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1. Abstract  

The increase in the incidence rate of multidrug resistant strains of bacteria has prompted 

scientists to look for alternatives to antibiotics. One option is phage therapy. The possibility of 

using phages (bacteriophages) in infections of almost every organ and system is being 

investigated. The treatment of osteoarticular infections using antibiotics is often very 

problematic, which is why this is an important area of interest for phage research. 

As part of the bacteriophage experimental therapy conducted by Patey et al., 9 patients with 

osteoarticular diseases were treated. In 7 cases complete recovery was obtained. One patient 

achieved partial eradication of the pathogen with closure of several fistulas and stabilization 

of the general condition. 

The study was carried out on an animal model by Yilmaz et al. showed greater effectiveness 

in eliminating MRSA colony forming units when combining bacteriophages with antibiotics 

(drop to 5000 units, no biofilm) than when using antibiotics alone (17,165 units survived, 

biofilm present). Independent application of phage therapy brought the worst effect (30,788 

surviving units). 

The results of the cited studies indicate the possible effectiveness of phage therapy in the case 

of osteoarticular infections. The potential synergy of antibiotics and bacteriophages in 

eradicating bacterial biofilm deserves attention. 

Keywords: bacterial infection, antibiotic resistance, bacteriophage, antibiotic therapy, 

phage therapy 

 

2. Introduction 

In 1917, Félix d’Hérelle, observing a pan with stool cultures, noticed bacterial colony-free 

areas. He stated that this is due to "invisible microorganisms" that are capable of destroying 

bacteria. He called these microorganisms bacteriophages. Two years later, in 1919, he proved 

that oral administration of bacteriophages to people is safe and causes treatment of bacterial 

enteritis caused by Shigella sp. This event initiated a number of studies on the possibility of 

clinical using phage therapy. The discovery of antibiotics, their high effectiveness and 

availability caused that bacteriophages in Western countries have been forgotten for many 

years [1]. However, interest in this topic persisted in the countries of the Union of Soviet 

Socialist Republics (USSR), which used this method, including during World War II. In some 

countries, such as Poland and Georgia, this therapy has been used successfully to this day [2]. 

Ludwik Hirszfeld institute of immunology and experimental therapy in Wrocław is the oldest, 

renowned center in Central Europe, preparing phage preparations for hospital use in Poland 

since 1970 [1]. 

According to WHO, strains of antibiotic-resistant bacteria cause 700,000 deaths every year in 

the world. It is estimated that by 2050 this number will increase to 10 million per year. In 

Europe alone, antibiotic-resistant bacteria have caused 25,000. deaths in one year, which 

generated costs of around 1.5 billion euros (data for 2018) [3]. 

Bacteriophages infect a bacterial cell, leading to its lysis. In addition, they affect the host's 

immune system and interact with the microbiota [1], [4]. Hopes related to phage therapy are 

mainly associated with the treatment of chronic diseases such as complicated, chronic UTIs 

(bone urinary tract infections), osteomyelitis, joint prosthesis infections, respiratory tract 

infections, cystic fibrosis, for which the presence of multi-drug resistant bacteria (MDR-multi 
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-drug resistant) is common. In the case of osteoarticular infections, bacterial biofilm and 

intracellular bacterial presence often occur. This is a challenge for standard antibiotic therapy. 

Studies proves that phage therapy can be a solution to this problem [5]. 

 

3. Phage biology 

Phages are differentiated viruses specific for receptors on the surface of bacteria. Some of 

them have the ability to infect specific bacterial strains, while others have a broader 

specificity spectrum [6]. 

Bacteriophages are made of DNA or RNA encapsulated in a protein capsid. They are not able 

to multiply outside the host. They bind to specific receptors on the surface of a bacterial cell, 

introducing their genetic material inside the bacterium. Then comes the lytic or lysogenic 

cycle. During the lysogenic cycle, the genetic material of the phage integrates with the 

bacterial genome undergoing replication with it. Progeny host cells contains bacteriophage 

genetic material. Genetic material is not integrated in the lytic cycle. Phage takes control of 

bacterial replication mechanisms, progeny virions are formed, cell lysis occurs and 

subsequent lytic / lysogenic cycles are initiated by released virions [4], [7]. 

