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Abstract: Bacteriophages (phages) are viruses that infect bacteria and rank 

among the most abundant biological entities on Earth. Structurally, they 

consist of a nucleic acid genome enclosed in a protein capsid, with some 

possessing tail structures for attachment to hosts. They are classified into 

two main types based on their life cycles: lytic phages, which rapidly 

replicate and destroy bacterial cells, and lysogenic phages, which integrate 

into the host genome and remain dormant. 

Phages have attracted growing attention as a promising alternative to 

antibiotics amid rising antimicrobial resistance (AMR), offering targeted 

elimination of bacteria with minimal impact on beneficial microbiota. They 

are also widely utilized in molecular biology, food safety, and 

biotechnology. However, challenges such as narrow host range, immune 

responses, regulatory barriers, and the risk of horizontal gene transfer 

continue to hinder their broader clinical application, though advances in 

genetic engineering and phage cocktail development are helping to address 

these hurdles. 

This study provides a comprehensive overview of phage biology, 

classification, mechanisms of action, and life cycles, with particular focus on 

their role in combating AMR. Overall, bacteriophages represent a versatile 

and powerful biological tool, and continued research and innovation are 

essential to fully unlocking their potential in addressing global infectious 

disease challenges. 

In conclusion, bacteriophages represent a powerful and versatile biological 

tool with significant potential in medicine, research, and industry. 

Continued exploration and innovation are essential to fully harness their 

capabilities in combating bacterial infections and addressing global health 

challenges. 
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1. Introduction 

Viruses are regarded as intracellular parasites that require a specific host cell for replication. A 

type of virus that targets and replicates only within bacterial cells is called a bacteriophage [1]. 

Bacteriophages (phages) are viruses that specifically infect bacteria. They can be found in almost 
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all ecosystems. It is estimated that approximately 1031 phages exist globally (108 phage species 

predicted), making them the most prominent biological system on earth [2],[3],[4],[5],[6]. 

Bacteriophage is derived from “bacteria” and the Greek word phagein, signifying “to devor.” 

The term “Prokaryote viruses” is preferable because it also includes viruses, mostly from 

hyperthermophiles, that do not resemble conventional bacteriophages. They are the most 

abundant organisms in the biosphere [7]. Bacteriophages were the first type of viruses to be 

discovered. Many foundational discoveries in molecular biology—the proof that DNA was the 

molecule transmitting genetic information, the basic mechanisms of gene regulation, and the 

genetic code —were made using bacteriophages [8].  

These viruses can be double-stranded DNA (most common), single-stranded DNA, single-

stranded RNA, and double-stranded RNA (least common). Most virions (96%) are tailed; other 

types are cubic, filamentous, or pleomorphic. These virions attach to specific bacteria and 

achieve killing by enzymes, endolysins, and holins, without affecting the commensal microflora 

because of host specificity [9] 

 

2. Historical background  

Phages were first described in 1915 by Frederick Twort and in 1917 by Felix d’Herelle. Both 

men discovered phage when the bacteria they were working with lysed. The agent responsible 

for the lysis was transferable from culture to culture, invisible under light microscopy, and 

passed through the smallest filter available to them. d’Herelle coined the term “bacteriophage”, 

signifying an entity that eats bacteria [10]. 

In 1896, Ernest Hanbury Hankin, a British bacteriologist working as the Chemical Examiner and 

Bacteriologist to the Government of the United Provinces and of the Central Provinces of India, 

demonstrated that the waters from the Indian rivers Ganga and Yamuna contained a biological 

principle that destroyed cultures of cholera-inducing bacteria. This substance could pass through 

Millipore filters, which are known to retain larger microorganisms such as bacteria. He published 

his work in French in the Annals of the Pasteur Institute [11]. In 1915, while he was studying the 

growth of vaccinia virus on cell-free agar media, Frederick Twort, a British microbiologist, noted 

that “pure” cultures of bacteria may be associated with a filter-passing, transparent material that 

may entirely break down bacteria in a culture into granules [12]. This “filterable agent” was 

demonstrated in cultures of micrococci isolated from vaccinia: material from some colonies that 

could not be subcultured was able to infect a fresh growth of micrococcus, and this condition 

could be transmitted to fresh cultures of the microorganism for an almost indefinite number of 

generations. This transparent material, which was found to fail to grow in the absence of 

bacteria, was described by Twort as a ferment secreted by the microorganism for a purpose that 

was unclear at the time. 

