing processes 
(chemical process versus biological process. » 
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attack of bacteriophages. For fifteen years, several mechanisms have shown to be able to block the 
genetic expression of self-inductors or to destroy their signals (Quorum Quenching). It has been 
proposed to use these mechanisms to prevent bacteria from communicating and thus to facilitate the 
action of bacteriophages as well as antibiotics [18]. 

b) Blocking bacterial receptors 

It has been shown that bacteriophages, by attaching themselves to the bacterial surface at 
particular sites, could block resistance mechanisms such as an efflux pump [19], impair fitness or the 
virulence factor of a bacterium [20]. This would then make certain bacteria (eg Pseudomonas 
aeruginosa or Klebsiella pneumoniae) more susceptible to traditional antibiotics and facilitate the 
healing of certain pathologies such as endocarditis or vascular prosthesis infections [21]. Could these 
interactions be exploited to increase the effectiveness of phage therapy [22] by creating so-called 
"smart" cocktails [23] in the framework of a tailored phage therapy? 

c) Action against biofilms 

The major pathogenic role of biofilms appears fundamental in chronic infections, especially in 
the presence of foreign materials (prosthesis for example). The proteolytic enzymes of certain 
bacteriophages are capable of destroying polysaccharides in biofilms that allow bacteria to escape 
natural defences and antibiotic treatments [24]. In addition to allowing the adhesion of bacteriophages 
this action facilitates the diffusion of antibiotics. This activity should, as for synergy with antibiotics, 
benefit from a preliminary test. 

It has been shown [25] that to combat Staphylococcus aureus infections, the therapeutic results 
can be influenced not only by the above properties but also by the sequence in which the therapeutic 
agents are administered. The best results are obtained when phage therapy precedes antibiotic therapy. 
As interesting as this effect may be one must not forget that it is necessary to confirm the best choice 
(of the bacteriophage (s) and of antibiotic (s)) by performing initial tests that are yet to be invented. 

It should be noted that soluble degradation products of the components of S. aureus biofilms 
could have a deleterious role on osteoblasts [26] and thus limit the growth of bone callus. This would 
explain the rapid bone healing after use of bacteriophages. 

d) Adaptive coevolution with bacteria 

In nature, bacteriophages and bacteria maintain a close relationship in a permanent equilibrium 
with a succession of mutations that are a source of continual transformations. For example, if a 
bacterium modifies phage receptors on its surface, it becomes resistant to the bacteriophage. A 
bacteriophage, by the same process of mutation, is able to adapt to host resistances. Within micro-
ecosystems, the two protagonists are constantly changing in a coevolution. A recent review [27] of 
resistance mechanisms on both the bacterial and phage sides is of interest to us from the prudent 
perspective of using bacteriophages to prevent the bacterium from developing resistance during 
treatment [28]. On the contrary, the in vitro exploitation of this coevolution is at the root of the training 
phenomenon which exalts the virulence of the bacteriophage. This coevolutionary process, which has 
been known for a long time [29] and is highly recommended since the birth of phage therapy [30], has 
been rediscovered in recent years [31] and has been repeatedly mentioned by the first phage therapists 
[32]. It offers the practical application of enhancing the virulence and efficacy of a bacteriophage as a 
therapeutic agent against a pathogenic bacterium. 

Thus, if a bacteriophage-resistant bacterium can be seen during a treatment, it is easy to rapidly 
obtain in vitro a variant bacteriophage effective against two bacterial clones. Two publications, 
respectively on Enterococcus faecalis [33] and Escherichia coli [34] have shown that the combination 
of clones of the two bacteriophages in a cocktail would produce a dual additive function ("guard-
killer"). 
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e) Interactions with mammals (their cells and/or the host)  

Bacteriophages are traditionally considered to be biological agents that act as predators as soon 
as they encounter a host bacterium. Recently, it became apparent that other factors intervene. 

Impact of bacteriophages on the immune system 

Although still little explored, the relationship of bacteriophages with the immune system seems 
essential. Studies indicate that in addition to their well-known antibacterial action, bacteriophages have 
potent immunomodulatory properties. For some authors, the success of phage therapy depending on 
the bacterial permissiveness of the bacteriophage is related to the immunity of the subject. In 
particular, for Roach et al. [35] neutrophil-bacteriophage synergy is essential for the cure of 
pneumonia. For Dabrowska [36] the impact on the immune system affects the final outcome of phage 
therapy. While antibody induction may play a role in eliminating bacteriophages, it has also been 
shown that they can induce cytokine production in mammalian immune cells. 

Interaction with mammalian cells 

Adherence of bacteriophages to cells can define their pharmacokinetics and hence their efficacy 
in phage therapy by forming bacteriophage foci on tissues and organs [37]. Could this property be used 
to treat certain inflammatory diseases of the digestive tract [38]? 

f) Microbiomes 

Bacteriophages are present in all micro-ecosystems found in nature. The recent study of these 
systems has been made accessible thanks to the progress of new techniques of molecular biology, for 
which bacteriophages have been fundamental models. Recent key developments, including advances 
in bacteriophage genomics and microscopy, have sparked a renaissance in bacteriophage research over 
the last decade. The human microbiomes studied are either obvious (digestive tract, vaginal cavity, 
etc...) or less so (skin, urine [39], etc...). Today Precision Medicine, launched in January 2015, 
recommends a good knowledge of their existence [40]. The notion of microbiome must be borne in 
mind when a bacteriophage treatment is being considered [41]. Indeed, the introduction of a 
bacteriophage in a higher organism is not without consequence because it induces interactions difficult 
to predict which can facilitate or hinder the intended effect [42]. Indeed, there are interactions not only 
with the microbiome with which it comes in contact but possibly with eukaryotic tissue cells [38] and 
the immune system of the host organism [43]. Consequently, one can speak of "household with three 
in the bed" [44]. In particular, it is important to know that the intestinal microbiota of every individual 
is the host of the densest microbial community, which contains not only bacteria, archaea and fungi, 
but also mainly viruses, of which bacteriophages are the majority and largely unexplored [45]. A good 
knowledge of these could help improve treatment outcomes. These major biological entities that 
contribute to homeostasis are present, not only in our gut, but in all human microbiomes (skin [46], 
urine [47], various mucous membranes [48,49], etc ...). This should make phage therapy a personalized 
medicine [50] and use a very specific drug to treat a particular infectious event [51] as was done in the 
case presented in Box 1. 

