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Abstract
Having various clinical applications, probiotic bacteria are currently used in the diet. There are reports of
antibiotic resistance genes (ARGs) in these bacteria that can be transferred to other micro�ora and
pathogenic bacteria. The aim of the study is to examine whole-genome sequence analysis in bacteria
with probiotic properties. Moreover, this study follows existing issues about the importance and presence
of ARGs in these bacteria the dangers of which may affect human health in the years to come. In the
present study, 126 complete probiotic bacterial genomes were collected and analysed for ARGs. The
results of the study shows there are various antibiotic resistant genes of in these bacteria some of which
can be transmitted to other bacteria. We propose microorganisms be applied as a probiotic element in
various types of products, antibiogram be conducted for a large number of antibiotics and analysis of
complete genome sequence for ARGs prediction.

Introduction
The Food and Agriculture Organization of the United Nations (FAO), the World Health Organization (WHO)
(1, 2) and, the International Scienti�c Association for Probiotics and Prebiotics (ISAPP)(3) describe
microorganisms with probiotic properties are described as live microbes the appropriate use of which can
be bene�cial for host health. European Food Safety Authority (EFSA) or the U.S. Food and Drug
Administration, however, do not agree with this de�nition (4, 5). Some of the various methods such as
phenotypic properties and molecular techniques have been used for probiotic bacteria identi�cation at
the genus and species level (2, 3). Health bene�ts of probiotic micro-organisms have been reported in the
literature and some bacteria genera have probiotic properties include: Aeromonas (6), Akkermansia (7),
Arthrobacter (6), Bacillus (3), Bi�dobacterium (3), Enterobacter (6), Enterococcus (3), Escherichia (3),
Lactobacillus (3), Leuconostoc (3), Lactococcus (8), Micrococcus (6), Paenibacillus (9), Pediococcus (3),
Propionibacterium (10), Rhodopseudomonas, Roseobacter, Streptococcus (3) Shewanella (11) and, etc.
There are the various application of probiotics species including cancer prevention (12), treatment of
diarrhea such as rotavirus diarrhea, anti-hypersensitivity to food (13), immunomodulatory effects (14),
antagonistic activity (14), effect on gastrointestinal diseases (15), prevention of gingivitis (15), vitamin
production properties (16), antimicrobial properties (16) and, etc. Antibiotic resistance mechanisms in
bacteria are include 1- intrinsic, naturally occurring with four mechanisms such as beta-lactamases, e�ux
pumps, alteration in the antibacterial target site, metabolic pathway inhibition, and 2- acquired, occuring
with mutations or acquisition of foreign DNA (14, 17). One of the important ways of gene transfer among
bacteria is horizontal gene transfer (HGT)(18) with different mechanisms including conjugation,
transduction and, transformation (19). LAB and bi�dobacteria have acquired numerous ARGs by
conjugation mechanism (20). Conjugative plasmids have been reported in Bi�dobacterium, Lactobacillus,
lactococci, Leuconostoc, pediococci and, Streptococcus thermophilus (20-23). One of the safety aspects
for probiotics is that they fail to carry any transferable antibiotic resistant genes (14). Strains of bacteria
harbouring jumping genes or TEs carrying ARGs are not suitable and acceptable as probiotic (14). A
broad range of antibiotic resistance reported in Lactobacilli (24) are not often transmissible (14).
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Resistance to vancomycin has been reported in Lactobacillus, Leuconostoc, Pediococcus and,
Enterococcus (25, 26). Also, plasmid-dependent antibiotic resistance is uncommon among Lactobacillus
species (14). Antibiotic resistance to glycopeptides such as vancomycin may be encoded by genomic or
extra-genomic DNA. Often, these resistant genes are located within transposons (jumping genes) such as
Tn1546 or other transposable elements (TEs), having the capacity to serve as a reservoir for the
transmission of resistant genes to other bacteria (27-29). Probiotic strains may naturally contain ARGs or
harbor transferable ARGs and should not be used for animal and human consumption (30). Therefore,
due to the presence and transmission of such genes to other organisms, they should be monitored
carefully in the case of commercial use (31). The aim of the this study was to survey the ARGs based on
the whole genome sequence analysis in the probiotic bacteria and to answers four questions concerning
these bacteria: I- Are there ARGs in these bacteria? II- Are these antibiotic resistant genes transferable to
other bacteria? III- Are the present ARGs in these bacteria always bad? IIII- How many of them are on
transferable elements or chromosome?

Methods
Predicated on what was searched in Google Scholar, PubMed, Scoupus, Embase and, Science Direct
databases, a total number of 126 probiotic bacteria exist in various genera, including Akkermansia,
Bacillus, Bi�dobacterium, Lactobacillus, Carnobacterium, Enterococcus, Escherichia, Lactococcus,
Leuconostoc, Paenibacillus, Pediococcus, Propionibacterium, Streptococcus, Shewanella and, Weissella.
Their genomes were downloaded from National Center for Biotechnology Information (NCBI) microbial
genomes repository for analysis. The whole genome sequences of probiotic strains listed in Table 1 and
contigs and scaffolds were discarded. Whole genome sequences were analysed for the presence of ARGs
using the antibiotic resistance gene-annotation (ARG-ANNOT) (32) and Res�nder (33). Expectation value
(E) with 1.0E-100 and matrix with BLOSUM62 was used for ARG-ANNOT. The last update was July 2019
for ARG-ANNOT. The threshold for %ID, minimum length and, database update for Res�nder were 90%,
60% and, 01-Oct-2019 respectively.

