
Vol.:(0123456789)

Current Microbiology (2024) 81:297 
https://doi.org/10.1007/s00284-024-03826-2

The Occurrence of Colistin Resistance in Potential Lactic Acid Bacteria 
of Food‑Producing Animals in India

Mousumi Ray1 · M. Ashwini2 · Prakash M. Halami1

Received: 30 January 2024 / Accepted: 29 July 2024 / Published online: 6 August 2024 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2024

Abstract
The overuse of colistin, the last-resort antibiotic, has led to the emergence of colistin-resistant bacteria, which is a major 
concern. Lactic acid bacteria which are generally regarded as safe are known to be reservoirs of antibiotic resistance that 
possibly pose a threat to human and animal health. Therefore, this study assessed the prevalence of colistin antimicrobial 
resistance in livestock in India, that is lactic acid bacteria in healthy chickens, sheep, beef, and swine of Mysore. Diverse 
phenotypic and genotypic colistin resistance were examined among the lactic acid bacterial species (n = 84) isolated from 
chicken (n = 44), sheep (n = 16), beef (n = 14), and swine (n = 10). Hi-comb, double-disk diffusion tests, Minimum Inhibi-
tory Concentration (MIC), and biofilm formation were assessed for phenotypic colistin resistance. Specific primers for 
colistin-resistant genes were used for the determination of genotypic colistin resistance. Around 20%, 18%, and 1% were 
colistin-resistant Lactobacillus, Enterococcus, and Pediococcus species, respectively. Among these, 66.67% exhibited MDR 
phenotypes, including colistin antibiotic. The identified resistant isolates are Levilactobacillus brevis LBA and LBB (2), 
Limosilactobacillus fermentum LBF (1), and Pediococcus acidilactici CHBI (1). The mcr-1 and mcr-3 genes were detected 
in Levilactobacillus brevis LBA, LBB, and Pediococcus acidilactici CHBI isolated from chicken and sheep intestines 
respectively. The study identified colistin resistance determinants in lactobacilli from food animals, emphasizing the need 
for enhanced surveillance and monitoring of resistance spread. These findings underscore colistin resistance as a significant 
medical concern and should be integrated into India’s ongoing antimicrobial resistance monitoring programs.

Research Highlights

• The various LAB isolates identified at strain level are Levilactobacillus brevis LBB, Limosilactobacillus fermentum 
LBF, Pediococcus acidilactici CHBI, from different food animal sources.

• The MIC assay displayed 66.67 % LAB isolates were exceptionally multidrug resistant.
• Genotypic evaluation tests among the LAB isolates revealed the presence of mcr 1 and mcr 3 colistin-resistant 

genes.

Introduction

The spread of antimicrobial resistance among human, ani-
mal, and zoonotic pathogens is a major global concern. 
According to a report from the World Health Organization, 
the problem has reached alarming levels in many parts of 
the world, raising the possibility of a "post-antibiotic era" 
in the twenty-first century [1]. One particularly concerning 
aspect of this issue is the emergence of plasmid-mediated 
colistin resistance in the food chain. The treatment options 
for any life-threatening infection caused by carbapenemase-
producing Enterobacteriaceae would be severely limited, 
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relying on only two antibiotics, tigecycline and colistin 
[2]. In response to the increasing prevalence of multidrug-
resistant (MDR) gram-negative Enterobacteriaceae, the 
use of polymyxins, particularly colistin, has increased as a 
treatment for gram-negative infections in many countries. A 
study unveiled a noteworthy occurrence of an Escherichia 
coli strain isolated from a 94-year-old patient with a urinary 
tract infection. The isolated strain co-harbouring resistance 
genes against both carbapenem and tetracycline, resulting in 
resistance to virtually all clinically utilized antibiotics [3]. 
Some of the infections caused by multidrug-resistant bac-
teria include urinary tract infections, bacteremia, bacterial 
skin infections, pulmonary infections, ventilator-associated 
pneumonia, ventilator-associated tracheobronchitis, etc., [4]. 
Bacterial virulence is characterized not only by the abil-
ity to induce disease but also by the capacity to invade and 
establish colonization within the host. Genetic virulence 
factors regulate several physical elements like flagella, pili, 
fimbriae, adhesins, biofilms, and biochemical factors such 
as host cell surface-modifying enzymes, toxins, and antibi-
otics. Genetically determined antimicrobial resistance can 
be considered a subset of virulence factors, facilitating host 
pathogenesis and enabling persistent or chronic diseases [5].

Antimicrobial resistance is a major global health concern, 
especially with the rise of multidrug-resistant organisms and 
a lack of new antibiotics for its treatment. At present, anti-
biotic resistance stands as one of the foremost challenges 
confronting global health and food security [6]. Colistin, 
an older antibiotic, has become increasingly important as a 
last-resort treatment for severe bacterial infections [7]. How-
ever, there has been a recent increase in colistin resistance, 
making it essential to understand the mechanisms behind 
this resistance.

Colistin resistance in gram-negative bacteria is primarily 
caused by structural modifications to the bacteria’s lipopol-
ysaccharide. These modifications can occur through the 
addition of 4-amino-4-deoxy-l-arabinose or phosphoetha-
nolamine following chromosomal mutations in genes such 
as PhoPQ and PmrAB, or through the use of the horizon-
tally transferable plasmid-mediated colistin resistance gene, 
mcr-1 [7]. The mcr-1 gene has been found in over 20 coun-
tries worldwide and is prevalent in China, where it has been 
detected in 20% of animal strains and 1% of human strains 
[7, 8]. Colistin resistance is most commonly seen in E. coli, 
but is also found in other bacterial genera such as Klebsiella, 
Salmonella, Shigella, and Enterobacter [7]. The mcr-1 gene 
product alters the lipid A component of the bacterial outer 
membrane, reducing its susceptibility to colistin [7]. In addi-
tion to the mcr-1 gene, other colistin resistance genes have 
been identified, including mcr-2, mcr-3, mcr-4, mcr-5, mcr-6 
and mcr-7. The mcr-2 gene is 76.7% identical to mcr-1 in 
terms of nucleotides and 81% identical in terms of amino 
acids [9]. It poses a similar threat to public health as mcr-1, 

but its transfer, origin, and mechanism of resistance are not 
well understood [10].