Box 1: Creation in the United States of a centre dedicated to phage therapy 
Researchers at the University of California Medical School in San Diego have founded the first North 
American centre for innovative bacteriophage applications, the IPATH (Innovative Phage Applications and 
Therapeutics). 
In 2016, physicians and scientists at the San Diego School of Medicine tried everything to save the life of 
Tom Patterson, a 69-year-old professor in the school's psychiatry department. While on vacation in the 
Middle East he had contracted a systemic infection with a multidrug-resistant bacterium (Acinetobacter 
baumannii). Luckily, Tom is married to Steffanie Strathdee, Associate Dean of Global Health Sciences, 
Harold Simon Professor, UCSD Department of Medicine. With help from colleagues, she obtained an 
emergency authorisation to treat her husband with bacteriophages after the failure of all standard antibiotic 
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treatments. Experimental cocktails of bacteriophages were produced to effectively treat Tom Patterson 
intravenously. Patterson is the first American patient with a systemic multidrug-resistant bacterial infection 
successfully treated by phage therapy [50]. Subsequently, doctors at UC San Diego Health treated five other 
patients with bacteriophages for life-threatening bacterial infections. 
Encouraged by the positive results seen in these early patients, a grant of $ 1.2 million over three years was 
obtained to help launch the centre. Steffanie Strathdee, in collaboration with with Harold Simon and Robert 
Schooley, medical professors and infectious disease expert at the UC San Diego School of Medicine, will be 
the co-directors of IPATH. 
For further information: https://health.ucsd.edu/news/topics/phage-therapy/Pages/default.aspx  

 

3) Prerequisites for the medical use of bacteriophages 

The first condition is to have bacteriophages capable of being used for treatment. A larger 
number of different bacteriophages that are deposited in different collections target clinically relevant 
bacterial hosts. It would be desirable that the collections held in these "banks" organize themselves 
into a network to facilitate exchanges. If one needs a particular bacteriophage that is not available in 
such an organization, it is almost always possible to isolate one from the environment [52]. 

Therapeutic bacteriophages are biomedicines that must comply with the regulations that govern 
the production and evaluation of drugs. In addition, to deliver optimum treatment it is necessary to 
define its use in a dosage adapted to the location of the infection and the dosing rules (dose, rate and 
duration of treatment). 

a) Production  

The European Good Manufacturing Practices (GMP) guide guarantees the quality of a medicine 
[53]. This requires that a procedure be defined for their manufacture and for a combination of 
physicochemical and biological tests. The quality of a biological drug is harder to guarantee and 
control than that of a chemical. An adaptation of the regulation is necessary [9] which, in particular, 
will have to take into account the fact that such a drug can be a cocktail of several bacteriophages and 
probably to envisage its preparation within the framework of an individualized preparation [54] for a 
personalized medicine [8,55]. This personalized preparation may be sometimes necessary if the 
bacterial infection is unusual (opportunistic bacteria) and/or that no bacteriophages adapted have not 
yet been isolated (see Box 1) for a such bacteria. In personalized phage therapy, specific 
bacteriophages (sometimes called autophages [56] a preparation requiring a few days to a few weeks) 
are carefully selected from a collection (bacteriophage bank) or from the environment to treat a 
patient's specific bacterial infection [57]. According to various sources, the success rates of custom 
bacteriophage cocktails would be five to six times higher than those of standardized bacteriophages 
([58], as cited by Sulakvelidze et al. [59]), which should favour the use of these "custom-made" 
cocktails in difficult cases, without excluding "ready-to-use" cocktails that in many cases will be 
sufficient. Only the common bacteria (Staphylococcus sp. and E. coli for example) would be treated 
with “ready-to-use” cocktails while the bacteria rarely encountered will require individual 
preparations. In any case, appropriate and safe procedures should be considered to prepare a 
bacteriophage suspension for use in humans (see Casey et al. [60]). 

b) Utilisation 

The administration of a drug is conditioned by the galenic forms and the vectorization that can 
be applied to it [61]. The liquid form (suspension) was generally proposed initially for phage therapy 
and widely used, most often locally. But all routes of administration were performed: oral, local, 
subcutaneous, parenteral (IV, IM), peritoneal, nebulized, etc ... Some precautions were highlighted 
including the sensitivity of bacteriophages to various physical parameters. chemicals like gastric 
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acidity and some antiseptics. The products resulting from the preparation of the bacteriophages, in 
particular the bacterial endotoxin, could cause some undesirable reactions (fever, hepatitis, headache). 
Today it is easy to detect and eliminate these residues. Active research has developed on this topic in 
recent years [9]. 

Galenic formulations 

The liquid form, specific or polyvalent (cocktail), continues to be most often used. But many 
other forms have been developed or are contemplated: tablets, powder [62], dressing, suppository, 
topical (cream and ointment) [63], etc ... Recently and notably, preparations have been developed for 
pulmonary administration [64,65]. They are used for infections of the upper or lower airways (lungs). 
In addition to acute pneumonia it would be especially useful for treating acute attacks of respiratory 
diseases with bacterial colonization. Case in point, cystic fibrosis [66] is a genetic disease that 
develops in children and leads to recurrent secondary infections requiring many antibiotics. Over time, 
resistant bacteria lead to complicated situations. As a substitute or supplement to antibiotic therapy, 
phage therapy adapted to infections appears as a promising way to treat episodes of infection flare up. 

Modes of administration 

The local application is the easiest to apply. Tolerance is good. Reactions (fever, local 
inflammation, hepatic pain), are moderate, rare and transient; they appear to be related to the 
endotoxins contained in the preparation or released by bacterial lysis. However, the release of 
endotoxins seems less of a problem than with antibiotics [67]. Bacteriophages being of protein nature, 
one is concerned with an anaphylactic reaction following repeated administration. However, severe 
reactions have always been the exception and today the risk is further reduced by the advanced 
purification methods available. 

Diffusion is rapid and circulating bacteriophages are sequestered by the reticuloendothelial 
system in the spleen and liver. In the absence of bacterial target and host bacteria, bacteriophages are 
quickly eliminated. On the other hand, if bacterial targets are present, bacteriophages multiply in situ. 
Some people call them "smart" drugs. 

Dosage 

Dosage, rhythm and duration of treatment required have been poorly studied. Theoretically, in-
situ multiplication requires only one application. In practice, repetition is often the rule. Unlike 
conventional drug treatments, the pharmacological parameters are poorly defined at present, the main 
difficulty being to understand the in vivo multiplication. 

c) Validation and clinical studies 

Like any drug, a biomedicine must be studied experimentally to appreciate its positive and 
negative effects on a living organism. Numerous animal models specific to each type of pathology 
have been developed. For each model, a targeted study on the localization (skin, lung, bone, digestive 
tract, etc ...) and the bacteria (Staphylococcus sp., P. aeruginosa, enterobacteria, etc ...) allows to 
obtain reference data on the biology or the prognosis of an infection treated by one or more 
bacteriophages. 