Results
Whole-genome sequences of one hundred twenty-six of probiotic bacteria were analysed for ARGs with
ARG-ANNOT and Res�nder. The data are shown in Table 1. ARGs have been identi�ed in the Bacillus
subtilis subsp. spizizenii, Bacillus subtilis subsp. inaquosorum, Bacillus amyloliquefaciens, Bacillus
clausii, Bacillus coagulans, Bacillus subtilis, Bacillus sp., Bi�dobacterium animalis, Bi�dobacterium
animalis subsp lactis, Bi�dobacterium breve, Bi�dobacterium longum, Enterococcus faecalis,
Enterococcus durans, Escherichia coli, Lactobacillus heilongjiangensis, Lactobacillus reuteri and,
Shewanella sp. ARG-ANNOT identify 25 ARGs in 30 strains include cfr(B), ant4-Ib, erm(34), bcl-1, cat,
msr(D), mef(A), Lmr(B), bsu-1, bla-1, bla2, fosBx1, tetW, tetO, lnu(C), lsa(A), mph(D), dfrE,
Penicillin_Binding_Protein, ampC2, ampH, vat(E), tetL, dfrG and, dfrK. Res�nder identi�ed 18 ARGs in 27
strains include aadK, blaOXA-548, mph(K), fosB1, ant4-Ib, erm(34), cat, msr(D), mef(A), tetW, tetO, lnu(C),
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lsa(A),  aac(6')-Iih, vat(E), tetL, mdf(A) and, dfrG. Analysis of the results revealed the prevalence of tetW
gene being more than other ARGs; the gene was found in Bi�dobacterium and Lactobacillus. The data
analysis of the results are shown in Table 2, 3. Genes lsa(A) and mph(D) were identi�ed in E. faecalis
Symbio�or 1 with ARG-ANNOT but Res�nder just identi�ed lsa(A) gene. Res�nder identi�ed one beta-
lactamase gene (blaOXA-548 gene) but ARG-ANNOT identi�ed 6 beta-lactamase [bcl-1, bsu-1, bla-1, bla2,
ampC2, ampH genes] genes.