Although preventive or metaphylactic uses of colistin 
have been made in veterinary medicine, colistin resistance in 
bacteria obtained from animal sources is still uncommon in 
many developed nations [11]. Colistin has been used exten-
sively as a veterinary treatment and as a growth booster in 
India. The fact that colistin is now only used as a last option 
to treat infections in people with cystic fibrosis or illnesses 
brought on by germs resistant to multiple drugs has also 
revived interest in the antibiotic for human usage [7]. The 
incidence of colistin resistance and the mcr-1 gene in the 
intestinal microbiota of food animals in India is not well 
understood, though. Multidrug-resistance has been increased 
all over the world which is considered a public health threat. 
Several recent investigations reported the emergence of mul-
tidrug-resistant bacterial pathogens from different origins 
that increase the necessity of new potent and safe alterna-
tives for antibiotics such as probiotics. Besides, the routine 
application of antimicrobial susceptibility testing to detect 
the antibiotic of choice as well as the screening of the emerg-
ing MDR strains is most necessary. Therefore, this study 
aimed to determine the antimicrobial susceptibility of gram-
positive lactic acid bacteria isolated from the intestines of 
food-producing animals and assess the degree of colistin 
resistance, such as the prevalence of mcr genes. This study 
serves as a sample of the current situation regarding colistin 
resistance in lactic acid bacteria of food-producing animals 
and provides significant information for further monitoring 
and preventing the spread of antibiotic resistance genes via 
the food chain.

Materials and Methods

Species Collection

The entire study was conducted between November 2019 
and July 2021 at the CSIR-Central Food Technology 
Research Institute (CSIR-CFTRI), Mysore. Colistin-sen-
sitive Lactococcus sp. T3.11 and E3.11 described in this 
paper are obtained from the Department of Microbiology 
and Fermentation Technology, CSIR-CFTRI.

Sampling, Bacterial Enumeration 
of Antibiotic‑Resistant LAB

In this study, to investigate the occurrence of colistin-
resistant bacteria, a total of 68 samples comprising chicken 
intestine (n = 44), sheep intestine (n = 16), beef intestine 
(n = 4), and swine intestine (n = 4) were collected randomly 
from different retail shops in Mysore city during Novem-
ber 2019. The intestines of food-producing animals were 
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freshly collected aseptically in sterile containers using hand 
gloves from different retail shops in Mysore. The samples 
were brought to the lab and stored at -80˚C until further pro-
cessing. Collected samples were cut into small pieces, and 
homogenized using physiological peptone saline (0.1% pep-
tone + 0.85% NaCl) for meat samples, and aliquots of sam-
ples (1 mL of liquids samples) were serially diluted in physi-
ological saline (8.5 g/L NaCl). The homogenized samples 
were serially diluted, and appropriate dilutions were plated 
onto De Man Rogosa and Sharpe (MRS; Himedia, Mum-
bai, India) agar containing (0 and 4 µg/mL) colistin (Sigma, 
India) according to the European Food Safety Authority [12] 
to enumerate sensitive and colistin-resistant LAB from the 
samples. After incubation, under microaerophilic conditions 
at 37 °C for 24 h, pure cultures were initially identified mor-
phologically and microscopically and stored in MRS broth 
containing 20% glycerol at −20 °C.

Bacterial Isolation and Biochemical Identification

The isolates were revived from the glycerol stock onto the 
MRS agar media, and then cultured into fresh broth (MRS; 
Himedia, Mumbai, India) medium before use. The screening 
method was employed to isolate the colistin-resistant LAB 
stains. All isolates were subjected to gram reaction (crys-
tal violet, gram’s iodine, safranin procured from Himedia, 
Mumbai, India), catalase (3%  H2O2, Himedia) evaluation, 
and glucose fermentation (modified bromo cresol purple 
broth and 2% glucose as substrate procured from Himedia) 
[13]. The presence or absence of effervescence with  H2O2 
(3%) on the glass slide was recorded as positive or nega-
tive for the catalase test. The modified Bromo cresol purple 
broth with 2% glucose as a substrate was mixed with 2% of 
overnight grown culture and incubated for 24h at 37 °C. The 
color change in the medium due to alkaline by-products from 
the glucose fermentation confirms the lactic acid bacteria 
[13].

Phenotypic Evaluation of Colistin Resistance

Hi‑Comb, and Double Disk Diffusion Test

Phenotypic resistance to colistin antibiotics is dependent 
on regulatory region and expression of mcr genes. Double 
disk and hi-comb strip diffusion tests were accompanied to 
establish phenotypic resistance among lactic acid bacteria 
towards polymyxin antibiotics according to the guidelines 
of the Clinical and Laboratory Standards Institute (CLSI) 
[14]. The double-disk test was performed using colistin (10 
mcg; Himedia, Mumbai, India) and polymyxin B (300 U; 
Himedia, Mumbai, India). The Hi-comb strips of colistin 
and polymyxin B, with concentrations ranging from 0.01 
to 240 μg in strip A and 0.001–30 μg in strip B (Himedia, 

Mumbai, India) were also used to assess the phenotypes of 
resistant LAB. All these tests were accomplished on MRS 
and incubated overnight at 37 °C for 18–24 h to analyze the 
results.

Determination of Minimum Inhibitory 
Concentration

The minimal inhibitory concentration (MIC) of colistin 
was performed using agar dilution and liquid broth dilution 
using 96-well microtiter plates in MRS broth according to 
[14] CLSI guidelines with cation-adjusted Mueller–Hinton 
Broth (Himedia, Mumbai, India) to evaluate the phenotypic 
antimicrobial resistance of test isolates to varied level of 
colistin. Viz., LAB susceptibility test medium i.e., 10% of 
MRS broth and 90% of LSM-Isosensitest broth (Himedia, 
Mumbai, India) supplemented with various concentrations 
of antibiotics were used according to CLSI [14] standards. 
The mid-log phase of cultures diluted properly was spotted 
on agar plates supplemented with colistin and other anti-
biotics at doubling of twofold dilution from 2 to 2048 μg/
mL in 96-well microtiter plates and was incubated at 37 °C 
overnight. Quantification was performed using an ELISA 
reader (Model No.1510, Thermo Fischer Scientific, Vantaa, 
Finland). The well which has no growth under OD at 600 
nm was recorded as the MIC values for antibiotics such as 
streptomycin (aminoglycoside) (Catalogue no: CMS220), 
vancomycin (glycopeptide) (Catalogue no: CMS217), 
erythromycin (macrolide) (Catalogue no: CMS528), clin-
damycin (lincosamide) (Catalogue no: CMS9386), colistin 
(polymyxin) (Catalogue no: CMS222), rifampicin (antimy-
cobacterials) (Catalogue no: CMS1889), chloramphenicol 
(nitrobenzene antimicrobial) (Catalogue no: CMS218), 
tetracycline (broad-spectrum protein synthesis inhibitor) 
(Catalogue no: CMS219), kanamycin (aminoglycoside) 
(Catalogue no: CMS210), gentamicin (aminoglycoside) 
(Catalogue no: CMS461) and neomycin (aminoglycoside) 
(Catalogue no: CMS214) using 96-well microtiter plates 
[14, 15]. All reagents were purchased as reagent grade from 
commercial sources and used without further purification. 
The EFSA break point of colistin for Enterobacteriaceae is 
4 mg/L and should occasionally be 2 or 8 mg/L. The current 
susceptibility testing for colistin faces significant challenges, 
and a collaborative effort by the CLSI-EUCAST Polymyxin 
Breakpoints Working Group has recently cautioned against 
the reliability of methods employed to evaluate the mini-
mum inhibitory concentrations (MICs) of colistin-resistant 
isolates [16].

