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Introduction 

Antibiotic-resistant infections are responsible for more than 2.8 million illnesses 

in the United States each year, and more than 35,000 people die due to diseases 

(1, 2). The increasing prevalence of multidrug-resistant bacteria (MDR) is 

particularly alarming as infection with these microorganisms increases the use of 

broad-spectrum antibiotics, such as third and fourth-generation cephalosporins 

and carbapenems. Enzymes such as broad-spectrum beta-lactamases (ESBLs) 

and carbapenemases can inactivate these antibiotics (3, 4).  

According to the Centers for Disease Control and Prevention (CDC) and the 

World Health Organization (WHO), Enterobacteriaceae carrying these enzymes 

are among the most serious threatening agents in terms of antibiotic resistance 

(1, 2). Meanwhile, the rapid increase in the population of carbapenemase-

producing Enterobacteriaceae (CPE), which contain enzymes such as KpC-2 

(Klebsiella pneumoniae carbapenemase 2), NDM-1 (New Delhi metallo-β-

lactamase 1), and OXA-48, has been incrementally intensified (5, 6). While 

resistance to carbapenems is more widespread in humans, there have been reports 

of resistant bacteria to these antibiotics in food-producing animals (poultry, cattle, 

and pigs) and domestic animals (dogs, cats, and horses). This problem is 

especially worrying because carbapenems have not been consumed in animal 

treatment; besides, antimicrobial resistance (AMR) is not a problem only for 

pathogenic bacteria but also for commensal intestinal microbiota (7). 

Carbapenems, including imipenem, meropenem, ertapenem, and doripenem, are 

broad-spectrum antimicrobials against Gram-negative bacteria are a class of 

antibiotics with a beta-lactam ring that blocks transpeptidation by binding to the 

active sites of the penicillin-binding proteins (PBPs) irreversibly, thereby 

disrupting the bacterial cell wall synthesis and, finally, causing cell death (8). 

A review study conducted in 2017 showed that the prevalence of 

carbapenem-resistant Enterobacteriaceae (CRE) among population-related 

samples is about 5.6% to 10.8% (9). The emergence of these carbapenemase-

producing bacteria (CPs) narrowed the available antimicrobial choices for 

therapeutic interventions to tigecycline and colistin, either alone or in 

combination with other antimicrobials (10). Thus, the global spread of CPE has 

increased the use of colistin, even with the awareness of the probability of 

developing resistance to colistin (11, 12). This sensitive harmony in the clinical 

necessity of resistance prevention has already been jeopardized by humans using 

antibiotics in agriculture (livestock), for example, in the treatment of ruminant 

neonatal diarrhea syndrome; thus, some countries use colistin extensively in the 

livestock industry (13, 14). This rise in colistin use doubled concerns with the 

first report of the plasmid gene for the resistance to colistin mcr-1 (mobilized 

colistin resistance) in November 2015 in China (15). Furthermore, colistin 

belongs to the family of polymyxins, cationic polypeptides with broad-spectrum 

activity against Gram-negative bacteria, including many species of the 

Enterobacteriaceae family (11).  

The 2 polymyxins currently in clinical use are polymyxin B and polymyxin 

E (colistin); a mere difference in an amino acid has led to a significant biological 

difference (15). The mechanism of resistance to polymyxins is induced by a 

change in lipid A, leading to a decrease in antibiotic binding. Additionally, the 

plasmid gene for colistin resistance encodes phosphoethanolamine transferases, 

which add a group of phosphoethanolamine to lipid A in lipopolysaccharide 

(LPS) (16, 17).  

By the time the mcr gene was reported, the chromosome-related mechanisms 

of colistin resistance had been found; these mechanisms included the 

involvement of regulatory systems such as PmrA/B and PhoP/Q, which resulted 

in lipid A modification by fractions such as phosphoethanolamine or 4-amino-4-

arabinose, or in rare instances, the loss of the entire LPS (18, 19). These days, 

mcr-producing bacteria have been reported in many parts of the world (20).  

Numerous reports have shown that the concomitant presence of the mcr gene 

with other resistance genes, such as ESBL and CRE, in E.coli and K. pneumoniae 

is likely to lead to widespread drug resistance and increased treatment difficulty 

(21, 22). The presence of E. coli as a commensal infection in the gastrointestinal 

tract of livestock can make it a reservoir for the acquisition and transmission of 

resistance (7, 23). Several studies revealed the spread of antibiotic-resistant 

bacteria by animal manure to humans, based on which evidence of the prevalence 

of antibiotic resistance among farmworkers has been obtained (24, 25). 