Discussion
To date, due to the emergence of antibiotic resistance, the safety of probiotic strains is essential for use
in humans and animals (17). Bacterial strains used in foods should not carry any transferable ARGs (34).
It has been proposed the ARGs reservoir in advantageous bacterial populations could presumably play a
role in the transfer of resistance genes to pathogenic and opportunistic bacteria (35, 36). Probiotic strains
may bear the potential to transmit ARGs into pathogenic or commensal bacteria (microbiota) (17). There
are concerns about antibiotic resistance in the lactic acid bacteria (LAB) present in our diet. In addition,
 LAB acquires ARGs from environmental bacteria and the genes might be transferred to the endogenous
microbiota (17). Antibiotic resistance is not always transferable in Lactic acid bacteria (LAB) but genes
carried on plasmid may transfer to other pathogenic bacteria (37). Some bacteria, such as
Carnobacterium spp., Enterococcus spp., Lactococcus spp., Leuconostoc spp. and, Streptococcus
thermophilus found in various food products and supplements contain ARGs and are capable of
transferring genes to others microorganisms (38, 39). One of the reasons that Bacillus strains are not
suitable as probiotics is their potential to transfer (16). In some LABs, there is a conjugation system and
the system is presumably capable to transmit ARGs (40). Bi�dobacterium species are intrinsically
resistant to gentamycin, kanamycin, metronidazole, nalidixic acid, neomycin, polymyxin B and,
streptomycin (14). Werner et al. reported that there is no transfer of vanA-containing plasmids among
Enterococcus species, Lactococcus species and, Bi�dobacterium species (29). Chang et al. reported vanX
gene in Lactobacillus plantarum in 2009 (41). Moreover, a study by Mater et al. reported transfer vanA
gene from enterococci to a probiotic Lactobacillus acidophilus strain in mice (42). In our study,
vancomycin resistance genes were identi�ed in none of the strains. Additionally,
Penicillin_Binding_Protein, ampC2 and, ampH genes were identi�ed in E. coli Nissle 1917. Resistance
gene ermB has also been reported in L. plantarum DG507 (43), Lactobacillus lactis (44), Lactobacillus
crispatus (45), L. reuteri (46), L. reuteri CH2-2, Lactobacillus curvatus, Lactobacillus sakei, Lactobacillus
paracasei, Lactobacillus brevis, Lactobacillus salivarius CHS1-E,CH7-1E (46, 47), Lactobacillus vaginalis
NWL35 (48), L. salivarius BFE 7441(49) in commercial probiotic products. The blaOXA-548 gene (this
gene is in class D beta-lactamase) is variant of the blaOXA-48 gene (carried by plasmid)(50, 51) and has
been reported in Shewanella hafniensis strain Sh29 (51). In literature, there is no information about its
transmission in other bacteria although Ceccarelli et al. and Zou et al. reported variants of blaOXA-48-like
gene in Shewanella species (52, 53). The most common tetracycline resistance genes is tet(W) which �rst
reported in Butyrivibrio �brisolvens (54, 55) and this gene is carried on a conjugative transposon TnB1230
(56) or mobile genetic element (mob) gene (57). Moreover,Kazimierczak et al. reported tet(W) gene
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transfer at low frequencies between Bi�dobacterium longum F8 and Bi�dobacterium adolescentis L2-32R
in laboratory tests (54). tet(L) gene has also been reported in Lactobacillus sakei Rits 9 carried on a
plasmid (58). Wilcks et al. reported tet(L) gene being more readily transferable than tet(M) gene in
Enterococcus faecalis isolated from raw food (59). Also, Toomey et al. in 2010 reported that tet(M) gene
can transferre L. plantarum to Lactococcus lactis BU-2-60 and to Enterococcus faecalis JH2-2 (60).
tet(M) gene is carried on Tn916 family and Tn6086 (61, 62). HGT can occur in foodborne Lactobacillus
and Lactococcus species including Lactobacillus brevis, L. paracasei, Lactobacillus plantarum,
Lactococcus lactis, Lactococcus garviae for tet(M) gene (62). HGT erm(B) gene has also been reported in 
Lactobacillus fermentum, Lactobacillus plantarum and, Lactobacillus salivarius (62). Rosander et al.
reported tet(W) and lnu(A)[ lincosamide resistance gene] genes carried on plasmids in Lactobacillus
reuteri ATCC 55730 (63). Additionally, Jacobsen et al. reported horizontal transfer of tet(M) and erm(B)
genes from Lactobacillus plantarum to E. faecalis JH2-2 carried on plasmid (64). Also a laboratory study
reported that Lactobacillus reuteri 12002 harboring erm(B) gene can be transferred to enterococci (37).
Some of transposons such as TnFO1 (identi�ed in Enterococcus faecalis strain FO1 and isolated from
cheese) are transferred by the conjugation mechanism of Enterococcus faecalis into other organisms
including Lactococcus lactis subsp.lactis biovar.diacetylactis, Leuconostoc mesenteroides and, etc.(65).
Nawas et al. reported erm(B) and tet(S) genes in Lactobacillus and Streptococcus thermophiles in
Chinese fermented foods (48). In another study, tet(M) and erm(B) genes were reported in Lactobacillus
gasseri, Lactobacillus casei, L. acidophilus (66) and, L. paracasei (67). Pan et al. (2011) also reported
tet(M), erm(B) and, aphA3 genes in L. plantarum, Lactobacillus fermentum, Lactobacillus helveticus and,
Enterococcus faecium in Chinese fermented foods-pickles and, sausages (68). Ledina et al. detected