If such animal studies are numerous and clearly demonstrate efficacy, then human clinical trials 
need to be conducted in four successive phases to obtain the regulatory authorisation to commercialise 
a therapeutic preparation validated to GMP standards by the regulatory agency. Although innumerable 
publications (individual cases and clinical series) have shown positive results of phage therapy and 
presented few adverse effects, it is necessary to respond to modern requirements and to carry out 
randomized, double-blind controlled trials [68]. Nonetheless simpler, hospital observational studies, 
despite their drawbacks and inadequacies, would make it possible to envisage a response to pressing 
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requirements while respecting the prerequisites (number of patients likely to be included within a 
defined period of time). So far there are many questions remaining unresolved, such as  

• The need to repeat validation for each new preparation. With each new preparation will the 
experiments need to be repeated? 

• Or, the revaluation of combination therapies, such as use with antibiotics and how the 
combined effect should be evaluated? 

4) Clinical indications cited in the literature 

A large number of human clinical cases for therapeutic treatment treated with phage therapy 
have been reported before the advent of antibiotics and even recently in the Eastern European 
countries (Russia, Poland, Romania, Georgia). Notwithstanding methodological inadequacies in the 
face of modern demands, and language barriers, it would be unfortunate to ignore them. When they are 
not ignored, compilations are available. Several animal models allow various experiments that 
highlight the interest of phage therapy. In human medicine today, it is mostly individual cases treated 
on a compassionate basis that are reported in Western literature. For our part we treated a few patients 
whose functional prognosis was engaged. They are reported in Table I. 

If we take into account the time since 1922, when the first publication relates a therapeutic trial 
by bacteriophages in furunculosis [3], we can say that almost all pathologies of bacterial origin, 
whatever the infection site, have been treated by bacteriophages. Even if pragmatism prevailed then, 
important clinical series were reported, notably in the countries of the East [69,70] and in France 
France where André Raiga [71] was the most ardent defender of phage therapy. He was a surgeon who 
practiced in Paris and who published articles reporting important series of patients treated [72] for 
various types of infections (bone, urinary, etc ...) with various bacteria. But if we consider that these 
examples are insufficient in view of the current requirements of perfectly codified clinical studies, the 
results and remarks that have been presented still appear relevant. 

Two circumstances can be envisaged, that in which phage therapy can be applied locally 
(localized infection accessible directly or surgically) and that where only a parenteral treatment is 
appropriate (meningitis, septicaemia, etc.). 

a) Gastro-intestinal infections 

First indication, proposed as early as 1919 by Félix d'Hérelle, bacterial gastroenteritis has been 
treated successfully for a long time, including shigellosis, salmonellosis, cholera, etc ... Currently these 
diseases are not a concern in countries where hygiene is developed, but in countries where access to 
drinking water is difficult, epidemics are sometimes very deadly. The Brussow’s team [73] treated E. 
coli infections using [74] a specific pharmaceutical preparation that contains 18 bacteriophages 
marketed in Russia (IntestiPhage ™, MicroGen).  

Perfectly tolerated, it would seem that this is an indication to be considered but the result is 
difficult to predict. Indeed, oral administration of bacteriophages is easy (after alkalization of the 
stomach or appropriate vectorization) and without any side effects. But we must take into account 
antagonistic factors that are sometimes difficult to control. Gastric acidity is a hostile barrier to 
ingested bacteriophages. To overcome this drawback, two possibilities are conceivable: alkalinisation 
by administration of an alkaline liquid (bicarbonate water, carbonated water) or gastro-resistant 
vectorization. But beyond this barrier, the gut microbiota constitutes an interactive, competitive and 
complex environment that makes the treatment outcome uncertain [75]. However, interestingly, the 
treatment has no side effect on the gut microbiota that seems little impacted. 

It is now known that the human intestinal virome is individual, stable and dominated by 
bacteriophages. It develops quickly after birth with the microflora communities. Inflammatory disease 
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of the digestive tract such as Crohn's disease or ulcerative colitis is manifested by a microbial 
imbalance (dysbiosis). Could bacteriophages help restore this balance? Many studies are starting in 
this direction [76-78]. 

Currently in Western countries Clostridium difficile is a major problem (diarrhea and 
transmission within the community) against which conventional antibiotics are not very effective. 
Many authors in recent years have considered fighting this bacterium with bacteriophages. An 
interesting fact has been revealed in vitro, a strong adsorption of bacteriophages on a model of human 
cells, which would promote bacteriophage-bacterial interactions [79]. Note also the interest of using an 
optimized cocktail of bacteriophages [80]. Finally, as suggested in one case study [81], could one 
hypothesize that faecal microbiota transplants in this indication might represent an effective treatment 
by the implantation of specific bacteriophages present in the donor [82]? 

b) Localised infections 

Whether superficial (cutaneous or mucous) or deep, these infections are caused by many 
bacterial species. 

Skin and soft tissues - Superinfected wounds 

Although not life-threatening and rarely fatal, many chronic skin infections may require long-
term antibiotic treatment. This helps to disrupt microbiomes and select antimicrobial resistance. Phage 
therapy of acne may prevent prolonged use of antibiotics [83]. 

Staphylococcal skin infections, among the first to benefit effectively from bacteriophage 
treatment [3], do not appear as the priority indication in Europe today, unlike the situation in the 
United States where the very high incidence of MRSA (Methicillin Resistant Staphylococcus aureus) 
requires solutions. In the current context, the wounds of infected war veterans, particularly in 
Afghanistan and Iraq with Acinetobacter baumannii, have highlighted the need to find alternatives to 
antibiotic therapy[84]. Bacteria associated with extensive burns (Pseudomonas aeruginosa, E. coli and 
S. aureus) have become multiresistant and the mortality rate is high among these patients. 
Conventional methods of treatment [85] having shown their limit, other treatments are being sought. 
An experiment by application of topical bacteriophage was conducted in Belgium [86] and another one 
in France [87]. Although the first study showed no adverse effects, the limited "clinical trial" in terms 
of number of subjects failed short of properly verifying the efficacy of the bacteriophage cocktail that 
was used (anti P. aeruginosa and S. aureus). Let us hope that the French study (European multicenter 
study Phagoburn [88]) being currently analysed can provide this information. There is also a recent 
individual case of superinfection from a rare chronic cutaneous disease (Netherton syndrome) which 
demonstrate the value of phage therapy [89]. 

