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Insights in phage biology: 2021

Antibiotic resistance is an emerging problem that is forcing a growing search for

alternative approaches to conventional antibiotics (O’Neill, 2016; Wainwright et al.,

2017). Phage therapy emerged as an effective solution that can be used to deal with

antibiotic resistance in human, animal, and environmental sectors. Bacteriophages are

bacteria-specific viruses that exhibit antimicrobial activity against antibiotic-resistant

bacteria without infecting the host cells. They are present in terrestrial and aquatic

ecosystems, including plants, animals, and humans, and can be used as a health strategy

to combat antibiotic resistance (Garvey, 2020).

The antibiotic resistance crisis motivates the scientific community to rethink the use

of bacteriophages to control human infections caused by antibiotic-resistant bacteria.

However, despite the early successes, the use of phage therapy in the clinic is sporadic in

the Western world, it is only used as a compassionate treatment when antibiotics do not

work (Schooley et al., 2017; Dedrick et al., 2019; Law et al., 2019). Contrary to Eastern

Europe, inWestern Europe and USA, no application currently holds approval that allows

phage therapy free practice in the treatment of human infections.

Although phage therapy has been used as a compassionate treatment when

antibiotics do not work, antibiotic resistance is not the only problem. There are

many other infections that require urgent development, such as wounds, intracellular

bacterial infections, infections caused by biofilm-forming bacteria, and bacterial chronic

infections, for which antibiotics are not effective. For these indications, phages are ideal

even when bacteria are antibiotic-sensitive.

Bacteriophages have also been used as promising candidates for controlling bacterial

infection in other areas, such as in veterinary medicine, the food industry, agriculture,

and aquaculture (Fernández et al., 2018; Schulz et al., 2022). In these cases, it is imperative

to evaluate the impact of bacteriophages on the environment and also the effect of abiotic

factors on phage viability; for instance temperature, pH, salinity, and radiation (Pereira

et al., 2021, 2022).
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Furthermore, overall, more in vivo studies are also required

to translate the approach to the field when phage therapy is used

in humans, animals, or the environment. In vitro studies are not

plentiful to comprehend phage-bacteria interactions that go on

in vivo, which hinders the translation of the treatment to the field

(Park and Nakai, 2003; Silva et al., 2014, 2016).

Another important aspect to consider when bacteriophages

are used is the presence of virulent genes in the phage genomes,

such as antimicrobial resistance genes and genes codifying for

toxins, potentially influencing host performance, namely its

virulence. This phenomenon is more frequent in temperate

phages (Silveira et al., 2020; de Nies et al., 2021), not used in

phage therapy. However, some lytic phages can integrate their

nucleic acid into the host genome, becoming prophages. Several

studies have shown that the presence of prophages can affect

host characteristics, in particular, antibiotic tolerance, biofilm

formation ability, and toxicity (Fortier and Sekulovic, 2013;

Touchon et al., 2017; Costa et al., 2018).

In this special issue, recent developments in some of these

phage treatment topics are pointed out. It comprises four papers

focused on the use of bacteriophages in humans. The first two

involve the evaluation of the use of phages on the human

microbiota (Buttimer et al.); in animals (Li et al.), including in

vitro and in vivo studies. The second two papers are focused

on the study of new phages, belonging to new clusters, which

help to understand the virus-host interaction (Dong et al.) and

the implication of the presence of genes codifying for virulent

factors, namely toxins, in phage genomes (Ribeiro et al.).

As regards the use of phage therapy in humans (Buttimer

et al.), the results of the study show that a cocktail of six

phages targeting two bacteria is implicated in the development

of the human gastrointestinal tract (IBD). Escherichia coli and

Enterococcus faecalis, used as part of a defined community

of a bacterial consortium with six members (SIHUMI-6),

caused a 1.1–1.5 log reduction in the bacterial numbers when

tested in a continuous fermenter, but not when tested in a

murine colitis model. The phage addition in the fermenter

cause variations in other SIHUMI-6 bacterial strains, increasing

Lactobacillus plantarum and Faecalibacterium prausnitzii. The

results obtained using the mice model also suggest that the

phage cocktail impacted the other SIHUMI-6 consortium, but

did not affect the target bacteria. Overall, it can be concluded

that the potential of phages to reduce host populations in vitro

did not translate to an in vivo model, which has implications

for translation to the field and the use of phages as a tool

to engineer microbial populations (Buttimer et al.). In the

study involving the use of phages on animals (Li et al.), 15

newly isolated phages targeting Salmonella, the most common

pathogen in poultry, but also a significant foodborne pathogen,

exhibited lytic capacities and infected a wide host range

of serovars of S. enterica in vitro. Three of these phages

were used in a cocktail and tested 24 h before and during

for Salmonella and compared to S. Enteritidis in a chicken

model. The treatment significantly reduced intestinal tract

colonization and decreased inflammation in the duodenum. The

results indicate that the three phages cocktail could be used

against multidrug-resistant Salmonella in animal production,

mitigating the transmission of infections by zoonotic Salmonella

species. The in vitro results were confirmed in the in vivo

studies, but, taking into account the results obtained in the

study of Buttimer et al., more studies, such as histology

scores of the human gastrointestinal tract of the chicken

model, should be done in order to translate the treatment to

the field.

In the study of Dong et al., a novel lytic Shewanella

phage, with a linear double-strand genome, was isolated from

the surface coastal waters. It was the first isolated Podovirus

infecting Shewanella and the phylogenetic analysis suggests that

this virus can represent a novel viral genus, Bocovirus. As

in this study, most of the phages used to inactivate bacteria

are isolated from the environment (Dong et al.), including

adverse environments. Environmental selection pressures and

the survival of the fittest generates a rich collection of

competitive phage types in the environment. This study reports

a new interaction system that can be used for studying phage–

host interactions, providing new genome information for viral

metagenomic analysis in the marine environment.

Although phages have been indicated as achievable solutions

for controlling bacterial diseases, lytic phages can become

prophages, influencing host characteristics. In the study of

Ribeiro et al., all complete genomes of Paenibacillus larvae (the

agent of American Foulbrood, a bacterial disease that affects

honeybee brood worldwide) available on the NCBI database,

are evaluated in order to detect prophages. The 55 prophages

identified in the genomes of the 11 P. larvae were examined

for the existence of genes encoding relevant characteristics

related to P. larvae, such as antimicrobial resistance, toxins,

or bacteriocins activity. This is the first in-depth study of P.

larvae prophages showing significant knowledge of their impact

on the host virulence and fitness in the five ERIC genotypes

of P. larvae, as new features were assigned to the viruses.

Although more studies are necessary in order to confirm these

results, using, for instance, a higher representation of P. larvae

strains diversity, the results show the relevance of the role of

prophages in the pathogeny of P. larvae, regarding its virulence

and fitness.

Overall, these four papers gathered more knowledge

of phage treatment, demonstrating that bacteriophages are

promising tools for the control of pathogenic bacteria in

different sectors, but there is still a need for new developments

to translate this technology to the field, such as more ex vivo and

in vivo studies.

It was a pleasure to edit a special scientific publication

with the results of these important recent studies from different
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research groups to inspire researchers to respond to the current

underutilization of phages.
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