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ABSTRACT

Probiotics are widely used in different forms of food or food supplements due to their health benefits.
Probiotics consumption has seen an increase over the years. The main species used in probiotic
products are Lactobacillus and Bifidobacterium, along with other species such as Bacillus. Generally,
probiotic microorganisms are accepted as safe even though they are resistant to several antibiotics.
Some probiotic strains with intrinsic antibiotic resistance may be beneficial in regenerating gut
microbiota during antibiotic therapy. However, the antibiotic resistance genes identified in probiotic
microorganisms may carry the risk of the transfer of resistance genes to pathogens, raising concerns.
For instance, tetracycline resistance genes have often been detected in probiotic organisms
Bifidobacterium and Lactobacillus. The antibiotic resistance genes carried on mobile genetic
elements create reservoirs for pathogen resistance. This transfer of resistant genes to opportunistic
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Probiotics pathogens and their spread may pose great danger. Hence, the purpose of this review was to assess
Antibiotic resistance the presence of antibiotic resistance in probiotic microorganisms and the potential transfer of the
LAB resistant genes to pathogens or commensal bacteria in the intestine.
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Introduction

The word probiotic means “for life”. The term was used
by Lily and Stillwell in 1965, who defined probiotics as
substances supporting the growth of other microorganisms.
The World Health Organization (WHQO) defines probiotics
as live microorganisms that provide a beneficial effect to
the host when administered in appropriate amounts
(FAO/WHO, 2001). Various probiotic species have been
reported in the prevention of several diseases, such as
cancer and antibiotic-associated diarrhea. It also improves
intestinal health and lactose metabolism, enhances the
immune response, and reduces serum cholesterol.
However, these health benefits are strain-specific
(Kechagia et al., 2013; Krupodorova et al., 2022). Several
studies have reported the health benefits of consuming
probiotics. Evivie et al. (2017) reported that Lactobacillus
acidophilus and Lb. casei delayed the progression of
diabetes while Lactobacillus GG and Lb. rhamnosus GG
species were found to reduce the risk of allergic disease
(Abatenh et al., 2018). Probiotic Enterococcus faecium
inhibited the replication of the swine flu virus and
protected the host cells from infection (Wang et al., 2013).
The mood-enhancing effect of consuming yogurt
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containing Lb. casei (Cerdo et al., 2017) has also been
reported, along with the effects of Lactobacillus and
Bifidobacterium species in preventing dental caries (Jain
and Sharma, 2012). The first known benefits of probiotics
were shown in gastrointestinal tract diseases, including
Crohn’s disease, ulcerative colitis, and obesity
(Markowiak and Slizewska, 2017). The mechanism of
action of probiotics can be explained as an increase in the
number of beneficial bacteria and/or reductionin the
number of pathogenic bacteria in the intestine. With the
health benefits of probiotic products being demonstrated in
clinical trials, a worldwide increase was observed in their
consumption (Sharma et al., 2014).

The probiotic market involves fermented milk or cereal
food products and supplements, which are sold in the form
of capsules or tablets. Probiotic food products mainly
consist of dairy products such as yogurt and kefir. Besides,
they include probiotic ice cream, probiotic cheese,
breakfast cereals, and infant formula. Probiotic food
products constitute 60—-70% of the functional food market,
with their market valued at USD 46.17 billion in 2017,
which is expected to reach USD 69.29 billion by 2023. This
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exhibits a compound annual growth rate (CAGR) of 7.0%
compared to the year 2018 (Misra et al., 2021).

Lactic acid bacteria (LAB) have been safely used in
fermented foods for many years under the GRAS
(Generally Regarded as Safe) and QPS (Qualified
Presumption of Safety) status provided by the FDA (Food
and Drug Administration) and EFSA (European Food
Safety Authority) (EFSA, 2021). Additionally, LAB isused
as a probiotic food supplement because it is a natural
member of the intestinal microbiota having GRAS status
(Fraqueza, 2015).

The most common microorganisms used in probiotic
products belong to Bifidobacterium, Lactobacillus,
Lactococcus, and Streptococcus spp. On the other hand, the
genetic relatedness and phylogeny of the species within the
present genus Lactobacillus and its sister taxa in the
Lactobacillaceae and Leuconostocaceae were re-
evaluated. In this re-evaluation, the criteria such as average
nucleotide identity, average amino acid identity, core-gene
average amino acid identity, core genome phylogeny,
signature genes, and metabolic or ecological were based on
(Zheng et al., 2020). Saccharomyces cerevisiae, Bacillus,
Propionibacterium, and Enterococcus are also considered
probiotics. However, these products have safety concerns
since these genera also contain many pathogenic species,
especially Enterococcus. The non-pathogenic strain

Table 1. Details of commercially available probiotic strains

Escherichia coli Nissle 1917 (EcN) is the most widely used
probiotic because of its beneficial effect on the homeostasis
of intestinal microbiota (Sharma et al., 2014). Some of the
commercially used probiotic strains are listed in Table 1.
According to legal regulations, probiotic products may
have >10°-108 CFU/g or >108-10%° CFU/g of viable cells,
which are considered adequate (Kim et al., 2018).

Although probiotic cultures are generally considered
safe for human consumption, some concerns related to the
safety of probiotics do exist. The three primary risks
against probiotics safety are as follows: 1) the occurrence
of diseases, such as bacteremia or endocarditis; 2) lead
toxicity or metabolic activity; 3) the transfer of antibiotic-
resistant genes (Sharma et al., 2014). WHO has warned
about antibiotic resistance reaching dangerously high
levels worldwide. Since probiotics are the potential
transferring source of antibiotic resistance in the
gastrointestinal tract, the primary safety concern of
probiotics remains antibiotic resistance. (WHO, 2014).
Therefore, it is significant to determine the transferable
antibiotic resistance of probiotics. Hence, we aimed to
summarize the antibiotic resistance profile of LAB and
commercial probiotic strains along with the potential
transfer of antibiotic resistance to pathogens and other
commensal microbiota.

