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All over the world, the resistance of bacteria to antibiotics is becoming a grave medical problem. Independent of the resources of the medical system, whenever antibiotics are used the development of resistance is a logical consequence; like all other living organisms, bacteria adapt to changing environmental conditions in a continuous process of evolution. The question is not whether but when antibiotic resistance will occur. 
During the last 30 years, no new classes of antibiotics have been found, even with the help of modern biotechnology such as genetic engineering. Pharmaceutical companies have mainly focused on the development of new products derived from the known classes of antibiotics. 

Bacteriophages: The road not taken 
A possible alternative for the treatment of bacterial infections could be the use of bacteriophages, which are viruses that live on bacteria.  Each kind of bacterium hosts its own, specific phages, which can be found wherever that particular bacterium grows. Thus, phages can be selected and isolated as an antidote from sewage, faeces, soil, or springs. Further processing of bacteriophages depends on the intended treatment. For external use, such as for wound healing, the process is simple, whereas for internal treatment the sample has to be cleaned from bacterial debris that might be toxic. Compared with chemical antibiotics, bacteriophages offer several advantages. 

· Limited impact. Unlike antibiotics, bacteriophages are self-replicating as well as self-limiting. Bacteriophages replicate exponentially as long as the specific bacteria are available in abundance. With a decreasing amount of bacteria, the number of phages declines too and they are gradually eliminated from the patient and from the environment. Depending on the form of application, a single dose may be sufficient. 

· Limited resistance development. Bacteria will certainly develop resistance to phages too. However, since phages have a higher mutation and replication rate, they can outcompete the adaptation of the bacteria, and development of resistance is therefore limited. 

· Specific targets. Treatment with chemical antibiotics often causes bacterial imbalance since they will kill any non-resistant bacteria in your body: good or bad. Bacteriophages, on the other hand, target a particular kind of bacteria far more specifically than chemical antibiotics, and therefore cause much less damage to the human intestinal flora. 
Few side effects have been reported; nevertheless, phages can cause adverse immune reactions, particularly after internal use. However, this problem could be alleviated by treating patients that show adverse effects with a different, unrelated phage the next time they have a bacterial infection. 
Especially in hospitals, phages can be used prophylactically against nosocomial infections as well as for the disinfection of problem areas. Phages can be used either independently or in combination with antibiotics. 
Historical context 
Bacteriophages are not a new field of scientific interest. As much as a hundred years ago, it was reported that the waters of the rivers Ganges and Junna in India possessed astonishing antibacterial properties. Edward Twort (1915) and Felix d’Herelle independently described filterable entities that could destroy cultures of bacteria. D’Herelle called them ‘bacteriophages’; not so much ‘bacteria eaters’, but in the sense of ‘developing at the expense of bacteria’. Over the following years, research on bacteriophages took off worldwide. In 1921, it was reported for the first time that skin infections caused by Staphylococcus had been successfully treated with bacteriophages. Phage therapy was used to cure dysentery, typhus, paratyphus, cholera and infections of the urinal tract. With the advent of new chemical antibiotics like penicillin, which became widely available in the 1940s, research on the potent but unpredictable phage therapy was abandoned in the western world. 

Research in the Soviet Union and Eastern Europe 
Meanwhile in the Soviet Union, the research on phage therapy flourished ever since in 1923 the Institute of Bacteriophage, Microbiology and Virology was founded in Tblisi, Georgia. From the 1950s, antibiotic resistance was a known problem also in the Soviet Union. By decree from Moscow, specimens of all antibiotic-resistant bacteria from all over the Soviet Union were sent to Tblisi to set up what became the world largest collection of antibiotic resistant bacteria and corresponding phages. Here, the replication, biochemical properties and the phage sensitivity of several thousands different pathogenic strains of bacteria, such as Staphylococcus, Streptococcus, Proteus, Pseudomonas aeruginosa and Clostrium were studied. 
Based on the research of the institute, phage preparations have been continuously improving. One of the latest developments is called ‘IntestiPhage’, containing 17 different phages against different intestinal bacteria. This might eliminate the need to identify the specific species of bacteria causing an infection prior to treatment.  According to Georgian physicians, phage therapy is part of common medical care, especially in paediatric, surgical and burns hospital settings. They are used independently or in combination with chemical antibiotics against primary as well as hospital-acquired infections, as prophylactics, for treating the incision area before surgery, and for disinfecting operating theatres. 

Alternative and future applications 
In principle, the application of bacteriophages is not limited to medical uses for humans or animals. It might be used in agriculture to deal with bacterial infestations like citrus canker (Xanthomonas citri), which are treated with antibiotics. This application also affects the soil microbiology. Replacing antibiotics with bacteriophages might be one step towards a sustainable agriculture. 
Phage therapy is especially interesting for medical care in developing countries. According to the WHO, in developing countries infections and parasitic diseases are responsible for the death of twenty million people per year. Especially in Africa, dysentery caused by Shigella dysenteria is common. The availability of advanced antibiotics is often limited by their higher costs. On the other hand, phage therapy has proved to be effective against dysentery since the first days of phage therapy research.  
Phages will not be the panacea of medicine, but phage therapy research will gain momentum because traditional antibiotic research has come to a stop. Appropriately selected phages can easily be used to help prevent bacterial diseases in humans or animals, with potential for alternative applications and special interest for developing countries. 

Directions for Bacteriophage Questions: Answer all questions in complete sentences.  All answers should be your words not direct quotes from the article.  

1.  The following words are used in this article.  IN YOUR OWN WORDS, what do they mean in the context they are used? 

a. Prophylactics:


b. Panacea: 


c. Nosocomial: 

2. Explain the therapy being discussed in this article including why it is necessary.  

3. Is this therapy new?  Explain.  

4. Why is the specificity of phages an advantage over generalized antibiotic?
5. How were bacteriophages discovered?

6. What is the disadvantage of phages being extremely specific to one species?  Explain the new development that may help this problem.  