Biofilm Formation in the Presence of Colistin

Biofilm formation assay in microtiter plates was performed 
by overnight grown LAB strains LBA, LBB, LBF, and CHBI 
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(1 ×  107 cells/mL) was diluted in Iso-MRS broth, and 200 μl 
of this cell suspension was used per well together with colis-
tin in doubling concentration i.e., 0 to 128 μg/mL. After 48 h 
of incubation at 37 °C, wells were gradually washed thrice 
using 200 μL of sterile phosphate-buffered saline (PBS) and 
air-dried in an inverted position. The biofilms were visually 
analyzed after staining with 0.1% crystal violet for 3 min. 
After staining, the adsorbed crystal violate was eluted using 
200 μL of 70% v/v ethanol and absorbance measurements 
were taken with an ELISA (Model No: 1510, Thermofischer 
Scientific, Vantaa, Finland) reader at 590 nm with slight 
modification described by George and Halami. [17]. Each 
assay was performed in triplicate. The criteria of biofilm 
formation were the optical density (OD) value of biofilm 
formation was equal to or greater than twice that of the 
measured OD values of biofilm formation of the concerned 
culture without antibiotic (control).

Scanning Electron Microscopy (SEM) of the Isolates

The physical interaction during biofilm formation of the 
microbes was examined through Scanning Electron Micros-
copy (SEM). To study the morphology of LAB isolates after 
colistin induction, SEM analysis was performed on biofilm 
cells. The isolates were grown in MRS broth media with 
autoclaved 18mm coverslips in six-well polystyrene plates 
and incubated at 37 °C for 48 h. Then, the cells were washed 
with 100 mM PBS (pH 7.4) at room temperature. The sam-
ples were fixed with 2% glutaraldehyde solution for 4 h at 
40 °C and then dehydrated by dipping into ethanol (20, 40, 
80, and 99% thrice in each concentration). After sequen-
tial dehydration, the cells were dried, and gold-coated to be 
examined under a scanning electron microscope (VEGA\
TESCAN, USA) at 15 kV for the topology of the LAB iso-
lates with a magnification of 20,000 X [17].

Selection for Colistin Resistance in LAB 
at Sub‑Inhibitory Concentrations

The two sensitive laboratory isolates i.e., Lactococcus sp. 
T3.11, and E3.11 taken as reference strains that grew in trip-
licates were exposed to ¼ MIC of colistin every 24 h for a 
duration of 28 days [17, 18]. The isolates were grown in an 
LAB susceptibility test medium i.e., 10% of MRS broth plus 
90% of LSM-Isosensitest broth (Himedia, Mumbai, India), 
and with the exposure of colistin separately were serially 
passed for 7 days. The cultures of the 7th day were deter-
mined for MIC and its ¼ value was taken as the concentra-
tion for colistin selection for the successive second week. 
This serial passage of 1% inoculum with colistin selection 
for every 24 h and determination of MIC were followed 
for the 7th, 14th, 21st, and 28th days. At the end of every 

week, the cultures were sub-cultured and processed for DNA 
extraction.

Extraction and Preparation of DNA

DNA was extracted from the isolates collected on the 0th, 
7th, 14th, 21st, and 28th days. The process involved taking 
1 mL of cell culture suspension into a fresh eppendorf tube, 
centrifuging it at 8000 g for 10 min, discarding the superna-
tant, lysing, and purifying the pellet to extract DNA using 
the phenol–chloroform method [19]. Briefly, the obtained 
pellets were mixed with 150 μL of lysing buffer and incu-
bated at 80 °C for 20 min. Proteinase K (Himedia, Mumbai, 
India) was added followed by incubation at 56 °C for 30 min. 
Then, 200 μL of equilibrium phenol was transferred to the 
tube spun down at 5000 rpm for 10 min. The upper aqueous 
layer containing DNA was mixed with 200 μL of chloro-
form (Himedia, Mumbai, India) and 20 μL of sodium acetate 
(Himedia, Mumbai, India), then centrifuged at 12,000 rpm 
for 10 min. After adding 120 μL of isopropanol and over-
night incubation, the mixture was centrifuged at 12,000 rpm 
for 10 min at 4 °C. The supernatant was removed and 200 μl 
of 70% alcohol (Sigma, India) was added and centrifuged 
at 12,000 rpm for 4 min at 4 °C. The supernatant was com-
pletely discarded and the extracted DNA was stored in 30 μl 
nuclease-free water at −20 °C for later PCR analysis.

The DNA purity was assessed using a Nanodrop spec-
trophotometer (Thermo Fisher Scientific, USA). The 
absorbance ratios at A260/280 nm and A260/230 nm were 
measured to evaluate protein and salt/phenol contamina-
tion, respectively. Samples with an A260/280 ratio between 
1.8 and 2.0, and an A260/230 ratio greater than 1.8 were 
selected for PCR analysis.

Determination of Mutation Gene

The presence of mutations in the 23S ribosomal DNA 
(rDNA) that cause colistin resistance was determined using 
primers mgrB-F (5′-AAG GCG TTC ATT CTA CCA CC-3′) 
and mgrB-R (5′-TTA AGA AGG CCG TGC TAT CC-3′) 
described by Zafer et al., [20] which was synthesized by 
Barcode Biosciences, Bangalore, India. The template DNA 
for the treated isolates was prepared as described earlier 
(Sect. 2.8). The amplification reaction mixture for all sam-
ples comprised 0.3U of Taq DNA polymerase, 1X PCR 
buffer, 0.5 mM dNTPs, 1.5 mM  MgCl2, 1 μM of reverse 
and forward primer, 50–100 ng/μL of total DNA and DNase-
free sterile water (ThermoFisher Scientific, USA). The PCR 
amplification of the mutation region in 23S ribosomal DNA 
(rDNA) using primers was performed under the following 
conditions: initial denaturation for 3 min at 95 °C, followed 
by 30 cycles of denaturation for 30 s at 95 °C, annealing at 
54 °C for 30 s and extension for 105 s at 72 °C with final 
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extension for 8 min at 72 °C. The product amplified (253 bp) 
[20] was examined on 1.8% agarose gel in TAE buffer and 
envisioned under a UV trans-illuminator.

