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Antibiotic resistance (ABR) is highly prevalent in Latin
America where it threatens to increase mortality and

poverty in low-income countries. Many research groups in
Latin America have explored the use of phage-based biocon-
trol as an alternative to the use of antibiotics with very positive
results, some of which are described here. Evidence presented
in these studies demonstrates the great potential that phages
have as biocontrol agents in the poultry and aquaculture in-
dustries. The recent testing of a commercial phage cocktail in a
poultry farm provided a pioneering example of integration
between scientists and food production companies in Latin
America. This type of collaborative effort is incredibly valu-
able to help move phages from bench to a wider use.

According to the European Centre for Disease Prevention
and Control, antibiotic resistant bacteria currently cause death
of 33,000 people every year1 and 10 million people could die
by 2050.2 These figures illustrate a looming scenario for
public health services worldwide, in which the lack of ef-
fective antibiotics could result in once readily treatable in-
fections becoming life threatening.

In addition to highlighting the evident risk that ABR poses
on people’s lives globally, the World Health Organization
(WHO) and the World Bank have also expressed concern
upon the burden that ABR poses on the world’s economy.
A recent report predicted that ABR could cause a drop of 1.1
and 3.8% in the gross domestic product in countries with low-
and high-impact ABR scenarios, respectively.3 It also high-
lights that the economic impact of ABR would be more
severe in countries classified as low income, based on the
World Bank’s country classification into income groups.
Thus, unless effective containment strategies are widely put
in place worldwide, ABR threatens to increase the extent of
poverty in low-income countries and curtail all efforts to
achieve the Sustainable Development Goals for 2030 related
to poverty reduction.

Several epidemiological surveys have shown that ABR is
prevalent and significantly higher in Latin America than in the
United States and Europe. For example, extended-spectrum
beta-lactamases (ESBL) rates in the United States, Europe, and
Latin America were 2.8%, 6.4%, and 12.0% for Escherichia
coli isolates, 5.3%, 8.8%, and 27.6% for Klebsiella spp., and

25.3%, 11.8%, and 31.1% for Enterobacter spp.4 Furthermore,
a recent report revealed that rates of ABR between 36% and
89% were reported for clinical isolates of critical pathogens
such as Klebsiella pneumoniae, Acinetobacter baumannii,
methicillin-resistant Staphylococcus aureus, and Pseudomonas
aeruginosa.5 Similarly, high ABR rates have been observed in
farm animals and products, for example, 98% of Salmonella
isolates from Colombian poultry meat were resistant to at
least one antibiotic,6 and 70.6% of Campylobacter spp. isolates
from chickens in Ecuador and Brazil demonstrated ABR.7,8

Increasing ABR rates are primarily a consequence of the
systematic misuse and overuse of antibiotics in human
medicine and food production, where they have been used to
treat infected animals and as growth promoters. Strikingly,
73% of all antibiotics consumed each year are used for food
animals.9 In 2015, the WHO launched the Global Action Plan
on Antimicrobial Resistance that recommended all member
states to implement a series of strategies aimed at containing
the spread of ABR and safeguarding access to effective an-
tibiotics.10 In Latin America, this plan has been coordinated
by the Pan American Health Organization and resulted in the
introduction of policies to promote sensible antibiotic stew-
ardship, including restrictions to antibiotics use in food pro-
duction.11,12 Although these actions are necessary to contain
ABR spread, they leave a gap in the resources available to
treat bacterial infections in livestock and there is a demand
for sustainable alternative strategies.

The increase and spread of ABR have prompted research
from across the globe to explore and evaluate the use of phages
as a feasible and effective strategy to control bacterial infec-
tions on farm animals, or those carried by animals that infect
humans. At the time of this writing, 407 out of 36,663 phage-
related publications in PubMed included at least one author
with an affiliation to a Latin American institution (Fig. 1).

Phages for the Control of Salmonella
in the Poultry Industry

Since the 1990s, the production of poultry meat in Latin
America continuously increased and Brazil in particular has
emerged as a major producer and exporter.13 Despite the well-

1Section for Evolutionary Genomics, The GLOBE Institute, Faculty of Health and Medical Sciences, University of Copenhagen,
Copenhagen, Denmark.

2Department of Genetics and Genome Biology, University of Leicester, Leicester, United Kingdom.

PHAGE: Therapy, Applications, and Research
Volume 2, Number 1, 2021
ª Mary Ann Liebert, Inc.
DOI: 10.1089/phage.2021.29012.grp

3



documented benefits that the production and consumption of
poultry products bring to the economy and people’s nutrition
in developing countries, some of the most common foodborne
pathogens are transmitted through the consumption of these
products, particularly Salmonella spp. and Campylobacter
jejuni.14,15 To achieve the goals of the Global Action Plan on
Antimicrobial Resistance in Latin America and support a
sustainable management of its poultry industry, the application
of phage-based biocontrol of foodborne pathogens might be a
promising alternative to the use of antibiotics.