Probiotic strains

Company

References

Lactobacillus rhamnosus GG
Lactobacillus johnsonii Lal
Lactobacillus acidophilus
Lactobacillus delbruekii
Lactobacillus casei Shirota
Saccharomyces boulardii
Lactobacillus casei DN 014001
Bifidobacterium longum BB536
Enterococus LAB SF 68
Escherichia coli Nissile 1917
Saccharomyces boulardii
Bifidobacterium infantis 35624
Bifidobacterium lactis HN019 (DR10)

Valio Dairy, Helsinki (Finland)
Nestle, Lausanne (Switzerland)
Rhodia, Madison (USA)

Meiji Milk Products (Tokyo, Japan)
Yakult (Tokyo, Japan)
Biocodex, Seattle (USA)
Danone (France)

Morinaga Milk Industry (Japan)
Bioflorin,Cerbios-Pharma
Mutaflor,Ardeypharm
Biocodex, Seattle (USA)

Align, Procter &Gamble
Howaru Bifido, Danisco

Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Raja and Arunachalam (2011)
Sharma et al. (2014)
Sharma et al. (2014)
Sharma et al. (2014)
Sharma et al. (2014)
Sharma et al. (2014)

Bifidobacterium lactis Bb-12

Lactobacillus fermentum VRI003 (PCC)

Lactobacillus salivarius UCC118
Bifidobacterium infantis 35264

Bifidobacterium longum BB536

Bacillus cereus

Bacillus subtilis

Bacillus clausii

Bacillus coagulans, Lactobacillus
rhamnosus

Lactobacillus reuteri MM53
Lactobacillus plantarum 299v
Lactobacillus paracasei and
Lactobacillus plantarum
Lactobacillus plantarum 299v
Lactobacillus paracasei
Lactobacillus rhamnosus GG,
Propionibacterium freudenreichii

Chr. Hansen (MilwaukeeW]1)
Probiomics (Eveleigh,Australia)
University College (Cork,Ireland)
Procter and Gamble (Mason OH)
Morinaga Milk Industry o., Ltd.
(Japan)

Bactisubtil (France)

Bio-Kult (Protexin), UK

Domuvar (Bio Progress SpA., Italy)

Kevika (USA)

Rela (Sweden)
GoodBelly (USA)

Healthy life probiotic (Australia)

Proviva (Sweden)
Malee probiotic juices (Thailand)

Gefilus (Finland)

Sharma et al. (2014)
Tiwari et al. (2012)
Tiwari et al. (2012)
Tiwari et al. (2012)

Tiwari et al. (2012)

Lee et al. (2019)
Lee et al. (2019)
Lee et al. (2019)

Lillo-Pérez et al. (2021)

Lillo-Pérez et al. (2021)
Lillo-Pérezet al. (2021)

Lillo-Pérez et al. (2021)

Lillo-Pérez et al. (2021)
Lillo-Pérez et al. (2021)

Lillo-Pérez et al. (2021)
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Mechanisms of Antibiotic Resistance

Bacteria exhibit two major resistance mechanisms
against antibiotics, namely intrinsic or acquired resistance.
The mechanisms in specific bacterial species depend on the
antibiotics, their target location in the host, the bacterial
species, and their association with the plasmid or
chromosomal mutation (Sharma et al., 2014). Intrinsic
resistance is an inherent trait characteristic of a species or
genus, which is encoded chromosomally, whereas the
acquired resistance is attained either through genetic
mutations or the acquisition of foreign DNA from other
bacteria. The intrinsic resistance can be described by four
different mechanisms, including enzymatic inactivation,
alteration of outer membrane permeability by an active
efflux pump system, change in the bacterial target location,
and regulation of intracellular metabolism (Meral and
Korukluoglu, 2014).

Horizontal gene transfer (HGT) refers to the transfer of
genetic material between the same or different species.
Whereas, mutations may cause genetic replacements in
many genome regions with only a minor role in improving
resistance. Thus, enteric bacteria may acquire resistance
via mutation or horizontal transfer of resistance genes from
other enteric bacteria (Sharma et al., 2014). The horizontal
transfer of resistant genes within species and genera
involves three main mechanisms, namely conjugation,
transformation, and transduction. Furthermore, these
mechanisms involve plasmids, transposons, integrons, and
bacteriophages to play essential roles as mobile genetic
elements, which include antibiotic resistance genes
responsible for transferring genetic material within and
between the species (Huddleston, 2014).

The primary mechanism of the horizontal transfer of
plasmids (Huddleston, 2014) involves conjugation. The
role of conjugation in horizontal gene transfer is to transfer
DNA between different bacterial species. The major three
incidents of conjugation are as follows: 1) cell-to-cell
communication, 2) copulation-double formation, and 3)
transfer of plasmid DNA via the conjugative pilus
(Huddleston, 2014). Several researchers have reported the
transfer of antibiotic resistance genes in LAB through
conjugative transposons, which include tetracycline,
chloramphenicol, kanamycin, and erythromycin(Imperial
and Ibana, 2016). Transduction involves the transfer of
resistance genes through bacteriophage. Whereas,
transformation involves the transfer of resistant genes to
the bacterial cell through free DNA (Meral and
Korukluoglu, 2014).

Antibiotic Resistance in LAB

The development and preservation of the properties of
fermented food and feeds, including the structural
property, aroma, and flavor, are attributed to the production
potential of LAB’s exopolysaccharide (EPS), organic
acids, polyols, aromatic compounds, and bacteriocins. The
potential of LAB in industrial applications is highlighted
by its safe documentation status (GRAS), wide tolerance to
different stress environments, simple metabolism, and
ability to metabolize different carbon sources widely. The
probiotic perspective proposed since the first half of the
20th century has led to a greater focus on the probiotic

potentials of LAB. However, the identification of
antibiotic-resistant LAB strains and the possibility of
transferring resistant genes to pathogens have raised
concerns (Fraqueza, 2015). Antibiotic resistance may be
intrinsic, acquired, and/or mutational, with transposons and
conjugative plasmids being prevalent in LAB (Sharma et
al., 2014).