Extraction of Bacterial DNA and Its Taxonomic 
Identification

DNA was extracted from the static condition of LAB isolates 
incubated for 12–14 h at 37 °C using the phenol–chloro-
form method (Sect. 2.8) [19]. The extracted DNA was stored 
in 30 μl nuclease-free water at −20 °C until used for PCR 
analysis. The taxonomic identification of LAB isolates was 
carried out using 16S rRNA amplification. The PCR mixture 
consisted of 0.3U of Taq DNA polymerase, 1X PCR buffer, 
0.5 mM dNTPs, 1.5 mM MgCl2, 0.4 mM universal primers 
i.e., 8F- AGA GTT TGA TCC TGG CTC AG and 1492R- GGT 
TAC CTT GTT ACG ACT T (ThermoFisher Scientific, USA) 
[21]. The conditions for amplification include predenatura-
tion (10 min at 95 °C) followed by 30 cycles of denaturation 
1 min at 94 °C, annealing 1 min at 55 °C, extension 1.50 min 
at 72 °C, and final extension 7 min at 72 °C. The amplified 
PCR products were purified using a PCR purification kit 
and sequenced at Barcode Biosciences (Bangalore, India). 
The sequences were selected based on the maximum identity 
score, aligned with the ClustalW, and the phylogenetic trees 
were created using MEGA11 software by the neighbor-join-
ing (NJ) method with the maximum likelihood for the best 
estimation of the relationship between different molecular 
sequences of the isolates.

Gene Sequencing and Nucleotide Accession 
Numbers

The obtained sequencing was subjected to BLAST search 
analysis to compare with the known sequence available in 
the NCBI database and the gene sequences have been depos-
ited at the GenBank nucleotide sequence database for the 
accession number. The accession numbers for the 16S rRNA 
sequence of the isolates are MW295627.1 MW295629.1, 
and MW295630.1 for Levilactobacillus brevis LBB, Limosi-
lactobacillus fermentum LBF and Pediococcus acidilactici 
CHBI respectively.

Detection of Colistin Resistance Genes

The resistant isolates were characterized for the presence of 
colistin-resistant genes by employing specific primers i.e., 
mcr1, mcr2, mcr3, mcr4, and mcr5 responsible for plas-
mid-mediated acquired colistin resistance [22]. The DNA 
extracted from each selected isolate was used as a template 
and the PCR reaction mixture for each primer amplifica-
tion consisted of 0.3 U of Taq DNA polymerase, 1X PCR 
buffer, 0.5 mM dNTPs, 1.5 mM  MgCl2, 1 μM of reverse 

and forward primer, 50–100 ng/μL of total DNA lysate and 
DNase-free sterile water. The PCR amplification of the colis-
tin resistance region using primers was performed under the 
following conditions: 1 cycle of denaturation at 94 °C for 
15 min, followed by 25 cycles of denaturation at 94 °C for 
30 s, annealing at 58 °C for 90 s and elongation at 72 °C 
for 60 s, and a final cycle of elongation at 72 °C for 10 min. 
Particulars of the Primer sequence and the amplicon sizes 
are mentioned in Supplemental Table 1. The amplified PCR 
products were checked by electrophoresis using 1.8% aga-
rose gel at 130 V followed by staining in ethidium-bromide 
and envisioned.

In Vitro Conjugation Experiments

Donor and Recipient Strains

To determine the transferability of the colistin-resistant 
respective donor (selected LAB isolated in this study i.e., 
LBB and CHBI) was crossed with the respective recipient, 
Lactococcus sp. E3.11 and Lactococcus sp. T3.11 (sensitive 
at 2 μg). MIC data were confirmed through the broth micro-
dilution method described earlier in this study.

Conjugation Study

The in vitro conjugation was carried out by filter mating 
method as explained by Thumu and Halami, [23] with 
slight modification. The mid-exponential phase cultures of 
the donor and recipient strains were taken in a 1:1, 2:3, or 
3:2 ratio, centrifuged for 10 min at 8000 rpm, and resus-
pended in peptone physiological saline (PPS). The mixture 
was then passed through a nitrocellulose filter and placed 
on MRS agar medium. The plates were incubated at 37 °C 
for 24–48 h. After incubation, the cells were diluted ten-
fold using PPS and plated on selective antibiotic medium to 
enumerate donor, recipient, and transconjugant cells i.e., for 
donor (colistin), recipient (rifampicin) and transconjugants 
(colistin and rifampicin). The resistance transfer frequency 
was calculated as the number of transconjugants divided 
by the number of donor or recipient cells. The experiments 
were repeated in triplicates and the average frequency was 
recorded.

Statistical Analysis

The respective criteria were represented by a bacterial spe-
cies number value. The relative frequency (%) of the result 
values were given for each particular animal population. All 
data were presented as the arithmetic mean of three repli-
cates (Mean ± standard deviation) and ANOVA-based statis-
tics were applied to elaborate the significance of differences 
among various values. The significance level was set at 0.05.
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Results

Sampling and Bacterial Enumeration 
of Antibiotic‑Resistant LAB

The results of the analysis of all test food samples, including 
the total number of lactic counts with and without antibiot-
ics, are shown in Fig. 1a. The normal microbiota in the food 
samples varied from  102 to  1010 CFU/mL in the absence of 
colistin (control), but in the presence of colistin, the micro-
biota ranged from  102 to  105 CFU/mL, with some samples 
showing no colonies.

The 68 isolates were tested for colistin resistance by spot-
ting them on MRS media containing 4 µg/mL of colistin. 
All the isolated Lactic Acid Bacteria produced carbon-di-
oxide during the glucose fermentation test and all were 
Gram-positive and negative for the catalase test. Out of 68 
isolates, 35 were ruled out due to their sensitivity to colistin 
at 8 µg/mL, among them, 33 isolates were selected primar-
ily according to their microscopic, morphologically larger 
colony size (> 3 mm) after 2 days of growth. From these 
tests, 4 isolates were selected based on the % survivabil-
ity, and those 4 colistin-resistant lactic acid bacteria were 
chosen for further study to evaluate their potential for high 
resistance (CLSI) [14, 16]. These selected isolates (n = 4), 
screened from further Hichrome tests, were evaluated for 
their phenotypic resistance.

