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ABSTRACT: Invented in the 20th century, antibiotics revolutionized the treatment of bacterial infections and remain the 
standard of care today. However, the rising threat of antimicrobial resistance (AMR) has renewed scientific interest in phage 
therapies (PTs). PTs are treatments that employ bacteriophages, viruses that naturally target bacteria, and could be used as 
alternatives to antibiotics. While PTs were developed around the same time as antibiotics, they fell out of use in Western medicine 
due to logistical and regulatory factors. Recent research underlines advantages that PTs have been purported to have, including 
self-replication capabilities, high specificity, biofilm penetration, and synergistic activity when administered alongside antibiotics. 
Nonetheless, limitations remain, such as complex formulation requirements, pharmaceutical unknowns, and significant regulatory 
hurdles. Clinical trials indicate that while PTs are generally safe and effective, they are not reliably superior to antibiotics. 
Additionally, methodological inconsistencies between studies hinder data synthesis, indicating that the field is still in its infancy. 
Surveys on current patient and clinician attitudes indicate that while many are receptive to trying PT, most are not initially 
familiar with PT. Overall, while PT is a promising response to AMR, trial standardization, consistent clinical protocols, and 
regulatory development are still necessary for it to achieve more prolific use.  
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�   Introduction
Following their discovery in the 20th century, antibiotics 

rapidly became the standard treatment for bacterial infections. 
However, bacteria soon began to develop resistance to these 
new drugs. Antibiotic resistance has rapidly emerged as one of 
the most pressing concerns of the 21st century. The widespread 
and often indiscriminate use of antibiotics in clinical settings 
has accelerated the evolution of antibiotic-resistant strains of 
pathogenic bacteria.1 As a result of this, previously treatable 
infections are becoming increasingly difficult to tackle. Cur-
rently, 700,000 annual deaths are a result of antibiotic-resistant 
bacteria (ARB), and this figure is projected to increase to over 
10 million deaths per year by 2050.2

As a response to the diminishing effectiveness of traditional 
antibiotics, new research is exploring bacteriophage therapies 
as a mechanism to combat ARBs or work as an adjunct treat-
ment with antibiotics to produce enhanced synergistic results.3 
Bacteriophages–viruses that specifically work to infect bacte-
ria–were first discovered over a century ago, and were originally 
used therapeutically before antibiotics became widespread.4-6 
Now, with the growing ARB crisis, phages are being revisited 
as a mechanism to target specific pathogens, including ARBs, 
without disturbing the broader microbiome.5,7

Despite their advantages, phage therapies (PTs) also have 
their drawbacks. One concern stems from the potential that 
bacteria could evolve to be resistant to phages, similarly to 
how they are currently resistant to antibiotics.8 Additionally, 
although current results seem promising, the safety of phage 
therapy in human clinical applications still appears to be some-

what uncertain, as noted by reviews conducted on animal and 
human in vivo studies.9 Finally, there is also the risk that phages 
may indirectly facilitate the spread of bacterial antibiotic resis-
tance genes through horizontal gene transfer, more specifically 
through transduction–a process in which phages can package 
and transfer genetic material, including antibiotic resistance 
genes (ARGs), and transfer them between bacteria, which can 
rapidly accelerate the spread and dissemination of ARBs.10-12

Based on this, it is apparent that while phages may be seen by 
some as a viable alternative to antibiotics in clinical settings, it 
is also true that their exact efficacy is somewhat uncertain. As a 
result of this dilemma, bacteriophage therapies currently stand 
as a promising but uncertain solution for combating antimicro-
bial resistance (AMR).10

This literature review aims to discuss the mechanisms be-
hind phage therapy; explore the advantages and disadvantages 
of phage therapy to combat antibiotic resistance; examine stud-
ies of human clinical applications of phage therapy compiled 
across various databases; discuss current attitudes towards 
phage therapy; and discuss avenues for future research and 
clinical implementation of phage therapy to combat AMR.