Deep-seated infections 

Anaerobic bacteria can infect surgical wounds in the abdomen or following accidental trauma. 
While bacteriophages for these bacteria exist or can be easily isolated [90], they are still of little 
interest because of the limited failure rate of conventional treatments. In deep-seated local infections 
surgical debridement [91] is a preferred prerequisite before treatment with either antibiotic or phage 
therapy, especially in S. aureus [92] or Propionibacterium sp. [93] infections on implants. 

c) Osteoarticular infections 

These infections are a particular form of deep-seated localised infections but given their 
frequency and difficulty in responding to antibiotic therapy they are a prime target for phage therapy. 
The diffusion of antibiotics into the bone tissue is often mediocre and impaired by the presence of 
bacterial biofilms that form at the contact between bone and prosthetic material. Recurrence and the 
transition to chronicity is more and more common for many reasons including the presence of 
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multidrug-resistant bacteria. Today, the number of post-surgical bone infections on fracture or joint 
prosthesis continues to increase [94]. Conventional treatments are long and costly, with frequent repeat 
surgery and sometimes amputation is the only outcome [95]. 

Phage therapy has been used very early and very frequently in this type of infection, as 
evidenced by innumerable publications across the Atlantic [96] and in Eastern European countries 
[97,98]. In France the surgeon André Raiga [72,99] made several assessments of his long experience in 
this field. More recently, a Strasbourg clinical study was published in 1979 [100]. 

An experimental model [101] has demonstrated that a treatment combining bacteriophages and 
antibiotics helps to dissolve the biofilm with a pronounced effect on the biofilm of Staphylococcus sp. 
compared to that of Pseudomonas aeruginosa. It should be added that diabetic foot infection, a very 
frequent complication, also present a clinical situation that has highlighted the efficacy [102] of 
bacteriophage-antibiotic co-therapy [103]. In recent years, experimental animal studies have multiplied 
and shown the interest of this approach. We recommend the review of Akanda et al. [104] which 
particularly emphasizes the advantages of phage therapy in the case of peri-prosthetic infections 
especially when associated with antibiotic therapy. 

Post accidental and / or surgical osteitis is often caused by Staphylococcus aureus which is often 
an MRSA. Following a prolonged evolution, fistulas frequently appear and amputation is sometimes 
proposed as a radical solution. It is therefore not surprising to note that there has been for several years 
a very large number of experimental studies on this subject both in vitro and in vivo in animals 
[105,106]. Nonetheless, we can only be surprised (to put it mildly) that in human medicine phage 
therapy is not by now systematically used, except only recently and in clinical cases where the vital or 
functional prognosis is dire. This is a real emergency in a context where we still do not have a GMP 
labelled bacteriophage suspension. Human experimental studies cannot be initiated until a GMP 
compliant production is available. Such preliminary work has been undertaken by the company 
Pherecydes Pharma in collaboration with the French regulatory and health authorities. Moreover, in 
France a budget has been allocated to the PhagOs study [107], which will start as soon as GMP 
compliant suspensions are available. 

Specific case of the diabetic foot 

Diabetic foot ulcer infections are a growing problem in public health, with increasing prevalence, 
poor antibiotic response, and bacterial resistance to traditional antimicrobials that lead to morbidity 
and mortality. Phage therapy would seem to be an interesting complementary solution [108]. A small 
clinical study on compassionate ground of phage therapy in nine patients with diabetes and toe ulcers 
infected with S. aureus has just been presented [109]. Topical application of a mono-bacteriophage 
against S. aureus has been successfully used to treat ulcerations with bone involvement despite poor 
vascularization and failure of antibiotic therapy. In France, an experimental clinical study called 
PhagoPied (Pherecydes Pharma) has been budgeted and should be operational this year. 

d) Urinary tract infections 

Infection of the lower urinary tract is common with E. coli as the first responsible bacteria. 
While many successes have been reported in countries such as Poland and Russia, controlled clinical 
studies are absent in Western countries to demonstrate the full potential of bacteriophages in these 
infections. 

In the past it is an indication that has been described with many successes and very early in 
France [110] where a specific suspension of bacteriophage was injected subcutaneously (1.5 to 2 mL) 
and accompanied with bladder instillation and / or oral absorption. Taking into account the results, an 
evaluation was carried out in the United States [111,112] and recommendations were specified [113]. 
Phage therapy of urinary tract infections was then overshadowed by antibiotic therapy. This type of 
infection is not considered an emergency and researchers have little interest in the problem. There is a 
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lack of properly controlled clinical studies to demonstrate the potential of bacteriophages in this 
indication. 

Interest has again appeared recently in countries of Eastern Europe (Poland) and Russia. Clinical 
cases have been reported [114], among others, among patients treated with Pyo-bacteriophage® (4 
cases with E. coli and 1 with P. aeruginosa) in a double-blind, randomized, placebo-controlled clinical 
trial. According to Sybesma et al. [115], phage therapy appears to be a promising treatment for urinary 
tract infections as long as the bacteriophage suspension is adapted to the patient's strains as not all 
strains are sensitive to commercial suspensions. The most commonly encountered bacteria are: 
Enterococcus faecalis, Proteus mirabilis, E. coli, K. pneumoniae, P. aeruginosa. One of us has been 
involved in the treatment of failed cystitis caused by P. aeruginosa [116] following multiple antibiotic 
treatments.  

A new development is the description of a urinary microbiome in asymptomatic "healthy" 
normal individuals [47]. After finding a quantitative and qualitative variation in bacteriophages among 
individuals with urinary symptoms one might think that, like in the case of bacteriophages of the 
intestinal tract, bacteriophages present in the bladder could ensure the protection of the urinary tract. 

It should also be mentioned that chronic urinary tract infections, despite the progress made in 
recent years, are still numerous [117] and responsible for the formation of dense biofilms on catheter 
surfaces that block urinary evacuation [118], as is the case with infections caused by Proteus mirabilis. 