One of the earliest documented phage applications in the
Latin American poultry industry was the use of phage typing in
epidemiological surveys of Salmonella spp. outbreaks due to
consumption of meat and eggs.16,17 Phage typing refers to the
use of standard sets of phages to type bacterial isolates based on
their susceptibility patterns, determined using standard plating
techniques.18 Shortly after the turn of the 21st century, the first
studies of the use of phages to control bacterial pathogens in
poultry were published.

In 2007, a Brazilian study reported that two phage cock-
tails significantly reduced the concentration of Salmonella
Enteritidis in the feed (up to the 6th h postphage treatment)
and in the cecal tonsils of broiler chicks (up to 24 h after
phage treatment).19 However, the difference in the concen-
tration of Salmonella Enteritidis in the chicks’ cecal tonsils
between the treated and control groups was not significantly
different 48 h post-treatment, presumably due to the selection
of phage-resistant variants in the Salmonella population.19

Two studies conducted at the Department of Preventive
Animal Medicine of the University of Chile provided further
evidence of the effectiveness of phage-based biocontrol
against Salmonella Enteritidis in chickens. The first of these
described the isolation of three Salmonella Enteritidis lytic
phages from the sewage system of commercial chicken flocks
and tested the effect of the prophylactic use of a cocktail of
these phages on Salmonella Enteritidis in chicks. The results
demonstrated that the phage cocktail significantly reduced
the incidence and intestinal bacterial counts in chicks up to 10
days after bacterial challenge.20 In the second study, a similar
experiment was conducted, and the effectiveness of the same
phage cocktail was compared with the use of the commercial

probiotic ‘‘Broilact.’’ The results extended the effect previ-
ously observed with the phage cocktail and revealed that its
prophylactic use in combination with the probiotic resulted in
a significantly sharper reduction in the incidence and intes-
tinal counts of Salmonella Enteritidis than when phages alone
were used.21

Even though the aforementioned studies provided compel-
ling evidence for the effective control of Salmonella using
phage-based biocontrol, all were conducted in tightly con-
trolled settings that do not closely reflect the conditions in a
chicken farm. In 2019, the phage cocktail SalmoFREE� was
used to control the incidence of Salmonella in a commercial
broiler farm in Colombia. SalmoFREE is a patented cocktail of
six characterized lytic Salmonella phages, whose safety had
been tested in chickens reared in battery cages.22

The results of the study conducted in a Colombian broiler
farm revealed that treating chickens with SalmoFREE through
drinking water did not affect the farm’s productivity, as mea-
sured by monitoring the chickens’ weight gain, mortality rate,
feed conversion index, and weight homogeneity.23 In addition,
a decrease in the incidence of Salmonella in the chickens was
observed during the course of the experiment. However, due to
some events in the experimental farmhouses that were out of
the authors’ control, it was not possible to attribute the observed
incidence reduction to the use of SalmoFREE.23 Nonetheless,
as the first Latin American study of phage-based biocontrol of
Salmonella performed in broiler farms, it provides a relevant
baseline and reference for future studies of this kind.

Regarding the large-scale production of SalmoFREE, a
bioprocess model coupled with economic analyses predicted
that the most cost-effective process configuration involved a
single 156 L bioreactor for producing the six phages, fol-
lowed by sequential filtration of the phage lysate with 0.45
and 0.2 lm filters, to supply 35% of the Colombian broiler
farm market. The model suggested that using this configu-
ration would result in a production cost of $0.02 per chicken.24

Phages for the Control of Fish Pathogens
in Aquaculture

Fish catches in Latin America have drastically decreased in
recent years, mainly as a result of decaying pelagic fisheries
from Peru and Chile.25 This is evidenced by a reduction in wild
yearly catches that fell from 19.8 to 10.8 million tonnes be-
tween 2000 and 2014. By contrast, aquaculture has substan-
tially evolved during the same period, with an increase in
production from 0.8 to 2.8 million tonnes per year. In 2014
(most recent dates available), Latin America contributed 3.8%
to the world’s aquaculture production.25 Marine diseases are a
natural part of ocean ecosystems, and many have economic
consequences for fisheries and aquaculture. Of the marine
disease agents known to cause impact on the industry’s
economy, 34% are bacterial and include Flavobacterium
psychrophilum, Photobacterium damselae, and Vibrio spp.26

F. psychrophilum is the causative agent of bacterial cold
water disease (CWD) and rainbow trout fry syndrome (RTFS)
in juvenile salmonids.27 In a study conducted in Chile, phages
targeting F. psychrophilum were isolated from aquaculture
sites, their host range was determined, and their protective
effect was assessed under experimental infection. The results
revealed that, despite the very narrow host range observed for
the isolated phages, treatment with phages 1H and 6H at a

FIG. 1. Contribution of different Latin American coun-
tries to the currently available phage scientific literature.
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multiplicity of infection (MOI) of 10 significantly reduced the
mortality by F. psychrophilum in salmon and trout, respec-
tively.28 This study provided the first observation that phages
could provide protection against CWD and RTFS, considering
that the use of a phage cocktail would be the best approach in
light of the narrow host range observed for the phages.28

