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Introduction: 

Antibiotic resistance has become one of the biggest threats to global health and is rising to 

dangerously high levels in all around the world. New resistance mechanisms are emerging and spreading 

globally leading to the emergence of untreatable superbugs. In the 1960s, an alternative approach to 

traditional antibiotics was discovered - predatory bacteria, a new group of bacterial pathogens “enemies”. 

The purpose of this review is to provide up-to-date information about Bdellovibrio-and-like organisms 

(BALOs). 

Materials and methods: review of scientific literature, studies, and international experience that provide 

information on predatory bacteria. 

Conclusion: The antibiotic-resistance crisis has inspired researchers in recent years to look for new 

approaches to treat life-threatening bacterial infections. To date, the ability of predatory bacteria to prey 

efficiently on Gram-negative bacteria suggests a promising, novel way to combat infection. Future studies 

should focus on assessing the efficacy of predatory bacteria to prey on Gram-negative pathogens in vivo. 
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For seven decades, humankind has benefited from the availability of antibiotics to treat 

bacterial infections 4. However, the overuse of antibiotics has put pressure on bacteria to evolve 

resistance against these drugs, leading to the emergence of untreatable superbugs 29. Antibiotic 

resistance has become one of the biggest threats to global health and is rising to dangerously high 

levels in all around the world. New resistance mechanisms are emerging and spreading globally, 

threatening our ability to treat common infectious diseases 31. Diseases due to antibiotic-resistant 

pathogens require longer hospital stays treatments tend to higher costs, high economic burden on 

health care system and more toxic side effects. 

In 2016 The United Nations General Assembly met to discuss the seriousness and scope 

of antimicrobial resistance, in the face of predictions that if antimicrobial resistance continues to 

spread at current rates, there would be an estimated 10 million deaths globally by 2050 15. In 2018, 

the World Health Organization (WHO) released surveillance data confirmed that around the world, 

some of the most common infections are becoming drug resistant, resulting in longer illnesses and 

tens of thousands deaths each year 30. At the same time, not enough new antimicrobial drugs, 

especially antibiotics, are being developed to replace older and increasingly ineffective ones, 

which means that the types and number of new drugs in the pipeline will not be sufficient to 

overcome the threat. While the creation or discovery of new antibiotics with novel mechanisms of 

action, changes in treatment modalities, the prudent use of antibiotics are one solution, alternative 

approaches are also required for reducing the threat from multi-drug resistant bacterial infections18. 

In the 1960s, a new group of “enemies” of bacterial pathogens was discovered - predatory 

bacteria. Predatory bacteria represent an alternative approach to traditional antibiotics that target 

essential cellular functions such as protein, DNA, RNA and cell wall synthesis18. The group of 
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Gram-negative proteobacteria including the species Bdellovibrio bacteriovorus and Micavibrio 

aeruginosavorus have been hypothesized to be useful “living antibiotics” 16,22,23. 

The initial discovery of Bdellovibrio happens accidentally while phage is searched in soil 

samples 24. In 1982, while searching for Bdellovibrio samples in wastewater, researchers isolated 

a new species of exoparasitic Bdellovibrio-like bacteria that they called Micavibrio13. 

B. bacteriovorus have been found in soil samples, rhizosphere of plant roots, rivers, oceans, 

sewage, intestines and feces of birds and mammals, and even in oyster shells and the gills of crabs 
28. B. bacteriovorus are able to thrive in almost any habitat. They need only oxygen and some other 

Gram-negative bacteria present in its environment.  

Bdellovibrio bacteriovorus and Micavibrio aeruginosavorus are small, highly motile, 

uniflagellate Gram-negative bacteria that prey naturally on other Gram-negative bacteria14,24. 