 

4. Usage of bacteriophages in infections of the osteoarticular system 

In the years 2006-2018 at the Hospital Saint George in Villeneuve, France, 9 patients were 

treated as part of the experimental therapy (Table 1.). They suffered from osteoarticular 

disorders such as: 

• joint prosthesis infections 

• osteomyelitis 

• fractures complicated by infection 

In some of the cases with the infection coexisted severely healing fistulas, which were 

hindering treatment 

 The decision to implement phage therapy was made by a team consisting of: a 

surgeon, microbiologist and infectious diseases specialist. Samples were taken from each 

patient to isolate pathogens and check their sensitivity to available phage preparations. All 

qualified patients were previously subjected to conventional methods of treatment (surgery, 

antibiotic therapy), which proved to be ineffective. The most common isolated pathogen was 

S. aureus, a Methicillin-resistant Staphylococcus aureus several times (MRSA). Suspensions 

of bacteriophages were most often obtained from commercial sources. In order to optimize 

therapy results, phage preparations were combined with antibiotic therapy in each case. 

Seven out of nine patients were completely cured. Coexisting fistulas have been closed. The 

improvement in bone condition was clinically and functionally verify and confirmed by 

imaging tests. In addition, planned limb amputations and joint prosthesis removal were 

avoided. In two cases full clinical success was not achieved. One patient after eradication of 

the primary pathogen had secondary infection with Enterococcus sp. In the second case, 

closure of several fistulas with stabilization of the patient's condition was achieved, however, 

at the site of infection, pathogens were still present. No adverse effects were observed after 

local application of phage preparations. 

After therapy, patients were observed for many years, during which no relapses were 

observed. Therefore, it was assumed that 7 patients were completely cured [1]. 
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Table 1. Characteristics of patients treated in the Hospital Saint George in Villeneuve, France. Source: [1] 

NO. 
age; 

sex 

Onset of 

symptoms; 

Beginning of 

phage therapy 

Clinical condition Bacteria The final result 

1 
44;

M 
2005;2008 

Accidental fall; 

multiple 

fractures; 

considered 

amputation 

S.aureus 

Wound closure 

and complete recovery in 

2009 

2 
25;

M 
2007;2008 

Car accident, 

numerous 

injuries; 

uncontrolled 

pelvic bone 

infection 

S.Aureus; 

P. 

aeruginosa 

 

Complete cure in 2010 

3 40;F 1995;2009 

Fall leading to a 

complex fracture 

of the right foot; 

planned 

amputation 

S.aureus 

 

Wound closure and 

complete healing in 2009 

4 80;F 2008;2010 

Knee prosthesis 

infection not 

suitable for 

surgery 

P.Aeruginos

a 

Getting rid of P. 

aeruginos in 2012; the 

emergence of 

enterococcus strains 

5 61;F 
1995/2005; 

2010 

Jaw fracture; 

osteosynthesis 

and infection 

complicated by 

fistulae 

S. aureus 

(MRSA) 
Complete cure in 2011 

6 90;F 
2009/2010; 

2010 

Fracture of the 

femur under the 

hip prosthesis; 

S. aureus 

(MRSA) 
Complete cure in 2011 

7 72;F 2009;2013 
Knee prosthesis 

infection 

Staphylococ

cus sp. 

Partial initial getting rid 

of the pathogen in 2013 

with the closure of 

several fistulas and 

stabilization 

8 
84;

M 

1943/2012; 

2013 

Osteomyelitis of 

the left tibia; 

fistula next to the 

wound 

S. aureus 

(MRSA) 
Complete cure in 2013 
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9 68;F 1973;2015 

 

Left tibia fracture 

complicated by 

infection 

S.aureus 

S. aureus eradication in 

2016; The appearance of 

P.aeruginosa & 

streptococcus 

constellatus; Finally 

healed without 

recurrence 

 

Experimental studies have shown the effectiveness of a combination of bacteriophages and 

antibiotic therapy in combating bacterial biofilm. Yilmaz et. al. conducted an experiment on a 

group of 96 rats. A plastic catheter with previously prepared bacterial biofilm of MRSA and 

Pseudomonas Aeruginosa etiology was introduced into the medullary canal. The rats were 

divided into 8 groups in which various methods of therapy were used (Figure 1). 

The best results were achieved in groups where a combination of antibiotic therapy and phage 

therapy was used. In the case of methicillin-resistant Staphylococcus aureus, biofilm was 

eliminated, which was not achieved in the group infected with the Pseudomonas Aeruginosa. 

Bacteriophage monotherapy in both groups produced worse effects than the use of antibiotics 

alone [5].  

