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ABSTRACT

Background: The increase of antimicrobial resistance is considered a major global threat for human and veterinary 
medicine. Misuse/overuse of antibiotics contributes to the rapid growth of resistance, also observed for colistin, a drug of 
choice in the therapy of human infections caused by multidrug resistant (MDR) bacteria. Due to wide usage of colistin as 
growth promoter in farm animals, the resistance of bacteria to this drug is of high concern in One Health perspective. In 
our previous study 10 mcr-1 positive PCR products from pigs’ faecal samples were identified and reported. The purpose 
of this study was to sequence these products and delve deeper into the colistin resistance via bioinformatics method. 
Materials, Methods & Results: Using a BLAST database, this study has identified mcr-1 gene variant(s) responsible 
for the spreading of resistance. A sequence-led approach identified these ten sequences and 100% alignment score was 
achieved by all tested (query) sequences. The query coverage for all sequences was between 98-100%, indicating that 
sequence in the database spans the most of the query sequence or the whole length of the query sequence, respectively. 
Eight sequences achieved 100%, while one reached 99% and one 98% query coverage. The most of alignments originated 
in the Escherichia coli sequences (97%), followed by Klebsiella pneumoniae (2%) and Salmonella enterica (1%). All these 
pathogens are known as MDR bacteria, and in infections they caused, colistin is being used as salvage therapy. Based on 
the obtained BLAST results, we assumed that DNA isolated from pigs’ faecal samples originated from E. coli, although 
our samples were not cultured. The analysis revealed that these sequences were distributed predominantly in Asia, but also 
in South America and Europe, isolated from different farming animal species and humans, confirming global distribution 
across different species. Further comprehensive analysis yielded 37 functional genetic alleles of mcr-1 gene (mcr-1.1 – 
mcr-1.37) registered in NCBI database so far, and in order to identify possible mcr-1 gene alleles among tested sequences, 
additional BLAST alignment examinations were carried out. Five mcr-1 gene alleles were excluded as possible variants, 
but exact polymorphism in each of the sequences could not be confirmed, most likely due to the lack of full length of the 
tested sequences.  These 10 sequences represent mcr-1 gene variant(s), registered in Serbia for the 1st time in pigs, and 
were submitted to the GeneBank and made publicly available, through the Accession numbers. 
Discussion: Plasmid-borne mcr-1 gene has become a significant cause for the dissemination of polymixin resistance in 
humans and animals worldwide. A closer inquiry in mcr-1 gene sequences helped to address mcr-1 gene contribution to 
the resistance spreading. It was revealed that identified mcr-1 gene sequences in pigs on Serbian farms have been already 
disseminated worldwide, on 3 continents, and in different species including farming animals (pigs, chicken, turkey) and 
their meat samples, companion animals (dogs) and humans. Our results indicated that mcr-1 gene sequencing contributes 
to the better understanding of colistin resistance molecular epidemiology. Necessity of colistin resistance monitoring in 
food producing animals as well as its prudent and responsible use on farms, since it is a last resort drug for combating 
infections in humans caused by multidrug resistant bacteria, is of crucial importance in One Health approach.
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INTRODUCTION

Antibiotic resistance, as one of the main global 
threats, rapidly increases compromising our capacity to 
treat and cure infectious disease. Main reasons for such 
unfavourable outcomes are misuse and/or overuse of 
antibiotics in human healthcare as well as agricultural 
sectors [37]. In order to mitigate the devastating conse-
quences of this worldwide burden and to preserve the 
efficacy of antimicrobials, World Health Organization 
(WHO) categorized and authorised these drugs for the 
use in either both or only in human or veterinary medi-
cine [39]. Colistin, as a drug of choice in the therapy of 
human infections caused by multidrug-resistant (MDR) 
gram-negative bacteria [21], is classified as “Highest 
Priority Critically Important Antimicrobials (HPCIA)” 
[39]. Although being used for the last-hope treatment, 
colistin is still widely and recklessly used as growth 
promoter in farm animals, confirming why the rising 
prevalence of MDR gram-negative bacteria is of high 
concern in One Health perspective [13,31,34]. 