The most common resistant genes in LAB include
tet(M) and erm(B) (Wang et al., 2020). Besides, the
resistance genes erm(A), erm(C), and erm(T) are also
uncommonly detected in lactobacilli and Streptococcus
thermophilus (Nawaz et al., 2011). According to Li and
colleagues (2020), LAB is usually resistant to vancomycin,
streptomycin, gentamicin, teicoplanin, kanamycin,
bacitracin, furantoin, norfloxacin, sulfadiazine, cefoxitin,
metronidazole, and trimethoprim. Imperial and Ibana
(2016) reported intrinsic resistance in the LAB against
bacitracin, kanamycin, teicoplanin, vancomycin, and beta-
lactams. Lactococcus spp., Leuconostoc spp., and
Lactobacillus spp. are found to be highly resistant to
cefoxitin, while many species of lactobacilli, except Lb.
delbrueckii subsp. bulgaricus, Lb. acidophilus, Lb.
johnsonii, and Lb. crispatus, are intrinsically resistant to
glycopeptides (Sharma et al., 2014).

Generally, Lactobacillus species are susceptible to
antibiotics, such as tetracycline, erythromycin, and
chloramphenicol, that inhibit protein syntheses (Fraqueza,
2015). They are also sensitive to penicillin but significantly
resistant to cephalosporins. Intrinsic resistance to colistin
has been reported in different lactobacilli (Das et al., 2020).
Lactobacillus species tend to show intrinsic resistance
against ciprofloxacin, co-trimoxazole, and nalidixic acid
which are not transferable horizontally (Kumari et al.,
2022). Many strains belonging to the genus Lactobacillus
are intrinsically resistant to vancomycin and are widely
used as probiotics to prevent Clostridium difficile infection
(Goldstein et al., 2015). For instance, Nawaz et al. (2011)
determined that although Lactobacillus strains did not
carry the acquired resistant gene van(B), they were
intrinsically resistant to vancomycin. Fu et al. (2022)
showed that Lb. plantarum ZJ2868 was also resistant to
vancomycin. Klare et al. (2007) found that probiotic Lb.
rhamnosus L-015 and L-455 and Lb. paracasei L-005 were
highly resistant to streptomycin. Moreover, Lb.
rhamnosus, Lb. paracasei, Lb. plantarum, and Lb.
acidophilus were intrinsically resistant to fusidic acid
while Lb. reuteri was sensitive to it.

Zago et al. (2011) showed that Lb. plantarum strains
isolated from cheese were sensitive to erythromycin,
chloramphenicol, and gentamicin. Similarly, another study
also detected the susceptibility of Lb. plantarum strain to
tetracycline,  erythromycin,  chloramphenicol, and
gentamicin (Gupta and Tiwari, 2014). Furthermore, the
probiotic strain Lb. rhamnosus GG ATCC 53103 showed
susceptibility to ciprofloxacin, erythromycin,
amoxicillin/clavulanic acid, and tetracycline (Drago et al.,
2011). Hoque et al. (2010) reported that the Lactobacillus
spp. isolated from Bogra yogurt of Bangladesh was
resistant to nalidixic acid, kanamycin, cefradine,
metronidazole, and tetracycline but susceptible to
azithromycin, gentamicin, amoxicillin, and clindamycin.
The researchers also isolated Lactobacillus spp. from
yogurt of the Khulna region and found it resistant to
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metronidazole, tetracycline, kanamycin, azithromycin,
nalidixic acid, amoxicillin, and cefradine and susceptible
to clindamycin and gentamicin. Andriani et al. (2021)
showed that Lactobacillus strains were resistant to
ciprofloxacin and aminoglycosides and varying grades of
chloramphenicol and tetracycline but were sensitive to
erythromycin, amoxicillin, and clindamycin. Lactobacillus
strains were also detected to be free of transposable
elements, gene transfer agents, and plasmids.

Lactobacillus spp. consisted of tetracycline-resistant
genes encompassing tet(M), tet(O), tet(Q), tet(W), tet(S),
tet(K), tet(36), tet(L), tet(Z), and tet(O/W/32/O/W/O), and
aminoglycoside resistance genes including aph(200),
Inu(A), aph(2), ant(6), aaa(60),aph(3)-1lla, and aac(6)
(Das et al., 2020; Fatahi-Bafghi et al., 2022). Fatahi-Bafghi
et al. (2022) identified tet(L), tet(W), and (Tmt)dfrG genes
in probiotic Lb. reuteri. Guo and colleagues reported
(2017) that Lb. plantarum, Lb. casei, and Lb. helveticus
strains were resistant to vancomycin but sensitive to
gentamicin, linezolid, neomycin, erythromycin, and
clindamycin. The genes van(X), van(E), gyr(A), and tet(M)
were identified in Lactobacillus strains. Specifically,
msrC, van(X), and dfrA genes were reported in Lb.
plantarum, S. thermophilus, and Lactococcus lactis strains,
respectively (Liu et al., 2009).

Neut et al. (2017) showed intrinsic resistance in the S.
thermophilus strain against metronidazole, while another
study showed resistance against ciprofloxacin in the S.
thermophilus strain isolated from a probiotic product
(Ashraf and Shah, 2011). Kogak and Cifci (2020) found
that Lb. acidophilus strains were resistant to ampicillin,
enrofloxacin, oxytetracycline erythromycin, lincomycin,
neomycin, and trimethoprim/sulfamethoxazole. However,
all these strains were sensitive to amoxicillin.

The Lc. lactis strain was found to be resistant to
erythromycin and tetracycline. Some strains were
susceptible to ampicillin, amikacin, erythromycin,
gentamicin, imipenem, oxacillin, penicillin, pipericillin,
sulfonamides, tetracycline, chloramphenicol,
trimethoprim/sulfamethoxazole, and vancomycin but were
intrinsically resistant to rifamycin, colistin pipemidic acid,
and fosfomycin (Sharma et al., 2014). Zhang et al. (2022)
detected that Lb. fermentum YLFO016 was resistant to
streptomycin, vancomycin, kanamycin, gentamicin, and
ciprofloxacin but was sensitive to chloramphenicol,
clindamycin,  cephalexin,  penicillin,  amoxicillin,
ampicillin, cefradine, tetracycline, and erythromycin.