�   Methodology
The objective of this study was to synthesize existing evi-

dence regarding the evolution of PTs, their advantages, their 
disadvantages, current clinical trial results, and current clinical 
attitudes towards PT. This study was a literature review that 
employed a comprehensive search of databases–PubMed, Sci-
enceDirect, and Clinicaltrials.gov–to identify and select papers 
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for analysis. For PubMed, search terms such as phage therapy 
and antibiotic resistance were used to narrow down results, as 
well as filters that restricted the selection of papers to only 
those covering human clinical applications, such as clinical tri-
als and case reports. For ScienceDirect, similar search terms 
were used, and filters were applied to restrict the selection to 
only research articles. Finally, Clinicaltrials.gov was searched 
using filters restricting the “Intervention/treatment” to only 
“Phage Therapy.” All three databases were also filtered to en-
sure that only English-language articles published after 2020 
would appear.

The papers from all three databases were then compiled in 
a spreadsheet in order to refine the selection. Duplicates were 
removed, as were papers that did not have the full body of text 
available, did not include their results, or did not directly con-
cern phage therapy, antibiotic resistance, or ARGs. Veterinary 
trials were also excluded, as were studies aiming to characterize 
the bacteriophage itself as opposed to its applications in hu-
man clinical therapy.

Following this, a final selection of papers was compiled and 
analyzed. This involved the extraction of information on the 
historical development of antibiotics and phage therapies, the 
mechanisms behind both, the mechanisms behind antibiotic 
resistance, details pertaining to the benefits and limitations of 
phage therapy, patient and disease characteristics from PT tri-
als, details of various phage treatments, and patient outcomes 
from PT.

No physical tools or materials were used in this study, as only 
online sources were consulted. Additionally, because this was 
a literature review, formal ethical approval was not required.

�   Discussion 
The Basics of Bacteriophages:
Bacteriophages, often referred to as “phages,” are a subclass 

of viruses that proliferate by infecting and replicating in bac-
teria. They are the most abundant biological entities on Earth, 
as they are found anywhere bacteria can exist, with the popu-
lation containing an estimated ~1031 particles.13

As seen in Figure 1, structurally, phages are relatively simple; 
they are composed of genetic material (DNA or RNA, which 
can be either double or single stranded) that is enclosed in a 
capsid–an outer protein shell.15 Phages may also possess elab-
orate structures such as contractile tails, base plates, pins, and 
tail fibers, which aid in host recognition and DNA injection. 
In the specific case of bacteriophages, they have tails that assist 
the phage in host recognition using receptor-binding proteins, 
as well as attaching and injecting material into the host. In the 
case of phage therapies, the host is the pathogenic bacterium 
being targeted by the therapy. After this step, the phage hijacks 
its host’s cellular machinery to reproduce. Primarily, phages ac-
complish this in one of two ways, following either the lytic 
cycle or the lysogenic cycle.

In the lytic cycle, the virus’s genetic material enters the cell, 
and cellular structures are rapidly redirected to new phage 
components, which are then assembled into viral progeny. This 
eventually leads to the host cell being either actively or passive-
ly lysed, and the progeny phages go on to infect other bacterial 
cells similarly. In the lysogenic cycle, phage genetic material is 
instead incorporated into the host’s own genetic material or 
exists as an episomal plasmid. From there, the phage’s genetic 
material is replicated by the bacteria and passed down to each 
bacterial daughter cell, progressively infiltrating the popula-
tion of bacteria. These integrated phage genomes are called 
prophages. Prophages can convert to the lytic cycle, usually 
triggered by environmental changes.15,16

When phages infect bacterial cells, they rely on highly 
specific receptors to gain entry into the cell. This process is 
illustrated in Figure 2, which demonstrates how infection of 
the bacterial cell cannot occur without proper receptor attach-
ment. Due to this, each phage can only target a narrow range 
of hosts. As a result of this, they are particularly appealing for 
clinical therapies because of their potential to provide highly 
targeted action against pathogenic bacteria while leaving the 
rest of the microbiome otherwise unchanged.5 However, they 
also act as a double-edged sword in the sense that the narrow 
host range may make it difficult to select phages for therapies.
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Figure 1: Structure of a Phage. This figure shows a simplified diagram of a 
bacteriophage, including the head, DNA/RNA, collar, sheaths, tail fibers, base 
plates, and pins, which collectively allow for genome injection and bacterial cell 
lysis. These structural features guide the mechanistic basis of bacteriophages’ 
therapeutic action. Adapted from https://doi.org/10.3390/coatings13030609.

