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His description clearly matches what microbiologists now 
know as plaques.6 D’Hérelle noticed the same plaques in cul-
tures grown from the stool samples collected from people 
with dysentery, so he began following dysentery patients 
admitted to the hospital where he was employed.7 He cultured 
their stool samples every day from admission to discharge 
and noted that the plaques were initially absent, but appeared 
in cultures on the same day that the patients began showing 
signs of recovery.7

The bactericidal action of phages was noted long before 
d’Hérelle and Twort surmised that a virus must be respon-
sible. One literature review by Abedon et al. found thirty 

references to bactericidal activity 
in papers authored between 1895 
and 1917.8 While the authors did 
not know this at the time, Abedon 
et al. concluded that their obser-
vations were very likely evidence 
of phage activity.8 The earliest of 
the mentioned papers, by Ernest 
Hankin, describes how water taken 
from the Ganges and Jumna Riv-
ers in India had curative properties 
for people with cholera.9 d’Hérelle 
credits these findings to phages in 
stating that “To [his] mind there is 
no doubt that this antiseptic action 

ought in reality to be assigned to the bacteriophage”.10 At least 
seven other publications reviewed by Abedon et al. specifi-
cally attribute Hankin’s observations to phages.8

PHAGE PREVALENCE

Phages are perhaps the most diverse biological entity on 
Earth.11 They can be found in a myriad of ecosystems 

and environments, and there are an estimated 1031 differ-
ent phage particles present on Earth.12,13 One extensive study 
found that the concentration of phages could exceed 108 per 
mL in some bodies of seawater.14 Another study showed that 
T4-like phages (Escherichia coli–targeting phages) were pres-
ent in the stool of 29% of pediatric patients suffering from 
E. coli–related enteritis; Furuse found that percentage to be 
considerably higher among adults suffering from traveler’s 
diarrhea.15,16 Both of these studies measured phage abun-
dance by counting plaques in cultured agar. The disadvan-
tage of this method is that it does not account for phages that 
do not thrive outside of the enteral canal.15.16 To account for 
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ONE OF THE MOST PRESSING ISSUES IN CLIN-
ical science today is the omnipresent threat of anti-
biotic resistance. The World Health Organization 

has described it as “a problem so serious that it threatens 
the achievements of modern medicine” and has warned of 
the possibility of “a post-antibiotic era” in this century.1 In 
response, many researchers are turning to bacteriophages—
viruses that specifically target and kill bacteria. Although 
bacteriophage therapy was once a large focus of medi-
cal research, it was largely forgotten, except in a handful of 
European nations, after the discovery of antibiotics in the 
mid–20th century.1 However, as antibiotics are losing their 
effectiveness, many scientists 
have started looking at the suc-
cesses of these European nations 
and have resumed research on 
bacteriophage therapy.1 Now, 
with the ever-growing specter 
of widespread antibiotic resis-
tance, researchers are rushing to 
explore alternatives to traditional 
antibiotics.1 Bacteriophage ther-
apy is unique in that it is highly 
specific, requires only one small 
dose to be effective, has a very 
minimal risk profile, and has 
fewer side effects than traditional 
antibiotics. In response to the crisis of antibiotic resis-
tance, bacteriophages are once again under the microscope. 
 
“BACTERIA EATERS”

Bacteriophages, or phages, are viruses that specifically tar-
get bacteria.2 Each phage can only infect up to a few spe-

cies of bacteria, making them much more specific than tradi-
tional antibiotics.2 Once a phage infects a bacterium, it repli-
cates within the cell.2 While both lytic and lysogenic phages 
exist, lytic phages are the preferred class for phage therapy.3,4 
Lytic phages lyse, or dissolve the cell membrane, of the bacte-
rial cell after offspring have been reproduced.4 This lysing not 
only kills the bacterial host cell but also releases many newly 
created phages into the local environment.4

Phages were first described by Frederick Twort in 1915 in 
The Lancet.5 The name “bacteriophage,” which literally means 
“bacteria eater,” was coined by Félix d’Hérelle, who indepen-
dently discovered the viruses in 1917.6 D’Hérelle made his 
initial discovery while studying infestations of locusts with 
coccobacilli infections.6 While culturing the pathogenic bac-
teria he noted “clear spots, quite circular, two or three mil-
limeters in diameter, speckling the cultures grown on agar.”6 
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these cases Breitbart et al. used partial shotgun sequencing 
and identified an estimated “1,200 different virotypes in the 
single sample analysed,” the majority of which were bacterio-
phages.17 Furthermore, phages are already used extensively 
for the biocontrol of foodborne pathogens, like Campylo-
bacter spp., Salmonella spp., and Listeria monocytogenes, on 
ready-to-eat meat products during processing, and have been 
since 2006.18,19,20,21 Phages are already present in the food we 
eat, in the water in which we swim, and in our gut microbiota.