To date, 10 mcr gene families (mcr-1 to mcr-
10) were reported in different bacteria sourced from 
animals, humans, farms, food and the environment 
[7,11]. Our recent study confirmed only the presence 
of mcr-1 gene (from total DNA) in 350 healthy pigs’ 
faecal samples, collected from 7 different farms. Mcr-1 
gene was detected in 4.85% animals, predominantly in 
piglets, and all of them were from 3 farms within 100 
km apart [15]. The aim of this study was to, starting 
from obtained sequencing data, examine whether the 
previously confirmed mcr-1 gene, represents a novel or 
worldwide distributed variant(s), knowing that mcr-1 
gene, besides mcr-3, has the largest number of reported 
polymorphisms [18].

MATERIALS AND METHODS

Sample and study design

Ten PCR products positive for the presence 
of mcr-1 gene were used in this study. These products 
were obtained after total DNA samples, extracted from 
healthy pigs’ faeces, were subjected to the multiplex 
PCR as described in details in our previous study [15]. 
In order to determine the mcr-1 gene variant(s), a 
sequence-led approach was performed and sequencing 
data obtained for these 10 PCR products were analysed 
utilising bioinformatics tools. Before being sent for 

sequencing, these PCR products were checked by gel 
electrophoresis. 

Gel electrophoresis and sequencing

PCR products were electrophoresed in 2% aga-
rose gel, with a molecular weight marker (GeneRuler 
100bp Plus DNA Ladder1) included in each run. The 
gels were stained with ethidium bromide (1 µg/mL final 
concentration in ddH

2
O for 30 min) and bands were 

visualized using UV gel documentation system SERVA 
Blue-Cube 3002. E. coli NCTC 13846 strain for mcr-
1 gene was used as a positive control. PCR products 
were sent for sequencing and the results were obtained 
using standard sequencing automation system, based 
on the Capillary Electrophoresis Sequencing technol-
ogy - Sanger method (ABI 3730xl System)3. 

Bioinformatics approach

The Basic Local Alignment Search Tool 
(BLAST), within the NCBI (National Center for Bio-
technology Information), [https://blast.ncbi.nlm.nih.
gov/Blast.cgi] was used to compare obtained mcr-1 
nucleotide DNA sequences (query) to sequences de-
posited in the BLAST enclosed databases [GenBank, 
EMBL, DDBJ, PDB, RefSeq sequences - (subject 
sequences)]. BLAST reads the query sequence, exam-
ines parameters, and searches databases [20]. Before 
query sequences, represented in the standard IUB/
IUPAC nucleic acid codes, were entered in FASTA 
format, they were trimmed using Bioinformatics Soft-
ware platform for sequence data analysis - Geneious 
Prime (Annotate and Predict - Trim Ends). Forward 
query sequence of a particular sample was run as line 
of sequence query data, without the FASTA defini-
tion line. The search set was optimised for standard 
databases - nucleotid collections (nr/nt), while pro-
gramme selection was optimised for highly similar 
sequences (megablast). Algorithm parameters were 
kept on the default settings. The BLASTn generated 
alignments and calculated statistical significance of 
the 100 displayed matches. All of searches yielded 
small Expect (E) values, indicating database matches 
of very high quality. The E value threshold was kept 
at the default value of 0.05. 

Statistical analysis

The data were analysed using Microsoft Excel 
statistical software employing the Student t test and P 
< 0.05 was considered statistically significant.
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RESULTS

Visualisation of mcr-1 PCR products and sequencing

As described previously [20], 17 out of 350 
tested samples were positive for mcr-1 gene only, 
as confirmed by multiplex PCR. Ten of these mcr-1 
positive PCR products of 320 bp in length (as positive 
control for mcr-1, Ec+), were visualised on 2% agarose 
gel (Figure 1). Subsequently, these PCR products were 
sequenced using Sanger sequencing method. The out-
put of the sequencing was presented as chromatogram 
(ab1 file) and as text-based files (notepad, php1). In-
sights into chromatograms confirmed that peaks were 
sharp, well-spaced and with assigned bases for all 
sequences for all samples. Text-based sequence files 
for all samples yielded BLAST alignments. All query 
sequences were submitted to the NIH genetic sequence 
database, GeneBank, and have received Accession 
numbers, so all are publicly available (Table 1).