Figure 2: Process of Bacteriophage Infection. The figure demonstrates how 
bacteriophages rely on primary receptor attachment to infect host cells. The 
reliance on receptor-mediated attachment is the basis of both the precision of 
phage targeting and the narrow host range that complicates broader clinical 
applications. This image is adapted from https://doi.org/10.3390/v16030478.
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Development Strategies of Phage Therapies:
Most bacteriophage therapies do not rely on one single 

phage, but instead use a combination of several phages known 
as phage cocktails. This is done for two primary biological 
realities. Firstly, phages have narrow host ranges due to their 
high receptor specificity, and although this can be an advantage 
when seeking targeted therapies, it also means that for com-
plex infections, multiple types of bacteriophages will need to 
be employed to produce an effective therapy. Secondly, bacteria 
evolve resistance rapidly when subject to selective pressures, 
meaning that there is always the chance for a course of phage 
therapy to become ineffective against a bacterial strain that 
develops resistance. Having multiple phages in the cocktail 
mitigates the risk of resistance developing, depending on the 
bacterial context.18 However, there are still some phage thera-
pies that have utilized singular phages.

There are several different categories of phage therapy. One 
such category is “off-the-shelf ” therapies, or fixed therapies, 
which are composed of predetermined phages that cover a 
predicted range of bacteria. The phages are screened for host-
range breadth before being formulated into the cocktail. They 
are usually manufactured and then stocked by pharmaceutical 
isolation facilities, allowing for immediate use without having 
to isolate the pathogen.19, 20 This approach is attractive because 
it fits neatly into existing guidelines for drug approval path-
ways.

There are also modifiable phage therapies, which can be re-
viewed and adapted as needed. These resemble fixed cocktails, 
but they differ in the sense that they are periodically reformu-
lated in order to retain efficacy against dominant clinical strains 
or as resistance patterns shift. Phages can be added, replaced, 
or modified to broaden the host range. This is a strategy that 
was commonly used in Georgia and Eastern Europe.21

Phage therapies can also come as personalized phage prepa-
rations. Phages are drawn from phage banks and then assayed 
against captured and cultured samples of a patient’s infecting 
bacterial strains to see how well they respond to that particular 
patient’s bacterial infection before later being synthesized into 
the cocktail, making for a more targeted treatment. The main 
consideration with this strategy seems to be the time it will 
take to prepare the treatment, but host range breadth is not a 
concern because specificity is the goal.

Genetic engineering, such as CRISPR gene editing or in vi-
tro evolution (“phage training”), can also be used to broaden or 
optimize phage host range before the phages are incorporated 
into cocktails.22 Engineered phages may also be constructed to 
express biofilm-degrading enzymes or to help enhance host 
cell killing ability. These modified phages will then be incor-
porated into the cocktail.

In practice, modified and fixed therapies will likely offer 
more efficient and immediate access to the treatment while 
also being compatible with regulatory guidelines. Personal-
ized and engineered therapies allow for greater adaptability 
and specificity while also being more time-consuming and la-
bor-intensive to produce.

Advantages of Phage Therapy:
There are many advantages that phage therapies have been 

purported to have over traditional courses of antibiotics. For 
instance, the fact that bacteriophages have such high host 
specificity means that phages can treat infections without 
wiping out the existing microbiome of a patient. This great-
ly reduces the risk of secondary infections by bacteria such as 
Clostridium diff icile, which can occur after disruptions of the 
gut microbiome.23 Additionally, their high host specificity is 
something that makes them particularly appealing when tar-
geting antimicrobial-resistant bacteria, as genetic engineering 
can produce phages that are highly attuned to these resistant 
bacteria.5

Furthermore, lytic phages will replicate at the site of infec-
tion. This means that phage doses can amplify themselves, 
providing continuous therapeutic action and reducing the ne-
cessity of frequent readministrations. Once the infection has 
been eliminated, the phages will no longer have any hosts to 
infect, and consequently, their reproduction will halt, and they 
will be naturally cleared from the body.