According to the data released by the Ministry of Agriculture of Iran and other 

studies, antibiotic consumption in agriculture, especially in cattle and poultry 

farms, is higher than it is in the Organization for Economic Cooperation and 

Development (OECD) countries; as a result, the possibility of increasing the 

incidence of antibiotic resistance in the livestock sector in Iran is also expected 

(26, 27). Due to the lack of sufficient information about the incidence of colistin 

resistance in livestock, which is critical for human health, this study aimed to 
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investigate the prevalence of plasmid-mediated colistin resistance and the co-

occurrence of NDM-1 and OXA-48 in E. coli isolates from neonatal calves (<35 

days old) in Mashhad, Iran. 

 

Methods 

A total of 200 fecal samples were collected from 4 semi-industrial dairy farms 

from neonatal calves (<35 days old) using a rectal swab. Out of all samples, 10 

were excluded from the study. Of the remaining samples 60% (total: 55 male and 

59 female) were from calves with clinical signs of diarrhea, and 40% (total: 40 

male and 36 female) were from normal cases. Ethics approval and consent to 

participate in the study (from the owner) were obtained according to the research 

and ethics guidelines and approval of local institutions (Ferdowsi University of 

Mashhad).  

None of the calves had a history of receiving antibiotics, including colistin, 

near the time of sampling. Specimens were transferred to the Microbiology 

Laboratory of the School of Veterinary Medicine (Ferdowsi University of 

Mashhad, Iran) in a buffered peptone water medium (Merck, Germany), cultured 

on MacConkey agar and blood agar (Merck, Germany), and incubated for 18±2  

hours at 37 °C. The suspect lactose-positive colonies were used for routine 

biochemical confirmation tests for E. coli detection (28). Finally, the isolates 

were stored at -20 °C in a Brain heart infusion broth (Merck, Germany) 

containing 15% glycerol for further analysis. 

The antibiotic susceptibility test was performed for 6 commonly allowed 

antimicrobials in the treatment protocols of human enteric infections using the 

disk diffusion method based on the protocol recommended by the Clinical 

Laboratory Standard Institute (CLSI, 2020). 

Briefly, bacterial suspension inoculum equal to 0.5 McFarland standard 

(approximately 108 CFU/mL) was provided and inoculated into the Mueller-

Hinton agar (MHA) (Merck, Germany). After the disks were placed (Cypress 

Diagnostics, Belgium), incubation was performed at 35 ৹C for 18-20 hours. The 

diameter of the growth inhibition zone was measured and recorded according to 

the CLSI. The disks included ceftazidime (30 µg), cefixime (5 µg), cefepime (30 

µg), meropenem (10 µg), ciprofloxacin (5 µg), and colistin (10 µg). There are no 

polymyxin breakpoints established for Enterobacteriaceae by the CLSI; 

therefore, initial screening of the susceptibility of colistin-resistant isolates to 

colistin was estimated using the CLSI-recommended susceptibility breakpoints 

for Pseudomonas aeruginosa (10-mg colistin disk; resistant ≤10 mm, susceptible 

≥11 mm). The double-disk test (ceftazidime + ceftazidime/clavulanic acid) was 

carried out to discriminate the ESBL-producing isolates. 

For further evaluation, the colistin MIC of the ESBL-producing isolates and 

those showing resistance to colistin disks was performed by E-test strips. The 

automated instrument antimicrobial susceptibility testing (AST) VITEK-2 was 

used to evaluate the antimicrobial activity of potentially mcr-positive isolates. 

Although the agar diffusion method is not recommended by the CLSI for this 

antibiotic, it is the most available and uncomplicated method for the 

determination of antibiograms that various companies still produce, such as disks 

and E-test strips. 

Confirmed E. coli isolates were cultured on the LB agar medium and 

incubated at 37 °C for 18± 2 hours. Then, each colony was harvested with a sterile 

loop, transferred to 5 cc of the TSB medium, and incubated for 18± 2 hours. After 

incubation, 1 mL of the culture solution was transferred to 1.5 mL microtubes 

and centrifuged at 13000 Xg for 3 minutes. The supernatant was then discarded; 

250 mL of sterile distilled water was added to the precipitate, vortexed, and 

centrifuged again for 3 minutes at 13000 Xg. Later, the supernatant was 

separated, and 200 mL of sterile distilled water was added to the sediment and 

vortexed for 30 seconds. The microtube was placed in a boiling water bath for 10 

minutes and immediately cooled with ice. Subsequently, the microtubes were 

centrifuged at 11000 Xg for 5 minutes after cooling. Finally, 0.1 mL of the 

supernatant containing DNA (deoxyribonucleic acid) was removed and stored in 

a 0.5-mL microtube at -20 ৹C for molecular evaluation (29). 