BLAST complete alignment: taxonomy and geographic 
distribution

In order to determine whether the mcr-1 gene 
detected from 10 samples obtained from the 3 Serbian 
farms, represent certain variants of the very polymor-
phic mcr-1 gene family, a sequence-led approach was 
adopted. The obtained mcr-1 nucleotide sequences 
were compared with sequences deposited in BLAST 
enclosed databases. The program algorithms compared 
the sequences and calculated the statistical significance 
of the matches. Performed alignments disclosed a score 
of 100% identity achieved by all 10 tested sequences 
D09, D12, D14, D15, VJ04, VJ05, VJ06, VJ09, VJ10 
and VJ11. Description tab (default BLAST result) 
displayed a list of subject sequences in database that 
completely matched the query sequence. The results 
are represented by an alignment given as a definition 
line (a row) with identifiers and descriptions of the 
hits, and the small E-value, as statistical measures 
of the significance, indicated great uniqueness of the 
match for all query sequences (100%). In addition, 
query coverage for 8 sequences was 100%, indicating 
that sequence in the database spans the whole query 
sequence length, with an exception for VJ06 (99%) 
and VJ09 (98%). Maximum (max) and total scores 
for each particular query sequence was identical, 
demonstrating perfect match without deletion/insertion 
across the alignment. The closer insight has confirmed 
the same subject sequences displayed for the majority 

of query sequences (n=8), and besides these identical 
counterparts, only 1 new subject sequence was reported 
in a BLAST search for the rest of 2 query sequences 
(D14/VJ06).

Taxonomic BLAST results summarised the 
distribution of matched subject sequences in the da-
tabase regarding the bacterial species. Total numbers 
of hits were 101 and 102 (in 8 and 2 query sequences 
respectively). The most of alignments originated in 
Escherichia coli (E. coli) subject sequences: D09/D12/
D15/VJ04/VJ05/VJ09/VJ10/VJ11 - 98, D14/VJ06 - 99; 
followed by Klebsiella pneumoniae: 2 and Salmonella 
enterica: 1 for all sequences (Figure 2). Incidence of 
E. coli sequences across all matched subject sequences 
was significantly higher in comparison to 2 other patho-
gens (P = 0.000). E. coli was by far the most dominant 
species for all query sequences: 97%, followed by 
Klebsiella pneumoniae and Salmonella enterica pres-
ent to the smallest extent (2% and 1% respectively). 
Although our samples were not cultured, according 
to the obtained BLAST results, we hypothesised that 
isolated DNA originated from E. coli. 

Further comprehensive searches of all BLAST 
hits, revealed that these sequences were distributed in 
Asia, Europe, and South America. Detailed analysis 
of these BLAST hits, obtained through the accession 
link for each hit, yielded information on countries that 
reported particular sequence, as well as the host and the 
isolate (Table 2). Table is based on thorough analysis 
of each BLAST hits.

Mcr-1 gene alleles identification in completely aligned 
sequences

Up to date, 37 functional genetic alleles of 
mcr-1 gene (mcr-1.1 – mcr-1.37) encoding phosphoeth-
anolamine-lipid A transferase, have been registered in 
NCBI database i.e. National Database of Antibiotic Re-
sistant Organisms (NDARO), as in August 2024 (Table 
3). In order to identify mcr-1 gene polymorphism(s), 
further investigation included BLAST search based 
on the particular programme option - Align 2 or more 
sequences. Comparison of query sequences with 
all previously reported mcr-1 gene alleles (both in 
FASTA format) revealed no conclusion on particular 
polymorphisms. However, it facilitated to exclude the 
presence of certain alleles, and they were as follow: 
mcr-1.3 (NG_052861.1), mcr-1.10 (NG_055583.1), 
mcr-1.14 (NG_057460.1), mcr-1.20 (NG_065450.1), 
and mcr-1.23 (NG_067235.1).
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Figure 1. Electrophoresed PCR products (D09/12/14/15, sampled from the North-Backa region and VJ04/05/06/09/10/11 
obtained from North-Banat region). [2% agarose gel; Ec+ - positive control; B - blanc; Ladder - 100 bp. Product size 320 bp].