Specific case of bacterial prostatitis 

This is a particular aspect that deserves consideration given its frequency and the resistance of 
bacteria to antibiotics, which, moreover, diffuse poorly in prostatic tissue. Worth noting are the small 
Polish clinical study [119] of a rectal treatment for chronic prostatitis caused by Enterococcus faecalis 
and the review published by the same authors [120]. Chronic infections are frequent and resistant to 
treatment. The rectal route seems to allow healing as this small clinical study has been shown. Could 
prostatic infections caused by E. coli or P. aeruginosa also benefit from a phage therapy combining 
rectal and / or oral administration? Due to its frequent occurrence, it is worth noting a phage therapy 
clinical study on 27 urinary tract infections after transurethral prostatic resection treated 
experimentally compared to 27 control subjects [121]. 

e) Respiratory tract infections 

Chronic respiratory infections are of grave medical concern because of the high degree of patient 
mortality. Associated with chronic respiratory pathology, colonization by a bacterium can indeed lead 
to a serious respiratory decompensation if it is not controlled. An experimental study, conducted in 
mice, has shown that a virulent bacteriophage introduced nasally prevents a deadly form of pulmonary 
infection (100% survival rate against 100% mortality in control animals) [122]. Inhalation seems to be 
effective in delivering lyophilized bacteriophages to the lungs in the form of powder propelled by 
inhalers [64]. The bronchopulmonary tree is indeed easily accessible by air. But few cases have been 
published so far [123]. Thus, it is conceivable to spray bacteriophage suspensions (nebulization, 
misting) or dry forms (spray) [65]. Some isolated cases [124,125] are rare examples of recent 
successful treatments. However, in the experimental PneumoPhage study by Pherecydes Pharma [126] 
the results, although not published, seem promising. Pseudomonas aeruginosa is not the only 
bacterium found in such infections and it is necessary to consider many species of enterobacteria 
(Klebsiella pneumonia, E. coli, etc ...), or other Gram-negative bacteria (Acinetobacter baumannii, 
Achromobacter sp., etc ...) or Gram-positive bacteria (Staphylococcus sp. but mainly Streptococcus 
sp., in particular Streptococcus pneumoniae). The lung is vulnerable to many occasional opportunistic 
environmental bacteria. Bacteriophages have been isolated for almost all of these bacteria and 
sometimes tested in experimental models, but their use in human pathology using appropriate 
vectorization for inhalation [127] remains to be evaluated. 
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Specific case of cystic fibrosis 

One of the indications for phage therapy is the treatment of superinfections caused by cystic 
fibrosis, mainly due to Pseudomonas aeruginosa. Cystic fibrosis, although not an infectious disease in 
itself, is the subject of special attention because of the chronic state of the repetitive superinfections 
that occur in young people who have it. Cystic fibrosis is usually superinfected by mucosal P. 
aeruginosa strains that are resistant to many antimicrobials and capable of forming biofilms. If 
bacteriophages can provide relief in these conditions, inhalation appears to be the simplest form of 
administration for successive treatments. This requires the development of a vectorization that is not 
without drawbacks but is the subject of very active research. Regular microbiological monitoring is 
required to search for new bacteriophages active on P. aeruginosa strains. 

Specific case of pulmonary tuberculosis 

Infections caused by Mycobacterium tuberculosis affect many organs, mainly the lungs. To take 
into account the peculiarities of this bacterial genus (slow growth and intracellular multiplication), we 
will see below (paragraph: infections and difficult targets) that these pathologies require a particular 
approach. 

f) Systemic infections 

Although septicaemia and meningitis have been treated, sometimes with success, it seems 
premature to consider such indications for phage therapy for at least two reasons: the urgency of 
treatment and the need for parenteral treatment. While it has been shown that bacteriophage can be 
adapted to allow their injection to be tolerated [128], it is known that rapid diffusion from the serosa 
(peritoneum, pleura) could prevent IV injection. 

Meningitis 

As early as 1932 bacteriophages were used to treat this pathology [129]. In the 1940s, MacNeal 
reported several cases [130] of meningitis including some caused by Staphylococcus sp. treated by 
combining bacteriophage and sulfathiazol (a sulfonamide derivative). More recently, we should also 
mention the French [131,132] and Polish [133] publications reporting cases of human meningitis 
medical or post-traumatic associated with various bacteria (E. coli, P. aeruginosa, etc ...). 

Cardio-vascular infections; septicaemia 

André Raiga, like Ward J. MacNeal already mentioned, had reported in the early 1930s cases of 
sepsis cured by adapted phage therapy [134,135]. These same authors [136] also presented cases of 
thrombosis of the cavernous sinus, particularly dangerous in terms of prognosis. It is worth noting in 
1978 the treatment of Serratia endocarditis by bacteriophages [137] and recently a P. aeruginosa 
septicaemia in a 2-year-old child with a combination of two bacteriophages[138]. Some of these 
infections have benefited from intravenous injections of bacteriophages without significant side 
effects. Healing of a chronic P. aeruginosa infection from an aortic Dacron graft with cutaneous fistula 
has recently been reported [19]. A single application of a bacteriophage associated with ceftazidime, 
allowed the resorption of the infection that could not solely be controlled by antibiotic treatment. The 
bacteriophage was selected to bind to the proteins of the P. aeruginosa efflux pump which, while 
ensuring the destruction of the bacteria, avoided the selection of antibiotic-resistant strains. Speck and 
a. [139] contend that these infections are excellent candidates for use of intravenous phage therapy. 

 

g) ORL, stomatology and ophthalmology 

These specialties present infectious pathologies that allow local treatments by phage therapy. 
Otitis, sinusitis, conjunctivitis, and periodontitis have been successfully treated. 
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Otitis 

In acute otitis the bacterium in question is often a Pneumococcus sp. (for which bacteriophages 
have been isolated) but in chronic forms P. aeruginosa is a problem given its resistance to antibiotics. 
The recent experimental study by Wright et al. [140] comprises 12 patients with chronic otitis media 
caused by P. aeruginosa and treated with 200 μL of a cocktail of 6 bacteriophages. Compared to 12 
placebo-treated patients, the treatment was found to have some efficacy without side effects. To obtain 
a cure, however, prolonged treatment seems necessary. 

Sinusitis 

Chronic rhinosinusitis affects 5 to 15% of the world's population. In some patients, the infectious 
exacerbation of the disease does not respond to conventional treatments. These cases are probably 
associated with the presence of bacterial biofilms [141]. Multidrug-resistant S. aureus is often 
responsible and both infected sinuses and upper air cavities seem amenable to treatment by 
bacteriophages [142,143]. In chronic forms, which are frequent and resistant to antibiotic therapy, the 
significant interest of using bacteriophages that reduce biofilms has been highlighted [144]. 