tet(M) gene in L. paracasei isolated from Serbian raw milk cheeses (69). In the study by Zonenschain et
al. erm(B) and erm(C) genes in L. plantarum were reported in fermented dry sausage (46). Furthermore,
resistance genes erm(B), tet(M) and, tet(S) were reported in Lactobacillus fermentum NWL24, L. salivarius
NWL33, L. sakei NWL22, L. brevis NWL59, L. brevis, Lactobacillus ke�ri (48). erm(B) and msr(C) genes
were also reported in E. faecium, E. durans and, Pediococcus pentosaceus in traditional fermented foods
and curd (47). In our study, none of the strains possessed the ermB, tet(S), aph A3, erm(C), tet(S) and,
tet(M)  genes but tetO and msr(D) genes were identi�ed in B. breve BR03 and B. coagulans DSM 2314
respectively. There are any ARGs in S. thermophilus APC151, CNRZ1066, KLDS 3.1003 and, LMD-9.
Tetracycline resistance genes such as tet(O), tet(Q), tet(M), tet(S), tet(W), tet(36), tet(Z),
tet(O/W/32/O/W/O), tet(W/O), tet(K), tet(L) and aminoglycoside resistance genes such as aph(3)-IIIa,
aac(6), aph(2), ant(6), aaa(60), aph(200), lnu(A) have also been reported  in Lactobacillus (17, 70). In
literature, erm(X), tet(L), tet(M), tet(O), tet(W), tet(O/W) and, tet(W/32/O) genes have been reported in
Bi�dobacterium (71). In another study, Perreten et al. reported str, tet(S) and, cat genes in Lactococcus
lactis strain K214 of raw milk soft cheese (72). In the current study, 3 whole genome sequences of
Lactococcus lactis subsp. lactis with various strains were analysed in which no ARGs was identi�ed.
Tetracycline resistance gene tet(W) was also reported in B. longum B36 (73) and Bi�dobacterium spp.
(20, 74). In our study, this gene was identi�ed in B. animalis BL3, RH; Bi�dobacterium animalis subsp
lactis I-2494, AD011, B420, BB-12, Bi-07, Bl-04, BLC1, HN019, V9, DSM10140; B. longum BORI, BBMN68,
DJO10A; Bi�dobacterium longum subsp. longum JDM301; and L. reuteri ZLR003. Further, Kastner et al.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ledina%20T%5BAuthor%5D&cauthor=true&cauthor_uid=29606757
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reported tet(W) gene in L. reuteri SD 2112 with PCR ampli�cation (75) but we not identi�ed this gene in
the whole genome sequence (NC_015697) of this bacterium with ARG-ANNOT and Res�nder. Tetracycline
resistance genes tet(M) and tet(L) were reported in L. sakei Rits 9 (58) but merely tet(L) gene was
identi�ed in L. reuteri ZLR003 in our study.  Lincomycin resistance gene lnu(A) was detected in L. reuteri
ATCC 55730 (63). In our study, lnu(C) gene was found in B. longum BBMN68 but the gene not identi�ed
with Res�nder. Gene rpsL was reported in B. breve of yakult (76); however, it could not be found in our
study. dfrA gene was reported in S. thermophilus and L. lactis (41) but in our the study, dfrG and dfrK
genes were identi�ed in L. reuteri ZLR003 and dfrE gene in E. faecalis Symbio�or 1. In Res�nder only dfrG
gene was identi�ed in L. reuteri ZLR003. Resistance genes erm(B), tet(W) and, tet(M) were identi�ed in
Lactobacillus, Pediococcus and, Lactococcus (77) but the genes could not be found in Lactococcus lactis
subsp. lactis NCDO 2118 and Pediococcus pentosaceus LP28. Genes tet(M), ant6 and, aph 3′-IIIa were
also reported in S. thermophilus and Lactobacillus delbruekii ssp. Bulgaric in Chinese yoghurts (78).
Jaimee et al. reported presence of aminoglycoside-resistance genes including aac(6′)Ie, aph(2″)Ia and,
aph(3′)IIIa in Lactobacillus plantaram (18). Ouoba et al. detected aminoglycoside resistance genes
including aph(3')-III, aadA , in Lactobacillus casei and L. paracasei (79). In our study, ant4-Ib was
identi�ed in B. clausii KSM-K16. Bozdogan et al. and Girlich et al. reported aaD2, erm(34), bcl-1 and,
cat(Bcl) genes in Bacillus spp. (71) and we identi�ed erm(34), cat and, bcl-1 genes in B. clausii KSM-K16.
Girlich et al. (2007) reported bcl-1 gene in B. clausii NR (80). Gene bcl-1 was not identi�ed with Res�nder
in this bacterium. Genes erm(B), tet(M), erm(LF), vat(E-1), mdt(A), cat, str were reported in L. gasseri dairy
products (20). In the current study, vat(E) gene was identi�ed in  L. heilongjiangensis DSM 28069.
Chloramphenicol acetyl transferases (cat genes) were also reported in L. acidophilus, Lactobacillus
delbrueckii subsp. bulgaricus, Lactobacillus johnsonii, L. reuteri and, L. plantarum (17). In the current
study, phosfomycin resistance gene (fosBx1) was identi�ed in Bacillus sp. DU-106 and Lmr(B) gene was
identi�ed in Bacillus subtilis PY79, Bacillus subtilis TO-A JPC, Bacillus subtilis subsp. inaquosorum
DE111 and, Bacillus subtilis subsp. spizizenii ATCC 6633. Murata et al. reported Lmr(B) gene in Bacillus
subtilis strain 168 (81). Liu et al. reported msrC and vanX genes in E. faecium and L. plantarum isolated
from marketed foods and drugs, respectively. Moreover, they identi�ed dfrA gene in S. thermophilus and
Lactococcus lactis (41). Campedelli et al. assessed 182 whole genome sequences for ARGs in
Lactobacillus spp. with Comprehensive Antibiotic Resistance Database (CARD). They reported penicillin
binding proteins (PBPs) and d-alanine d-alanine ligase (Ddl) in all Lactobacillus genomes investigated.
 Also othere ARGs including ant(6), ant(9), cmlA, cat, lsa, tet(M), tet(S), tet(Q), and tet(W), tet(L) and tet(P),
erm(B), mef(E), and mef(B) were identi�ed in their study (82).