Sabir et al. (2010) showed that the strains isolated from
kefir, including Lb. acidophilus Z1L, Lb. helveticus Z5L,
Lb. casei Z7L, Pediococcus dextrinicus ZN1P, P.
acidilactici ZN10P, P. pentosaceus ZN13P, Lc. cremoris
Z11S, and Lc. lactis Z3S were susceptible to ampicillin.
Another study reported that Lactobacillus, Streptococcus,
and Lactococcus possessed intrinsic resistance to
streptomycin, with genes erm(B) and msrA/B being
detected in both Lactobacillus and Streptococcus species
(Toomey et al., 2010). Sharma et al. (2016) assessed
antibiotic resistance in strains isolated from commercial
probiotic preparations, including Lb. rhamnosus, Lb.
acidophilus, Lb. casei, Lb. reuteri, Lb. plantarum, and Lb.
fermentum. The isolates showed high resistance to
nalidixic acid, vancomycin, kanamycin, teicoplanin, co-
trimoxazole, amikacin, streptomycin, norfloxacin,

cefepime, and nitrofurantoin. However, they showed a low
level of resistance against tobramycin, gentamicin,
ampicillin, cefaclor, methicillin, penicillin, tetracycline,
levofloxacin, azithromycin, chloramphenicol, amoxiclav,
sulbactam, oxacillin, ofloxacin, ciprofloxacin, cloxacillin,
and novobiocin. These isolates were also found susceptible
to ceftriaxone, ceftazidime, cefadroxil, cefotaxime,
cephalothin, cefoperazone, and netilmicin.

Generally, antibiotic resistance is not transferable in
LAB, but it is transferable to pathogens by genes carried
on plasmids (Fatahi-Bafghi et al., 2022). Furthermore,
Lactococcus spp. and S. thermophilus are reported to carry
and transfer antibiotic-resistant genes (Meral and
Korukluoglu 2014).

Under in vitro conditions, the erm(B) gene from Lb.
lactis and S. thermophilus could be transferred to Listeria
monocytogenes through plasmid (Varankovich et al.,
2015). However, Florez and Mayo (2017) determined that
the tet(S) or erm(B) genes were not transferred from S.
thermophilus to Lb. delbrueckii during yogurt production
and storage. Besides, lactobacilli acquired resistant genes
from enterococci through Tn916-Tn1545 and Tn1546 type
transposons and plasmids (Abriouel et al., 2015). Another
study reported the transfer of erythromycin resistance from
Lb. plantarum strain M345 to Lb. rhamnosus, Lc. lactis, L.
innocua, E. faecalis, and L. monocytogenes through pLFE1
plasmid (Varankovich et al., 2015). The transfer of tet(M)
genes from Lactobacillus to E. faecalis and Lc. lactis has
also been observed (Das et al., 2020). Nawaz et al. (2011)
reported the transfer of erm(B) gene from Lb. fermentum
NWL24 and Lb. salivarius NWL33, and the transfer of
tet(M) gene from Lb. plantarum NWL22 and Lb. brevis
NWL59 to E. faecalis 181. Egervarn et al. (2010)
investigated the transferability of tetracycline-resistant
gene tet(W)from the probiotic Lb. reuteri ATCC 55730
strain to the enterococci, bifidobacteria, and lactobacilli
strains in the human gut without any transfer of tet(W)
gene.

Antibiotic Resistance in Enterococcus

Enterococci are  opportunistic  pathogens  that
commonly cause nosocomial infections. Enterococcal
strains may develop resistance to a range of antibiotics in
certain conditions, where resistant genes are encoded by
transferable genetic elements. Particularly, vancomycin
resistance can cause significant problems worldwide. Since
enterococci had a higher possibility of acquiring antibiotic-
resistant genes compared to others in the same niche, their
safety as probiotics is discussed in the literature (Franz et
al., 2011; Dinger and Kivang, 2021).

Chromosomally encoded intrinsic antibiotic resistance

was reported in enterococci against lincosamide,
sulfonamide, cephalosporin, some p-lactams, and
aminoglycosides. Furthermore, enterococci could acquire
resistance  from  other  microorganisms  against
erythromycin, chloramphenicol, aminoglycosides,
rifampicin, tetracycline, ampicillin, penicillin,
glycopeptides (vancomycin, teicoplanin), and

fluoroquinolones through plasmids or transposons (Braiek
and Smaoui, 2019).

Enterococcus strains isolated from food are usually
sensitive to clinically suitable antibiotics, including
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gentamicin, ampicillin, and vancomycin (Dinger and
Kivang, 2021). For instance, Nami et al. (2019) analyzed
the antibiotic susceptibility of Enterococcus isolated from
dairy products and found that all strains were sensitive to
vancomycin, gentamicin, and chloramphenicol. Guo et al.
(2016) reported that Enterococcus strains were resistant to
gentamicin but susceptible to penicillin G, ampicillin, and
erythromycin with no detection of any antibiotic-resistant
genes. Contrastingly, Nascimento and colleagues (2019)
showed that all Enterococcus spp. were resistant to
kanamycin and vancomycin, with many strains also
resistant to gentamicin, streptomycin, and clindamycin.
Furthermore, the strains E. durans SJIRP14, Enterococcus
spp. SJIRP11 and SJRP 125, and E. faecium SJRP28 and
SJRP69 were found resistant to erythromycin. Overall, all
strains were resistant to at least a minimum of two groups
of antibiotics, with 93.75% of them displaying multi-drug
resistance.

A recent study showed that all strains of E. faecalis and
E. faecium isolated from traditional white cheeses were
highly susceptible to vancomycin (Oruc et al., 2021).
Similarly, another study reported the susceptibility of E.
faecium strains isolated from the probiotic product to
vancomycin, gentamicin, ampicillin, cefaclor, cefotaxime,
ciprofloxacin, and erythromycin (Ashraf and Shah, 2011).

The resistance genes van(A), van(B), van(C), van(D),
van(E), van(G), tet(L), tet(M), erm(B), and msrA/B were
detected in Enterococcus species, with van(A) gene found
to bethe most prevalent (Ashraf and Shah, 2011; Oruc et
al., 2021). The genes msrC, van(X), and dfrA (Liu et al.,
2009) were identified in E. faecium, with the gene van(A)
being detected both on chromosome and plasmid (Ashraf
and Shah, 2011).