Ophthalmology 

This indication was not often considered [145], as Gorski's review [146] points out, even though 
it was used in a recent French individual case in Georgia [147]. According to the articles from Eastern 
European countries regarding superficial infections (conjunctivitis, blepharitis) with Staphylococcus 
sp., it is advisable to apply 2 drops 3 times a day. Patients seem to tolerate such a dosage perfectly 
well. 

Stomatology 

The bacteriophages that make up the microbiome of the oral cavity are the object of more and 
more frequent studies [148,149] suggesting the possibility of considering the treatment by 
bacteriophages of bacterial infections in stomatology and dentistry [150,151]. 

h) Difficult infections and pathogens 

Infections with pyogenic bacteria that we have considered previously represent a very large 
number of pathologies for which phage therapy seems to be able to provide a rapid solution. Some 
infections are caused by unusual bacteria taking advantage of the decrease in individual natural 
defences. These opportunistic bacteria are often multidrug-resistant and ready-to-use bacteriophage 
suspensions are generally not immediately available for such situations. The answer is to set up 
pharmacies stocking bacteriophages that could be used for authorized supply and / or preparations of 
bacteriophage suspensions [152]. A network relationship of several biobanks would enhance the 
potential of this approach. Other infections with specific bacteria present additional obstacles of 
various kinds. One of these obstacles is the preferential intracellular location of bacteria (macrophage 
or epithelial cell), for example mycobacteria in tuberculosis. In these situations, vectorization 
(encapsulation in a liposome for example [153]) might solve the problem. 

Let us mention, for the record, some bacteria that cause infections that are difficult to control 
[154] for which the question of the interest of phage therapy is repeatedly raised. A few teams have 
looked at some of them, but it is still too early to draw any conclusions: more specifically, infections 
caused by: Helicobacter [154,155]; Borrelia (Lyme disease [156]) as well as Brucella, Yersinia pestis 
and Bacillus anthracis [157] in the context of biological weapons risk [158], etc ... Other bacterial 
species (Haemophilus influenzae, Streptococcus pneumoniae) do not generate much interest today for 
phage therapy application. It should be noted that Campylobacter bacteriophages are mainly studied in 
poultry farms in a preventive context rather than therapeutically. 
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5) Our own experience 

a) Arguments for a reintroduction of phage therapy 

Our personal experience dates back to the 1980s, when it was still possible to obtain from two 
Pasteur Institutes suspensions of therapeutic bacteriophage adapted to the pathogenic bacterium of a 
patient. The experience of our correspondents had been summarized shortly before in a paper outlining 
their conclusion (Box 2) [32]. For a few years, we had then been able to form an opinion on the 
interest of this therapy which was still routinely performed in some hospitals such as in Strasbourg. A 
surgical service had published a small clinical study of 7 cases and concluded that phage therapy was 
promising, particularly in bone infections (see Box 3) [100]. Several patients in our hospital with bone 
infections in whom conventional treatment had failed had also benefited from such phage therapy 
treatment (unpublished results). But by the late 1980’s, phage therapy became less available and it was 
impossible for us to continue this practice. There followed a period of about two decades during which 
phage therapy had become inaccessible in France. 

 
Box 2 : Conclusion of Vieu et al. 
The growing importance of opportunistic bacteria resistant to antibiotics in infectious pathology 

has oriented the therapeutic applications of bacteriophages to three new areas: 
1) the curative treatment of postoperative surgical infections, 
2) suppression of the infectious process during gram-negative paediatric epidemics, 
3) curative treatment of chronic urinary tract infections 
 
Box 3 : Conclusion of Lang et al. 
The use of suitable bacteriophages in the treatment of antibiotic-resistant chronic bone infections 

seems to us to be an interesting therapeutic alternative. Our results fully encourage us to continue in 
this direction. 

Of course, one could object that the use of bacteriophages alone has never provided a cure. But 
we should note that these were chronic cases having exhausted the usual therapeutic arsenal. We have 
not sought here to do virological experimentation but to treat patients. As orthopaedic surgeons aware 
of the dreadful chronicity of osteitis, we wanted to put all the chances on the side of our patients and it 
appears to us that the good results obtained thanks to the bacteriophages are more constant than those 
expected from conventional treatments. 

 
In 2005 we were able to buy over-the-counter commercial preparations of bacteriophages from 

pharmacies in Moscow for a few dozen Euros. After an evaluation (sterility, activity, specificity) of 
these preparations [159], we retained those capable of responding to the problems we encountered. In 
the particularly worrying case of an evolutionary infection of the external auditory canal, a 
bacteriophage suspension against S. aureus was used to treat chronic otitis externa (Box 3) [160] and 
table I (first line 1- AC). Within 72 hours there was a spectacular resolution of the hyperalgesia 
symptoms and the disappearance of the otorrhea. 

 
Box 4 : Treatment of an external otitis.  
A young patient was examined for the first time for chronic otitis after episodes of repeated otitis 

treated with various antibiotics. The specialist noted an otorrhea and decided to treat it medically 
(cefpodoxime and ofloxacin) before surgery. Repair of the tympanic membrane was performed. The 
immediate treatment outcome was simple. 

After three months the otorrhea reappeared. The examination was particularly difficult because 
of very sharp local pain. The eardrum became inflamed and wet. The resumption of local antibiotic 
therapy (bacitracin) helped reducing the pain. 

During one year, the patient experienced several treated otorrheas (ofloxacin). During a 
discharge consultation with acute pain and under general anaesthesia, a specimen was collected 
showing the presence in pure culture of S. aureus (resistant to penicillin R, methicillin-R, 
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erythromycin-R and ofloxacin- R). Despite antibiotic therapy immediately prescribed, the purulent 
flow and pain persisted, and the Staphylococcus was still present.  

It was then decided to carry out a more precise examination and to collect multiple specimens 
(tympanic membrane, cutaneous coating of the external duct) before the local application to the 
pathogen of a bacteriophage suspension active in vitro, in combination with pristinamycin. 

Within 48 hours, the patient noticed a clear improvement: cessation of purulent flow and pain. 
Subsequent consultations confirmed the favourable course: absence of otorrhea or pain and 
disappearance of Staphylococcus. After three months, the ear examination was still very satisfactory 
and the treatment was stopped. 