Phenotypic Evaluation of Colistin Resistance

Hi‑Comb, and Double Disk Diffusion Test

The results of double disc diffusion tests and Hi-comb tests 
for selected LAB isolates are depicted in Fig. 1b. The result 
showed that LBA, LBB, LBF, and CHBI were resistant to 
colistin and polymyxin B. In the Hi-comb test, LBA and 
LBB displayed resistance when treated with antibiotic strips 
A and B of colistin and polymyxin B, whereas, CHBI exhib-
ited resistance against A and B strips of colistin. However, 
CHBI showed resistance against strip A whereas resistance 
for strip B was till 30 µg of polymyxin B. The LBF isolate 
showed resistance against both colistin A and B strips but it 
was sensitive against A and B strips of polymyxin.

Minimum Inhibitory Concentration

This study includes four isolates for which colistin suscepti-
bility was evaluated in vitro by broth microdilution method 
carried out in triplicate (Replicates A, B, and C). Colistin 
susceptibility testing was performed using broth micro-
dilution following CLSI guidelines (CLSI M07-A9) and 
EUCAST epidemiological cut-off values (ECOFFs; http:// 
www. eucast. org/) [24]. Although broth microdilution assay 
is recommended by the European Committee on Antimicro-
bial Susceptibility Testing (EUCAST) for determining MIC. 
The MIC distribution of the selected isolates is presented in 
Tables 1, 2. The three isolates i.e., LBA, LBB, and CHBI 
measured a MIC towards their upper MIC dilution limit 
(512 µg/mL) against colistin. Although, the MIC value for 
LBF was 256 µg/mL, which was lower than the other three 
organisms. Current study using the guidelines described that 

Fig. 1  Phenotypic Resistance Patterns of Colistin-Resistant isolates. a Colistin-resistant microbiota in diverse food animals, b Phenotypic resist-
ant pattern of selected LAB isolates to colistin and polymyxin B antibiotic

http://www.eucast.org/
http://www.eucast.org/
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the antibiotic concentration of an isolate was designated as 
resistant (MIC ≥ 4 μg/mL) or susceptible (MIC ≤ 2 μg/mL) 
[25].

The minimum inhibitory concentration (MIC) of 11 anti-
biotics was analyzed for colistin-resistant LBA, LBB, LBF, 
and CHBI isolates and colistin (2 μg/mL) sensitive T3.11 
and E3.11. (Tables 1, 2). The varied range of antibiotics 
MIC are Erythromycin ranging between 2 and 64 μg/mL, 
Clindamycin 8 to 64 μg/mL, Colistin 512 to 1024 μg/mL, 
Rifampicin 2 to 4 μg/mL, Chloramphenicol 32 to 128 μg/
mL, Tetracycline 8 to 64 μg/mL, Kanamycin 256 to 512 μg/
mL, Gentamycin 256 to 512 μg/mL, Neomycin 16 to 512 μg/
mL, Streptomycin 16 to 256 μg/mL and Vancomycin 32 to 
512 μg/mL (Table 1). Altogether, the strains LBF, LBB, 
LBA, and CHBI were found to be highly statistically sig-
nificant compared to the sensitive strains T3.11 and E3.11 
against multidrug resistance with P < 0.05 (Table 2). All 
four LAB isolates i.e., LBA, LBB, LBF, and CHBI except 
Lactococcus sp T3.11 and E3.11 showed resistance against 
almost all tested antibiotics. All resistant isolates were 
assigned a multidrug resistance index, categorizing them 
as either MDR (Multidrug-resistant) or XDR (Extensively 
drug-resistant), based on their resistance profiles to multiple 
antibiotics tested in this study (Table 3) [26].

Biofilm Formation in the Presence of Colistin

This study examined the biofilm-forming ability of LBA, 
LBB, LBF, and CHBI using CV assay and observed 
increased biofilm formation in colistin-resistant strains under 
nutrient-depleted conditions (Fig. 2). SEM and optical meas-
urements confirmed the higher biofilm formation, which was 
accompanied by a higher number of physical appendages in 
colistin-resistant strains compared to susceptible ones [27]. 
The isolates showed different biofilm-forming capacities 
upon treatment with increasing concentrations of colistin 
(0.5 to 128 μg/mL). The maximum biofilm formation when 
treated with colistin was observed to be at increased concen-
trations of colistin.

All studied isolates LBA, LBB, LBF, and CHBI displayed 
a significant increase in biofilm formation at concentrations 
of 2 to 128 μg/mL, with consistently increasing biofilm for-
mation observed with the increasing concentration of colis-
tin (Fig. 2). The isolates also exhibited varying levels of 
phenotypic resistance to colistin when induced with higher 
concentrations of antibiotics and displayed a diverse range 
of biofilm formation.

Scanning Electron Microscopy (SEM) of the Isolate

The viability of cells forming biofilm in the presence of 
colistin was determined using a scanning electron micro-
scope (SEM). The outer surface linkage production was Ta
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visible in resistant LBA, LBB, LBF, and CHBI strains 
(Fig. 3) showing that their cell viability was higher than 
that of susceptible strains after exposure to colistin (Fig. 3).

Selection for Colistin Resistance in LAB 
at Sub‑Inhibitory Concentrations

The antibiotic-induced reference strains (Lactococcus sp. 
E3.11 and T3.11) became more resistant to colistin after 
the serial passage technique of induction resistance. The new 
colistin MIC of this induction-resistant isolates T3.11 and 
E3.11 ranged from 2 μg/mL to 16 and 8 μg/mL respectively 
(Fig. 4a). Serial passage with colistin (1⁄4 MIC) showed a 
significant rise in the resistance ability against this selected 
antibiotic, on the 14th day of exposure to colistin (Fig. 4a). 
The resistance ability of isolate T3.11 increased two-fold 

during the first week and then increased four-fold by the end 
of the second week and E3. 11 increased two-fold during 
the first week and then increased two-fold by the end of the 
second week, which remained constant throughout the study 
period. This isolate demonstrated adaptability to colistin. By 
the 7th day of exposure to colistin, the MIC value was found 
to have increased. There was a significant and consistent 
increase in the MIC value over consecutive weeks in the 
presence of colistin.

