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REVIEW ARTICLE

Probiotic approach to prevent antibiotic resistance

Arthur C. Ouwehanda, Sofia Forsstena, Ashley A. Hibberdb, Anna Lyraa and Buffy Stahlc

aActive Nutrition, DuPont Nutrition and Health, Kantvik, Finland; bDuPont Health and Nutrition, Saint Louis, MO, USA; cDuPont Health
and Nutrition, Madison, WI, USA

ABSTRACT
Probiotics are live microorganisms, mainly belonging to the genera Lactobacillus and
Bifidobacterium, although also strain of other species are commercialized, that have a beneficial
effect on the host. From the perspective of antibiotic use, probiotics have been observed to
reduce the risk of certain infectious disease such as certain types of diarrhea and respiratory tract
infection. This may be accompanied with a reduced need of antibiotics for secondary infections.
Antibiotics tend to be effective against most common diseases, but increasingly resistance is
being observed among pathogens. Probiotics are specifically selected to not contribute to the
spread of antibiotic resistance and not carry transferable antibiotic resistance. Concomitant use of
probiotics with antibiotics has been observed to reduce the incidence, duration and/or severity of
antibiotic-associated diarrhea. This contributes to better adherence to the antibiotic prescription
and thereby reduces the evolution of resistance. To what extent probiotics directly reduce the
spread of antibiotic resistance is still much under investigation; but maintaining a balanced
microbiota during antibiotic use may certainly provide opportunities for reducing the spread of
resistances.

� KEY MESSAGES

� Probiotics may reduce the risk for certain infectious diseases and thereby reduce the need for
antibiotics.

� Probiotics may reduce the risk for antibiotic-associated diarrhea

� Probiotics do not contribute to the spread of antibiotic resistance and may even reduce it.
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Introduction

Antibiotics are among the most prominent advances in
medicine and have provided great benefits in the treat-
ment and control of infectious diseases. However, their
wide use and especially their inappropriate use have
led to the increased spread of antibiotic resistance (1).
This has raised concern about the continued efficacy of
antibiotics in human medicine. To counteract the
spread of antibiotic resistance, first and foremost the
inappropriate use of antibiotics should be reduced;
both in human and veterinary applications. In addition,
also alternative approaches should be considered; here
probiotics could play a role. In human and veterinary
medicine probiotics have been documented to reduce
risk for infectious diseases (2,3); thereby potentially
reducing the need for antibiotics. Furthermore, probiot-
ics have been documented to reduce the risk for anti-
biotic-associated diarrhea (AAD) (4); a common side
effect of antibiotic use. One of the mechanisms by

which probiotics are thought to achieve this effect is by
stabilization of the intestinal microbiota. This may also
be a mechanism by which probiotics might influence
the spread of antibiotic resistance.

Antibiotics

Antibiotics are among the most important drugs cur-
rently available to modern medicine and have enabled
the treatment of otherwise deadly infectious diseases.
For antibiotics to be able to provide these benefits
also in the future requires a reduction in the acquisi-
tion and spread of antibiotic resistance. This starts with
the intestinal microbiota; often an unintended victim
of antibiotics. Antimicrobials are medicinal products
that kill or stop the growth of living microorganisms;
antibiotics are active against bacterial infections
(European Centre for Disease Prevention and Control).
By their antimicrobial nature, antibiotics may affect
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more organisms then just the etiological agents of the
infection for which they are used. This can lead to dis-
turbances in particular in the gastrointestinal tract,
where the majority of the body’s endogenous
microbes reside.

Side effects of antibiotics on intestinal microbiota

Efforts to understand the targeted effects of antibiotics
on single microbes have been focused primarily on
pathogens since the widespread usage of antibiotics
arose in the 1940s. However, in the last decade interest
in the broader ecological effects of antibiotic therapy
on the host microbiota has increased (5–10). Rapid
advances in high-throughput sequencing technologies
have led to a realization that the resident human
microbiota and its corresponding genes, or micro-
biome, play an integral role in human health (11,12).
DNA sequencing based methods that utilize a phylo-
genetic biomarker such as the 16S rRNA gene are used
to discern microbiota composition at the community
level, while metagenomics (sequencing all microbial
genetic material in a sample) and metabolomics (mass-
spectrometry-based analysis of metabolites in a sam-
ple) have revealed the functional potential of our
microbiome. These new technologies are beginning to
uncover the complexity and importance of balanced
host-microbiota interactions.