Phages have also been proven to be highly effective against 
biofilms. Biofilms are described as communities of microbes 
that stick to a surface. These communities are encased in 
protective matrices and are often highly resistant to both the 
immune system and antibiotics. This is of particular impor-
tance for devices such as prosthetic implants and catheters, 
which are breeding grounds for biofilm development. Phage 
therapies, however, have been shown to penetrate and destroy 
these biofilms effectively.24

The coevolutionary nature between bacteria and bacterio-
phages also makes them uniquely suited to address the issue 
of antibiotic resistance. For instance, if a bacterium were to 
develop resistance to an antibiotic, an entirely new variety of 
antibiotic would have to be engineered or introduced in order 
to treat the infection. This process can take years or even de-
cades and contrasts with bacteriophages, which can be easily 
genetically engineered to combat the resistant strain.8 Phage 
therapy has also been shown to work synergistically with an-
tibiotics, with combination therapy making treatments more 
effective and making it difficult for bacteria to develop resis-
tance to either agent alone.3

Overall, these findings suggest that phage therapies offer 
several advantages over antibiotics in a variety of scenarios. 
Specifically, their narrow host range, self-replicating capabili-
ties, and synergistic activity when applied alongside antibiotics 
prove them to be a promising adjunct or alternative treatment 
in situations where standard therapies may fail.

Disadvantages of Phage Therapy:
As previously mentioned, the high host specificity of bac-

teriophages can be simultaneously appealing and challenging. 
The process of finding phages that are uniquely suited to tar-
geting specific bacterial strains can be time-consuming, costly, 
and especially troublesome in cases involving polymicrobial 
infections or in acute situations where immediate treatment is 
a necessity.25 For phage therapy to be effective, hospitals would 
need to maintain large and well-characterized phage libraries 

DOI: 10.36838/IJHSR816.22

ijhighschoolresearch.org



	 25	

the exclusion criteria, 10 articles were identified as suitable 
for review. While several studies originated from PubMed or 
Science Direct, only 1 study was retained from Clinicaltrials.
gov, as all others were either incomplete, terminated, had an 
unknown status, did not publish their results, or had duplicates 
present in the other databases. Additionally, eight of the ten 
studies involved clinical trials,19, 20, 28-33 while two were case re-
ports examining the treatment of a single patient.18, 34

Their results have been compiled as seen below. “PFU” in-
dicates plaque-forming units, a measurement of the quantity 
of infectious particles. In this case, it indicates the number of 
phages given to each patient during phage treatment.

The demographic data from Table 1 indicate that the ma-
jority of recent phage therapy trials involve adults, although 
there were a few studies that involved children with chronic 
diarrhea or children with chronic otitis.20, 33 Looking at the pa-
tients’ medical histories, it is clear that phage therapy was often 
used as a last resort drug to treat drug-resistant and recurrent 
infections, or in cases where standard therapies had prov-
en ineffective. 18, 19, 29, 32, 34 Instances of trials involving chronic 
conditions–such as cystic fibrosis, joint replacement, chronic 
wounds, or chronic otitis–are also prevalent, indicating phage 
therapy is being tested in settings where biofilms or resistance 
would complicate standard care.28, 31-34

to maximize the chance of finding suitable matches for any 
given infection. Such an endeavor is complex and often un-
realistic.

Phages also come with many pharmacokinetic unknowns. 
Firstly, the body’s immune response might counteract the ther-
apeutic effects of phages, as it is trained to recognize and clear 
phages. The body may develop antibodies that work against 
phages because phages are composed of densely packed genet-
ic material and a protein coat, which can reduce phage efficacy 
with subsequent treatments.26 There is also the issue of un-
predictability, in that, while antibiotics and other drugs can be 
approached with knowledge of a reliable half-life, phages can 
replicate at the site of infection, leading to variability in their 
exact distribution. Additionally, there is still clinical uncertain-
ty concerning how phages interact with deep-seated infections 
or how they may penetrate certain tissues.27