Extraction and Preparation of DNA 
and Determination of Mutation Gene

The most common site for mutations that confer colistin 
resistance is in the mgrB gene, which was amplified using 
specific primers mgrB-f and mgrB-r [20]. In this study, 

Table 2  Statistical analysis 
of minimum inhibitory 
concentration of eleven 
antibiotics against lactic acid 
bacterial isolates (ANOVA)

The significance level was set at 0.05. The strains LBF, LBB, LBA and CHBI were found to be signifi-
cantly resistant to multidrug compared to the sensitive strains T3.11 and E3.11

Source Sum of squares Degree of 
freedom

Mean squares F (DFn, DFd) P value

Antibiotics (Row factor) 756,336 10 75,634 F (10, 50) = 4.077 P = 0.0004
Lactic acid bacterial 

(Column factor)
437,100 5 87,420 F (5, 50) = 4.712 P = 0.0013

Residual 927,547 50 18,551

Table 3  Sources of lactic 
acid bacterial isolates with 
multidrug-resistant indices

MDR multidrug-resistant, XDR extensively drug-resistant
*The multidrug resistance Index is referred to as the number of antibiotics to which isolates were resistant 
to the number of antibiotics to which isolates were exposed

Strains/sample ID Source Multidrug-resistance 
index

Level of 
resist-
ance

Limosilactobacillus fermentum LBF Chicken intestine 0.63 MDR
Levilactobacillus brevis LBB Chicken intestine 0.72 XDR
Levilactobacillus brevis LBA Chicken intestine 0.81 XDR
Pediococcus acidilactici CHBI Sheep intestine 0.90 XDR

Fig. 2  Biofilm Formation and Growth of Selected Lactic Acid Bac-
teria under varying antibiotic conditions by crystal violet staining. 
Growth under minimal nutritional conditions with increasing antibi-
otic concentration showed a dose-dependent biofilm formation. Val-

ues indicated are the mean of triplicate readings + SD and are aligned 
with their respective stained rows on a 96-well plate after ethanol 
solubilization
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reference isolate T3.11 showed a mutation in the mgrB 
gene after 7 days of colistin exposure till 28 days (Fig. 4b), 
which contributed to the observed increase in MICs for 
colistin. The amplification of the mutational mgrB gene 
from genomic DNA extracted on days 0th, 7th, 14th, 21st, 
and 28th was observed under UV transillumination. T3.11 
exhibited an amplified 253 bp length mutational gene, while 
E3.11 did not exhibit amplification, indicating that the resist-
ance mechanism of E3.11 may be different from the classical 
mechanism involving mgrB mutations [28].

Bacterial Strain Identification and Colistin 
Resistance Gene

Genomic DNA was isolated from selected colistin-resistant 
LAB isolates and subjected to qualitative and quantitative 
analysis, with a single sharp band visible on 0.8% aga-
rose gel and an O.D 260/280 ratio of 1.8–2.0, indicating 
that the DNA was pure and suitable for use as a template 
in PCR analysis without protein or phenol contamination. 
PCR amplification using universal primers on these isolates 

Fig. 3  Visualization of biofilm formation in resistant isolates using scanning electron microscopy (SEM). SEM results revealed biofilm forma-
tion in selected resistant isolates after culturing with colistin antibiotic for 48 h

Fig. 4  Antibiotic resistance profile. a Minimum inhibitory concentra-
tion of Colistin-induced LAB isolates (*T3.11-Lactococcus sp. T3.11 
and *E3.11-Lactococcus sp. E3.11); b Colistin-resistant mgrB gene 
(253  bp) present in Lactococcus sp T3.11 Lane1: M-Marker (75–

5000 bp), Lane 2: B-Blank, Lane 3: T3.11 on 0th day, Lane 4: T3.11 
on 7th day, Lane 5: T3.11 on 14th day, Lane 6: T3.11 on 21st day, 
and Lane 7: T3.11 on 28th day
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revealed a 1400 bp band, with sequencing analysis show-
ing 1% or no difference with the gene sequences available 
in the NCBI database. The partial sequences of 16S rRNA 
were submitted to GenBank and assigned accession num-
bers. The accession numbers for the 16S rRNA sequence 
of the isolated LBB, LBF, and CHBI, were MW295627.1, 
MW295629.1, and MW295630.1, respectively which were 
identified as Levilactobacillus brevis LBB, Limosilactoba-
cillus fermentum LBF and Pediococcus acidilactici CHBI 
(Fig. 5a). The other isolate LBA which was 100% similar 
to Levilactobacillus brevis LBB, was not considered for the 
submission of the GenBank database, however, this was 
considered in this study because of different phenotypic 
characteristics, such as MIC, and biofilm formation. PCR 
amplification studies were conducted on all resistant LAB 
isolates to detect the presence of colistin-resistant genes. 
Positive amplification for mcr1 and mcr3 genes was obtained 
in Levilactobacillus brevis LBA, Levilactobacillus brevis 
LBB, and Pediococcus acidilactici CHBI (Fig. 5b), while 

there was no amplification of mcr genes in Limosilactoba-
cillus fermentum LBF. Limosilactobacillus fermentum may 
contain other mcr genes besides mcr1-mcr5 for their degree 
of resistance.

In Vitro Conjugation Experiments

The increasing prevalence of antimicrobial resistance poses 
a significant threat to public health, with conjugation being 
a major route for the dissemination of antibiotic resistance 
[23]. In this study, we aimed to investigate the potential 
transfer of antibiotic resistance from colistin-resistant lactic 
acid bacterial isolates obtained from food samples. However, 
we were unable to demonstrate the transfer of colistin-resist-
ant genes mcr1-mcr5 genes, from Levilactobacillus brevis 
LBA, Levilactobacillus brevis LBB, and Pediococcus acidi-
lactici CHBI (donor) to the sensitive Lactococcus sp. T3.11 
and Lactococcus sp. E3.11 recipient used in this study.