Several detrimental health conditions such as irrit-
able bowel disease (13), AAD (14), metabolic syndrome
(15) and obesity (16) have all been linked to a dis-
turbed microbiome. The ecological consequences of
antibiotics on our microbiota are primarily effects on
diversity, composition and resilience of microbial com-
munities (5,7,8). The extent of microbiome disruption
caused by antibiotic treatment, both long and short
term, varies both by the class of antibiotic as well as
by the individual (7–9). This disruption typically occurs
rapidly and individuals often begin returning to a nor-
mal state shortly after completion of the antibiotic
course (5,9); however, long-term effects of antibiotics
on the abundance of specific gut bacteria have been
reported as long as 4-year post-treatment (17).

A recent study on the effects of antibiotic therapy
on the oral (saliva) and fecal microbiota were investi-
gated in 66 individuals taking either a placebo or one
of four antibiotics: clindamycin, ciprofloxacin, amoxicil-
lin and minocycline. The oral microbiota was more
resilient to antibiotic perturbation than the fecal micro-
biota and recovered from exposure within 1 month.
Clindamycin and ciprofloxacin had the most pro-
nounced effects on microbial composition and diver-
sity, with lasting effects for several months and up to

1 year, respectively. In addition, antibiotic exposure
resulted in a reduction of health-associated butyrate
producing bacteria and an increased abundance of
antibiotic resistance genes (10). Other studies of cipro-
floxacin treatment have also shown a rapid loss of
microbial diversity and alteration of fecal microbial pro-
files (5,9). In a long-term study of repeated ciprofloxa-
cin treatment, the recovery from disturbance was often
incomplete, resulting in a microbiota that was altered
from its original state (9). Infants may be particularly
susceptible to long-term impacts of gut community
perturbation by antibiotics due to frequent repeated
antibiotic courses in early life and the immature and
developing state of their microbiome (18,19).

The etiology of AAD is a classic example of gut dys-
biosis manifesting as a clinical disease and it is well
known that antibiotic usage increases the risk for both
hospital and community acquired AAD (20,21).
Opportunistic pathogens such as Clostridium difficile,
the most common causative agent of AAD, are
thought to flourish when the gut microbiota is dis-
rupted by antibiotics (14,22,23). Probiotic and fecal
microbiota transfer therapies seek to restore lost gut
microbial diversity and provide colonization resistance
against the proliferation of AAD-causing organisms.
Specific strains of probiotic bacteria have been shown
to alleviate the symptoms and incidence of AAD (more
about probiotics and their effect on AAD, below in the
section ‘‘Probiotics’’). In a triple-blind, randomized, pla-
cebo-controlled clinical study, individuals (n¼ 503)
requiring antibiotic therapy while hospitalized were
given either a placebo, low (4.17� 109 CFU) or high
(1.71� 1010 CFU) dose probiotic in conjunction with an
antibiotic (penicillin, cephalosporin, or clindamycin).
There was a dose–response effect on the reduction of
AAD incidence and the severity of clinical AAD symp-
toms with probiotic supplementation (24). Additional
observations on the fecal microbiota composition were
made in some individuals from this study (n¼ 122) by
sequencing the 16S rRNA gene marker at several time
points including baseline (pre-treatment) onset of AAD,
recovery and up to 4-week post-antibiotic treatment.
Despite variability in microbiota profiles among the
individuals due to the breadth of age, gender, anti-
biotic treatment, and type of illness, the onset of AAD
rapidly induced a shift in the composition of the fecal
microbiota (Figure 1). When AAD occurred, the micro-
biota composition was altered to a state that differed
distinctly both from the baseline and recovery (post-
antibiotic treatment) periods and from antibiotic
treated non-diarrheal individuals. The gut microbiota
was restored to the baseline after recovery from the
diarrhea event (within 4 weeks) in most, but not all
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individuals. Some individuals reached a new altered
state that differed from their baseline and AAD occur-
rence at 4-week post-treatment; however, longer-term
effects were not assessed (Hibberd AA, Forssten SD,
Mao Y and Ouwehand AC, unpublished observations,
2015). These results follow trends from other antibiotic
microbiome studies, where time to recovery from gut
perturbation by antibiotics varies by individual and anti-
biotic. Though the effects of antibiotic treatment on the
microbiota are often acutely drastic, many individuals
complete short courses of antibiotics without immedi-
ate or outward symptoms, and the underlying long-
term consequences of gut microbiota alteration due to
antibiotic therapy have yet to be fully investigated.