Two years after this report, Félix d’Herelle independently described a similar experimental 

finding while studying patients with bacillary dysentery or recovering from it. He isolated a so-

called “anti-Shiga microbe” from the stools of recovering Shigella patients by filtering stools 

incubated for 18 h. This active filtrate, when added to either a culture or an emulsion of the Shiga 

bacilli, caused arrest of the culture, death, and finally lysis of the bacilli [13]. D’Herelle 

described his discovery as a “veritable” microbe of immunity and an obligate bacteriophage. He 

also demonstrated the activity of this anti-Shiga microbe by inoculating laboratory animals with 

it as a treatment for shigellosis, thereby seeming to confirm the clinical significance of his 

finding by satisfying at least some of Koch’s postulates. 
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Figure 1: Timeline of some of the important events that occur during the studies of phage 

therapy and antibiotics. The curves in the figure represent a qualitative measure of the 

overall interest, research, and use of phage therapy and antibiotics, showing how the 

introduction of antibiotics and the critical review of the early phage therapy studies 

coincided to bring phage therapy research and development to an almost complete 

standstill around the 1940s [14]. 

 

3. Methodology  

The present review, Overview of Bacteriophages, was conducted through a comprehensive 

literature search by independent reviewers using electronic scientific databases. Relevant studies 

published in PubMed, Google Scholar, and Web of Science were systematically examined. In 

addition, selected unpublished online resources related to the topic were also reviewed. 

The search strategy included the following keywords: bacteriophages, phage therapy, 

alternatives to antibiotics, bacteriophage isolation, double-layer agar technique, plaque assay, 

phage typing. 

 

4. Result and Discussion 

Bacteriophage classification 

To approve and coordinate the taxonomic coding and nomenclature of viruses, the International 

Committee on Taxonomy of Viruses (ICTV) was established in 1973. Notably, classification is 

crucial for the following reasons: finding novel bacteriophages, determining how phages are 

related to one another, and maintaining bacteriophage databases and collections. Additionally, it 

can be used to identify either hazardous bacteriophages in the biotechnology and fermentation 

industries for control and eradication purposes or beneficial bacteriophages with medicinal and 

industrial applications [14][15]. Phages are classified into families based on their morphology, 

nucleic acid composition, capsid structure, and host range. The International Committee on 

Taxonomy of Viruses (ICTV), more specifically, the Bacterial and Archaeal Viruses 

Subcommittee (BAVS), is responsible for phage taxa. Phages are divided into different 

morphotypes. Caudiviricetes comprises dsDNA-tailed bacterial and archaeal phages. Non-tailed 

phages are distributed into different morphotypes, which include the Corticoviridae (circular 

dsDNA), Tectiviridae (linear dsDNA), Plasmaviridae (circular supercoiled 

dsDNA), Cystoviridae (tri-segmented dsRNA), Leviviridae (ssRNA), Tubulavirales (ssDNA 

phages), and Microviridae (ssDNA phages). The vast majority of phages identified to date 

belong to the Caudoviricetes class, which is currently divided into 7 orders, 44 families, and 44 

subfamilies [16]. It contains phages with varying tail lengths, icosahedral capsids, and double-

stranded DNA genomes [17],[18]. These numbers, however, are constantly changing due to the 

rapid increase in the amount of sequenced data available. The three major families that make up 

the Caudovirales account for 60% of the described phages: Siphoviridae, Myoviridae, and 
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Podoviridae [15],[19],[20]. However, only three to four percent of the phages studied 

(polyhedral, filamentous, and pleomorphic) belong to the ten families examined, and some of 

these families are extremely small [21]. 