 

With this experience and in the face of increasing therapeutic failures that we were confronted 
with especially in orthopaedic surgery, we decided to reintroduce phage therapy from 2008 in the 
hospital where we practiced. 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2018                   doi:10.20944/preprints201807.0091.v1

http://dx.doi.org/10.20944/preprints201807.0091.v1


 

15 

 

Patient 
(1) 

Sexe 
(2) 

Clinical symptoms 
 

Bacteria 
 

Age 
(3) 

Phage therapy 
 

Outcome 

1- AC F 2004- Suppurating chronic 
otitis; intense pain 

S. aureus 20 2006- Commercial anti-Staphylococcus 
aureus suspension; ear drop instillations (15 
days) 

2006- Complete cure 

2- HL H 2005- Accidental fall causing 
multiple fractures (37 fractures); 
amputation considered 

S. aureus 44 2008- Commercial anti-Staphylococcus 
aureus and Pyophage suspensions; 
administered peroperatively over several 
weeks 

August 2009- Wound closure and 
complete cure 

3- GC H 2007- Road accident causing 
multiple trauma and leading to 
uncontrolled pelvic bone 
infection 

S. aureus 
P. aeruginosa 

25 2008- In-house phage suspension anti-
Staphylococcus aureus and anti-
Pseudomonas aeruginosa; administered 
peroperatively and via catheter in the days 
following the operation 

October 2010- Complete cure 

4 – PI  F 2008 – Multiresistant bacterial 
infection associated with a 
bladder stent. Unsuccessful 
ciproflaxin treatment over 
several months and requiring 
patient hospitalisation, with 
increasingly poor prognosis 

P. aeruginosa 69 2008– Tailored anti-P. aeruginosa 
suspension prepared against patient isolate 
in Tbilisi (Georgia) and administered in 
Sydney (Australia) by instillation via 
urinary catheter over 10 days. Additional 
antibiotic therapy initiated after 6 days to 
prevent nosocomial opportunistic infections 

2009 – Complete cure. Patient was 
discharged to spend Christmas 
with her family. No remaining 
urinary infection, even at 6 months 
follow up 

5- CL F 1995- Fall leading to complex 
fracture of the right foot 
2008- Planned amputation 

S. aureus 40 2009- Commercial anti-Staphylococcus 
aureus suspension; administered 
peroperatively and via catheter in the days 
following the operation 

November 2009 – Wound closure 
and complete cure 

6-PD H 2008- Fistulised abdominal 
plaque infection; continuous 
suppressive antibiotic 
administration 

S. aureus 
(MRSA) 

60 2009- Commercial anti-Staphylococcus 
aureus suspension administered via the 
fistula 

No recurrence without any 
antibiotic over 4 years 

7- X F 2008- Knee prosthesis infection 
unsuitable to surgery 

P. aeruginosa 80 2010- Commercial broad spectrum multi-
bacteriophage suspension; Knee joint 
injection 

 P. aeruginosa disappearance but 
appearance of Enterococcus sp. 
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8- MT F 1995- Operated tongue cancer 
2005- Dental extraction, jaw 
fracture, osteo-synthesis and 
fistulised infection 

S. aureus 
(MRSA) 

61 2010- Commercial anti-Staphylococcus 
aureus suspension administered 
peroperatively 

Complete cure of the infection 

9- RM F 16/12/2009: Femoral fracture 
under hip prosthesis 
19/01/2010: Drained 
hematoma. Antibiotherapy 
27/01/2010: infection 

S. aureus 
(MRSA) 

90 2010- Commercial anti-Staphylococcus 
aureus suspension administered 
peroperatively by flooding the infection site 
and via catheter in the 10 days following the 
operation 

Complete cure and rapid recovery 
without recurrence after 1 year 
with retention of the hip prosthesis 
and osteosynthesis material in-situ.  

10- ML M 2012- Ulcerative 
Colitis/Chronis with liver 
complications. Severe weight 
loss (54kg down from 80kg). 
Poor digestion of food. 

E. coli, Proteus 
spp., 
Staphylococcus 
aureus (Urine) 
S. aureus (skin) 
E. coli, Proteus 
vulgaris, Proteus 
mirabilis (stool) 

20 2012- Treatment in Tbilisi (Georgia) with 2 
commercially available phage suspensions 
plus special customised phage suspension. 
Probiotics, enzymes and Camelyn immune 
stimulant also given. Treatment lasted 1 
month 

Healing with sterilisation of the 
urine, reduction of E. coli and P. 
vulgaris growth from high (108) to 
low (<102) in stool. Weight gain to 
72kg by end of treatment. 
Digestion of food improved but 
still poor 

11- NP F 2009- Left knee prosthesis 
infection 

Staphylococcus 
sp. 

72 2013- Commercial anti-Staphylococcus 
aureus suspension administered 
peroperatively by flooding the infection site 

Initial partial disinfection with 
closure of several fistula followed 
by stabilisation 

12- JH H 1943- Osteomyelitis of the left 
tibia 
2012- Fistula next to the wound 

S. aureus 
(MRSA) 

84 2013- Initial phage therapy treatment in 
Tbilisi (Georgia) via fistula with temporary 
improvement, followed by surgical follow 
up intervention in France on 3/12/2013: 
Commercial anti-Staphylococcus aureus 
suspension administered peroperatively by 
flooding the infection site 

Complete cure 

13- MC H 2015- Osteosynthesis for right 
knee fracture 

S. aureus 67 2013- Infection site cleaning with phage 
suspension during surgery 

Disappearance of S. aureus 
replaced by P. aeruginosa and 
Streptococcus constellatus, 
followed by complete cure without 
recurrence 

14 AB F 2000- Acoustic neuroma with 
nosocomial infection of the 
ENT and ophthalmic regions 

S. aureus 58 2013- Treatment in Tbilisi (Georgia) with 
locally produced phage suspensions 
administered locally and orally 

Complete cure allowing an 
ophthalmic intervention of the 
retina that had been delayed for 
several years 
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15- HH F 1973- Operated left tibia 
fracture, followed by re-opened 
bone infection 
2013- Travel to Phage Therapy 
Center (Tbilisi) 

S. aureus 
S. constellatus 

68 2015- Surgery,  phage therapy, and 
antibiotherapy  

Complete cure 

16- CL H 2006 and 2015- Prostate 
adenectomy with chronic 
urinary infection and 
bacteraemia  

E. coli (ESBL 
positive) 

84 2016- Tailored anti-E. coli phage 
suspension administered locally and rectally 

Complete cure with urinary 
infection clearance 

17- XR M 2016- Recurring prostatitis with 
bacteraemia 

P. aeruginosa 86 2018- Commercial multi-phage suspension 
administered orally and rectally 

Complete cure with disappearance 
of any urinary infection for the 
first time in 2 years 

       

Table I : Clinical summary of some personal cases treated with phagotherapy (chronological order) 
(1) patient initials ; (2) F (women) - M (man) ; (3) age (year) at the time of phagotherapy 
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b) Methodology 

Before patient admission 

The decision was made by a multi-disciplinary hospital team (surgeon, infectious disease 
specialist, microbiologist) to conduct a complete examination of the patient and his file. In addition to 
the biological assessment, one or more preliminary specimens were taken to isolate the bacterium and 
test its sensitivity to available bacteriophages. 