Fig. 5  a Phylogenetic tree showing the relative position of Levilacto-
bacillus brevis LBB, Limosilactobacillus fermentum LBF, and Pedio-
coccus acidilactici CHBI, using the neighbor-joining method of par-
tial 16S rDNA sequences. Reference strains used for the comparison 
were selected from GenBank. Patrial 16S rRNA gene sequences were 
aligned using ClustalW, and phylogenetic inferences were obtained 
within the MEGA11 software with 1,000 bootstraps.  The scale bar 
corresponds to a genetic distance substitution per position. Escheri-

chia coli  strain U541, Klebsiella pneumoniae strain R3, and Pseu-
domonas aeruginosa DS10-129 have been taken as an outgroup. b 
Genotypic detection of colistin-resistant genes among LAB isolates, 
Lane 1. Marker (10  kb), Lane 2. CHBI- Pediococcus acidilactici 
CHBI (929 bp), Lane 3. Levilactobacillus brevis LBB (320 bp), Lane 
4. Levilactobacillus brevis LBA (320 bp), Lane 5. Pediococcus acidi-
lactici CHBI



The Occurrence of Colistin Resistance in Potential Lactic Acid Bacteria of Food‑Producing… Page 11 of 15 297

Discussion

Most lactic acid bacteria used in animal-derived foods and 
animal feeds are known to originate from and reside in the 
gastrointestinal tract of animals [29]. Although lactic acid 
bacteria are termed Generally Regarded as Safe, the risk 
associated with the presence and horizontal transfer of 
antibiotic resistance genes cannot be ignored. A research 
investigation into the potential of LAB found in NONO, 
the traditionally fermented milk products underscores 
their role as reservoirs of antimicrobial resistance [30]. 
Another recent study reported that several Lactobacil-
lus species exhibit notable resistance to aminoglycosides 
(kanamycin, streptomycin, amikacin, and gentamycin), 
glycopeptides such as vancomycin and teicoplanin, with 
vancomycin resistance being the most extensively charac-
terized intrinsic resistance among lactobacilli [31]. The 
strains such as Lactobacilus helveticus, Leuconostoc mes-
enteroides, Lactococcus lactis, Lactobacillus delbrueckii 
subsp. bulgaricus, Lactococcus spp. Latilactobacillus cur-
vatus, Lactiplantibacillus planturum, Lactiplantibacillus 
pentosus, Pediococcus pentosaceus isolated from yogurt, 
cheese, and meat are reported as multidrug-resistant to 
antibiotics such as ampicillin, ciprofloxacin, chloram-
phenicol, gentamicin, kanamycin, neomycin, streptomy-
cin, vancomycin, clindamycin, lincomycin, rifampicin etc., 
[32]. Antibiotic resistance determinants were detected in 
lactobacilli exhibited significant phenotypic resistance 
to cephalosporins, aminoglycosides, quinolones, glyco-
peptides, and methicillin within the beta-lactam group 
isolated from fermented foods and humans. Additionally, 
they displayed sensitivity to macrolides, sulfonamides, 
and carbapenems [33]. In our current study, lactic acid 
bacterial isolates of (Levilactobacillus brevis LBA, Lev-
ilactobacillus brevis LBB, Limosilactobacillus fermentum 
LBF, and Pedioicoccus acidilactici CHBI) from chicken, 
and sheep intestines displayed resistance towards colistin 
antibiotics. These results were consistent with the LAB 
isolates obtained from fermented foods such as sausage, 
salami, ham, chorizo displayed resistance towards anti-
biotics such as rifampicin, erythromycin, vancomycin, 
polymyxin B, colistin [34]. The study conducted by Keter 
et al. [35] also revealed that Lactobacillus brevis MIM04 
exhibited phenotypic multidrug resistance to vancomycin, 
ampicillin, cefotaxime, oxacillin, and gentamicin. Also, 
the Escherichia coli of swine-origin were reported to be 
multidrug-resistant including colistin-resistant at greater 
or equal to 16 μg/mL [36].

In this study, the phenotypic assay conducted to under-
stand the resistance and susceptibility pattern revealed 
colistin and polymyxin B resistance in the LAB iso-
lates. Phenotypic resistance to colistin and polymyxin B 

is generally dependent on the chromosomal mutation in 
genes associated with the alteration of the primary target 
of colistin, the lipid A of lipopolysaccharide, which is an 
adaptative strategy. Moreover, such modifications can be 
attained by the addition of phosphoethanolamine (PEtN) 
and 4-amino-4-deoxy-L-arabinose (L-Ara4N) to the phos-
phate groups of lipid A [7]. Additionally, the horizontally 
transferred plasmid carrying mcr genes encoding PEtN 
gained responsibility to resist the colistin. Traditional anti-
microbial susceptibility testing (AST) procedures, such 
as broth microdilution and disc diffusion, were employed 
for measuring phenotypic colistin resistance in lactic acid 
bacteria. An alternative solution for AST is provided by 
genotypic approaches, which detect mcr genes using the 
PCR method, as compared to the phenotypic method [37]. 
The multidrug resistance pattern in the LAB isolates was 
observed in this study which was on par with the LAB 
isolates collected from animal feces of broiler chicken that 
were reported to be resistant to 15 antibiotics [38]. In the 
E-strip gradient test assessing susceptibility to 14 different 
antibiotics, more than 50% of LAB isolates from tradi-
tional fermented Indian food products exhibited resistance 
to ampicillin, chloramphenicol, ciprofloxacin, erythromy-
cin, kanamycin, linezolid, streptomycin, trimethoprim, 
and vancomycin [39]. Antibiotic resistance and suscep-
tibility of LAB isolates from marketed foods were also 
tested using a disc diffusion assay [33]. Earlier studies 
also explained that the failure to effectively treat infec-
tions with a large bacterial load may be due to the higher 
minimal inhibitory concentrations of these populations, 
compared to those determined in traditional laboratory 
tests [40]. The LAB isolates of animals used in food and 
fermentation industries have a higher pattern of antibiotic 
resistance. This may ensure that food animals are exposed 
to antibiotics used in farming that can spread throughout 
the food chain [41].

After phenotypic characterization, molecular characteri-
zation for taxonomic identification of highly polymyxin B 
and colistin-resistant LAB isolates from food-producing 
animals was carried out. The prevalence of resistant LAB 
isolates was also reported from the fermented food products 
[40, 41]. The ability of bacteria to form biofilms as a means 
to endure unfavorable conditions is influenced by their phe-
notypic resistance, reliant on associated genes, adhesin pro-
teins, and the bacterial extracellular matrix. Health risks can 
arise, especially when colistin-resistant traits are transferred 
within biofilm communities, which comprise pathogenic 
organisms [42]. This study suggests that low concentrations 
of colistin may alter bacterial physiology, making them bet-
ter adapted to survive and challenging infection eradication. 
It has been found that some organisms, like P. aeruginosa, 
produce biofilm at the air–liquid interface, while E. coli 
forms biofilms evenly across the well surface, leading to 



 M. Ray et al.297 Page 12 of 15

higher absorbance values after crystal violet staining [42]. 
Bacteria displayed various traits between planktonic states 
which are floating and sessile states that are adhered to the 
surface due to rapid changes in the expression levels of sev-
eral genes associated with the maturation and production of 
exopolysaccharide (EPS), also known as “slime” or bacterial 
EPS, when bacteria attach to a surface [43]. In our study, 
the LAB isolates displayed an increase in biofilm forma-
tion that was proportional to the increase in colistin con-
centrations. These results can be compared with that of the 
study reported as increased subinhibitory concentrations of 
ampicillin, ceftriaxone, Fosfomycin, oxacillin, doxycycline, 
erythromycin, rifampicin, trimethoprim, linezolid, and spec-
tinomycin were found to promote the biofilm formation by 
Enterococcus faecalis [44]. The significance of phenotypic 
changes observed in biofilms, resulting in genotypic altera-
tions, cannot be overstated. After formation, bacteria within 
biofilms are shielded from the external environment. Com-
munication is facilitated through signal transduction path-
ways, such as quorum sensing or two-component systems, 
leading to broad changes in gene expression, increased viru-
lence, and accelerated acquisition of antibiotic resistance [5]. 
The generation of biofilms may be governed by a process 
that has not been carefully examined in this study. Although 
the growth rate and biofilm formation are impacted by higher 
antibiotic concentrations.