Figure 2. Total number of hits scattered among different bacterial species for each query sequence. Data are based on the Tax-
onomy BLAST reports that included the organisms found in the BLAST hitlist that have the strongest scores.

Table 1. GenBank accession numbers and main characteristics associated with query sequences.

Sequence ID Organism Host Source Isolate Accession N.

D09 Uncultured bacterium Swine Farm Faeces PP334135

D12 Uncultured bacterium Swine Farm Faeces PP334136

D14 Uncultured bacterium Swine Farm Faeces PP315912

D15 Uncultured bacterium Swine Farm Faeces PP334137

VJ04 Uncultured bacterium Swine Farm Faeces PP315913

VJ05 Uncultured bacterium Swine Farm Faeces PP334138

VJ06 Uncultured bacterium Swine Farm Faeces PP315914

VJ09 Uncultured bacterium Swine Farm Faeces PP334139

VJ10 Uncultured bacterium Swine Farm Faeces PP315915

VJ11 Uncultured bacterium Swine Farm Faeces PP334140
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Table 2. The geographical distribution of the 100% aligned subject sequences. Details on the countries of sequence origin, the host and isolates were 
assembled through the accession link for each BLAST hit. 

Sequence ID Escherichia coli Klebsiella pneumoniae Salmonella enterica

D09/D12/D15/VJ04/VJ05/

VJ09/VJ10/VJ11

CHINA - pork, chicken and pig faeces, human urin

VIETNAM - human faeces

 BULGARIA - human urin

GERMANY - turkey

ITALY - dog urin

ECUADOR - human faeces

CHINA - pork, chicken faeces 
VIETNAM - human 

diarrheal stool

D14/VJ06

CHINA - pork, chicken and pig faeces, human urin

VIETNAM - human faeces

 BULGARIA - human urin

GERMANY - turkey

ITALY - dog urin

POLAND - turkey

ECUADOR - human faeces

CHINA - pork, chicken faeces
VIETNAM - human 

diarrheal stool

Table 3. Overview of all mcr-1 alleles (mcr-1.1 – mcr-1.37) available in NCBI (as on August 31th, 2024)

Mcr-1 gene alleles NCBI Ref.Seq. Species Strain Host (Source) Authors1 Country

mcr-1.1 NG_050417.1 Escherichia coli SHP45 pig Liu Y., 2016 China

mcr-1.2 NG_051170.1  Klebsiella pneumoniae KP-6884 human Di Pilato V., 2016 Italy

mcr-1.3 NG_052861.1 Escherichia coli HeN867 chicken Yang Y., 2016 China

mcr-1.4 NG_052664.1 Escherichia coli WCHEC1606 sewage Zhao F., 2016 China

mcr-1.5 NG_052663.1 Escherichia coli 1256822 human Estabrook M., 2016 Argentina

mcr-1.6 NG_052893.1 Salmonella enterica YL14P053 human Lu X., 2016 China

mcr-1.7 NG_054678.1 Escherichia coli WCHEC1604 sewage Zhao F., 2017 China

mcr-1.8 NG_054697.1 Escherichia coli ST101 poultry Abdul Momin H.F.,2017 Brunei

mcr-1.9 NG_055582.1 Escherichia coli LV23529 pig Manageiro V., 2017 Portugal

mcr-1.10 NG_055583.1 Moraxella sp. MSG13-C03 pig AbuOun M., 2017 UK

mcr-1.11 NG_055784.2 Escherichia coli 347-43491A human Deshpande L., 2018 Peru

mcr-1.12 NG_056412.1 Escherichia coli EC15-101 pig Nishino Y., 2017 Japan

mcr-1.13 NG_057466.1 Escherichia coli 12-AB00501 turkey Hammerl J.A., 2018 Germany