Biological Features and Structure of Bacteriophages 

Generally, phages possess DNA or RNA genomes stored within highly symmetric protein 

capsids for protection. These capsids can be icosahedral, helical, or other shapes. They may be 

covered with an outer lipid membrane (e.g., Cystoviridae) or have a lipid membrane covering the 

capsid (e.g., Tectiviridae, Corticoviridae). In addition to genome protection, phages require 

apparatuses for host cell recognition. Simple phages like Leviviridae have a single minor capsid 

protein for this purpose, while more complex phages like Inoviridae and Tectiviridae dedicate 

multiple proteins to host cell recognition. Caudovirales possess highly efficient tail protein 

complexes for DNA transfer. Moreover, complex phage particles may contain proteins for 

environmental sensing, binding to suitable matrices, and other functions [22]. 

 
Figure 2:major parts of the bacteriophage structure [9]  

Bacteriophage life cycles. 

   

Phages can be classified into two types based on their different modes of action on host bacteria 

[15],[23]. The first type is the virulent (lytic) phage, which replicates and proliferates inside the 

host bacterial cell. Eventually, it lyses the bacteria, releasing progeny phages [24]. The virulent 

phage attaches to specific receptors on the bacterial surface and injects its genetic material into 

the host for replication. The resulting progeny phages cause bacterial lysis via holins and 

endolysins, thereby terminating the infection. These progeny phages are then released into the 

surrounding environment to initiate killing again. Under normal circumstances, the second type 

of phage does not produce progeny phages or cause bacterial lysis. Instead, it integrates its 

genome into the host bacterial chromosome and transfers it to the progeny bacterium’s genome 

as the bacterium replicates and divides. This type of phage is referred to as a temperate phage or 

a lysogenic phage [25],[26]). In the lysogenic cycle, the phage genome (known as a prophage) 

replicates with the host DNA, either integrated into the host chromosome or in a free, plasmid-

like state, forming a long-term, stable coexistence with the host [27]. Subsequently, when the 

bacterium replicates and divides, the phage genome is transferred to the progeny bacteria's 

genomes, a process accompanied by vertical genetic transfer [27]. 

Upon binding to their specific receptor, phages form a pore in the bacterial cell wall and inject 

their DNA into the cell, while the viral capsid remains outside the bacterium. This is followed by 

the expression of phage early genes, which, in the case of lytic phages, redirect the bacterial 

biosynthetic machinery toward the synthesis of viral nucleic acids and proteins. Assembly and 

packing of phages is then observed before bacterial cell lysis and release of phage progeny occur. 

Phages' late enzymes, such as lysins, holins, and murein synthesis inhibitors, are then employed 

during the virion burst in the extracellular environment. The number of viral particles released, 

or burst size, varies greatly depending on the phage, the state of the bacterial host, and other 

environmental factors, such as the nutritive components surrounding the host [28]. 
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Figure 3: life cycles of bacteriophage [29]. 

 

Mechanisms of Phage Action Against Bacteria 

Phage therapy typically employs virulent phages to lyse bacteria and treat pathogenic bacterial 

infections. The lysis of bacteria by virulent phages can be divided into two processes based on 

their genome types: single-stranded genome phages encode lysogenic effector molecules capable 

of inhibiting bacterial peptidoglycan biosynthesis, while double-stranded DNA phages 

synthesize two proteins—holin and endolysins—that disrupt the intracellular membrane or cell 

wall of the host bacteria [30,31]. When the phage lytic cycle is completed, and progeny phages 

mature within the bacterial cell, holin forms pores in the bacterial inner membrane. 