Dinger and Kivang (2021) tested the antibiotic
resistance of three potential probiotic strains of E. faecium
isolated from ‘pastirma’ and found that all were susceptible
to netilmicin sulfate, ciprofloxacin, gentamicin, and
penicillin G. However, the strain 29-P2 was found resistant
only to vancomycin. Additionally, 168-P6 and 277-S3
strains were found resistant to erythromycin, streptomycin,
and kanamycin. Zommiti et al. (2018) showed that E.
faecium strains were susceptible to ampicillin,
chloramphenicol, gentamicin, tetracycline, and
vancomycin but resistant to ofloxacin and erythromycin.
Similarly, Shi et al. (2020) showed that E. faecium strain
was susceptible to amoxicillin—clavulanate potassium,
phosphonomycin, vancomycin, ampicillin, cefaclor,
chloromycetin, and cefalexin but resistant to neomycin,
doxycycline, gentamicin, norfloxacin, tetracycline,
cefalotin, polymyxin B, and cefotaxime. Kogak and Cifci
(2020) reported that the isolates of E. faecium had the
antibiotic resistance occurrence rates of 95%, 90%, 80%,
55%, 45%, and 10% against ampicillin and neomycin,

erythromycin, amoxicillin/clavulanic acid and
oxytetracycline, lincomycin, enrofloxacin, and
trimethoprim/sulfamethoxazole and amoxicillin,

respectively.

The transfer of resistance genes by Enterococcus spp.
was reported by Meral and Korukluoglu (2014). For
instance, in vivo and in vitro studies in mice showed that
the vancomycin resistance gene (vanA) from enterococci
was transferred to a commercial Lb. acidophilus strain
(Ashraf and Shah, 2011). One study has also reported the

transfer of vancomycin resistance from enterococci to
Staphylococcus aureus strains (Hanchi et al., 2018).
Similarly, other studies have shown the transfer of
antibiotic resistance between the enterococci strains
through conjugation (Wang et al., 2020).

Antibiotic Resistance in Bifidobacterium

Bifidobacterium species were reported to have intrinsic
resistance to ciprofloxacin, nalidixic acid, mupirocin,
streptomycin, and aminoglycosides.  Additionally,
lincosamides, macrolides, streptogramin B, and
tetracycline-resistant genes were also detected in the
transposons of Bifidobacterium (Imperial and Ibana,
2016). Bifidobacteria are generally susceptible to
chloramphenicol but mostly resistant to aminoglycosides
(Mayrhofer et al., 2011). Bifidobacterium species are also
reported to be resistant to gentamicin (Ku et al., 2020).
Unal Turhan and Enginkaya (2016) reported that
Bifidobacterium isolated from probiotic foods were
resistant to vancomycin, tetracycline, ampicillin, and
ciprofloxacin but susceptible to erythromycin, gentamicin,
chloramphenicol, and nitrofurantoin. Similarly, Mayrhofer
etal. (2011) reported that Bifidobacterium strains were also
resistant to kanamycin and neomycin.

Studies have identified the genes tet(W), tet(M), tet(O),
and erm(X) in Bifidobacterium (Raeisi et al., 2018).
Rozman et al. (2020) detected acquired tet(W) gene in
Bifidobacterium animalis subsp. lactis. Furthermore, the
prevalence of tet(W) was higher in tested bifidobacteria
than in lactobacilli. The most common determinant of
resistance in Bif. animalis subsp. lactis was the tet(W) gene,
which was sometimes found in transposons as well
(Gueimonde et al., 2010). Raeisi et al. (2018) reported no
transfer of the gene tet (W)from the isolates of Bif. animalis
subsp. lactis to the Enterococcus species.

Fatahi-Bafghi et al. (2022) detected the resistance gene
tet(W) in the mobile element of probiotic Bif. animalis
subsp. lactis and Bif. longum. They also observed the
transfer of this resistance gene to other bacteria.
Contrastingly, another study revealed high resistance
levels of Bif. animalis subsp. lactis AD011 to tetracycline.
However, the plasmid carrying the transmissible antibiotic
resistance gene was not found. Therefore, Bif. lactis could
be used as a safe probiotic microorganism to benefit human
health (Ku et al., 2020).

Probiotic strain Bif. breve in Yakult was found resistant
to streptomycin due to chromosomal mutation in the gene
rps(L), but the resistant gene was not transferable to other
bacterial species (Ashraf and Shah, 2011). Similarly, the
gene tet(O) was also identified in probiotic Bif. breve
(BR03 NZ_CP034770) (Fatahi-Bafghi et al., 2022). Wei et
al. (2012) reported that the strain Bif. longum JDM301 was
intrinsically  resistant to ciprofloxacin, amikacin,
gentamicin, and streptomycin but susceptible to
vancomycin, amoxicillin, cephalothin, chloramphenicol,
erythromycin,  ampicillin,  cefotaxime,  rifampicin,
imipenem, and trimethoxime. They also identifieda
tetracycline-resistant gene in this strain with the possibility
of risk of transfer. Thus, the study concluded that the Bif.
longum JDM301 used as a probiotic strain needs careful
safety screening.
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Xiao et al. (2010) assessed the antibiotic susceptibility
of bifidobacterial strains in the Japanese market. A total of
23 strains were isolated from probiotic products and tested
for susceptibility to 15 antibiotics. The strains were
generally found susceptible to chloramphenicol,
ampicillin, vancomycin, and linezolid, with intrinsic
resistance to aminoglycoside. All the strains were resistant
to tetracycline with the gene tet(W) being detected in Bif.
animalis subsp. lactis. The study indicated that although
Bifidobacterium strains may not be considered safety risk,
the tet(W) gene in some strains may require experimental
validation.

Antibiotic Resistance in Bacillus

Many studies have revealed the intrinsic resistance of
Bacillus species to penicillin and ampicillin (Mohkam et
al., 2016). However, the Bacillus species lacks the mobile
elements accountable for the transfer of antibiotic-resistant
genes. Hence, antibiotic resistance in Bacillus spp. was not
considered a safety issue since the resistance genes were
not readily transferable to other microorganisms (Saroj and
Gupta, 2020).