mcr-1.14 NG_057460.1  Klebsiella pneumoniae SC24 chicken Yang Y., 2019 China

mcr-1.15 NG_061610.1  Klebsiella pneumoniae KP138 chicken Xiang R., 2018 China

mcr-1.16 NG_064787.1 Escherichia coli EC32 chicken Zhu Y., 2019 China

mcr-1.17 NG_064788.1 Escherichia coli ECK2 cow Zhu Y., 2019 China

mcr-1.18 NG_064789.1 Escherichia coli sc12-96 chicken Wu C., 2018 China

mcr-1.19 NG_065449.1 Salmonella enterica CFSA629 egg Hu Y., 2019 China

mcr-1.20 NG_065450.1 Escherichia coli nd.2 pig Duggett N., 2018 UK

mcr-1.21 NG_065451.1 Escherichia coli QHXN2016-F200 human Li C., 2019 China

mcr-1.22 NG_065944.1 Escherichia coli NIG-EC49 chicken Carretto E., 2019 Nigeria

mcr-1.23 NG_067235.1 Salmonella enterica SAUVM poultry Uddin M.B., 2020 Bangladesh

mcr-1.24 NG_067236.1 Escherichia coli SAUVM_E3 poultry Uddin M.B., 2020 Bangladesh

mcr-1.25 NG_067237.1 Escherichia coli SAUVM_E6 poultry Uddin M.B., 2020 Bangladesh

mcr-1.26 NG_068217.1 Escherichia coli 803_18 human Neumann B., 2020 Germany

mcr-1.27 NG_068218.1 Escherichia coli 844_18 human Neumann B., 2020 Germany

mcr-1.28 NG_070762.1 Escherichia coli nd.2 nd.2 Ruan Z., 2020 China

mcr-1.29 NG_070763.1 uncultured bacterium nd.2 environ.3 LV D., 2020 China

mcr-1.30 NG_070764.1 uncultured bacterium nd.2 swine LV D., 2020 China

mcr-1.31 NG_074755.1 Escherichia coli 2018-290904-002-01 human Bolzoni L., 2021 Italy

mcr-1.32 NG_074756.1 Escherichia coli N8114 sputum Falgenhauer L., 2021 Spain

mcr-1.33 NG_079262.1 Escherichia coli nd.2 urine Bao D., 2021 China

mcr-1.34 NG_079263.1 Escherichia coli EC3769 human Qian C., 2022 China

mcr-1.35 NG_203419.1 Escherichia coli 20ZX79 chicken Hu Y., 2023 China

mcr-1.36 NG_231577.1 Escherichia coli  IHIT44909 pig Goepel L., 2023 Germany
mcr-1.37 OR879175.1 Escherichia coli  IHIT23707 dog Ewers,C. 2023. Germany

1Only first author listed. 2Not determined. 3Environment. Mcr alleles in bold were excluded as possible alleles.
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DISCUSSION

Our findings provide a glimpse on the possible 
risky burden that hovers above Serbian farming sec-
tor. This report on pigs’ faecal samples, harbouring 
plasmid(s) carrying mcr-1 gene, points out towards 
colistin resistance problem, emphasizing transmis-
sion risk, since in the neighbouring country (Bulgaria) 
the same mcr-1 gene sequences were isolated from 
human urine sample. Furthermore, our research has 
revealed that mcr-1 gene sequences identical to ours, 
for the 1st time reported in pigs from Serbia, have been 
already disseminated on 3 continents and among dif-
ferent animal species including farming animals (pigs, 
chicken, turkey) and their meat samples, companion 
animals (dogs) and humans. A recent study was the 1st 