Subsequently, endolysins pass through the inner membrane and act on the bacterial cell wall’s 

peptidoglycan, causing peptidoglycan linkages to break and leading to osmotic lysis of the 

bacteria. The growth and lysis of bacteria by virulent phages can be divided into four stages, as 

depicted in Figure 1: adsorption, penetration, biosynthesis, maturation, and release [32]. During 

adsorption, phages specifically attach to receptors on the bacterial surface through phage-

encoded polysaccharide depolymerases that recognize components such as capsules, 

lipopolysaccharides (LPS), and biofilm extracellular matrices [33]. This interaction is highly 

specific and represents the essential first step of infection. Although phages may adsorb to both 

living and dead bacterial cells, successful infection requires a viable host because phage nucleic 

acid cannot be injected into dead bacteria. 

 

Double-layer agar technique 

The ability of a phage to lyse its host bacterium, producing a plaque within a bacterial lawn, led 

to the discovery of phages in 1915 by Frederick W. Twort and is the basis of the classic plaque 

assay, the double-layer agar (DLA) technique, which has been used ever since [12][34],[35] to 

identify and enumerate phages and isolate mutants. In recent years, interest in phages has 

increased not only for their potential as alternatives to antibiotics (phage therapy) but also for 

their applications in many other fields (phage display, immunology, microbial genetics, 

diagnostics, vaccine development, biosensors, etc.). Isolation, detection, and/or enumeration of 

phages are essential across these applications, and growing interest in phages has broadened the 

use of the DLA technique. As a consequence, the efficiency of this method has several 

implications across different areas of biology [36],[37],[38]. While many phages form plaques 

that are sufficiently large and well-defined to be easily detected and enumerated by the classical 

DLA technique, others give rise to small, turbid plaques that are difficult to detect and count 
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accurately. In these cases, the classical plaque assay can be rather unsatisfactory and sometimes 

highly unreliable[5],[39],[40],[41]. 

The plaque assay exploits the ability of bacteriophages to kill their host bacteria. It enables 

phages to propagate on a confluent lawn of bacterial host cells immobilized in an agar layer. 

After incubation, a circular transparent area of lysed cells will develop, and each plaque 

represents a single phage particle in the original sample. The bacteriophages are usually mixed 

with host bacteria in molten agar and poured onto a bottom agar layer. Bottom layers usually 

contained 1–1.5% agar, while top layers contained 0.45–0.75% agar. Alternatively, 

bacteriophages are spotted onto the agar [41]. 

 

Plaque morphology 

Ever since the discovery of bacteriophages (phages), the prominent clearings they produce on 

bacterial lawns (lysis plaques) have fascinated countless microbiologists. In fact, the name 

bacteriophage, literally meaning "bacteria eater," was derived, at least in part, from the phage's 

ability to form clearings [13]. Besides a few exceptions, such as phage T7, for which the plaque 

continues to increase in size [43],[44], most phage plaques, after a period of incubation, assume a 

certain size and acquire a definite boundary, either with a fuzzy or a clear-cut edge. The ability to 

form plaques is not restricted to phages, since animal and plant viruses also form plaques and 

lesions on cell cultures [45], host tissues [46], or leaf surfaces[47]. It is usually assumed that a 

single virus particle initiates each plaque on plates, although not all virus particles in the sample 

can initiate infections [48].  

A virus initiates plaque formation and results in a cycle of infection in which progeny viral 

particles infect the bacterial host [49]. It is assumed that plaque size is limited by the number of 

infection cycles within the plaque. The infection cycle ceases as the embedded bacteria form a 

lawn and become unproductive on the agar media [50]. 

A virulent (follows lytic cycle) bacteriophage produces clear plaques, while a temperate (follows 

lysogenic cycle) phage tends to produce turbid plaques. The difference in plaque morphology is 

due to the phage life cycle. Virulent phages tend to have a single cyclic pattern of infection and 

immediate lysis of the host. At the same time, temperate phages tend to integrate their genome 

into the host genome, thereby halting the cycle of lysis and allowing bacterial growth, thereby 

forming cloudiness (looks like a bullseye) within a zone of plaque[50]. The size and morphology 

of the plaque can vary depending on the method and conditions used during the Experiment [51]. 