V. anguillarum is the etiologic agent of vibriosis, a fatal
hemorrhagic septicemia disease that affects >50 fresh and salt-
water fish species, including several species that are of eco-
nomic importance to the aquaculture industry, such as the At-
lantic salmon, rainbow trout, turbot, sea bass, and sea bream.29

Isolates of V. anguillarum that cause vibriosis are generally of
serotypes O1, O2, and O3, being this last serotype the one most
frequently isolated from infected salmon in Chile.30 Although
there are multiple commercial vaccines that protect fish against
outbreaks caused by serotypes O1 and O2, the outbreaks caused
by serotype O3 cannot be completely prevented.31

CHOED, a V. anguillarum phage isolated from bivalve
samples in Chile, was tested both in laboratory and farming
conditions to determine whether it was capable of preventing
infection by V. anguillarum in salmon. Under laboratory
conditions, the addition of phage CHOED at a MOI of one led
to the survival of 70% of the fish at 10 days postinfection,
whereas in the control tanks where no phage was added, only
7% of the fish survived.30 In the experiments conducted under
farming conditions, phage CHOED added at an MOI of 10
resulted in the survival of 100% of the fish at 20 days post-
infection, whereas in the control tanks, 60% of the fish re-
mained alive during the same period.30 Overall, these results
provided compelling evidence of the potential that phage-
based biocontrol has for the treatment of vibriosis in salmon.

P. damselae subsp. damselae can infect wounds and cause
hemorrhagic septicemia in a wide variety of farmed fish,
including Australian longfin eel, European seabass, gilthead
seabream, meagre, ovate pompano, rainbow trout, redbanded
seabream, turbot, white seabream, and yellowtail.32 In a study
conducted in Mexico, phage vB_Pd_PDCC_1 was isolated
from the gastrointestinal tract of a lollipop catshark.33 Host
range analysis of phage vB_Pd_PDCC_1 revealed that apart
from infecting P. damselae subsp. damselae, it could also
infect a set of strains from several Vibrio spp. at a high effi-
ciency of plating. Furthermore, treatment of fish with phage
vB_Pd_PDCC_1 did not significantly alter the hatching rate
of longfin yellowtail eggs and provided them with a protec-
tive effect against Vibrio spp. In a challenge assay with
P. damselae subsp. damselae, the results demonstrated that
48 h after adding phage vB_Pd_PDCC_1 at an MOI of 100,
the hatching rate of longfin yellowtail eggs was close to 80%,
which was significantly higher than the 50% hatching rate
observed in the control treatment.33

To summarize, evidence to date suggests that phage-based
biocontrol has a great potential in the Latin American food
production industry and that it represents a promising and
feasible alternative to antibiotics that could help to tackle the
growing rates of ABR seen in the region. The potential im-
plementation of phage-based biocontrol in Latin America is of
utmost importance, as restrictions to the use of antibiotics in
food production industries are expected to become tougher and
more widespread, and existing AMR is problematic. There-
fore, food producers require affordable and effective alterna-
tives that help to prevent bacterial infections in livestock and
transmission of foodborne pathogens to human populations.

Phage-based biocontrol is one such promising alternative,
as has been demonstrated in Latin American countries, and its
successful implementation would certainly help to mitigate
the impact of ABR on Latin America’s economy and con-
sequently help to achieve the Sustainable Development Goals
for 2030 that are related with poverty reduction. Studies de-
scribed here demonstrate the necessity and value of a tight
connection between academic researchers, companies, and
food producers to develop phages for agriculture. The strong
connections that exist in Latin America between these sectors
may indeed mean that this continent could lead the way in
terms of developing phages as our ‘‘virus amigos.’’
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33. Veyrand-Quirós B, Gómez-Gil B, Lomeli-Ortega CO, et al.
Use of bacteriophage vB_Pd_PDCC-1 as biological control
agent of Photobacterium damselae subsp. damselae during
hatching of longfin yellowtail (Seriola rivoliana) eggs.
J Appl Microbiol. 2020;129(6):1497–1510.

Address correspondence to:
Guillermo Rangel-Pineros, PhD

Section for Evolutionary Genomics
The GLOBE Institute

Faculty of Health and Medical Sciences
University of Copenhagen

Copenhagen
Denmark

Email: guillermo.pineros@sund.ku.dk

Thomas Sicheritz-Pontén, PhD
Section for Evolutionary Genomics

The GLOBE Institute
Faculty of Health and Medical Sciences

University of Copenhagen
Copenhagen

Denmark

Email: thomassp@sund.ku.dk

Martha R.J. Clokie, PhD
Department of Genetics and Genome Biology

University of Leicester
Leicester

United Kingdom

Email: mrjc1@leicester.ac.uk

6 RANGEL-PINEROS ET AL.