to report a presence of IncX4 replicon type plasmid 
carrying mcr-1.1 gene variant in 5 Escherichia coli 
isolates sourced from healthy turkeys in Serbian farms 
[23], while our previous study was the 1st to state the 
presence of mcr-1 gene in farming pigs’ faecal samples 
in Serbia [15]. Therefore, findings from these studies 
clearly indicate necessity for continuous monitoring 
for colistin resistance in farming facilities in Serbia to 
avoid possible dissemination of resistance to humans. 
Particular monitoring requests significant attention 
since it was recently revealed that diverse strains of E. 
coli, harboring mcr-1 on multiple plasmids, were not 
eradicated in healthy pigs years after the colistin treat-
ment was ceased on the farm [40]. Intensified surveil-
lance of mcr genes, besides thoughtful use of important 
antibiotics for therapeutic purposes, improved vaccina-
tion, increased hygiene, development and use of rapid 
diagnostic tests, etc., contribute the most in successful 
control of colistin resistant bacteria dissemination from 
poultry sector across low- and middle-income countries 
[3]. Extensive usage of colistin as a growth promotor, 
as well as, in prevention and treatment of infections 
caused by gram-negative bacteria in food producing 
animals, contributed enormously to the emergence of 
the resistance to this antibiotic [5], and we might not 
wait too long to see the consequences in our hospi-
tals. This is even more important, since colistin has 
recently re-emerged as one of the last resorts in bat-
tling the certain infections in absence of newly created 
drugs and when widely used antibiotics failed to treat 
gram-negative bacteria [1,6]. During the COVID-19 
pandemic in the case of severe pneumonia and the need 
for mechanical ventilation, very often patients used to 

develop ventilator-associated pneumonia (VAP) with 
the most striking feature being multiple antimicrobial 
resistance. In these cases, the aerosolized adminis-
tration of colistin has become very important in the 
treatment of severe infections [17,29]. However, the 
recent study in Serbia has revealed that 40% of mo-
lecularly confirmed isolates positive to Acinetobacter 
baumannii, were colistin-resistant and were isolated 
from COVID-19 patients and patients on mechanical 
ventilation [14].

Several studies have reported that colistin 
resistance was caused by mutations in chromosomal 
genes mostly involved in the synthesis of the lipopoly-
saccharide (LPS), component of the bacterial outer 
membrane [4,24,28]. Shortly after, Liu et al. proposed 
a different mechanism involving mobilized colistin 
resistance-1 (mcr-1) gene in the emergence of plasmid-
mediated colistin resistance in farm animals and hu-
man probands in China [19]. Mcr-1 gene encodes for 
a phosphoethanolamine transferase, an enzyme that 
catalyses the transfer of phosphoethanolamine moiety 
to lipid A, a component of bacterial outer membrane. 
This modification results in neutralisation of lipid A 
negative charge, resulting in reduced binding affinity 
of cationic colistin [28,32]. This diminished colistin 
affinity increases membrane resistance to the antibiotic, 
thus protecting the bacterial integrity and its intracel-
lular targets. Moreover, similar mechanism is involved 
in resistance of numerous gram-negative bacteria to 
other extracellular material, resulting in fade host 
immune response [26]. Plasmid-borne nature of mcr 
genes coding colistin resistance indicates their ability 
of horizontal transmission throughout diverse bacte-
rial species in gut microbiome [19]. Of note, only 3 
months after the 1st report of mcr-1 gene, more than 20 
countries have also stated its presence [11]. Therefore, 
global health concern arises on the ability of plasmids 
to be quickly transferred between pathogenic bacterial 
strains, species and genera, accelerating dissemination 
of resistance. Yet, we cannot ignore the fact that a recent 
study demonstrated that spontaneous chromosomal 
modifications, mainly mutations of genes involved in 
the cell signalling of the LPS synthesis, also contribute 
to the colistin resistance to a large extent [33]. Very 
shortly after the 1st ever mcr-1 report in China [19], the 
mcr-1 gene was identified on 5 continents and isolated 
from human, farm animal, wild animal, vegetable and 
meat samples [13], showing accelerated worldwide 
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spreading. Mcr-1 gene variants are embraced within 
very diversified plasmids, what contributes to their 
prompt expansion and, subsequently, rapid evolution 
(mutation rate) [2]. Recent metagenomic study has 
revealed that mcr-1 and mcr-9 gene variants were 
the most frequent in comprehensive research data 
regarding metagenomics samples’ alignments, hosts, 
countries, timescale and pathogenic bacteria genomes 
(51.08% and 40.38% respectively) [22]. Three years 
ago 27 mcr-1 subvariants in form of single amino acid 
substitutions were scientifically known (25 registered 
in NCBI) [27]. Our research has yielded data on 37 
mcr-1 gene alleles, suggesting successful evolution-
ary trend, yet under unknown selective factors, as it 
was noted by Ling et al. [18]. Unfortunately, using 
bioinformatics tools we were not able to conclude 
the particular mcr-1 gene alleles for query sequences, 
probably due to the lack of full length of the sequences. 
However, we managed to exclude 5 alleles. 