PRINCIPLES OF PHAGE THERAPY

Phage therapy is the therapeutic use of phages to treat bac-
terial infections in vivo.22 The premise is simple: a phage 

is chosen that is selective for the causative bacteria and is 
introduced in to the patient’s bloodstream.22 The phages are 
distributed throughout the body via the cardiovascular sys-
tem.22 Once a phage encounters its target bacteria, it infects 
the cell and begins replicating.22 The phages continue replicat-
ing and lysing until no further bacterial hosts can be found, 
at which point the body’s immune response rapidly removes 
them from the bloodstream.22

Twort did not have the tools at his disposal to fully inves-
tigate the plaques he found; he published his observations 
but did not perform much further examination on the topic.5 
Others picked up where he left off and continued to probe 
the potential of phage therapy during the 25 years up to peni-
cillin’s discovery.23 At that time, most western nations aban-
doned phage therapy in favor of chemical antibiotics, which 
could fight a broader spectrum of bacteria.23 Several eastern 
European countries, however, continued to research and uti-
lize phage therapy.23 Phage therapy became and has remained 
standard practice in countries such as Russia, Georgia, and 
Poland.18,24

The western world is now trying to make up for lost time. 
Although research has continued in many eastern nations for 
nearly a century, the majority of phages do not meet Food and 
Drug Administration (FDA) standards for clinical trials.25 

Although the body of evidence is not yet 
extensive or thorough enough to justify 
widespread clinical use, there have been a 
number of small phage therapy trials with 
promising results. The FDA has granted 
“generally recognized as safe” status to 
phages used in vivo and there are a hand-
ful of clinical trials currently underway in 
the United States.18,25,26 The US National 
Institute of Allergy and Infectious Dis-
eases has named phage therapy as one of 
its strategies for responding to antibiotic 
resistance, and the European Union has 
announced that it will be contributing 
roughly $5.2 million to Phagoburn, the 
first large, clinical study of phage therapy 
in humans.24 Phage therapy is drawing 
focus across other medical disciplines, as 
well, namely in the dentistry field which 
is particularly interested in its efficacious 
action against biofilms.27

ADMINISTRATION OF PHAGES

One problem with phages is their large size, relative to 
typical chemical antibiotic molecules.26 However, this 

disadvantage is generally eliminated by giving phages in small 
doses, since they begin replicating upon recognition of tar-
get bacteria, at which point phage numbers increase until the 
bacteria are eliminated.26 While traditional oral and intrave-
nous (IV) antibiotic doses are typically in the range of 10-1 
grams, initial IV doses of phages have been found effective 
as low as in the 10-12 gram range.26 Another issue that arises 
is in the route of administration, since early phage trials uti-
lized intravenous (IV) administration. IV therapy may not 
be a large concern for hospitals in developed nations, but 
for small clinics in developing countries or rural areas, IV 
therapy poses a challenge.28 However, Russian clinicians have 
been successfully administering phages orally, and one recent 
study found that phages could be administered “intranasally, 
topically, orally, subcutaneously and intravenously with only 
minor side effects.”28

Introducing any foreign substance into the human body 
poses an immunological risk, and phages are no excep-
tion. Phage membranes are covered in peptides which have 
been found to activate both the innate and specific immune 
responses, which try to remove the phages.22 There is also a 
documented increase in serum antibody, IgM, and IgG con-
centrations.29 This sort of response is to be expected after expo-
sure to a foreign substance and no study has yet found serious 
side effects to the introduction of phages into humans.22,28,29,30,31 
Healthy humans are able to clear phages quite quickly, and no 
residual effects have been observed.2 Studies have also dem-
onstrated that neither phages nor the byproducts of bacterial 
lysis overstimulate the human immune system.32

RISKS OF PHAGE THERAPY

The risks of phage therapy are fairly minimal, especially 
compared to many of the currently accepted treatments 
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for bacteria in the blood. However, there still exist a num-
ber of risks, many of which are not from the phages them-
selves but rather from related or concurrent processes.33 Since 
current biotechnology does not support the manufacture of 
viruses, phages must instead be found, isolated, and ampli-
fied.33 Naturally, one would expect to find phages in environ-
ments that are rich with their host cells — bacteria. Phages 
are often isolated from sewage, bodies of standing water, and 
soil.33 These settings obviously contain a multitude of micro-
organisms and inorganic matter that are harmful to humans. 
Therefore, diligence is essential when purifying phage isolates 
to ensure that none of this unintended matter is present in 
the final phage culture at 
levels that pose a threat to 
human health.33 Fortunately, 
this obstacle has thus far 
been overcome with ease by 
the laboratories involved in 
clinical phage production.34