Antibiotic resistance

Antibiotics interfere with specific molecular targets in
the microbial cell. The targets may be modified or
absent in different bacteria; rendering them resistant;
this is intrinsic resistance and is common to most or all
of the strains within a species (25). However, resistance
can also be acquired (extrinsic); here different mecha-
nisms are possible.

A mutation in a gene coding for a target of antibiot-
ics, may make an otherwise sensitive microbe resistant
to antibiotics (Figure 2). Similarly, an existing transport

system may mutate and become able to expel e.g.
intracellular antibiotics; making the bacterium less sen-
sitive or even resistant (Figure 2). These forms of
acquired resistance are usually present in only one or a
very limited number of strains within a species. This
form of resistance is also not considered transferable;
except of course to daughter cells.

1

2

3

4

Figure 2. Schematic representation of antibiotic resistance in a
bacterium: (1) target is missing or mutated and not appropriate
for the antibiotic, (2) an existing exporter may also be able to
expel an antibiotic, (3) a specific enzyme may inactivate the
antibiotics and (4) a specific transporter may expel the anti-
biotic from the cell. The black triangle (~) represents the
antibiotic.

Figure 1. Fecal microbiota composition from individuals that developed antibiotic associated diarrhea (AAD). The microbiota com-
position was evaluated at baseline (pre-antibiotic treatment; red circles), the onset of AAD symptoms (blue circles) and 4-week post-
antibiotic intervention (green circles). A distinct shift in the fecal microbiota occurred at the diarrhea event, followed by a recovery
to the baseline microbiota composition in most individuals. Principal coordinates analysis (PCoA) was produced using the
unweighted UniFrac metric within the QIIME v1.9.1 software package (94) on sequencing data generated using the 16S rRNA gene
marker for microbiota composition.
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Resistance to antibiotics can also be provided by
specific genes coding for mechanisms that either
inactivate antibiotics; of which b-lactamases are prob-
ably the most commonly known example, or otherwise
disable antibiotics (Figure 2). For intracellular active
antibiotics specific export mechanisms may exist to
expel the antibiotic (Figure 2). These forms of antibiotic
resistance may be transferable if the genes coding for
these resistances are on or near transferable elements;
such as e.g. plasmids or transposons. This transferable
antibiotic resistance is of greatest concern as it can be
transferred to potential pathogenic bacteria making
their infections potentially untreatable. Therefore it is
of clinical importance to counteract this type of
resistance.

Probiotics

Definition

Probiotics are defined as ‘‘live microorganisms that,
when administered in adequate amounts, confer a
health benefit on the host’’ (26,27). Lactobacilli and
bifidobacteria are the most common groups of probi-
otics, other genera are also been commercialized as
probiotics; such as Escherichia coli, Saccharomyces cere-
visiae var. boulardii and Bacillus coagulans.
Furthermore, ‘‘new’’ species of beneficial microbes are
identified and are being investigated for their potential
as probiotics; Akkermansia muciniphila, Eubacterium
halii and Faecalibacterium prausnitzii. Safety is an essen-
tial trait of any marketed probiotic strain, of which
many have regulatory approval of safety on species
level due to long history of consumption (28–30).
Probiotics’ health benefits may manifest themselves in
several ways; e.g. through digestive, immune, meta-
bolic and even mental health of the host. The general
consensus is that health benefits are strain specific and
cannot be extrapolated to other strains; not even of
the same species (31). However, some properties may
be common for different strains, due to similarities in
metabolism of ecological functionality (26,32).

Probiotics’ antibiotic resistance profiles

Antimicrobial resistance in beneficial microbes has
been a focus of researchers due to the concern for
increasing the risk of transfer of drug resistance(s) from
microbial food products to the gut bacterial population
(33–36). Regulatory agencies and industry associations
have begun to address the concerns and provide guid-
ance to assess risk of transfer from probiotics (37–39).
Resistance in probiotics can be mediated by many