Therapeutic care 

If necessary, the infectious foci were excised (debridement) and cleaned during an intervention 
in the operating room. One or more intraoperative specimens were collected to confirm the initial 
bacteriological diagnosis. At the end of the intervention before closure of the operative field, the 
cocktail of bacteriophages was used to flood the operative field (5 to 10 ml according to the surface of 
the field). Access to the treatment site (opening or drain) allowed a bacteriological control and to 
introduce the same cocktail in the days following the intervention. 

Antibiotic therapy reflecting the pathogen’s antibiotic resistance profile was used in combination 
with phage therapy and the patient was kept under surveillance for a few days (less than one week) to 
ensure that there was no evidence of infection (local, biological or bacteriological). The postoperative 
course was simple and no side effects were reported. 

Follow up 

Ambulatory monitoring was performed in our facility for several months at a variable frequency. 
The evaluation of each case was performed clinically as well as biologically and radiologically. Some 
patients, despite being followed medically, provide us with their news which so far have been 
excellent. 

c) Analysis of the reported clinical cases 

All cases reported here (Table 1) have benefited from compassionate phage therapy for treatment 
failure duly recorded. The phage therapy treatments were carried out between 2006 and 2018 after a 
long evolution, generally several years, of a conventional treatment according to the official medical 
guidelines. All the patients had benefited from multiple attempts at treatment (surgical interventions 
and antibiotic therapy) and had been in therapeutic failure for months or even years. Some had 
previously tried treatment at the G. Eliava Institute in Tbilisi. 

Overall, the infectious sites were predominantly osteoarticular (10/15), but two cases involved 
the prostate and the other 3 various infections including otitis (Box 3). The predominantly targeted 
bacterial species was multidrug-resistant Staphylococcus aureus (MRSA) but not always, more rarely 
Pseudomonas aeruginosa and only once Escherichia coli. Most often it was a mono-microbial 
infection. Suspensions of bacteriophages were mainly from commercial sources (MicroGen in Russia 
and Eliava Institute in Georgia). In the absence of available commercial preparations, two cases were 
treated with tailored bacteriophage suspensions. 

This small series of cases calls for some remarks. We found that local application of 
bacteriophages is completely safe and no accidents or incidents have been reported. We have observed 
satisfactory results and often rapid improvement. The administration of bacteriophages has always 
been accompanied by antibiotic therapy. Note that these were chronic cases having exhausted the usual 
therapeutic resources. We did not try to experiment but instead to treat patients. 

The pathologies that have been treated are varied. In our small case study bone infections were 
the most frequent and have evolved favourably within a few weeks. If there were fistulas, they 
disappeared, bone consolidation was observed clinically, functionally and confirmed by imaging. The 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 July 2018                   doi:10.20944/preprints201807.0091.v1

http://dx.doi.org/10.20944/preprints201807.0091.v1


 

19 

bacteria became quickly undetectable. After a follow up for some patients of over 10 years, no relapse 
has been observed and it is possible to talk about complete healing. In two cases where amputation of 
the lower limb was being considered, this option was avoided. Treatments that prevented ablation of 
prosthetic material were also satisfying.  

Let's emphasize again the treatment of two prostatitis which constitute the most recent cases that 
we have taken care of. Infections with E. coli in one case and P. aeruginosa in the other affecting 
elderly people had been undergoing antibiotic therapy for several months. Concomitant oral and rectal 
administration over 2 consecutive days in one case and over 3 days for the other resolved the recurrent 
infectious problem. 

6) Conclusion and future perspectives 

Noting a continuing increase in bacterial resistance to antibiotics and the scarcity of new 
antibiotic molecules, the World Health Organization declared in 2014 that a pre-antibiotic era was 
imminent [161] and that there was an urgent need worldwide to mobilize international cooperation. In 
view of the risk to public health, new strategies need to be considered without delay. Phage therapy is 
one of them, probably the most successful today. But although it is the object of several thousand 
publications, phage therapy must be reconsidered in the light of new knowledge, often very recent, 
concerning the bacteriophages. It would be regrettable if innumerable observations were not taken into 
account [162,163], some of which have been published decades ago and constitute a prime source of 
information. Further research is needed to better understand the biology of bacteriophages, their 
behaviour in the natural environment as well as in the human body, as well as the parameters that 
affect their interactions with their bacterial hosts. But above all, the introduction of bacteriophages as 
anti-infectives requires the definition of a regulatory framework for their manufacturing. However, 
from the perspective of sustainable development, it will be necessary to use bacteriophages carefully 
and take into account multiple parameters [164]. A multidisciplinary approach is more than ever 
needed, bringing together microbiologists, ecologists, specialists of the evolution of microsystems 
[165], infectious physicians, surgeons, etc... If it is unlikely that phage therapy will ever replace 
antibiotic therapy, faced with the potential threat caused by bacteria, it would surely be best to 
combine available weapons to best fight them. Be that as it may, care must be taken not to reproduce 
the same errors as those perpetrated with antibiotic therapy and strictly control the use of phage 
therapy. 

Phage therapy was introduced for the first time almost a century ago, first in France and then 
rapidly in several countries of the world. When first used, knowledge of bacteriophages was limited 
and their therapeutic introduction was empirical like many treatments at that time. Recently, we have 
ourselves used phage therapy empirically in compassionate cases and reconfirmed its interest. Based 
on this experience and after reviewing the literature, we believe that the field of osteoarticular infection 
should be considered as a prime target for phage therapy. In our few clinical cases we did not include 
chronic pulmonary infections in the absence of an inhalation administration methodology. But for the 
same reasons, such application should also be considered. 

The positions of the medical community are contradictory for many reasons. One must admit 
that the use of such a biological rather than chemical drug is new and upsets conventional treatment 
regimens. Moreover, this development occurs in a more strictly regulated context than in the past, 
where therapeutic frameworks need to be reinvented. This requires reflection on how to refine 
treatment protocols by taking into account the interactions between bacteriophages and bacteria and to 
consider pharmacological measures [166] that will support clinical practice. 
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