This study presented the 1st sequencing data on 
mcr-1 gene obtained from farming pigs’ faecal samples 
in Serbia. Mcr-1 gene sequences identified in our study 
previously were reported within the genome of Entero-
bacteriaceae (Escherichia coli, Klebsiella pneumoniae 
& Salmonella enterica). All these pathogens are known 
as MDR bacteria, and in infections they caused, colistin 
is being used as salvage therapy. The global threat is 
recognized and it resulted in the edition of “Interna-
tional Consensus Guidelines for the Optimal Use of the 
Polymyxins” [34], with numerous recommendations 
how to deal with this issue in healthcare settings. As 
reported by numerous studies, mcr-1 gene is, with 
different frequencies, abundant mainly in Escherichia 
coli all across the world [7,8,12,25,30,35,41]. Besides, 
other gram-negative bacteria, such as Klebsiella sp. 
and Salmonella sp., have been reported to harbour 
mcr-1 gene, but with significantly lower prevalence 
[36]. Knowing that outbreaks or high prevalence of 
nosocomial gram negative bacteria harbouring mcr-1 
gene could be reality in Serbia very soon, our results 
contribute to the surveillance of colistin resistance in 
our country, although it was proven to be quite de-
manding and challenging to screen colistin resistance, 
as confirmed by experts [38]. In contrast to plasmid 
mediated colistin resistance, a recent study reported 
that the main mechanism of colistin resistance in Aci-
netobacter baumannii isolates tested in Serbia, was 

accumulation of chromosomal mutations within the 
pmrB and pmrC genes [14].

Therefore, finding of this study contributes to 
an incredibly complex puzzle of colistin resistance 
phenomenon, although the explanation on mechanisms 
such as colistin binding, its antimicrobial activity, or 
emergence and evolution of plasmid-mediated resis-
tance based on LPS modifications, still remains elusive 
[10]. Colistin abuse in farming practice, especially pig 
and poultry production, represents a strong selective 
pressure resulting in food safety fears and public health 
threats [9]. Interestingly, mcr-1 colistin resistance, on 
the other hand, facilitates functional impairment and 
decreased permeability of the bacterial outer membrane 
towards hydrophobic antibiotics, such as gentamycin, 
kanamycin and rifampicin. This situation challenges 
bacterial populations and their fitness cost, forcing 
them to balance between mcr-1 expression and its 
own survival [16], indicating a very complex interplay 
between selective pressure created by both antibiotics 
as well as the host immunity and bacterial ability to es-
cape. Who will be victorious in this interactions’ maze, 
depends mostly on wise human moves in the future. 

CONCLUSION

Plasmid-borne mcr-1 gene has become a signif-
icant cause for the dissemination of colistin resistance 
in humans and animals worldwide. Our results demon-
strated that sequencing of mcr-1 gene may contribute 
to the better understanding of molecular epidemiology 
of colistin resistance. The results also contribute to the 
increasing body of evidence for necessity of colistin re-
sistance monitoring in food producing animals as well 
as restricting colistin abuse on farms, since it is among 
rare agents, i.e. last resort drug, effective in treatment 
of infections in humans caused by multidrug-resistant 
gram-negative bacteria. Thus, colistin antimicrobial 
effectiveness must not be compromised via its further 
misuse in food producing livestock.
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