different mechanisms that range from unknown and
non-specific to fully understood and well-studied
(34,38,40). The focus of the safety concern in probiotic
strains has been on acquired genes that could be
transferred via conjugative plasmids, transposases, and
prophage/bacteriophage elements (33,41,42). Several
reports have measured resistance of groups of strains
of the same species to determine intrinsic microbial
break point (MBP) values for comparison of antibio-
grams, although some probiotic species have been
more thoroughly surveyed than others (41,43–47). The
antibiotics relevant in human and veterinary medicine
are measured in triplicate using broth microdilution
methods using ISO standard; ampicillin, gentamicin,
kanamycin, erythromycin, clindamycin, tetracycline,
vancomycin, streptomycin, and chloramphenicol (48).
The use of alternative methods or collection from
diverse geographic regions can cause some variation
and therefore researchers’ expanding knowledge on
the antibacterial spectrum of probiotic species should
take note (42,47,49). Resistance to MLS antibiotics
(erythromycin, clindamycin) are widely distributed in
Lactobacillus and other organisms but some probiotic
species have yet to be studied (40,44,45,48,50,51).
Vancomycin resistance has been reported as intrinsic
in Lactobacillus species and is thought to derive from
point mutations rather than gene transfer (47,52).
While tetracycline resistance in some lactobacilli is
intrinsically high, phenotypically, it remains relatively
low in other probiotic species of the genus
Lactobacillus. Bifidobacterium species have been
reported to ubiquitously carry a tetW gene, the pres-
ence of the conserved gene seems to have little to do
with whether a strain is above or below the MBP (53).
The b-lactams (ampicillin) resistance in LAB and
Bifidobacteria is atypical (41,42). Intrinsic resistance to
aminoglycosides (kanamycin, gentamycin, strepto-
mycin) has been observed in several species of
Lactobacillus (35,54). Chloramphenicol resistance in lac-
tobacilli and bifidobacteria due to acquired cat resist-
ance genes is mediated by plasmids encoding the
resistance; however, point mutations in housekeeping
genes have also been reported (51).

Antibiotic-associated diarrhea risk reduction

Antimicrobial treatment has a substantial effect on the
composition and functional characteristics of intestinal
microbiota (5,55) potentially elevating risk of AAD and
C. difficile infection (CDI; also referred to as C. difficile-
associated diarrhea, CDAD and C. difficile disease, CDD).
Clostridium difficile is the most commonly identified
pathogen in AAD. However, also other organisms have
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been implicated with AAD; Clostridium perfringens,
Staphylococcus aureus, Candida spp. and Klebsiella spp
(56). Most notably though, is that in many cases no
pathogen can be identified and the etiology may thus
be viral, protozoal or related to changes in microbial
composition and/or activity, such as reduced microbial
metabolism of carbohydrates and primary bile acids,
resulting in osmotic or secretory forms of diarrhea (57).

AAD is relatively common with a prevalence varying
5–35% depending on the type of antibiotic and length
of treatment, age, concomitant diseases and hospital-
ization (20,21). AAD can be defined as three or more
loose stools per day for at least two consecutive days
(58), with no specific causative agent necessarily
detected (20). CDI has a rising incidence among the
hospitalized US adults; locally reaching even 15% with
a 20–30% recurrence and a 9% mortality rate (25,59).
In addition to reducing patients’ quality of life due to
AAD and/or CDI, CDI alone results in an estimated $4.8
billion of additional annual costs in the US for acute
health care (59). Therefore, means to reduce the risk of
AAD, when antibiotic use is mandatory, are essential.

Co-administration of probiotics during antibiotic
treatment may enhance the resilience of the micro-
biota to antimicrobial-induced disturbances (60,61).
Probiotics may reduce AAD and CDI risk also through
competitive exclusion, production of bacteriocins, gut
barrier reinforcement, enhancement of immune func-
tions and balancing of intestinal transit (26,60,61). In a
recent meta-analyses, the co-administration of different
probiotic strains was found to be efficient in reducing
the risk of AAD (62–64). McFarland et al. (62) compared
25 randomized controlled trials (RCT) with 2810 AAD
patients enrolled receiving different antibiotic and pro-
biotic treatments for varying lengths of time.
Moreover, between the trials the subjects’ age varied
from infants to elderly with both hospitalized in-
patients and out-patients included adding to hetero-
geneity of the data. Nevertheless, probiotics were con-
cluded to reduce AAD risk significantly (RR 0.43, 95%
CI 0.41–0.85, p< 0.001) with Lactobacillus rhamnosus
GG, S. cerevisiae var. boulardii and multiple strain pro-
biotic blends favored over other single strain probiot-
ics. Likewise, a subsequent meta-analysis of S.
cerevisiae var. boulardii supplemented RCTs (21 RCTs
with 4780 participants enrolled) observed a significant
level of AAD risk-reduction (RR 0.47, 95% CI 0.38–0.57,
number needed to treat 10, CI 9–13) (63). The AAD risk
was reduced for both adults and in children receiving
antibiotics for either infection or Helicobacter pylori
eradication. Pattani et al. (64) evaluated AAD risk
reduction with probiotics among 2296 adult hospital-
ized patients assessed in 15 RCTs. The participants