Conclusion
In many studies, it has been reported that LAB acquires various ARGs, especially tetracycline and
erythromycin agents; therefore, fermented foods and dairy probiotic products may be a source of
antibiotic resistance. For the use of a bacterium as a probiotic, we recommend that the minimum
inhibitory concentration (MIC) be determined for a large number of antibiotics and analysis of whole
genome sequences for ARGs prediction. In the review of the literature, probiotic bacteria are considered to

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lactobacillus-reuteri
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ouoba%20LI%5BAuthor%5D&cauthor=true&cauthor_uid=18063151
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campedelli%20I%5BAuthor%5D&cauthor=true&cauthor_uid=30366997
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resistance genes pool and transfer these to micro�ora and pathogenic bacteria. Our results revealed that
there are various ARGs in probiotic bacteria including Lactobacillus,Bi�dobacterium and, Bacillus;
therefore, designing new guidelines seems to be highly necessary.

Declarations
Acknowledgment

The author thanks of Zoonotic Diseases Research Center Yazd, Iran for support.

Ethical Approval

This article does not contain any studies with human participants or animals performed by any of the
authors.

Con�ict of Interest

The authors declare no con�icts of interest.

Statement of Informed Consent

The article does not contain any studies in patients by any of the authors.

References
1. [(accessed on 20 January 2014)]. Available online:

http://www.who.int/foodsafety/publications/fs_management/en/probiotics.pdf
FaAOotUNWHOFWHaNPoPiFiPMwLLAB.

2. for FaAOotUNWHOFWGftEoPiFJFWWGoDG.

3. Fijan S. Microorganisms with claimed probiotic properties: an overview of recent literature.
International journal of environmental research and public health. 2014;11(5):4745-67.

4. on 20 January 2014)]. Available online:
http://ec.europa.eu/food/food/labellingnutrition/claims/guidance_claim_14-12-07.pdf.
GotIoRNoNaHCMoFCotSCotFCaAHa.

5. Rijkers GT, De Vos WM, Brummer R-J, Morelli L, Corthier G, Marteau P. Health bene�ts and health
claims of probiotics: bridging science and marketing. British Journal of Nutrition. 2011;106(9):1291-
6.

�. Kuebutornye FK, Abarike ED, Lu Y. A review on the application of Bacillus as probiotics in
aquaculture. Fish & shell�sh immunology. 2019.

7. Shin J, Noh J-R, Chang D-H, Kim Y-H, Kim MH, Lee ES, et al. Elucidation of Akkermansia muciniphila
probiotic traits driven by mucin depletion. Frontiers in microbiology. 2019;10:1137.

http://www.who.int/foodsafety/publications/fs_management/en/probiotics.pdf
http://ec.europa.eu/food/food/labellingnutrition/claims/guidance_claim_14-12-07.pdf


Page 8/13

�. Gao Y, Lu Y, Teng K-L, Chen M-L, Zheng H-J, Zhu Y-Q, et al. Complete genome sequence of
Lactococcus lactis subsp. lactis CV56, a probiotic strain isolated from the vaginas of healthy
women. Am Soc Microbiol; 2011.

9. Kim JF, Jeong H, Park S-Y, Kim S-B, Park YK, Choi S-K, et al. Genome sequence of the polymyxin-
producing plant-probiotic rhizobacterium Paenibacillus polymyxa E681. Journal of bacteriology.
2010;192(22):6103-4.

10. Falentin H, Deutsch S-M, Jan G, Loux V, Thierry A, Parayre S, et al. The complete genome of
Propionibacterium freudenreichii CIRM-BIA1T, a hardy actinobacterium with food and probiotic
applications. PloS one. 2010;5(7):e11748.

11. Kang M-S, Yeu J-E, Hong S-P. Safety Evaluation of Oral Care Probiotics Weissella cibaria CMU and
CMS1 by Phenotypic| and Genotypic Analysis. International journal of molecular sciences.
2019;20(11):2693.

12. Hirayama K, Rafter J. The role of probiotic bacteria in cancer prevention. Microbes and infection.
2000;2(6):681-6.

13. Salminen S, Ouwehand A, Isolauri E. Clinical applications of probiotic bacteria. International Dairy
Journal. 1998;8(5-6):563-72.

14. Saarela M, Mogensen G, Fonden R, Mättö J, Mattila-Sandholm T. Probiotic bacteria: safety,
functional and technological properties. Journal of biotechnology. 2000;84(3):197-215.

15. Nguyen T, Brody H, Lin GH, Rangé H, Kuraji R, Ye C, et al. Probiotics, including nisin‐based probiotics,
improve clinical and microbial outcomes relevant to oral and systemic diseases. Periodontology
2000. 2020;82(1):173-85.

1�. Lee N-K, Kim W-S, Paik H-D. Bacillus strains as human probiotics: characterization, safety,
microbiome, and probiotic carrier. Food science and biotechnology. 2019;28(5):1297-305.

17. Sharma P, Tomar SK, Goswami P, Sangwan V, Singh R. Antibiotic resistance among commercially
available probiotics. Food Research International. 2014;57:176-95.

1�. Das DJ, Shankar A, Johnson JB, Thomas S. Critical insights into antibiotic resistance transferability
in probiotic Lactobacillus. Nutrition. 2019:110567.

19. Korhonen J. Antibiotic resistance of lactic acid bacteria: Kopijyvä; 2010.

20. Ammor MS, Flórez AB, Mayo B. Antibiotic resistance in non-enterococcal lactic acid bacteria and
bi�dobacteria. Food microbiology. 2007;24(6):559-70.

21. Davidson BE, Kordias N, Dobos M, Hillier AJ. Genomic organization of lactic acid bacteria. Antonie
Van Leeuwenhoek. 1996;70(2-4):161-83.