The multiplex polymerase chain reaction (PCR) method was employed to 

identify 5 genes of colistin resistance (mcr-1, mcr-2, mcr-3, mcr-4, mcr5). Each 

PCR reaction consisted of 12.5 μL of the Taq DNA Red PCR Master Mix 

(Ampliqon, Denmark), 2.5 μL of nuclease-free water, 0.75 μL of each primer 

(Macrogen, South Korea), and 2.5 μL of the crude DNA lysate. Running 

conditions were as follows: 1 cycle of denaturation at 95 °C for 5 min, followed 

by 35 cycles of denaturation at 95 °C for 30 sec, annealing at 58 °C for 75 sec, 

elongation at 72 °C for 75 sec, and a final cycle of elongation at 72 °C for 10 min. 

The amplification was visualized by electrophoresis using 1.5% agarose gel 

stained with Green Viewer at 100 V. Strain No. 2012-60-1176-27 was used as the 

mcr-1, and strain No. KP37 was used as the mcr-2 positive control (11) to ensure 

the accuracy of the test. Primer sequences and amplicon sizes are listed in (Table 

1). 

In addition to the mcr gene, for detecting NDM-1 as class B and OXA-48 as 

class D of the Ambler classification of carbapenemase enzymes, the primers 

listed in Table 1 were used under the following conditions: Each PCR reaction 

consisted of 10 μL of the Taq DNA Red PCR Master Mix (Ampliqon, Denmark), 

6 μL of nuclease-free water, 0.5 μL of each primer (Sinaclon, Iran), and 2 μL of 

the crude DNA lysate. Running conditions were: 1 cycle of denaturation at 95 °C 

for 4 min, followed by 33 cycles of denaturation at 95 °C for 30 sec, annealing at 

58 °C for 60 sec, elongation at 72 °C for 60 sec, and a final cycle of elongation at 

72°C for 5 min. The amplification was visualized by electrophoresis using 1.5% 

agarose gel stained with DNA Green Viewer at 100 V. Strain No. 8 E. coli 

carrying blaNDM-1 and blaOXA-48 in the microbial archive of the Shahid 

Chamran University of Ahvaz was used as the control strain. Primer sequences 

and amplicon sizes are shown in (Table 2). 
 

 
 

 
 

Results 

The antibiotic susceptibility test showed the most resistance rates against 

cefepime (96.8%) (total: 69 normal and 115 diarrhea cases) and ciprofloxacin 

(81.1%) (total: 63 normal and 91 diarrhea cases), followed by ceftazidime (total: 

58 normal and 95 diarrhea cases), cefixime (total: 21 normal and 31 diarrhea 

cases) and meropenem (total: 16 normal and 8 diarrhea cases), which were 

respectively 80.5%, 27.4%, 12.6%. Finally, the most effective antibiotic was 

revealed to be colistin, with a resistance rate of 8.42% (total: 9 normal and 7 

diarrhea cases), where 11 (68.75%) isolates had colistin MIC ≥4 by the E-test 

method. According to the differential diameter of the ceftazidime with the 

ceftazidime/clavulanic acid disk zone, of 190 isolated E. coli strains, 64 cases 

(33.7%) were phenotypically potential ESBL-producers, 40 (62.5%) of them 

were diarrheic, and 24 (37.5%) were from normal cases. Among ESBL 

producers, 5 isolates (7.81%) demonstrated resistance to colistin disks, while 36 

isolates (56.25%) revealed MIC≥4 by the E-test. Among all the studied isolates, 

8 isolates were mcr-1-positive, and none of the other 4 plasmid-mediated colistin 

resistance genes (mcr-2, mcr-3, mcr-4, and mcr-5) were detected. Among the 

mcr-1-positive strains, 5 were phenotypically ESBL-producers, and between 

those that were non-ESBL-producers, only 1 isolate belonged to a healthy calf.  

The optimistic point in the results of antibiotic susceptibility testing of mcr-

1-positive isolates by Vitek-2 was the susceptibility to imipenem, ertapenem, 

tigecycline, and piperacillin/tazobactam. These data also suggest that the possible 

presence of IRT and OXA beta-lactamases, as well as AAC (6)-resistant 

aminoglycosides for the 2 isolates, should be considered. Positive samples were 

sequenced by the Sanger sequencing method, and the resulting sequences were 

confirmed by GenBank, NCBI (National Center for Biotechnology Information), 

and NIH (National Institutes of Health), with accession number MW980938. 

Neither blaNDM-1 nor blaOXA-48 gene was detected. 