Bdellovibrio bacteriovorus is a deltaproteobacterium which invades the periplasm of other Gram-

negative bacteria, replicates, and finally lyses the host cell 21,25. Micavibrio aeruginosavorus does 

not invade its prey like Bdellovibrio but rather feasts upon it by attaching themselves to the outer 

membrane 13,27. Micavibrio unlike Bdellovibrio, cannot be cultured without prey and it is an 

exceptional predator of Pseudomonas aeruginosa and Escherichia coli  5,11,12. From literature it 

was reported that B. bacteriovorus is capable to attack different Gram-negative bacterial genera 

(Escherichia, Salmonella, Legionella, Pseudomonas, Acinetobacter baumannii and Klebsiella 

pneumoniae, Proteus species) and their pre-formed biofilms 11,12,22 and A. hydrophila infection in 

fish 2,3. It shown to be a useful biocontrol agent against Salmonella Enterica in young chickens1. 

Bdellovibrio-and-like organisms (BALOs) are a promising potential novel agent against 

bacterial pathogens and present several advantages when considering their use for controlling 

infection 7. Previous studies have confirmed the ability of predatory bacteria to control a broad 

range of important human pathogens in vitro, including multidrug resistant bacteria 16, grown both 

planktonically and in biofilms 5,10,11. Many authors reported the predatory efficiency of BALOs 

against Escherichia coli in urinary tract infections, enterohemorrhagic Escherichia coli in 

gastrointestinal infections and wound, burn and respiratory infections caused by Pseudomonas 

aeruginosa 7. In addition, BALOs appear to have no negative effect on human cells when 

challenged in vitro 20. Bdellovibrio organisms also have the ability to survive in the absence of 

prey species in a growth phase known as the preyor host-independent (HI) state, and these cells 

are isolated from prey- or host-dependent (HD) cells 17. Due to its selective preying capacity on 

Gram-negative bacterial species 9,17 B. bacteriovorus is probably involved in keeping the balance 

between the different bacterial species living together in a community, acting as an ecological 

balancer species” 7,26,28. It was recently found in the human gut of all healthy individuals examined 

and might be native commensals of the human gut and might even play a role in maintaining 

healthy gut flora 8. Bdellovibrio species are reported to be unable to prey on eukaryotic cells, and 

as such, they pose no direct risk to human or animal health 1. BALOs also have wide applications 

in food industry, agricultural field, animal husbandry. As M. aeruginosavorus reduce bacteria that 

form biofilms it also might have industrial uses, such as reducing biofilms in piping, and for 

medical devices, such as implants that are susceptible to the formation of biofilms.  

Such studies have now shown that B. bacteriovorus has real potential in a therapeutic 

setting. Safety profiling in animals has revealed that they show generally low immunogenicity 

compared with bacterial pathogens, do not damage eukaryotic cells, and are well-tolerated in vivo 
31. When delivered to a bodily site of infection, B. bacteriovorus persists long enough to be 

predatorily effective against its bacterial prey, but the predator population is ultimately transient 
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and cleared by the host immune system 31. Finally, its broad prey range and recently reported 

therapeutic efficacy, in a range of discrete physiological locations in live animals, suggest B. 

bacteriovorus could be a safe treatment option to tackle a variety of serious gram-negative 

infections 31. 

Bdellovibrio strains have long been proposed as a future alternative for antimicrobial 

therapy, and it has been suggested that they would be suitable for external use (such as in infected 

skin wounds 22. Predatory bacteria attack and destroy Gram-negative bacteria irrespective of 

growth state or antibiotic resistance status.  

The antibiotic-resistance crisis has inspired researchers in recent years to look for new 

approaches to treat life-threatening bacterial infections. One biologically-based microbial control 

strategy is the use of predatory bacteria 7. To date, the ability of predatory bacteria to prey 

efficiently on Gram-negative bacteria suggests a promising, novel way to combat infection. 

However, while efficacy of predatory bacteria has been shown in vitro, before they can be used 

clinically, their safety in a mammalian host must be confirmed. Future studies should focus on 

assessing the efficacy of predatory bacteria to prey on Gram-negative pathogens in vivo and giving 

insights into the predatory spectrum of BALOs. 
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