Liquid medium tends to have increased bacterial clearance due to enhanced phage mobility, 

thereby facilitating bacterial-phage interaction. However, solid media restrict phage motility after 

a specified interval, thus confining host lysis. A few phages exhibit diffusion in semi-solid 

media, thereby increasing plaque size upon prolonged incubation [52],[53]. 

Numerous researchers have studied the simplicity of the phage plaque, and many mathematical 

models have been developed based on the results. The first mathematical model was devised by 

Koch, who modeled plaque diffusion using reversible and irreversible adsorption. At present, 

many of Abedon's studies have examined the theoretical concept of phage plaque . The simple 

and universal governing factors of the plaque formation, as stated by Abedon and coworkers, are: 

1) rate of phage multiplication, 2) lysis time, and 3) the diffusion of phages [54]. However, none 

of the mathematical models are accepted by the scientific community, as they tend to show low 

agreement with laboratory findings [55]. A theoretical analysis by Abedon and others showed 

that the major factors governing plaque formation in phage are the rate of phage adsorption, the 

lysis time (latency period), and the number of progeny particles produced during infection. In 

contrast with the theoretical models available in the database, the laboratory models by Gallet 

and others. It has been shown that phages produce large plaques with a shorter latency period 

(the time the phage spends inside the host) [55]. 

 

Phage therapy 

At present, the main treatment for bacterial infection is antibiotics. Due to the extensive use of 

antibiotics, numerous problems have arisen, including the emergence of antibiotic-resistant 

bacteria, immunosuppression, antibiotic residues in animal products, and environmental 

pollution. According to statistics, 75% of bacteria in the United States are resistant to at least one 
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antibiotic, and nearly 2 million people’s health is at risk each year due to drug-resistant bacteria 

[56]. In addition, more than half of clinical Staphylococcus isolates in Japan are multidrug-

resistant [57]. A report from the British government in 2016 estimated that deaths caused by 

drug-resistant bacteria could reach about 700,000 each year [58]. It is estimated that by the year 

2050, upwards of 10 million people will die each year due to antimicrobial resistance. In 2017, 

the World Health Organization (WHO) published a list of global priority pathogens comprising 

12 bacterial species, which were categorized into critical, high, and medium priority based on 

their level of resistance and available therapeutics. It is crucial to discover, design, and develop 

new and alternative antimicrobial therapies. The current rate of resistance emergence far exceeds 

the pace of antibiotic discovery and development, representing a global public health challenge. 

 

The ability of bacteriophages to infect and kill bacteria led to the exploration of their therapeutic 

potential against bacterial pathogens in a clinical approach known as bacteriophage 

therapy/phage therapy, almost immediately after their innovation, with the first therapeutic use in 

humans described in 1919, just two years after their innovation by d’Herelle [59],[60]. Phages 

can support the progression of an inflammatory response against bacteria by degrading bacterial 

cell walls, thereby triggering the immune system [61]. Thus, bacteriophage therapies, i.e., the 

administration of bacteriophage cocktails to patients infected with bacteria, besides the direct 

removal of bacterial cells, further stimulate the immune system to fight against infection [62]. 

Introduced in the early 1900s [60], phage therapy is the application of bacteriophages (phages) to 

combat uncontrolled or unwanted bacteria, such as those associated with infectious diseases [63]. 

In reviews of phage therapy [64] , authors commonly list the advantages of employing phages as 

antibacterials. These lists can be used as talking points of why, in this age of epidemic antibiotic 

resistance, phage therapy should not be overlooked. As lists vary from author to author, it is 

useful to condense them into a coherent whole. Here, we highlight the strengths and weaknesses 

of individual assertions. We also consider possible limitations to phage use as antibacterials.  

Phage-based treatments comprise phage therapy with single phages or phage cocktails, phage-

derived enzymes, phages in combination with antibiotics, and genetically modified phages [65]. 