 
Diagram 1. Number of bacterial colony forming units. Experimental study. [5] 

 
The intracellular location of bacteria can create great therapeutic difficulties in the case of 

osteoarticular infection. In the study of Zhang et al. the effect of phages on intracellular 

bacterial location was checked. The study was conducted in vitro on mammalian epithelial 

cells infected with Staphylococcus aureus. After 12 hours of incubation, phage therapy 

resulted in a significant reduction in the number of pathogens (p <0.05). The results suggest 

that certain phage strains have the ability to cross mammalian cell membranes and destroy 

intracellular bacteria [8]. 
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5. Other clinical indications 

In the light of current research, phages present a number of potential clinical applications. 

Reports delate about the effectiveness of bacteriophages in the case of gastrointestinal 

infections [9], [10], local infections [11], [12], burn wound infections [13], [14], systemic 

infections [15], [16], urogenital infections [17], [18], nasopharyngeal infections [19], [20] 

 

5.1 Gastrointestinal infections 

Leszczyński et al. demonstrated the effectiveness of phage therapy in the case of persistent 

colonization of the gastrointestinal tract with the MRSA strain. The patient refused classical 

antibiotic therapy and underwent four-week bacteriophage therapy. After the end of treatment, 

complete eradication was found. It was confirmed by cyclic cultures. No side effects of 

therapy were observed [10]. 

Sarker et al. studied the effect of phage use on gastroenteritis. 120 pediatric patients were 

divided into 3 groups. The first group (placebo) received oral hydration and zinc, the second 

and third received various phage suspensions. No clinical differences in the course of diarrhea 

were observed between the groups. Causes of failure are seen, including  too low E.Coli titers 

requiring higher doses of oral phages [9] 

 

5.2 Local infections 

In the case of regional infections, as in the case of the osteoarticular system infections, 

bacterial biofilm is often formed, which is characterized by heterogeneity and antibiotic 

resistance. This situation causes therapeutic difficulties [21]. 

In 2017, an article was published on the therapeutic options of bacteriophages in the context 

of a diabetic foot complicated by ulceration. It describes infections with MRSA strains 

resistant to standard treatments. Healing of ulcers was observed after phage therapy. In 

addition, methicyllin-resistant Staphylococcus aureus was eradicated [12]. 

 

5.3 Burn wounds infections 

A multicenter, randomized, double-blind study conducted in 2015-2017 in France and 

Belgium analyzed the possibilities of phage therapy for treating infected burn wounds. The 

subjects qualified to the control group received standard treatment (silver emulsion with 1% 

sulfadiazine) while the research group was treated with a phage preparation applied through a 

bandage. The primary endpoint of the study was the median time to permanently reduce 

bacteria in at least two quadrants by the quadrant method, as assessed by daily 

microbiological testing. This goal was achieved on average in 144 hours in the phage 

preparation group and 47 hours in the group receiving standard treatment. The probable 

reason for the lower effectiveness of bacteriophages was the wrong choice of phage 

preparation dose in relation to the concentration of bacteria in the burn wound. It is worth 

noting that fewer side effects were observed in the group receiving phage therapy [13] 
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5.4 Urogenital infections 

Proteus mirabilis is a common etiological factor in urinary tract infection associated with 

catheterization. This is due to the bacterium's ability to colonize and create a biofilm on the 

surface of the catheter, which causes therapeutic difficulties. 

Melo et al. studied the preventive capabilities of bacteriophages for catheter-related urinary 

tract infections (CAUTIs - catheter-associated urinary tract infections). The experiment was 

conducted on a simulation model. A significant effect of phage therapy on the reduction of 

bacterial biofilm formed by Proteus mirabilis has been demonstrated. This effect was 

positively correlated with the duration of infection. The largest difference between the control 

and research groups was found after 96 and 168 hours from the beginning of the experiment 

[18]. 

 

5.5 Nasopharyngeal infections 

The purpose of the study by Fong et al. was an assessment of the effectiveness of phage 

therapy in the eradication of biofilm created by various strains of P. aeruginosa, isolated from 

patients with chronic sinusitis and nasal infection. The experiment was conducted in vitro. 

After 24 and 48 hours of study duration, a statistically significant reduction in biofilm (p 

<0.0001) was observed, regardless of the strain's antibiotic resistance. The average reduction 

in biomass after 48 hours was 76% of the baseline [20]. 

 

6. Summary 

The presented research results suggest the possible effectiveness of phage therapy in 

osteoarticular infections and a wide spectrum of other infections. Due to the fact that this is an 

experimental therapy, many studies are still carried out in vitro. The promising results of 

clinical trials and the growing problem of antibiotic resistance suggest that phage therapy will 

gain great popularity in the near future. Nevertheless, until the results of extensive, 

randomized, multicentre studies are published, the role of phage therapy in modern medicine 

will remain undefined. 
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