 

Discussion 

The routes of transmission of antibiotic-resistant bacteria to humans are very 

complex and unpredictable. They can generally be divided into the direct route 

(involving contact with food-producing animals or human carriers) and the 

indirect route (through the food chain or exposure to habitats of antimicrobial 

contaminants such as hospitals or animal manure) (34).  

It is known that a significant amount of antibiotics used in agriculture and 

the treatment of humans and animals, have actively returned to the environment. 

Resistance genes similar to antibiotics, can be released into the environment (35, 

36). Consequently, it is expected that this close relationship between the use of 

antibiotics in agriculture, animal husbandry, and human medicine should spread 

resistant bacteria. Estimations suggested that livestock-fed antibiotics excrete 75-

90% of those antibiotics in a nonmetabolized form, and these drugs may then 

enter sewage systems and water sources (37, 38). The waste from livestock may 

contain antibiotic-resistant bacteria and active antibiotics that may contaminate 

the environment and then, foster the emergence of antibiotic resistance in bacteria 

other than those to be found in living livestock and the meat produced from it 

(38, 39).  
The results of a study confirmed that 133 mg of antibiotic substances was 

used per kg of milk, meat, and egg produced in 2010 in Iran. Besides, the 

information presented and the data from the Agriculture Ministry of Iran in 2010 

revealed that over 1 806 tons of antibiotic-active substances were consumed in 

Table 1. Plasmid-mediated colistin resistance primers and amplicon sizes 

Primers Sequence (5’→3’) Size Reference 

mcr-1_fw AGTCCGTTTGTTCTTGTGGC 
320 (bp) (30) 

mcr-1_rev AGATCCTTGGTCTCGGCTTG 

mcr-2_fw CAAGTGTGTTGGTCGCAGTT 
715 (bp) (30) 

mcr-2_rev TCTAGCCCGACAAGCATACC 

mcr-3_fw AAATAAAAATTGTTCCGCTTATG 
929 (bp) (30) 

mcr-3_rev AATGGAGATCCCCGTTTTT 

mcr-4_fw TCACTTTCATCACTGCGTTG 
1,116 (bp) (30) 

mcr-4_rev TTGGTCCATGACTACCAATG 

mcr-5_fw ATGCGGTTGTCTGCATTTATC 
1,644 (bp) (31) 

mcr-5_rev TCATTGTGGTTGTCCTTTTCTG 

 

Table 2. Carbapenem resistance primers and amplicon sizes 

Primers  Sequence (5’→3’) Size Reference 

blandm-1_ fw GGCGGAATGGCTCATCACGA 
286 (bp) (32) 

blandm-1_ rev CGCAACACAGCCTGACTTTC 

blaoxa-48_ fw TTGGTGGCATCGATTATCGC 
744 (bp) (33) 

blaoxa-48_ rev GAGCACTTCTTTTGTGATGGC 

 

https://goo.gl/maps/vPBkfmQsJgJ9c2R46
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livestock and poultry farms in Iran, of which 66.4% were used in cattle farms, 

which can lead to the emergence of AMR (40). Pishnian et al. also confirmed this 

high consumption of colistin in Iran (41). 

In a study conducted by Tiseo et al., the global consumption of antibiotics in 

the poultry, cattle, and pig industries was about 93,000 tons in 2017 and is 

estimated to experience a rise of 11.5% by 2030 to 104 079 tons. The study also 

noted that China, followed by Brazil, the US, Thailand, India, and Iran (with 

45%, 7.9%, 7.0%, 4.2%, 2.2%, and 1.9%, respectively) were the top 6 veterinary 

antimicrobial consumers in 2017 (27). Therefore, this excessive use of antibiotics 

in Iran may have increased the emergence of antibiotic resistance, which is also 

confirmed in the present study. The study of Ilbeigi et al. in Iran reported that 

among 607 E. coli strains isolated from different animals from 2008 to 2016, no 

mcr-1 and mcr-2 were reported (11). Moreover, the results of the study by 

Nikkhahi et al. revealed that in Iran, 4.6% of the isolates were resistant to colistin, 

and 33.3% of them harbored mcr-1; meanwhile, in our study, the resistance rate 

to colistin was 8.4%, and 8 mcr-1-positive isolates were detected (42). Based on 

the study by Filioussis et al. in Greece on 400 mastitis milk samples, 89 E. coli 