Bacteriophage therapies also have the potential to cause 
some adverse effects. For instance, in the process of lysing 
bacteria–specifically gram-negative bacteria–the phages may 
release bacterial endotoxins into the system, leading to symp-
toms such as fever, chills, or septic shock.28-30 There is also 
the theoretical concern that a lysogenic phage could transfer 
genes that encode for antibiotic resistance between bacteria. 
This occurs because lysogenic phages, unlike lytic phages, can 
incorporate genetic material into the bacterial genome before 
replication and can therefore contribute to bacterial transfor-
mation.15 However, this risk is largely mitigated by the fact 
that most phage therapies make use of lytic phages.18-20, 28-34

Lastly, there is the issue of regulatory hurdles. There is 
trouble regarding the purity and standardization of phage 
therapies, as a phage preparation can be composed of bacterial 
debris and toxins from the manufacturing process, which could 
be incorporated into the final product.25 The current regula-
tory framework for most drugs is also not amenable to phage 
therapy. Guidelines are often designed around data from a 
single, standardized product, which proves to be a problem as 
wide varieties of phage therapies, such as modifiable therapies 
and personalized therapies, rely on a changing formula.

Despite the therapeutic potential of phage therapies, these 
limitations indicate that significant scientific, logistical, and 
regulatory challenges still hinder broader clinical usage. This 
suggests that further clinical research and evaluation are nec-
essary to determine whether the practical constraints of phage 
therapy can be outweighed by its benefits.

Currently, modern medicine relies heavily on antimicro-
bial therapies to support vital procedures, including surgery, 
chemotherapy, organ transplantation, and intensive care, all 
of which depend on the reliable mitigation of infectious bac-
teria.1 For this reason, despite the uncertainties surrounding 
phage therapy, as antimicrobial resistance continues to com-
promise medical procedures, interest in alternative therapies 
such as phage therapies has increased.13

Review of Clinical Studies:
Initially, a total of 368 articles were identified from PubMed, 

Science Direct, and Clinicaltrials.gov. After analyzing and re-
moving articles that did not meet the inclusion criteria or met 
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Table 1: Patient Demographics and Details of Infection in Studies Involving 
Phage Therapy. This table summarizes the pathogens, infection types, sample 
sizes, and patient histories involved in each of the reviewed studies.

Table 2: Outcomes of Phage Treatment in Studies Involving Phage Therapy. 
This table compares treatment outcomes and safety profiles across the 
reviewed studies.

	 ijhighschoolresearch.org



	 26	

roteus19, 20–engineered phages, and customized cocktails, 
demonstrating the current diversity of available phage ther-
apies.

Many routes of administration were utilized. They included 
intravenous,29,34 respiratory,18 oral,20, 29 or intraurethral,29 but 
topical treatments–such as intravesical,19 bone cement,28 ear 
drops,33 dressings,30 or direct topical32–proved to be the most 
common. The majority of these cases were because topical 
treatment was simply the most practical administration route, 
as these studies pertain to burns, wounds, ear infections, etc.

Jault et al. do claim that topical treatments could reduce the 
frequency of adverse effects.30 Despite this, the review found 
that the frequency of adverse events from studies using topical 
treatments is still comparable to those that do not.

The dosages and concentrations were also highly varied. 
They ranged from 10² PFU/mL30 to 10¹² PFU in the urethral 
treatment from Kim et al.29 High doses were often used for 
systemic or severe infections,29, 34 while lower or moderate dos-
es were used more frequently in topical treatments.

The majority of studies utilized antibiotics in conjunction 
with phage therapy, except Sarker et al. and Wright et al.20,33 
Jault et al. allowed antibiotics at the discretion of the physi-
cian, depending on the patient’s needs.30 This may have been 
because of the previously discussed possibility of synergistic 
activity between bacteriophages and antibiotics. However, 
when comparing the efficacy data of the trials that employed 
antibiotics to those that did not, no obvious distinction is 
found, which makes it unclear how much of an impact the 
administration of antibiotics actually had. These varied results 
can be partly attributed to inconsistencies in trial structure.