Neut et al. (2017) found that Bacillus strains isolated
from probiotic food supplements were intrinsically
resistant to macrolides, cephalosporins, metronidazole, and
clindamycin  but susceptible to all penicillins,
streptogramin,  fluoroquinolones  (ciprofloxacin  and
levofloxacin), co-trimoxazole, and doxycycline. Another
study determined that Bacillus strains showed high levels
of resistance to kanamycin, ampicillin, and methicillin but
were susceptible to chloramphenicol, streptomycin,
tetracycline, norfloxacin, rifampicin, neomycin, nalidixic
acid, and co-trimoxazole (Samanta et al., 2012).

Although plasmids are common in Bacillus,
conjugation transfers are rarely observed between Bacillus
subtilis strains and other bacteria (Dai et al., 2012). The
plasmid encoding erm(C), tet(L), and tet(M) genes were
located within the conjugative transposon Tn5397 of B.
subtilis. Other tetracycline-resistant genes such as tet(K)
were also identified from some isolates of Bacillus.
Furthermore, the presence of cfr-like genes was observed
in several Bacillus species. Specific antibiotic defense
mechanisms involving the aminoglycoside-resistant genes
(aadD2), chloramphenicol acetyl transferase genes, cat
(Bcl), or beta-lactamase were identified in the probiotic
strain B. clausii. The erm(34) gene was detected in the
probiotic strain B. clausii DSM8716 (Gueimonde et al.,
2013). The genes (Bla)bla-1, (Bla)bla2, and (Fcyn)fosBx1
were reported on the chromosome of probiotic Bacillus
spp. (Fatahi-Bafghi et al., 2022). Plasmids encoding
tetracycline-resistant genes were also determined in B.
cereus species (Ashraf and Shah, 2011).

Anokyewaa et al. (2021) investigated the antibiotic
resistance of Bacillus isolated from commercial
aquaculture probiotics in China. B. cereus CMPF 4 and B.
paranthracis CMPF 41 were determined to be resistant to
B-lactam antibiotics, including penicillin, ampicillin,
oxacillin, cefuroxime, ceftriaxone, and minocycline.
Although B. clausii strains were resistant to erythromycin,
cephalosporins, cycloserine, kanamycin, tobramycin, and
amikacin, their resistance genes were not transferable to

other organisms (Cutting, 2011). Jeong et al. (2017)
demonstrated that all B. licheniformis strains were
susceptible to gentamicin, kanamycin, tetracycline, and
vancomycin but intrinsically resistant to chloramphenicol
and streptomycin. Hamdy et al. (2017) reported that the
strains B. subtilis BS3 and B. licheniformis BL31 were
sensitive to ampicillin, kanamycin, vancomycin,
streptomycin, and gentamicin but had no mobile elements.
The erm gene was detected in B. clausii strains and was
considered safe due to no risk of transferability (Lee et al.,
2019).

B. coagulans strains were susceptible to ampicillin,
chloramphenicol, ciprofloxacin, clindamycin,
erythromycin,  gentamicin,  kanamycin,  rifampin,
streptomycin, tetracycline, and vancomycin. Its highest
susceptibility was observed against tetracycline (Saroj and
Gupta 2020; Altun and Erginkaya, 2021). A study
investigating the potential probiotic properties of B.
coagulans CGMCC 9951 revealed that the strain was
susceptible to amikacin, bacitracin, cephalothin,
chloramphenicol, penicillin G, erythromycin, gentamicin,
neomycin, and streptomycin. The strain was also
moderately susceptible to vancomycin, amoxicillin,
flavomycin, and oxytetracycline (Gu et al., 2015).
Similarly, B. coagulans T242 was reported as sensitive to
amoxicillin, amikacin, tetracycline, chloramphenicol, and
rifampin, with intermediate sensitivity to ciprofloxacin and
erythromycin (Sui et al., 2020).

Antibiotic Resistance in Other Probiotic Strains

S. cerevisiae and S. boulardii (nom. inval.) species are
clinically demonstrated yeasts wused in probiotics
(Fakruddin et al., 2017). The probiotic strain S. cerevisiae
showed resistance to erythromycin, gentamicin,
chloramphenicol, tetracycline, and ampicillin (Fernandez-
Pacheco et al., 2018). In the study of Poloni et al. (2017)
reported that S. cerevisiae was resistant to ampicillin,
streptomycin,  gentamicin, neomycin, norfloxacin,
penicillin G, sulfonamide, and trimethoprim. Another
study revealed a potentially probiotic strain S. cerevisiae
IFST 062013, isolated from fruit, which was resistant to
tetracycline, ampicillin, gentamicin, penicillin, polymyxin
B, and nalidixic acid (Fakruddin et al., 2017). Neut and
colleagues (2017) showed that S. boulardii (nom. inval)
strains were intrinsically resistant to benzylpenicillin,
oxacillin, amoxicillin, cefuroxime, cefixime, macrolides,
azithromycin, clarithromycin, lincosamide, clindamycin,
streptogramin, fluoroquinolones, ciprofloxacin,
levofloxacin, and co-trimoxazole.

C. butyricum MIYAIRI 588® (CBM 588®) strain has
been developed as a probiotic for human and animal food.
It showed susceptibility to all clinically used antibiotics,
except aminoglycoside (gentamicin, kanamycin, and
streptomycin) (Isa et al., 2016). The probiotic E. coli Nissle
1917 strain is genetically stable and intrinsically resistant
to clindamycin, erythromycin, metronidazole, penicillin G,
rifampicin, and vancomycin (Altuntas et al., 2017). The
chromosome of probiotic E. coli Nissle 1917
NZ_CP007799 was detected with the resistance genes
Penicillin_Binding_Protein, ampC2, and ampH (Fatahi-
Bafghi et al., 2022).