isolates were detected, of which 6 isolates had an ESBL phenotype, and all of 

them were also mcr-1-positive; however, in our study, of 8 mcr-1-positive 

isolates, only 5 isolates had the ESBL phenotype (43). In this context, Zhang et 

al., in a study of 651 dairy cows' fecal samples, found that of 290 containing 

ESBL-producing strains, 3 were mcr-1-positive (44). According to an 

examination performed in Nigeria, only 1 of 36 cattle fecal samples carried the 

mcr-1 gene, which was also localized on an IncX4 plasmid (45). An earlier study 

conducted on 51 animal manure samples indicated that 31% of the specimens 

were mcr-1 carriers (46). Among 150 E. coli strains isolated in Greece, just 20 

were colistin-resistant, and only 1 of them was mcr-1-positive (47). According to 

the European Union summary report on AMR in zoonotic and indicator bacteria 

(E. coli) from humans, animals, and food in 2017/2018, resistance to third-

generation cephalosporins in E. coli was rare, and the number of ESBL producer 

isolates among livestock was low (48). In the present study, the resistance rate to 

ceftazidime and cefixime as the third and to cefepime as the fourth generation of 

cephalosporins was 80.5%, 27.4%, and 96.8%, respectively. Therefore, the 

resistances detected in the current study, especially in the case of third and fourth-

generation cephalosporins used in human medicine, are probably related to the 

results of the mentioned studies. Consequently, the findings of this study reveal 

a comparatively higher rising trend in cephalosporins resistance in E. coli strains 

isolated from calves. 

 

Conclusion 

The current study demonstrated the presence of the colistin resistance gene in 

neonatal dairy calves that had not previously received colistin. Furthermore, the 

concurrent presence of ESBLs, mcr-1-positive strains, and resistance to 

antibiotics used in human medicine, such as cephalosporins, indicates a major 

threat to public health. The excretion of resistant bacteria by livestock and poultry 

strengthens the transmission cycle and develops resistance to antimicrobial 

drugs, whether poultry litter is used for animal feed or manure for human 

agriculture. Furthermore, the co-existence of other resistance genes, such as 

ESBLs and carbapenemases, along with mcr, on transmissible genetic elements 

requires further studies to identify the dispersion and sequencing of the plasmids. 

 

Acknowledgement 

This article was extracted from the dissertation of Arvin Shajeie to fulfill the 

requirements for earning a Ph.D. in Bacteriology. The authors acknowledge the 

Department of Pathobiology and Clinical Sciences, Faculty of Veterinary 

Medicine, Ferdowsi University of Mashhad, the Bu-Ali Research Institute, and 

A.T. Darusazan Iran Co. for scientific support of the research. 

 

Funding sources 

This research was supported by the Ferdowsi University of Mashhad with the 

project number 48968. 

 

Ethical statement 

The study was conducted according to research and ethics guidelines and the 

approval of local institutions (Ferdowsi University of Mashhad). The samples of 

animals were collected upon the owner's consent. This research was conducted 

under the auspices of Ferdowsi University of Mashhad with the project number 

48968. 

 

Conflicts of interest 

All the authors declare that they have no conflict of interest. 

 

Author contributions 

Arvin Shajeie carried out the experiment. 

Arvin Shajeie wrote the manuscript with support from Kamran Sharifi 

Mehrnaz Rad and Gholamreza Hashemi Tabar helped supervise the project. 

Arvin Shajeie and Mahdi Askari designed the model and the computational 

framework and analysed the data. 

 

References 

1. Kadri SS. Key Takeaways From the US CDC’s 2019 Antibiotic Resistance 

Threats Report for Frontline Providers. Crit Care Med. 2020;48(7):939-45. 

[View at Publisher] [Google Scholar] [DOI] [PMID] 

2. Reardon S. WHO warns against 'post-antibiotic' era. Nature. 2014. [View 

at Publisher] [Google Scholar]  

3. Tanner WD, VanDerslice JA, Goel RK, Leecaster MK, Fisher MA, Olstadt 

J, et al. Multi-state study of Enterobacteriaceae harboring extended-

spectrum beta-lactamase and carbapenemase genes in US drinking water. 

Sci Rep. 2019;9(1):3938. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

4. Mills MC, Lee J. The threat of carbapenem-resistant bacteria in the 

environment: Evidence of widespread contamination of reservoirs at a 

global scale. Environ Pollut. 2019;255(pt1):113143. [View at Publisher] 

[Google Scholar] [DOI] [PMID] 

5. Walsh TR, Weeks J, Livermore DM, Toleman MA. Dissemination of 

NDM-1 positive bacteria in the New Delhi environment and its implications 

for human health: an environmental point prevalence study. Lancet Infect 

Dis. 2011;11(5):355-62. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

6. Loqman S, Soraa N, Diene SM, Rolain JM. Dissemination of 

Carbapenemases (OXA-48, NDM and VIM) Producing Enterobacteriaceae 

Isolated from the Mohamed VI University Hospital in Marrakech, 

Morocco. Antibiotics (Basel). 2021;10(5):492. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

7. Ceccarelli D, Hesp A, Van Der Goot J, Joosten P, Sarrazin S, Wagenaar 

JA, et al. Antimicrobial resistance prevalence in commensal Escherichia 

coli from broilers, fattening turkeys, fattening pigs and veal calves in 

European countries and association with antimicrobial usage at country 

level. J Med Microbiol. 2020;69(4):537-47. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

8. Kapoor G, Saigal S, Elongavan A. Action and resistance mechanisms of 

antibiotics: A guide for clinicians. J Anaesthesiol Clin Pharmacol. 