22. Mercenier A, Pouwels P, Chassy B. Genetic engineering of lactobacilli, leuconostocs and
Streptococcus thermophilus. Genetics and biotechnology of lactic acid bacteria: Springer; 1994. p.
252-93.

23. Sgorbati B, Scardovi V, Leblanc DJ. Plasmids in the genus Bi�dobacterium. Microbiology.
1982;128(9):2121-31.



Page 9/13

24. Charteris WP, Kelly PM, Morelli L, Collins JK. Antibiotic susceptibility of potentially probiotic
Lactobacillus species. Journal of food protection. 1998;61(12):1636-43.

25. Nicas T, Cole C, Preston D, Schabel A, Nagarajan R. Activity of glycopeptides against vancomycin-
resistant gram-positive bacteria. Antimicrobial agents and chemotherapy. 1989;33(9):1477-81.

2�. Swenson J, Facklam R, Thornsberry C. Antimicrobial susceptibility of vancomycin-resistant
Leuconostoc, Pediococcus, and Lactobacillus species. Antimicrobial agents and chemotherapy.
1990;34(4):543-9.

27. Leavis HL, Willems RJ, Van Wamel WJ, Schuren FH, Caspers MP, Bonten MJ. Insertion sequence–
driven diversi�cation creates a globally dispersed emerging multiresistant subspecies of E. faecium.
PLoS pathogens. 2007;3(1):e7.

2�. Faron ML, Ledeboer NA, Buchan BW. Resistance mechanisms, epidemiology, and approaches to
screening for vancomycin-resistant Enterococcus in the health care setting. Journal of clinical
microbiology. 2016;54(10):2436-47.

29. Werner G, Freitas AR, Coque TM, Sollid JE, Lester C, Hammerum AM, et al. Host range of enterococcal
vanA plasmids among Gram-positive intestinal bacteria. Journal of Antimicrobial Chemotherapy.
2010;66(2):273-82.

30. EFSA. Opinion of the Scienti�c Committee on a request from EFSA on the introduction of a Quali�ed
Presumption of Safety (QPS) approach for assessment of selected microorganisms referred to
EFSA. EFSA Journal. 2007;5(12):587.

31. Borriello S, Hammes W, Holzapfel W, Marteau P, Schrezenmeir J, Vaara M, et al. Safety of probiotics
that contain lactobacilli or bi�dobacteria. Clinical infectious diseases. 2003;36(6):775-80.

32. Gupta SK, Padmanabhan BR, Diene SM, Lopez-Rojas R, Kempf M, Landraud L, et al. ARG-ANNOT, a
new bioinformatic tool to discover antibiotic resistance genes in bacterial genomes. Antimicrobial
agents and chemotherapy. 2014;58(1):212-20.

33. Zankari E, Hasman H, Cosentino S, Vestergaard M, Rasmussen S, Lund O, et al. Identi�cation of
acquired antimicrobial resistance genes. Journal of antimicrobial chemotherapy. 2012;67(11):2640-
4.

34. Additives EPo, Feed PoSuiA. Guidance on the assessment of bacterial susceptibility to antimicrobials
of human and veterinary importance. EFSA Journal. 2012;10(6):2740.

35. Teuber M, Meile L, Schwarz F. Acquired antibiotic resistance in lactic acid bacteria from food. Lactic
acid bacteria: Genetics, metabolism and applications: Springer; 1999. p. 115-37.

3�. Salyers AA, Gupta A, Wang Y. Human intestinal bacteria as reservoirs for antibiotic resistance genes.
Trends in microbiology. 2004;12(9):412-6.

37. Ashraf R, Shah NP. Antibiotic resistance of probiotic organisms and safety of probiotic dairy
products. International Food Research Journal. 2011;18(3).

3�. Li X, & Wang, H. H. (2008). Abstr. 108th Gen. Meet. : American Society Microbiology, (Abstract No,
513).



Page 10/13

39. Wang HH, Manuzon M, Lehman M, Wan K, Luo H, Wittum TE, et al. Food commensal microbes as a
potentially important avenue in transmitting antibiotic resistance genes. FEMS microbiology letters.
2006;254(2):226-31.

40. Luo H, Wan K, Wang HH. High-frequency conjugation system facilitates bio�lm formation and
pAMβ1 transmission by Lactococcus lactis. Appl Environ Microbiol. 2005;71(6):2970-8.

41. Chang L, Zhang Z-Y, Ke D, Jian-Ping Y, Xiao-Kui G. Antibiotic resistance of probiotic strains of lactic
acid bacteria isolated from marketed foods and drugs. Biomedical and Environmental Sciences.
2009;22(5):401-12.

42. Mater DD, Langella P, Corthier G, Flores M-J. A probiotic Lactobacillus strain can acquire vancomycin
resistance during digestive transit in mice. Journal of Molecular Microbiology and Biotechnology.
2008;14(1-3):123-7.

43. Gevers D, Danielsen M, Huys G, Swings J. Molecular characterization of tet (M) genes in
Lactobacillus isolates from different types of fermented dry sausage. Appl Environ Microbiol.
2003;69(2):1270-5.