These focus on lytic phages because they lack integrases and other enzymes involved in 

horizontal gene transfer. Lysins and depolymerases are phage-derived enzymes useful for 

removing biofilms. Lysins are peptidoglycan hydrolases that exert a bactericidal effect against 

susceptible bacteria. They cleave peptidoglycan bonds, degrading the bacterial cell wall and 

biofilm structure; hence, they are useful against Gram-positive bacteria. Depolymerases are 

enzymes that degrade extracellular substances produced by encapsulated bacteria, thereby 

exposing phage receptors. They can degrade the chains of capsular polysaccharides, 

exopolysaccharides, and O-polysaccharides from lipopolysaccharides and peptidoglycan, which 

are components of the biofilm matrix. Bacteriophage recombinant lytic proteins (lysins and 

depolymerases) can be used as enzybiotics [66]. The most common cause of opportunistic 

infections is the ESKAPE (Enterococcus faecium, Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.) group 

of organisms, most of which are MDR isolates [67]. A sub-lethal dose of antibiotics can 

stimulate phage virulence under certain conditions known as phage-antibiotic synergy (PAS) 

[68],[69]. 

The combination of phage with antibiotics can have a variety of outcomes, including additive, 

synergistic, ineffective, or antagonistic effects [70],[71]. Principi and others [72] suggested that 

bacteriophages reduce the minimum inhibitory concentration of AR bacteria to that of sensitive 

bacteria. Temperate phages with phenotypic traits useful for biofilm removal can be engineered 

to become virulent phages. Lytic phages are used to destroy bacteria, and temperate phages are 

useful for delivering programmable DNA nucleases associated with CRISPR to reverse 

antibiotic resistance and destroy plasmids that confer it. 

 

Potential Advantages of Phage Therapy 

Bacteriophages are natural antibacterials that can regulate bacterial populations by inducing 

bacterial lysis. They are active against gram-positive [73,74], as well as gram-negative bacteria 

[75,76,77], including MDR pathogens. Indeed, because the mechanism of action of phage lysis is 
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distinct from that of antibiotics, it retains activity against bacteria exhibiting multiple 

mechanisms of antibiotic resistance [78]. Because of its specificity, phage therapy has a narrow 

antibacterial spectrum, limited to a single species or, in some cases, a single strain within a 

species. This limits the “pressure” and the heavy collateral damage to bystander, non-targeted 

bacteria caused by antibiotics. The patient's entire microbiome is altered by antibiotics, not just 

the intended target pathogen. In contrast, Chibani-Chennoufi and others reported little impact on 

the gut microbiota in mice after oral administration of phage therapy targeting E. coli [79] . 

Preservation of much of the existing microbiome during phage therapy has been confirmed in 

careful microbial surveys of adult healthy volunteers who ingested a 9-phage cocktail [80],[81]. 

Phage therapy also avoids the potential overgrowth of secondary pathogens. 

 

Over the last 2 or 3 decades, the worldwide emergence and spread of antibiotic-resistant bacteria 

have become a major therapeutic challenge [82],[83]. For instance, MRSA infections in the US 

were reported with an incidence of about 100,000 serious infections in 2005, contributing to 

20,000 deaths [84]. The limited therapeutic options remaining to treat major multi-drug resistant 

(MDR) bacteria, known by the acronym as the ESKAPE pathogens (for Enterococcus 

faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter 

baumannii, Pseudomonas aeruginosa, and Enterobacter spp.), have now become a looming 

healthcare crisis in many ICUs worldwide [85]. Treating patients with MDR pathogens has been 

shown by Morales et al. to increase the total cost of care and prolong hospital length of stay[86].  