751



Seyirt et al. / Turkish Journal of Agriculture - Food Science and Technology, 11(4): 746-757, 2023

Table 2. Antibiotic resistance profiles of commercially available probiotic strains

CPS Probioticstrainused Antibioticresistance Location R
Probiotic strain Lactobacillus salivarius BFE 7441 Ciprofloxacin, Erythromycin, Gentamicin, Streptomycin ?rr]?:)(g)-some 1
Probiotic product Lactobacillus salivarius Erythromycin,Gentamicin, Vancomycin - 2
Probiotic product Streptococcus thermophilus Ciprofloxacin - 2
Probiotic product Lactobac!llus paracasel, Vancomycin - 2
Lactobacillus plantarum
Probiotic product Lactobac!llus. aC|doph|_Ius, Gentamicin - 2
Lactobacillus paracasei
Fermented milk Lactobacillus plantarum Vancomycin van(X)
Isolated from Lactobacillus casei/paracasei K 3Sh24, tet(M)-
the gastrointestinal microbiome Lactobacillus helveticus NNIE, Tetracycline transposon 4
of people Lactobacillus helveticus Er 317/402.
ProbioticYogurt Lactobacillus kefiri NWL78 Tetracycline tet(S) 5
. . Lactobacillus plantarum Lp804, .
Italian and Argentinean cheeses Lactobacillus plantarum Lpg05 Tetracycline tet(M) 6
Probiotic strain Lactobacillus reuteri Al - 7
Probiotic strain Bifidobacterium longum JDM301 A2 ND 8
Naturally fermented olives Lactobacillus casei Shirota Erythromycin, Tetracycline ND 9
Cheese Bacillus flexus Hk1 Penicillin, Methicillin, Ampicillin, Co-Trimoxazole - 10
Probiotic strain Bacillus coagulans Penicillin, Methicillin, Co-Trimoxazole - 10
Enterococcus faecalis129 BIO 3B-R,
Probiotic strain Enterococcus faecalis BIO-4R, Beta-lactams - 11
Enterococcus faecalis PCR
Fermented food Lactobacillus plantarum LD1 Kanamycin - 12
Probiotic product Lactobacillus plantarum CICC 23180 B-lactam bir-plasmid 13
Dairy samples Lactobac!llus !solates LBS1, Co-trimoxazole, Amoxycillin, Vancomycin - 14
Lactobacillus isolates LBS 2 ’ '
. Lactobacillus acidophilus,
Probiotics b -
of dietary supplements ngtobaculu_s sall\_/a}rlus, Vancomycin, Gentamycin, Streptomycin, Ciprofloxacin - 15
Bifidobacterium bifidum, ! ! !
(US.A) ;
Streptococcus thermophilus
Bifidobacterium longum,
.. Bifidobacterium bifidum,
Probiotics Bifidobacterium infantis
of A A Vancomycin, Streptomycin, Aztreonam, Gentamycin,
dietary supplements Lactobac!llus bulgaricus, Ciprofloxacin 5
. Lactobacillus rhamnosus
(Malaysia) . - !
Lactobacillus casei,
Lactobacillus acidophilus
Probiotics B!f!dobacter!um Io_ngum, Vancomycin, Streptomycin, Aztreonam, Gentamycin,
of dietary supplements (Austria) Blfldobac_terlum b'f'd.um‘ Ciprofloxacin 15
Lactobacillus gasseri
Probiotic product I(_ggtg?_a%gl;s (p:IEa(n:t_:rar;Srgg) Clindamycin, Kanamycin ND 16
Bifidobacterium lactis BB-12/DSM 15954,
Probiotics food supplements Bifidobacterium longum LA 101, Ciprofloxacin - 17
Bifidobacterium bifidum
Probiotics food supplements Lactococcus lactis LA 103 Ciprofloxacin, Co-Trimoxazole, Metronidazole - 17
Probiotic drop Lactobacillus reuteriProtectis DSM 17938 Penicillins - 17
Yogurt drink sample Bifidobacterium C Erythromycin erm(B) 18
Indigenous milk of different animals  [Lactobacillus pentosus MMP4 A3 - 19
Mozzarella cheese Lactobacillus casei, Lactobacillus fermentum Vancomycin ND 20
Probiotic strain Lactobacillus plantarum 299v Aminoglycosides, Vancomycin, Metronidazole, - 21
Commercial food products Lactobacillus E Erythromycin, Tetracycline, Vancomycin tet(M),erm(B) 22
Commercial food products Lactobacillus D Erythromycin, Tetracycline, Vancomycin erm(B) 22
Lactobacillus brevis KMJC1,
Jugcheese, a type of Iranian traditional [Lactobacillus acidipiscis KMJC2, Vancomvein Kanamvein. Strentomycin : 23
cheese Lactobacillus curvatus KMJC3, yeln, yeln, ptomy
Lactobacillus plantarum KMJC4
Lactococcus lactis(cam 12),
Camel milk Enterococcus lactis(cam 14), Chloramphenicol, Lincomycin - 24
Lactobacillus plantarum(cam 15)
Probiotic isolate Enterococcus lactis JDM1 Macrolid, Fluoroquinolone, Aminoglycoside L1 25
Lactobacillus paracasei,
Lactobacillus reuteri,
Lactobacillus sakei,
. L Lactobacillus salivarius, - . f
Commercial probiotic lozenges Lactobagillus reuteri DSM 17938, Trimethoprim dfrD-plasmid 26
Lactobacillus reuteri ATCC PTA 5289,
Lactobacillus brevis CECT 7480,
Lactobacillus plantarum CECT 7481
Lactobacillus acidophilus HA-122,
Commercial probiotic lozenges tggzgggg:::ﬂz (r:ﬁ;re;:n%gsl&i-lll, Macrolide, Chloramphenicol, Trimethoprim L2 26
Lactobacillus salivarius HA-188
Commercial probiotic lozenges Lactobacillus paracasei, Chloramphenicol, Aminoglycoside, Vancomycin L3 26
Lactobacillus reuteri