44. Devirgiliis C, Barile S, Caravelli A, Coppola D, Perozzi G. Identi�cation of tetracycline‐and
erythromycin‐resistant Gram‐positive cocci within the fermenting micro�ora of an Italian dairy food
product. Journal of applied microbiology. 2010;109(1):313-23.

45. Rojo-Bezares B, Sáenz Y, Poeta P, Zarazaga M, Ruiz-Larrea F, Torres C. Assessment of antibiotic
susceptibility within lactic acid bacteria strains isolated from wine. International journal of food
microbiology. 2006;111(3):234-40.

4�. Zonenschain D, Rebecchi A, Morelli L. Erythromycin‐and tetracycline‐resistant lactobacilli in Italian
fermented dry sausages. Journal of applied microbiology. 2009;107(5):1559-68.

47. Thumu SCR, Halami PM. Presence of erythromycin and tetracycline resistance genes in lactic acid
bacteria from fermented foods of Indian origin. Antonie Van Leeuwenhoek. 2012;102(4):541-51.

4�. Nawaz M, Wang J, Zhou A, Ma C, Wu X, Moore JE, et al. Characterization and transfer of antibiotic
resistance in lactic acid bacteria from fermented food products. Current Microbiology.
2011;62(3):1081-9.

49. Hummel AS, Hertel C, Holzapfel WH, Franz CM. Antibiotic resistances of starter and probiotic strains
of lactic acid bacteria. Appl Environ Microbiol. 2007;73(3):730-9.

50. Poirel L, Bonnin RA, Nordmann P. Genetic features of the widespread plasmid coding for the
carbapenemase OXA-48. Antimicrobial agents and chemotherapy. 2012;56(1):559-62.

51. https://www.ncbi.nlm.nih.gov/nuccore/KY682750.

52. Ceccarelli D, van Essen-Zandbergen A, Veldman KT, Tafro N, Haenen O, Mevius DJ. Chromosome-
based blaOXA-48-like variants in Shewanella species isolates from food-producing animals, �sh, and
the aquatic environment. Antimicrobial agents and chemotherapy. 2017;61(2):e01013-16.

53. Zou H, Zhou Z, Xia H, Zhao Q, Li X. Characterization of Chromosome-Mediated BlaOXA-894 in
Shewanella xiamenensis Isolated from Pig Wastewater. International journal of environmental
research and public health. 2019;16(19):3768.

http://www.ncbi.nlm.nih.gov/nuccore/KY682750


Page 11/13

54. Kazimierczak KA, Flint HJ, Scott KP. Comparative analysis of sequences �anking tet (W) resistance
genes in multiple species of gut bacteria. Antimicrobial agents and chemotherapy. 2006;50(8):2632-
9.

55. Barbosa TM, Scott KP, Flint HJ. Evidence for recent intergeneric transfer of a new tetracycline
resistance gene, tet (W), isolated from Butyrivibrio �brisolvens, and the occurrence of tet (O) in
ruminal bacteria. Environmental microbiology. 1999;1(1):53-64.

5�. Melville CM, Brunel R, Flint HJ, Scott KP. The Butyrivibrio �brisolvens tet (W) gene is carried on the
novel conjugative transposon TnB1230, which contains duplicated nitroreductase coding sequences.
Journal of bacteriology. 2004;186(11):3656-9.

57. Billington SJ, Songer JG, Jost BH. Widespread distribution of a Tet W determinant among
tetracycline-resistant isolates of the animal pathogen Arcanobacterium pyogenes. Antimicrobial
agents and chemotherapy. 2002;46(5):1281-7.

5�. Ammor MS, Gueimonde M, Danielsen M, Zagorec M, van Hoek AH, Clara G, et al. Two different
tetracycline resistance mechanisms, plasmid-carried tet (L) and chromosomally located transposon-
associated tet (M), coexist in Lactobacillus sakei Rits 9. Appl Environ Microbiol. 2008;74(5):1394-
401.

59. Wilcks A, Andersen SR, Licht TR. Characterization of transferable tetracycline resistance genes in
Enterococcus faecalis isolated from raw food. FEMS microbiology letters. 2005;243(1):15-9.

�0. Toomey N, Bolton D, Fanning S. Characterisation and transferability of antibiotic resistance genes
from lactic acid bacteria isolated from Irish pork and beef abattoirs. Research in microbiology.
2010;161(2):127-35.

�1. Clewell DB, Flannagan SE, Jaworski DD. Unconstrained bacterial promiscuity: the Tn916–Tn1545
family of conjugative transposons. Trends in microbiology. 1995;3(6):229-36.

�2. Devirgiliis C, Zinno P, Perozzi G. Update on antibiotic resistance in foodborne Lactobacillus and
Lactococcus species. Frontiers in microbiology. 2013;4:301.

�3. Rosander A, Connolly E, Roos S. Removal of antibiotic resistance gene-carrying plasmids from
Lactobacillus reuteri ATCC 55730 and characterization of the resulting daughter strain, L. reuteri
DSM 17938. Appl Environ Microbiol. 2008;74(19):6032-40.