Regarding the issue of phage therapy producing phage resis-
tance, only Li et al. indicated phage resistance occurring in the 
patient.18 Li et al. was also the only study to treat the patient 
with a single phage treatment.18 Phage resistance developed 
in response to the single phage treatment, but was resolved 
when the patient switched to a cocktail treatment. The lack of 
comparable studies limits the generalizability of these results. 
However, this indicates a possible avenue for future research 
into phage-resistant infections, and also resolves one of the 
major drawbacks of phage therapy that was previously dis-
cussed.

Additionally, many of the studies using antibiotics in com-
binations with phages could have worked to prevent resistance, 
as well as increasing the efficacy of the study, as antibiotics and 
phages have previously been shown to produce a synergistic ef-
fect on each other.19 However, it also reflects that a high degree 
of clinical caution is still present.

Lastly, phage therapy is the most successful in cases involv-
ing localized, chronic biofilm-associated infections.18, 28, 32-34 
Most likely, this is because these infections were all localized, 
not systemic, reducing variability in immune-related clearance. 
Moreover, they involved biofilms, for which phage therapy has 
already been demonstrated to be proficient at tackling.24 They 
also involved fairly predictable pathogens, such as P. aeruginosa 
or S. aureus, which allowed for the easy selection of the ap-
propriate phages from a phage bank. All of these aspects align 
clearly with the predicted behavior of phage therapies based 

Table 2 indicates that overall, adverse events were uncom-
mon and generally mild. Some mild AEs include tachycardia 
and afebrile chills,29 pulmonary exacerbations,31 transient fe-
ver,28 and other events.30 Multiple studies indicated that no 
adverse events occurred.18, 20, 32, 33 Nick et al. reported neutraliz-
ing antibodies but without any loss of benefit.34

There were several trials that produced favorable results 
with phage therapy.18, 28, 29, 32-34 These are indicated by reduced 
bacterial counts, minimal relapse rates, and clinical improve-
ment as indicated in the table.

Other trials indicate that phage therapy does not have a 
significantly higher efficacy than standard care, antibiotics, 
or placebo treatments. These include Chan et al., where both 
placebo and study groups performed similarly, but the placebo 
groups reported a higher quality of life.31 Leitner et al. and 
Sarker et al. both report no significant advantages or disadvan-
tages to using phage therapy over other treatments.19, 20 Jault 
et al. notes that while phage therapy had a similar success rate 
to the standard of care, the phage therapy group had a much 
slower median reduction rate of bacterial burden, and that low 
concentrations had insufficient efficacy.30 Kim et al. observed a 
similar linkage between dosage and treatment efficacy, noting 
that patients experienced more adverse events at higher doses 
of phage treatment.29

Sarker et al. was the only study in which phage thera-
py produced no notable improvement in the patient at all.20 
However, this result was attributed to the fact that only half 
the planned patients were enrolled by the interim analysis, 
and previously, they had observed no in vivo replication of the 
phage, which would significantly inhibit the therapy’s effec-
tiveness. On the other hand, most other studies performed or 
referred to in vitro or in vivo testing in model organisms prior 
to phage therapy application, either to assess the therapy early 
on or to select the phages to be used within the phage cocktail. 
In the specific case of Chan et al., phage cocktail compositions 
were personalized for each patient based on results from these 
tests.31 This indicates that for phage therapy to be successful, 
prior assessment of phages through in vivo or in vitro testing 
is a prerequisite.

As seen in Table 3, treatments vary between commercially 
available phages–such as Pyophage and Microgen ColiP-
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Table 3: Details of Phage Treatment in Studies Involving Phage Therapy. 
This table summarizes the details of the phage formulations, delivery methods, 
and dosing strategies used in the reviewed studies.
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on their previously discussed advantages and disadvantages, in-
dicating that, as phage therapy grows in commercial popularity, 
it will most likely be first implemented for infections similar to 
these: localized, biofilm-associated infections where standard 
antibiotic regimens have failed.