Another risk in phage 
therapy is septic shock asso-
ciated with massive, rapid killing of bacterial cells.35 This 
same risk is often observed when administering large doses 
of potent, IV antibiotics.35 As a bacterial cell lyses, it releases 
endotoxins and, depending on the bacterium, exotoxins.36 
These can cause a massive immune response that can lead to 
septic shock and even death.36 The best prevention for septic 
shock is to diagnose and treat the infection early with sup-
portive care treatment; the more bacteria that are present, the 
worse the subsequent endotoxic shock will be.36,37,38,39,40

BENEFITS OF PHAGE THERAPY

The benefits of phage therapy are numerous. Perhaps the 
most attractive benefit in today’s medical setting is that 

phages might offer a solution to antibiotic resistance.41 The 
FDA has publicly stated that phages “are highly specific, they 
work where alternatives have failed, are self-dosing, can be 
highly purified, and are generally non-toxic.”41 A recent proof-
of-concept experiment by Vandersteegen et al. demonstrated 
that two newly isolated phages had bactericidal action against 
roughly 70% of Staphylococcus aureus bacteria tested, as well 
as the ability to degrade biofilms.42 It is true that bacteria can 
develop resistance to viruses; however, several strategies have 
been suggested that address this problem. One approach is to 
use lysogenic phages in tandem with antibiotics.43 As Reyes 
et al. proposed, “an example is a phage that inhibits a DNA 
damage repair system … thus rendering the host bacterium 
exquisitely sensitive to quinolone class antibiotics.”43 Another 
approach is to use lysogenic phages to introduce resiliency 
genes in to existing microbiota.43 By developing a stronger 
community of mutualistic bacteria, the human host is less 
susceptible to pathogenic, opportunistic bacteria.43 An obvi-
ous risk to this approach is the possibility of making nor-
mal flora so resilient that they become pathogenic, which is 
why this technique is unlikely to be used in standard cases.43 
Another approach is to use phage cocktails to ensure broader 
action — this is the approach most commonly used today.28 
As explained earlier, phages are arguably the most diverse 
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biological entities on the planet; it is still possible, though, 
that bacteria could eventually become resistant to current 
phages.44 Unlike antibiotics, phages are in the unique position 
to be able to mutate in order to regain their ability to infect 
target bacteria.44 Numerous researchers have demonstrated 
the ability of phages to mutate in order to infect previously 
resistant bacteria.44 Some virologists have even described the 
natural reservoirs of phages as “inexhaustible”, observing that 
“no two identical phages have ever been found.”24

Yet another benefit of phage therapy is the lack of disrup-
tion of normal flora in the human body.15,28,30,46,47 Since phages 
are specific to a few species of bacteria, they are able to kill 

their target cell without kill-
ing other bacteria that may 
be a part of the human host’s 
normal flora.48 This results 
in fewer opportunistic infec-
tions and has been cited by 
many medical providers as 
one of the most enticing 
aspects of phage therapy.48

Finally, phage therapy offers an ease in dosages, since ini-
tial doses can be much smaller than those of antibiotics.45 As 
long as the phages in the first dose can find their target bac-
teria and begin replicating before the immune system clears 
them, no more doses are needed.45 Phage concentration will 
increase until all bacteria are killed.45 This single-dose therapy 
stand in contrast to oral antibiotics, which often require sev-
eral doses over the course of several days or weeks.45 Patients’ 
noncompliance in completing antibiotic regimens has led to 
much of the antibiotic resistance seen today; by administer-
ing phage therapy in a single dose, the issue of patient non-
compliance can be practically eliminated.45

THE FUTURE OF PHAGE THERAPY

The burning topic now is the direction phage therapy will 
take in the future. Its potential has been demonstrated 

and reiterated, though several roadblocks remain. Phar-
maceutical companies may be hesitant to invest money in 
phage cocktails, which include a mixture of phages of mul-
tiple viruses and for which it is difficult to claim intellectual 
property.24 From a regulatory standpoint, one of the most 
prominent phage generating laboratories in Georgia updates 
their cocktail composition every eight months, which makes 
it challenging to keep up with such changes.24 There is hope 
of incorporating them in seasonal influenza vaccines, though, 
for which the FDA already approves annual formulation 
updates.26

Much will hinge on the outcome of the Phagoburn tri-
als, after which many more studies will still be required to 
verify safety and efficacy. Time is at a premium, though, as the 
threat of antibiotic resistance grows every day. Researchers 
must cover several decades of lost ground in a short period 
of time in order to regain the upper hand in antimicrobial 
therapy. The hope now is that it will not be too little, too late.

“Unlike antibiotics, phages are 
in the unique position to be able 
to mutate in order to regain their 
ability to infect target bacteria.”