CPS: Commercial probioticproducts/strain; R: References; 1: Hummel et al. (2007); 2: Blandino et al. (2008); 3: Liu et al. (2009); 4: Botinaet al. (2011); 5: Nawaz et al.
(2011); 6: Zagoet al. (2011); 7: Singh et al. (2012); 8: Wei et al. (2012); 9: Argyri et al. (2013); 10: Nithya and Halami (2013); 11: Yamaguchi et al. (2013); 12: Guptaand
Tiwari (2014); 13: Han et al. (2015); 14: Kumar and Kumar (2015); 15: Wong et al. (2015); 16: Mukerji et al. (2016); 17: Neut et al. (2017); 18: Aarif and Weerasooriya
(2019); 19: Choudhary et al. (2019); 20: de Souza et al. (2019); 21: Klarin et al. (2019); 22: Priyadarshana and Daniel (2019); 23: Mahmoudi et al. (2021); 24: Sharma et al.
(2021); 25: Fu et al. (2022); 26: Wang et al. (2022); Al: Polymyxin B, Gentamycin, Cefazolin, Ampicillin, Kanamycin, Amikacin, Vancomycin; A2: Ciprofloxacin,
Amikacin, Gentamicin, Streptomycin; A3: Chloramphenicol, Novobiocin, Methicillin, Tetracycline, Streptomycin, Erythromycin, Penicillin, Fusidic Acid; L1: efmA,
aac(6)-li, msrC-chromosome; L2: mefA, cat-TC-plasmid, dfrD-plasmid; L3: cat-TC-plasmid, aadE, van(X); cat:chloramphenicol; erm: erythromycin; tet: tetracycline;
Inu(A): lincosamide; van: vancomycin; blr: B-lactam; efmA: macrolide; aac(6” )-li: aminoglycoside; msrC : macrolide; dfrA/dfrD: trimethoprim ; mefA: erythromycin;
aadE: streptomycin; (-): not studied; ND: not determined
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Antibiotic Resistance in Commercial Probiotic Strains

With time, widespread and wrong usage of antibiotics
has led to the creation of a reservoir of antibiotic-resistant
genes in microorganisms. The resistance to antibiotics and,
more importantly, the potential transfer of antibiotic
resistance to pathogens and commensal bacteria in the gut
poses a serious threat worldwide. Although the
Lactobacillus and Bifidobacterium strains in commercial
probiotics are accepted as highly genetically stable, there
is a need to evaluate the risk of transfer of antibiotic-
resistant genes during the production and storage
conditions of probiotics. Determining the inability to
transmit or accept antibiotic-resistant genes becomes
essential in assessing the safety of probiotics for human
consumption (Wong et al., 2015; Ku et al., 2020). Probiotic
microorganisms  with  non-transmissible  antibiotic
resistance do not generally pose a safety risk. Therefore,
while selecting probiotic strains, it is suggested to ensure
that the transferable resistance genes encoding resistance
to clinical drugs are not carried by the probiotic bacteria
(FAO/WHO, 2001).

Antibiotic resistance in probiotics may be “intrinsic” or
“acquired.” Intrinsic resistance may be a desirable trait
during antibiotic treatment because such probiotics may
help restore the host gut microflora. Whereas, acquired
resistance in probiotic strains presents a significant
potential for horizontal spread of resistant genes than
enabling intrinsic resistance. It is essential to evaluate
antibiotic resistance in probiotic strains to distinguish
between intrinsic and acquired resistance, which helps in
identifying the strains correctly (Li et al., 2020).

Probiotics have shown resistance to several classes of
antibiotics, including glycopeptides, aminoglycosides,
monobactams, and fluoroquinolones (Zheng, 2017).
Additionally, some probiotic strains were identified with
antibiotic-resistant genes in their plasmids, which could be
transferred horizontally to pathogens. Hence, there is a need
to identify antibiotic resistance in commercial probiotic
strains (Ku et al., 2020). Antibiotic resistance profiles of
some commercial probiotic strains are listed in Table 2.

Probiotics, except the ones with yeast, are usually
susceptible to most antibiotics applied orally. So far, most
of the acquired antibiotic-resistant genes in LAB and
bifidobacteria have been tetracycline-and erythromycin-
resistant genes (Neut et al., 2017). Fatahi-Bafghi et al.
(2022) found that the tet(W) resistance gene was common
in probiotic species Bifidobacterium and Lactobacillus.

A study evaluated the genotypic and phenotypic
stability of a probiotic nominee strain, Lb. rhamnosus
PRSF-L477, which was found to be genetically stable.
Although the tet(W) gene was found on the chromosome of
Bif. animalis subsp. lactis Bb-12, the probability of its
transfer from Bb-12 to other microorganisms was
considered low. The PROSAFE project detected the
minimal inhibitory concentrations (MICs) of 16
antimicrobials in 473 LAB isolates, including the genera
Lactobacillus, Pediococcus, and Lactococcus. Although
Lactobacillus strains showed high resistance to
streptomycin, PCR results showed no resistant gene. The
project concluded that testing antimicrobial susceptibility
was essential in assessing the safety of LAB due to the
presence of acquired-resistant genes in isolates derived

from probiotics (Sanders et al., 2010). Wong et al. (2015)
investigated five commercially available probiotic dietary
supplements and reported that probiotics of the whole
group of products were resistant to vancomycin while few
were resistant to streptomycin, aztreonam, gentamicin,
orciprofloxacin based on their group.

Hammad and Shimamoto (2010) revealed that the
isolates obtained from 40 commercially available Japanese
probiotic supplements did not carry antibiotic-resistant
genes and showed low natural resistance to tested
antibiotics. The probiotics evaluated within the scope of
this study were reported to be risk-free. Besides, the
isolated probiotic strains were not suitable for probiotic-
antibiotic combination therapy due to their sensitivity to
clinically used antibiotics.

A recent study conducted by Baumgardner and
colleagues (2021) reported transferrable tet(M) ,tet(K),
erm(B), erm(T), sull, sul2, and dfrG resistant genes in
commercial animal probiotics. Another important finding
of the study was the determination of the transferable gene
van(A) in probiotics marketed for application in animal
foods.

Conclusion

Many probiotic strains were reported to have intrinsic
or acquired resistance to antibiotics. Antibiotic-resistant
genes were also identified on mobile genetic elements in
typical probiotics. Recent studies have reported antibiotic
resistance in probiotics. The significant safety problem of
probiotics is the transfer of antibiotic-resistant genes to
pathogenic and commensal organisms. Since the
consumption of probiotics has notably increased
worldwide, it becomes mandatory to assess their safety.
Therefore, it is essential to determine the antibiotic
resistance profiles and transferable antibiotic resistance
among the strains used as probiotics.
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