2017;33(3):300-5. [View at Publisher] [Google Scholar] [DOI] [PMID] 

9. Kelly AM, Mathema B, Larson EL. Carbapenem-resistant 

Enterobacteriaceae in the community: a scoping review. Int J Antimicrob 

Agents. 2017;50(2):127-34. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

10. Mohanty S, Mahapatra A. In vitro activity of tigecycline against multidrug-

resistant Enterobacteriaceae isolates from skin and soft tissue infections. 

Ann Med Surg (Lond). 2021;62:228-30. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

11. Ilbeigi K, Badouei MA, Vaezi H, Zaheri H, Aghasharif S, Kafshdouzan K. 

Molecular survey of mcr1 and mcr2 plasmid mediated colistin resistance 

genes in Escherichia coli isolates of animal origin in Iran. BMC Res Notes. 

2021;14(1):107. [View at Publisher] [Google Scholar] [DOI] [PMID] 

12. Pecora ND, Li N, Allard M, Li C, Albano E, Delaney M, et al. Genomically 

informed surveillance for carbapenem-resistant Enterobacteriaceae in a 

health care system. mBio. 2015;6(4):e01030. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

13. García-Meniño I, Díaz-Jiménez D, García V, de Toro M, Flament-Simon 

SC, Blanco J, et al. Genomic characterization of prevalent mcr-1, mcr-4, 

and mcr-5 Escherichia coli within swine enteric colibacillosis in Spain. 

Front Microbiol. 2019;10:2469. [View at Publisher] [Google Scholar] 

[DOI] [PMID] 

14. Touati A, Mairi AJMDR. Plasmid-determined colistin resistance in the 

North African countries: A systematic review. Microb Drug Resist. 

2021;27(1):121-33. [View at Publisher] [Google Scholar] [DOI] [PMID] 

15. Liu YY, Wang Y, Walsh TR, Yi LX, Zhang R, Spencer J, et al. Emergence 

of plasmid-mediated colistin resistance mechanism MCR-1 in animals and 

human beings in China: a microbiological and molecular biological study. 

Lancet Infect Dis. 2016;16(2):161-8. [View at Publisher] [Google Scholar] 

[DOI] [PMID] 

16. Janssen AB, Schaik W. Harder, better, faster, stronger: Colistin resistance 

mechanisms in Escherichia coli. PLoS Genet. 2021;17(1):e1009262. [View 

at Publisher] [Google Scholar] [DOI] [PMID] 

17. Knopp M, Babina AM, Gudmundsdóttir JS, Douglass MV, Trent MS, 

Andersson DI. A novel type of colistin resistance genes selected from 

random sequence space. PLoS Genet. 2021;17(1):e1009227. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