An ethical imperative exists throughout the health care professions to do all we can to preserve 

the efficacy of antibiotics and to recognize that this precious resource is being squandered by the 

often unnecessary and inappropriate use of antibiotics, thereby promoting the acquisition and 

dissemination of antibiotic resistance genes [87]. Antibiotic drug resistance is now recognized as 

a health care emergency, and appeals for the development of novel means to combat it have been 

voiced by many; however, antibiotics are developed based on free-market criteria rather than on 

direct public benefit [88]. However, despite the call for the development of new antibiotics in the 

European Union (EU) and in the United States (US) [89],[90], there is a dearth of new antibiotics 

in the developmental pipeline [88],[91],[92]. An entirely novel, non-antibiotic approach to treat 

bacterial pathogens is certainly needed. The redeployment of phage therapy could become a 

welcome alternative to antimicrobial chemotherapy amid the progressive spread of MDR 

bacterial pathogens and the paucity of new antibiotics to combat them. 

Furthermore, the need for phage applications certainly extends beyond human infections. Indeed 

the use of bacteriophages has been described in various situations including (but not limited to): 

food safety [92], agriculture [93], veterinary applications [94], industry [93], and clinical 

diagnostic application such as detection and typing of bacteria [95] in human infection. 

 

Table 1: Potential benefits of bacteriophage therapy against antibiotic therapy [96]. 

Characteristics features phage therapy Antibiotics treatment 

Specificity Highly specific Wide range of actions 

Toxicity Almost totally nontoxic 
Variable levels of toxicity 

ranging from mild to severe 

Biofilm penetration Effective penetrating ability 
Unable to penetrate except in 

high doses 

Possibility of resistance Almost non-existent High possibility of resistance 

Simplicity of administration not require repeated doses Require repeated doses 

Cost of treatment Cheaper More expensive 

 

Molecular identification of bacteriophage 

Alongside the isolation procedure, the characterization of bacteriophages is also essential, 

including functional tests, genomic sequencing, and morphological examination. First, the 

structural properties of isolated phages are determined using electron microscopy, which enables 

researchers to group them by common morphotypes. This morphological classification can 

provide important information about a phage's host range and its uses in the scientific and 
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medical fields. Researchers using Transmission electron microscopy (TEM) have discovered that 

the majority of bacteriophages found in the environment are viruses with double-stranded DNA 

(dsDNA). The best-characterized phage families in marine, soil, and sediment environments are 

Podoviridae, Siphoviridae, and Myoviridae [97]. The next important step in understanding the 

genetic variance among isolated bacteriophages is genomic characterization. Researchers may 

identify the genetic components of phages using techniques such as whole-genome sequencing 

(WGS), polymerase chain reaction (PCR), and metagenomic analysis, which help them better 

understand their life cycles, host specificity, and operational mechanisms. In addition, the 

characterization of genetic elements has made the world aware of the bacteriophage’s lytic cycle 

and its unknown proteins and functions, which may be advantageous in many ecological and 

medical environments [98]. For example, concerns about antibiotic resistance genes have led to 

the identification of the absence of lysogenic, virulence, toxic, and antibiotic resistance genes in 

some phages, such as EH-B-A (A1), EP-M-S, EP-B-K (E2), etc., highlighting their significance 

for phage therapy [99]. Finally, functional characterization is also essential in evaluating the 

phage’s potential for therapeutic uses. 

 

Phage typing 

It is a microbiological technique used to identify and classify specific bacterial strains by using 

bacteriophages specific to them. When a phage infects a susceptible bacterium, it causes the 

bacterium to lyse. This can be observed on the plate as a zone of bacterial growth inhibition. This 

is visible as a distinct zone of translucence. This phenomenon underlies phage typing [100,101]. 

The whole procedure involves several steps. First, a pure culture of the strain to be tested is 

prepared. Then, it is spread evenly on the plate. Later, various bacteriophages are applied to it, 

each targeting a different bacterial strain. The plate is then incubated, after which a clear zone of 

translucence can be observed where the phage is applied. The results are then compared with 

phage typing patterns, and, based on this, the corresponding strain can be identified [102,103]. 