received different probiotic supplements co-adminis-
tered with antibiotic treatment other than H. pylori
eradication resulting in significant reduction of the risk
for AAD for the combined trials (RR 0.61, 95% CI
0.47–0.79, NNT 11, 95% CI 8–20). Although the afore-
mentioned meta-analyses include RCTs with differing
trial settings and quality concerns, they suggest that
co-administration of probiotic blends, or certain spe-
cific probiotic strains with more RCTs available, reduce
the risk for AAD.

Probiotics and antibiotic resistance spread

Probiotic bacteria have many beneficial properties to
control ability of pathogenic bacteria. These properties
include improving intestinal barrier function, competi-
tive exclusion e.g. by reducing adherence to cells, co-
aggregation, as well as production of organic acids
which antagonize pathogenic bacteria. Many probiotics
produce antimicrobial compounds such as e.g., short-
chain fatty acids, hydrogen peroxide, nitric oxide, and
bacteriocins, and these may enhance their ability to
compete against other gastrointestinal micro-organ-
isms and could potentially inhibit pathogenic bacteria
(65–68). Additionally, the production of antimicrobials
is often regarded a priori in the context of bacterial fit-
ness but also in terms of probiotic efficacy, since pro-
duction of bacteriocin (69) has been an important
criterion in the selection of a probiotic strain.

It has been shown that Lactobacillus strains play an
effective role in the protection of the host against urin-
ary tract infections (UTI) (70). For example Lactobacillus
rhamnosus GR1 has been reported to efficiently bind
to epithelial cells, especially in the vaginal tract (71).
Furthermore, antagonistic activity of such bacteria may
inhibit the binding of enteric and urinary tract bacterial
pathogens (72).

The major problem with the use of antibiotics is
that bacteria are able to evolve and can acquire resist-
ance against antibiotics via several biochemical
aspects; as described earlier. It has been reported that
lactic acid produced by lactobacilli strains can increase
the susceptibility of Gram-negative bacteria to anti-
microbial agents (73). However, Naderi et al. (74) were
not able to show a differences in Minimal Inhibitory
Concentration (MICs) values for the antibiotic agents
tested (ampicillin, clavulanic acid and cotrimoxazole)
for the E. coli isolates before or after treatment with
lactobacilli supernatants. Thus, despite earlier observa-
tions on the effect of lactic acid, it appears that lacto-
bacilli supernatants may not able to change the
antibiotic resistance patterns of the E. coli strains.
The sensitivity of E. coli may be strain dependent; since
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E. coli strains were isolated from urine, they may have
fecal origin, thus the resistance genes isolated might
be carried on plasmids inside the bacteria. For some
strains plasmid deletion was detected and it was
observed that abnormal colony size is due to a
decrease in the number of plasmid copies not their
complete deletion (74). In a study with elderly carriers
of quinolone-resistant E. coli, probiotic E. coli Nissle
1917 was evaluated for excluding the resistant E. coli,
hypothesizing the probiotic strain might occupy the
same ecological niche as the resistant one. However,
no difference could be detected regarding the persist-
ence the resistant strains in the feces during therapy
as compared to the placebo (75). Positively, the pro-
biotic strain did not acquire any resistance during the
trial. Thus, whether probiotics can prevent or treat
multi-drug resistant organisms colonization remains
uncertain.