18. Nguyen HT, Venter H, Veltman T, Williams R, O'Donovan LA, Russell 

CC, et al. In vitro synergistic activity of NCL195 in combination with 

colistin against Gram-negative bacterial pathogens. Int J Antimicrob 

Agents.  2021;57(5):106323. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7176261/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kadri+SSJCcm.+Key+Takeaways+From+the+US+CDC%E2%80%99s+2019+Antibiotic+Resistance+Threats+Report+for+Frontline+Providers&btnG=
file:///C:/Users/Asus/Desktop/10.1097/CCM.0000000000004371
file:///C:/Users/Asus/Desktop/32282351
https://www.nature.com/articles/nature.2014.15135
https://www.nature.com/articles/nature.2014.15135
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reardon+SJNn.+WHO+warns+against%27post-antibiotic%27era.+2014&btnG=
https://www.nature.com/articles/s41598-019-40420-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Tanner+WD%2C+VanDerslice+JA%2C+Goel+RK%2C+Leecaster+MK%2C+Fisher+MA%2C+Olstadt+J%2C+et+al.+Multi-state+study+of+Enterobacteriaceae+harboring+extended-spectrum+beta-lactamase+and+carbapenemase+genes+in+US+drinking+water&btnG=
file:///C:/Users/Asus/Desktop/10.1038/s41598-019-40420-0
file:///C:/Users/Asus/Desktop/30850706
https://www.sciencedirect.com/science/article/abs/pii/S0269749119331719
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mills+MC%2C+Lee+J.+The+threat+of+carbapenem-resistant+bacteria+in+the+environment%3A+Evidence+of+widespread+contamination+of+reservoirs+at+a+global+scale.+Environmental+Pollution&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.envpol.2019.113143
file:///C:/Users/Asus/Desktop/31541827
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(11)70059-7/fulltext?cmsPreview=1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Walsh+TR%2C+Weeks+J%2C+Livermore+DM%2C+Toleman+MAJTLid.+Dissemination+of+NDM-1+positive+bacteria+in+the+New+Delhi+environment+and+its+implications+for+human+health%3A+an+environmental+point+prevalence+study&btnG=
file:///C:/Users/Asus/Desktop/10.1016/S1473-3099(11)70059-7
file:///C:/Users/Asus/Desktop/21478057
https://www.mdpi.com/2079-6382/10/5/492
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Loqman+S%2C+Soraa+N%2C+Diene+SM%2C+Rolain+J-MJA.+Dissemination+of+Carbapenemases+%28OXA-48%2C+NDM+and+VIM%29+Producing+Enterobacteriaceae+Isolated+from+the+Mohamed+VI+University+Hospital+in+Marrakech%2C+Morocco.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Loqman+S%2C+Soraa+N%2C+Diene+SM%2C+Rolain+J-MJA.+Dissemination+of+Carbapenemases+%28OXA-48%2C+NDM+and+VIM%29+Producing+Enterobacteriaceae+Isolated+from+the+Mohamed+VI+University+Hospital+in+Marrakech%2C+Morocco.&btnG=
file:///C:/Users/Asus/Desktop/10.3390/antibiotics10050492
file:///C:/Users/Asus/Desktop/33925772
https://www.microbiologyresearch.org/content/journal/jmm/10.1099/jmm.0.001176
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ceccarelli+D%2C+Hesp+A%2C+Van+Der+Goot+J%2C+Joosten+P%2C+Sarrazin+S%2C+Wagenaar+JA%2C+et+al.+Antimicrobial+resistance+prevalence+in+commensal+Escherichia+coli+from+broilers%2C+fattening+turkeys%2C+fattening+pigs+and+veal+calves+in+European+countries+and+association+with+antimicrobial+usage+at+country+level.+Journal+of+medical+microbiology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ceccarelli+D%2C+Hesp+A%2C+Van+Der+Goot+J%2C+Joosten+P%2C+Sarrazin+S%2C+Wagenaar+JA%2C+et+al.+Antimicrobial+resistance+prevalence+in+commensal+Escherichia+coli+from+broilers%2C+fattening+turkeys%2C+fattening+pigs+and+veal+calves+in+European+countries+and+association+with+antimicrobial+usage+at+country+level.+Journal+of+medical+microbiology&btnG=
file:///C:/Users/Asus/Desktop/10.1099/jmm.0.001176
file:///C:/Users/Asus/Desktop/32186483
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5672523/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kapoor+G%2C+Saigal+S%2C+Elongavan+A.+Action+and+resistance+mechanisms+of+antibiotics%3A+A+guide+for+clinicians.+Journal+of+anaesthesiology%2C+clinical+pharmacology.&btnG=
file:///C:/Users/Asus/Desktop/10.4103/joacp.JOACP_349_15
file:///C:/Users/Asus/Desktop/29109626
https://www.sciencedirect.com/science/article/pii/S0924857917301929
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kelly+AM%2C+Mathema+B%2C+Larson+EL.+Carbapenem-resistant+Enterobacteriaceae+in+the+community%3A+a+scoping+review.+International+Journal+of+Antimicrobial+Agents.&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.ijantimicag.2017.03.012
file:///C:/Users/Asus/Desktop/28647532
https://www.sciencedirect.com/science/article/pii/S2049080121000133