 

Bacterial detection 

Bacteriophage-based approaches for bacterial detection were developed using the 

bacteriophages’ typical ability to bind host bacteria. Only the recognition of a suitable and viable 

host offers the opportunity for virion proliferation and completion of the viral life cycle. This 

offers an advantage over other widely used techniques, such as PCR or mass spectroscopy-based 

methods, which might produce false-positive results when dead bacteria are present. 

Bacteriophages are far less expensive and simpler to prepare than antibodies, while conventional 

biochemical or culturing approaches take much longer to yield results [104,105]. Because 

bacteriophages infect only live hosts, bacterial cells can be quickly and precisely identified using 

bacteriophage detection methods. Bacteriophages can be adjusted, lysed, isolated, and extracted 

from their hosts to permit detection in a variety of methods. The three main categories of phage-

mediated detection techniques are reporter bacteriophages, bacteriophage amplification, and 

bacteriophage capture [106]. Genetically modified reporter phages allow the entry of reporter 

genes into the bacterial host, where the gene is expressed, a signal is detected, and the pathogen 

is recognized. To enable gene expression upon phage infection of live hosts, reporter genes 

encoding luciferases or fluorescent proteins have been introduced into the phage genome [107]. 

The formation of offspring phages or the demise of the bacterial host serves as a detection signal 

in bacteriophage multiplication assays [108]. Typically, plaque formation on a Petri plate is used 

to gauge bacteriophage growth. Plaques develop when infected hosts lyse, releasing offspring 

phage that allows bacterial reinfection.  

 

Exclusion Criteria 

Only peer-reviewed articles published in English and directly related to bacteriophage isolation 

methods and applications were included in this review. Review articles, experimental studies, 

and methodological research papers were considered eligible. In contrast, articles with 

insufficient data, non-English publications, conference abstracts, non-peer-reviewed 

publications, duplicate studies, and articles lacking sufficient methodological details were 

excluded. 
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Study selection  

A total of 40 studies published between 2010 and 2025 were initially identified through the 

literature search as potentially relevant to the review topic. Following screening of titles and 

abstracts, full-text articles were retrieved and assessed for eligibility against the predefined 

inclusion and exclusion criteria. Of the 40 studies evaluated, 28 met the eligibility criteria. It was 

included in the final review and analysis, while 12 studies were excluded due to insufficient data, 

lack of relevance to the review objectives, or failure to meet the inclusion criteria. 

 

Future Perspectives 

The future of bacteriophage research is highly promising, particularly in addressing antimicrobial 

resistance through personalized phage therapy and engineered phage cocktails. Advances in 

genetic engineering and synthetic biology are expected to improve phage safety, broaden host 

range, and enhance therapeutic effectiveness. Phage-derived enzymes such as endolysins also 

represent powerful alternatives against multidrug-resistant and biofilm-forming bacteria. Beyond 

medicine, bacteriophages have expanding applications in oncology, agriculture, food safety, and 

microbiome-based therapies. Nevertheless, successful integration of phage technologies into 

clinical practice will depend on the development of standardized regulations, ethical frameworks, 

and international collaboration. Overall, bacteriophages are expected to play an increasingly 

important role in future medicine, biotechnology, and global health. 

 

5. Conclusion 

Bacteriophages are highly specialized bacterial viruses that possess significant applications in 

medicine, microbiology, biotechnology, and food safety. The reviewed literature highlights their 

remarkable structural diversity, host specificity, and considerable therapeutic importance. In 

addition to their therapeutic importance, bacteriophages play valuable roles in bacterial 

detection, phage typing, biofilm disruption, and molecular biology research. 

Bacteriophages are a potential alternative for treating bacterial infections, including those caused 

by MDR pathogens. Indeed, phage therapy displays several advantages, and few adverse events 

are reported, but underreporting cannot be ruled out. However, further well-conducted studies 

are required to define the role and safety of phage therapy in daily clinical practice to treat 

patients with various infections. Moreover, the direct use of phage-encoded proteins such as 

endolysins, exopolysaccharidases, and holins has demonstrated their potential as a promising 

alternative to antibacterial products. 
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