The analysis of sub-inhibitory levels of colistin inducing 
colistin resistance among the isolates performed in this study 
revealed higher tolerance to colistin after the serial passage 
technique to induce resistance. The sub-inhibitory doses of 
antibiotics are frequently exposed to the gut flora as a signifi-
cant amount of antibiotics are utilized in poultry, livestock, 
and animal husbandry. As a result, gut commensals may 
have become resistant to most antibiotics [45]. In this study, 
the induction of colistin against sensitive Lactococcus sp. 
T3.11 and E3.11, revealed increased MIC value by two and 
four folds of colistin at 1/4th concentrations for every week 
up to 28th day. These results were on par with the study that 
reported an increase in the MIC values of Limosilactobacil-
lus plantarum for antibiotics such as neomycin, streptomy-
cin, kanamycin, and gentamycin after prolonged exposure 
to sub-inhibitory doses [46].

Mutations in mgrB lead to enhanced membrane stability 
and modifications in lipid A, which ultimately reduce the 
affinity of the antibiotic towards the cell [28]. The predomi-
nant molecular mechanisms responsible for colistin resist-
ance involve the regulation of the pmrHFIJKLM operon by 
various proteins, including PmrAB, PmrD, PhoPQ, and 
MgrB [7]. Previous studies have shown that all mgrB genes 
can be mutated, leading to various mutations, including 
missense and frameshift mutations and complete deletions 
[28]. Mutations resulting from serial passage of isolates in 
an antibiotic environment have also been reported in other 

studies [47]. Also, the prolonged exposure to colistin led to 
the acquisition of resistance mechanisms, including muta-
tions in genes such as mgrB, in Lactococcus spp. [48]. These 
findings are crucial for developing effective strategies to 
control the spread of antibiotic resistance.

The emergence of colistin resistance in food animals and 
the potential transmission of resistant strains to humans is of 
great concern. One of the primary mechanisms responsible 
for colistin resistance is the presence of the mcr gene, which 
encodes a phosphoethanolamine transferase that modifies 
the lipid A component of the bacterial outer membrane, 
reducing the affinity of colistin towards the cell [7]. In our 
study, we found the presence of mcr1 and mcr3 genes in 
lactic acid bacteria isolated from food animals. The presence 
of mcr genes in lactic acid bacteria (LAB) isolated from food 
animals is particularly worrying, as these organisms are fre-
quently used as probiotics in both humans and animals [6]. 
The results of the study by Wang et al., [49] showed similar 
findings that 5 out of the 257 strains tested positive for the 
mcr-1 gene, all of which were isolated from meat samples. 
The authors noted that this finding raises concerns about 
the potential for the spread of colistin resistance through 
the food chain.

The transmission and mechanisms of antibiotic resist-
ance and virulence are categorized into adaptive, innate, 
and acquired resistance. Physiological changes can be 
prompted by environmental factors, resulting in increased 
mutation rates; alterations in metabolic genes and regula-
tory processes; and activation of classic antibiotic inactiva-
tion and resistance mechanisms. This can potentially lead 
to the sharing of resistance and increased virulence among 
bacteria, resulting in acquired resistance [5]. The presence 
of these genes in food animals raises the possibility of their 
transfer to human-associated bacteria, resulting in the emer-
gence of untreatable infections. Thus, strict monitoring and 
control measures are needed to prevent the spread of colistin 
resistance in food animal populations and to safeguard pub-
lic health. The abundance of LAB in fermented foods and 
the gastrointestinal system, as well as other bacteria in the 
environment, all contribute to increased resistance to LAB. 
Amplified determinants can be transmitted to another host 
once a LAB develops resistance. As a result, it’s crucial to 
look for indications of transmissible antibiotic resistance in 
starting strains and bacteria used as feed and food additives.

Conclusion

The notion that lactobacilli present in food animals akin 
to levels found in other food sources, could serve as res-
ervoirs for transferable colistin resistance genes to patho-
gens is a matter of profound concern, given its far-reaching 
implications for human health and food safety alike. This 
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study highlights the emergence of colistin-resistant lactic 
acid bacteria (LAB) including Levilactobacillus brevis 
LBA, Levilactobacillus brevis LBB, Limosilactobacillus 
fermentum LBF and Pediococcus acidilactici CHBI in 
food animals, underscoring the necessity for responsible 
colistin usage as a last-resort antibiotic in clinical settings. 
The findings offer valuable insights for food safety and 
surveillance, particularly in developing countries where 
antibiotic resistance regulation is critical for controlling 
its spread via the food chain. Furthermore, the isolates 
demonstrated high resistance and biofilm-forming poten-
tial in nutrient-depleted conditions, with exposure to colis-
tin induction leading to regrowth and potential resistance 
development. Phenotypic techniques are specified as com-
plementary indicators of the presence of colistin-resistant 
LAB strains in the current study. Also, the present study 
identified the presence of colistin-resistant mcr-1 and 
mcr-3 genes in the genome of these selected LAB iso-
lates. The prevalence of resistance among these bacterial 
species raises concerns over the use of antibiotics in non-
medical sectors, such as veterinary practices and the food 
industry, as these practices may contribute to the spread of 
resistance, as demonstrated in this study. Further explora-
tion of the transmissibility of these antibiotic resistance 
genes to other commensals is crucial to assess the safety of 
these isolates for probiotic and food fermentation applica-
tions. This study emphasizes the importance of optimizing 
colistin dosages and discouraging injudicious use of this 
life-saving antibiotic in poultry farms. Further research is 
necessary to fully elucidate the mechanisms of resistance 
in LAB, in greater detail.
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