Risk of antibiotic resistance spread with probiotics

Colonic bacteria could act as reservoirs for resistance
genes that can be acquired from ingested bacteria.
Although it is reasonable to assume that gene transfer
from bacteria to bacteria will occur in the gastrointes-
tinal tract, intrinsic resistance is presumed to present a
minimal potential for horizontal spread, while acquired
resistance is considered to have a high potential for
lateral spread (76). Members of the genera Lactococcus
and Lactobacillus are most commonly given ‘‘generally
regarded as safe’’ (GRAS) or Qualified Presumption of
Safety (QPS) status, while members of the genera
Streptococcus, Enterococcus and some other genera of
lactic acid bacteria (LAB) contain some opportunistic
pathogens. Enterococcal species are have been studied
for the use as probiotics in several studies (77,78),
since they have some good probiotic characteristics
like resistance to gastric juice and bile salts, have been
shown to be stable during storage and handling, and
have been documented to produce a bacteriocin
(enterocin) (79). Even though enterococci generally
have low pathogenicity, they increasingly are associ-
ated with nosocomial infection, especially in immuno-
compromised patients. This might partly be explained
by the intrinsic tolerance against several antimicrobial
agents and to harsh conditions, along with their ability
to acquire resistance genes from other bacteria. Due to
this, enterococci have a higher probability to gain anti-
biotic resistance genes than others in the same niche
(80). Furthermore, enterococcal species are able to
carry undesirable phenotypes for probiotics like the
ability to produce b-hemolysin, gelatinase (81,82) as
well as aggregation substance (83). Some genes that

confer resistance to cephalosporins, sulfonamides and
aminoglycosides are usually intrinsic, i.e., located in the
chromosomes. Nevertheless, some enterococcal species
may carry extrinsic resistance to chloramphenicol,
erythromycin, tetracycline and vancomycin. These
genes are located on plasmids or near transposons,
enabling horizontally or vertically transfer to different
groups of bacteria, such as to Streptococcus spp.,
Staphylococcus aureus and Bacillus subtilis, thus ham-
pering the antimicrobial therapy (84,85). The virulence
genes could also be transferred to human endogenous
strains present in the gastrointestinal tract, thereby
contributing to increasing virulence factors of this
genus and the endogenous strains. Therefore, the
safety of the enterococcal strains used as probiotics
must be guaranteed, and the use as probiotics should
be carefully monitored with risk/benefit analysis
(86,87).

Potential benefits of probiotics in reducing
antibiotic resistance; what is known

The production of bacteriocins by probiotics could be
used as a way to decrease the pathogenic bacterial
populations at mucosal sites as well as for disruption
of biofilms (88,89) in order to improve the function of
the antibiotics (90). In addition probiotics can improve
the mucosal immunity, which in turn assist in the
eradication of the pathogenic organisms at the muco-
sal site. However, most bacteriocin activity has been
documented in vitro (89), proof that bacteriocins are
also effective in vivo is still limited (91) even more so
in humans where double blind randomized controlled
trials are still scarce (92) especially concerning in situ
production of effective bacteriocins by probiotics.

The role of probiotics in preventing drug-resistant
infections in humans has not yet been established. The
Center for Disease Control and Prevention (CDC) is
actively researching the subject, and although some
studies have shown benefit, the data is currently not
conclusive enough to issue specific recommendations.
Thus, so far probiotics can be used as partial replace-
ment or adjunct to antibiotic treatment and thereby
help treating multidrug resistant UTIs.

Most of the research conducted on antibiotic resist-
ance has been focused on pathogenic bacteria preva-
lent in nosocomial settings like hospital and nursing
home environments. However, antibiotic resistance is a
much greater problem and it is also important to study
the antibiotic resistance in food animal production as
well as aquaculture. Antibiotic resistance genes are
often located on mobile genetic elements, thus it is
important to determine how these elements move
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through the entire food ecosystem. Although antibiotic
growth promoters (AGPs) were banned in Europe in
2006, they are still used as AGPs in other parts of the
world. In addition, in Europe, antibiotics are still widely
used in veterinary medicine for the treatment of dis-
ease in production animals. We need to understand
the resistance ecology, thus more targeted interven-
tions to reduce the selection pressure on the emer-
gence, evolution, and spread of antibiotic resistance
are needed. By using probiotics in the feed and thus
improve animal health, the spread of antibiotic resist-
ance might be reduced.

Conclusions

One of the best documented benefits of probiotics is
in relation to antibiotic use, with many probiotic strains
having been reported to have beneficial effects. Most
of these benefits are in relation to AAD, but also main-
tenance of the intestinal and other microbiota compos-
ition and activity. This can be expected to contribute
to a reduced spread or evolution of antibiotic resist-
ance. For the future, probiotic studies investigating the
influence on antibiotic use should look for the pres-
ence or absence of relevant resistance genes to get a
better understanding on the opportunities (93). The
opportunities are there, so are the tools, it should
therefore receive more attention since on a global per-
spective reducing resistance spread may be a bigger
benefit then reductions in AAD.

Disclosure statement

All authors are employees of DuPont. DuPont manufac-
tures and markets probiotics.
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