Current Attitudes Towards Phage Therapy:
There are currently several mixed opinions regarding phage 

therapy. On one hand, there is currently a steady increase in the 
number of clinical trials related to phage therapy.25 The focus is 
usually on therapies targeting high-priority bacteria such as P. 
aeruginosa and S. aureus. This creates an optimistic outlook for 
the future of phage therapy as a more broadly utilized commer-
cial treatment. Currently, though, phage therapy in the United 
States and Western Europe is normally employed as part of 
compassionate use cases. These cases are ones involving pa-
tients with life-threatening conditions who have not benefited 
from traditional treatment courses.35 Success of these compas-
sionate use cases18, 34 improves the confidence held in phage 
therapy by researchers and physicians.

Currently, surveys regarding the awareness of phage therapy 
reveal that both the general public and physicians are not very 
familiar with phage therapy as a treatment option. However, 
the study also noted that patients with specific conditions, such 
as cystic fibrosis, did show strong interest in participating in 
clinical trials once they were given more information about 
phage therapies.36

Despite these positive outlooks, there are still many challeng-
es and skepticism that impede the progress of phage therapy. 
One prominent issue is that of data access. The high specificity 
of phages means that in order to treat a patient, they need to 
receive either an extremely broad commercial, fixed treatment 
or a personalized phage cocktail. In order to personalize the 
cocktail, the hospital or the pharmacy must have access to a 
large and diverse bank of phages, as previously mentioned, 
which is an endeavor that can be expensive and impractical.25 
The regulatory hurdles that result from phage therapy’s dif-
ferences from traditional medications also create skepticism 
about how worthwhile it is to invest time in developing new 
therapies when there is little existing regulatory framework for 
treatments of this kind.

�   Conclusion 
The recent resurgence of interest in bacteriophage therapy 

demonstrates the rising need to find alternatives to conven-
tional antibiotics. Based on the reviewed literature and studies, 
phage therapy exists in a nuanced landscape where regulatory 
and logistical challenges counterbalance its applications and 
efficacy.

Based on the compiled clinical studies, phage therapy is par-
ticularly effective in situations where conventional antibiotics 
fail, such as biofilm-associated cases, chronic wounds, and cases 
involving multi-drug resistant pathogens like P. aeruginosa, S. 
aureus, and K. pneumoniae.18, 28, 29, 32-34 Their tendency to repli-
cate at the infection site and their ability to act synergistically 
alongside antibiotics also speaks to the benefits of phage ther-

apy and combination approaches over antibiotic courses alone. 
Adverse effects, if any, were observed to be generally mild, 
suggesting the treatments’ safety when under controlled con-
ditions.

However, the application of phage therapy in clinical settings 
remains dubious. The narrow host range of phages creates a vast 
array of problems when trying to formulate effective therapies, 
as wide-ranging fixed formulas are limited in their potency and 
personalized therapies require the support of well-constructed 
phage libraries, along with a significant amount of time and 
labor. This–along with shaky pharmacokinetics, immunolog-
ical interactions, and regulatory frameworks that are not yet 
equipped to handle variable treatments–limits any broader ap-
plications of phage therapy that extend beyond compassionate 
use cases. The high variability among clinical trials regarding 
trial size, screening processes, and methodology also indicates 
that while research into phage therapy is growing, the field still 
remains in its infancy and lacks standardization.

Broader use would require several systemic changes to be 
made. Clinical trials need to develop standardized protocols 
that manage dosing, administration routes, and monitoring 
criteria. This will allow for easier synthesis of data and facil-
itate regulatory approval. It is also important to expand phage 
libraries and maintain broad phage repositories. This will im-
prove accessibility, shorten treatment delays, and support more 
personalized formulas. Combining phages with antibiotics, as 
many trials have already done, should also become a standard 
practice, as this will exploit phage-antibiotic synergy to pro-
duce more efficient results.

The most critical step for phage therapy is long-term safe-
ty studies and continuous monitoring of phage resistance 
patterns. These are critical for sustainable implementation. 
Regulatory agencies should also consider introducing approval 
pathways for phage therapies that accommodate their unique 
drug characteristics, allowing for the treatment to receive ap-
proval without compromising safety. Finally, broader education 
initiatives targeting both providers and patients can help im-
prove awareness and practical use of phage therapy. All of these 
initiatives will ensure that phage therapy can be applied effec-
tively and ethically.
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