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Introduction
Bacteriophages (colloquially named phages) are viruses 

that infect microorganisms belonging to the domain Bacteria. 
Those viruses are found in abundance everywhere bacteria 
thrive, being one of the most widespread biological entities on 
Earth, their number being approximated to 1031 phages [1]. 
Their remarkable ubiquity and diversity make them one of the 
most studied organisms, and these studies lead to solving many 
unanswered questions of microbiology, molecular biology, and 
genetics [2]. Infectious diseases have always been a great burden 
on human health, as everyone can presently experience during 
the Coronavirus Disease 2019 (Covid-19) pandemic, and medical 
sciences tried to find treatments to combat those diseases. Before 
the widespread availability of antibiotics, phage therapy has been 
considered a viable means of treating infectious diseases, with 
early animal model trials taking place as early as 1919 [3], and 
news of the possible cure for infections has spread to different parts  

 
of the world, including the former Soviet Union and Eastern Europe 
[4], Brazil [5], India [6], and even in the United States [7], though 
for a short time. After penicillin became available in 1943 and 
up to 1980, phages have been employed by science in numerous 
studies regarding viral biology and replication, mutations, genetic 
recombination, transduction, the structure of DNA and RNA, and 
protein synthesis [8].

Other scientific breakthroughs involving phages include phage 
display [9] and CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats) [10]. Phage therapy for bacterial infections, 
however, has fallen to the wayside of research in Western countries 
due to the efficiency of antibiotics, being continued only in the 
former communist bloc [11]. Renewed interest in phage therapy 
has been on the rise since the beginning of the antimicrobial 
resistance crisis, one of the greatest threats to human life, which 
is expected to be the cause of 10 million deaths per year by 2050, 
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surpassing deaths related to cancer [12]. The search for new 
antibiotics to combat resistance is a race against time in which 
we seem to be lagging, due to new antibiotic discoveries being in 
decline, because such research has become prohibitively expensive 
[13]. Thus, trying to find alternative ways to tackle the problem of 
antibiotic resistance has become a significant topic of research. 
Much progress has been done in understanding how phages may 
be used as therapeutic agents, since the days of the early pioneers, 
as we now understand enough of the biology of phages to allow 
us to use them safely and effectively. We will discuss some of their 
properties and how they can be used in therapy’s advantage.

Phages are highly specific pathogens, being able to infect only a 
small number of related bacterial strains, only very few identified 
phages being able to infect more than one species [14]. This means 
that phages can be viewed as a narrow-spectrum therapeutic 
agent, useful when targeting a known bacterial pathogen. However, 
this means that highly accurate microbiological diagnostic of the 
etiology of the infection is needed, which may be too expensive or 
challenging in some parts of the world. Modern understanding of 
the importance of the microbiome* (that is, all the microorganisms 
that colonize the human body) in health and disease has turned 
the biomedical community’s attention towards these kinds of 
narrow-spectrum therapeutic agents. Numerous recent findings 
about the microbiome now link its alteration to several diseases, 
such as inflammatory bowel disease, rheumatic arthritis, obesity, 
diabetes, neurodegenerative disorders, and cancer [15]. The use 
of broad-spectrum antibiotics can greatly alter the microbiome, 
which can lead to further decline of critically ill patients [16]. Also, 
these patients could already receive other treatments for their 
comorbidities which may interact with antibiotics or amplify the 
medication’s side effects. For reserve antibiotics, employed in 
treating multidrug-resistant bacteria, such as colistin, these side 
effects can be very significant [17].

Treatment failure of some multidrug-resistant bacterial 
infections, even when using reserve antibiotics, has led to multiple 
instances of using experimental phage therapy for compassionate 
use, which is a complex endeavor, as multiple criteria must be 
met and adequate phage must be discovered, tested, or sourced 
from producers where phage therapy is better established, 
such as Eastern European countries [18]. Multiple successful 
compassionate use therapy case reports have been published, 
including several infections caused by priority pathogens (as they 
are defined by the World Health Organization) [19]. Some notable 
examples of successful compassionate use of phage therapy include 
two successfully treated carbapenem-resistant Acinetobacter 
baumannii infections in critically ill Covid-19 patients [20], a 
multidrug-resistant Pseudomonas aeruginosa infection of an aortic 
graft [21], an Extended-Spectrum Beta-Lactamase Escherichia 

coli (ESBL) urinary tract infection [22] and a methicillin-resistant 
Staphylococcus aureus osteomyelitis [22]. An alternative to 
administering phage in the treatment of bacterial infections is the 
utilization of phage antimicrobial products, called lysins, which 
are enzymes that degrade the bacterial cell wall during lytic phage 
release. Gram-positive bacteria are more susceptible to these 
compounds because their cell wall is externally accessible, allowing 
for lysins to work from the outside of the bacteria [23].

Another way phages can be used against diseases is by utilizing 
them in the creation of vaccines, through the technique named 
phage display. Some phages can be employed in the development 
of vaccines against parasites, fungi, anthrax, plague, foot and 
mouth disease, Epstein-Barr virus, hepatitis B and Zika viruses. 
Oncologic patients can benefit from phage-based anti-cancer 
vaccines as well, which target tumor-specific antigens of breast 
cancer, melanoma, lung cancer and liver cancer cells [24]. A novel 
breakthrough in oncology involves phage-based nanotechnology in 
fighting multiple cancer promoting factors at the same time. Some 
bacteria are commonly found associated with cancer cells, even 
in distant metastases, which have been named Tumor-Associated 
Bacteria (TAB) and are proven to exhibit pro-tumoral mechanisms 
[25]. These bacteria can be specifically eradicated using modified 
phages, that at the same time deliver chemotherapy to the site 
of the tumor and release substances that increase the number 
of bacterial species exhibiting anti-tumoral properties (such as 
butyrate-producing bacteria) [26]. The future application of phages 
in biomedical sciences can be considered a certainty, as they have 
contributed significantly to the advance of science in the past. 
Whether phage therapy will be a successful solution in fighting 
against antimicrobial resistance seems promising, but numerous 
obstacles will have to be overcome before it is largely applied.
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