�4. Jacobsen L, Wilcks A, Hammer K, Huys G, Gevers D, Andersen SR. Horizontal transfer of tet (M) and
erm (B) resistance plasmids from food strains of Lactobacillus plantarum to Enterococcus faecalis
JH2-2 in the gastrointestinal tract of gnotobiotic rats. FEMS microbiology ecology. 2007;59(1):158-
66.

�5. Perreten V, Kollöffel B, Teuber M. Conjugal transfer of the Tn916-like transposon TnFO1 from
Enterococcus faecalis isolated from cheese to other Gram-positive bacteria. Systematic and applied
microbiology. 1997;20(1):27-38.

��. Çataloluk O, Gogebakan B. Presence of drug resistance in intestinal lactobacilli of dairy and human
origin in Turkey. FEMS microbiology letters. 2004;236(1):7-12.



Page 12/13

�7. Comunian R, Daga E, Dupré I, Paba A, Devirgiliis C, Piccioni V, et al. Susceptibility to tetracycline and
erythromycin of Lactobacillus paracasei strains isolated from traditional Italian fermented foods.
International journal of food microbiology. 2010;138(1-2):151-6.

��. Pan L, Hu X, Wang X. Assessment of antibiotic resistance of lactic acid bacteria in Chinese
fermented foods. Food Control. 2011;22(8):1316-21.

�9. Ledina T, Mohar-Lorbeg P, Golob M, Djordjevic J, Bogovič-Matijašić B, Bulajic S. Tetracycline
resistance in lactobacilli isolated from Serbian traditional raw milk cheeses. Journal of food science
and technology. 2018;55(4):1426-34.

70. Lahtinen SJ, Boyle RJ, Margolles A, Frias R, Gueimonde M. Safety assessment of probiotics.
Prebiotics and probiotics science and technology. 2009:1193-235.

71. Gueimonde M, Sánchez B, de los Reyes-Gavilán CG, Margolles A. Antibiotic resistance in probiotic
bacteria. Frontiers in microbiology. 2013;4:202.

72. Perreten V, Schwarz F, Cresta L, Boeglin M, Dasen G, Teuber M. Antibiotic resistance spread in food.
Nature. 1997;389(6653):801.

73. Moubareck C, Gavini F, Vaugien L, Butel M, Doucet-Populaire F. Antimicrobial susceptibility of
bi�dobacteria. Journal of Antimicrobial Chemotherapy. 2005;55(1):38-44.

74. Masco L, Van Hoorde K, De Brandt E, Swings J, Huys G. Antimicrobial susceptibility of
Bi�dobacterium strains from humans, animals and probiotic products. Journal of Antimicrobial
Chemotherapy. 2006;58(1):85-94.

75. Kastner S, Perreten V, Bleuler H, Hugenschmidt G, Lacroix C, Meile L. Antibiotic susceptibility patterns
and resistance genes of starter cultures and probiotic bacteria used in food. Systematic and applied
microbiology. 2006;29(2):145-55.

7�. Kiwaki M, Sato T. Antimicrobial susceptibility of Bi�dobacterium breve strains and genetic analysis
of streptomycin resistance of probiotic B. breve strain Yakult. International journal of food
microbiology. 2009;134(3):211-5.

77. Klare I, Konstabel C, Werner G, Huys G, Vankerckhoven V, Kahlmeter G, et al. Antimicrobial
susceptibilities of Lactobacillus, Pediococcus and Lactococcus human isolates and cultures
intended for probiotic or nutritional use. Journal of antimicrobial chemotherapy. 2007;59(5):900-12.

7�. Zhou N, Zhang J, Fan M, Wang J, Guo G, Wei X. Antibiotic resistance of lactic acid bacteria isolated
from Chinese yogurts. Journal of dairy science. 2012;95(9):4775-83.

79. Ouoba LII, Lei V, Jensen LB. Resistance of potential probiotic lactic acid bacteria and bi�dobacteria
of African and European origin to antimicrobials: determination and transferability of the resistance
genes to other bacteria. International journal of food microbiology. 2008;121(2):217-24.

�0. Girlich D, Leclercq R, Naas T, Nordmann P. Molecular and biochemical characterization of the
chromosome-encoded class A β-lactamase BCL-1 from Bacillus clausii. Antimicrobial agents and
chemotherapy. 2007;51(11):4009-14.

�1. Murata M, Ohno S, Kumano M, Yamane K, Ohki R. Multidrug resistant phenotype of Bacillus subtilis
spontaneous mutants isolated in the presence of puromycin and lincomycin. Canadian journal of



Page 13/13

microbiology. 2003;49(2):71-7.

�2. Campedelli I, Mathur H, Salvetti E, Clarke S, Rea MC, Torriani S, et al. Genus-wide assessment of
antibiotic resistance in Lactobacillus spp. Appl Environ Microbiol. 2019;85(1):e01738-18.

Tables
Due to technical limitations, table 1, 2 and 3 is only available as a download in the Supplemental Files
section.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

Tables.docx

https://assets.researchsquare.com/files/rs-254514/v1/605da60ba30a3a2c35586fa5.docx