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mohanty+S%2C+Mahapatra+A.+In+vitro+activity+of+tigecycline+against+multidrug-resistant+Enterobacteriaceae+isolates+from+skin+and+soft+tissue+infections.+Annals+of+Medicine+and+Surgery&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Mohanty+S%2C+Mahapatra+A.+In+vitro+activity+of+tigecycline+against+multidrug-resistant+Enterobacteriaceae+isolates+from+skin+and+soft+tissue+infections.+Annals+of+Medicine+and+Surgery&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.amsu.2021.01.010
file:///C:/Users/Asus/Desktop/33537135
https://link.springer.com/article/10.1186/s13104-021-05519-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ilbeigi+K%2C+Badouei+MA%2C+Vaezi+H%2C+Zaheri+H%2C+Aghasharif+S%2C+Kafshdouzan+KJBRN.+Molecular+survey+of+mcr1+and+mcr2+plasmid+mediated+colistin+resistance+genes+in+Escherichia+coli+isolates+of+animal+origin+in+Iran.&btnG=
file:///C:/Users/Asus/Desktop/10.1186/s13104-021-05519-6
file:///C:/Users/Asus/Desktop/33757569
https://journals.asm.org/doi/full/10.1128/mbio.01030-15
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pecora+ND%2C+Li+N%2C+Allard+M%2C+Li+C%2C+Albano+E%2C+Delaney+M%2C+et+al.+Genomically+informed+surveillance+for+carbapenem-resistant+Enterobacteriaceae+in+a+health+care+system&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pecora+ND%2C+Li+N%2C+Allard+M%2C+Li+C%2C+Albano+E%2C+Delaney+M%2C+et+al.+Genomically+informed+surveillance+for+carbapenem-resistant+Enterobacteriaceae+in+a+health+care+system&btnG=
file:///C:/Users/Asus/Desktop/10.1128/mBio.01030-15
file:///C:/Users/Asus/Desktop/26220969
https://www.frontiersin.org/articles/10.3389/fmicb.2019.02469/full?utm_medium=email&utm_source=govdelivery
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Garc%C3%ADa-Meni%C3%B1o+I%2C+D%C3%ADaz-Jim%C3%A9nez+D%2C+Garc%C3%ADa+V%2C+de+Toro+M%2C+Flament-Simon+SC%2C+Blanco+J%2C+et+al.+Genomic+characterization+of+prevalent+mcr-1%2C+mcr-4%2C+and+mcr-5+Escherichia+coli+within+swine+enteric+colibacillosis+in+Spain&btnG=
file:///C:/Users/Asus/Desktop/10.3389/fmicb.2019.02469
file:///C:/Users/Asus/Desktop/31736909
https://www.liebertpub.com/doi/abs/10.1089/mdr.2019.0471
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Touati+A%2C+Mairi+AJMDR.+Plasmid-determined+colistin+resistance+in+the+North+African+countries%3A+A+systematic+review.&btnG=
file:///C:/Users/Asus/Desktop/10.1089/mdr.2019.0471
file:///C:/Users/Asus/Desktop/32522081
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(15)00424-7/fulltext
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Liu+Y-Y%2C+Wang+Y%2C+Walsh+TR%2C+Yi+L-X%2C+Zhang+R%2C+Spencer+J%2C+et+al.+Emergence+of+plasmid-mediated+colistin+resistance+mechanism+MCR-1+in+animals+and+human+beings+in+China%3A+a+microbiological+and+molecular+biological+study&btnG=
file:///C:/Users/Asus/Desktop/10.1016/S1473-3099(15)00424-7
file:///C:/Users/Asus/Desktop/26603172
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1009262&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+plosgenetics%2FNewArticles+%28PLOS+Genetics+-+New+Articles%29
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1009262&utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+plosgenetics%2FNewArticles+%28PLOS+Genetics+-+New+Articles%29
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Janssen+AB%2C+van+Schaik+WJPg.+Harder%2C+better%2C+faster%2C+stronger%3A+Colistin+resistance+mechanisms+in+Escherichia+coli.+&btnG=
file:///C:/Users/Asus/Desktop/10.1371/journal.pgen.1009262
file:///C:/Users/Asus/Desktop/33411745
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1009227
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1009227
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Knopp+M%2C+Babina+AM%2C+Gudmundsd%C3%B3ttir+JS%2C+Douglass+MV%2C+Trent+MS%2C+Andersson+DIJPG.+A+novel+type+of+colistin+resistance+genes+selected+from+random+sequence+space.&btnG=
file:///C:/Users/Asus/Desktop/10.1371/journal.pgen.1009227
file:///C:/Users/Asus/Desktop/33411736
https://www.sciencedirect.com/science/article/abs/pii/S0924857921000595
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nguyen+HT%2C+Venter+H%2C+Veltman+T%2C+Williams+R%2C+O%27Donovan+LA%2C+Russell+CC%2C+et+al.+In+vitro+synergistic+activity+of+NCL195+in+combination+with+colistin+against+Gram-negative+bacterial+pathogens&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.ijantimicag.2021.106323
file:///C:/Users/Asus/Desktop/33746046


Plasmid-mediated colistin resistance in Escherichia coli without prior consumption of colistin 19 

19. Snyman Y, Whitelaw AC, Reuter S, Maloba MRB, Newton-Foot M. 

Colistin Resistance Mechanisms in Clinical Escherichia coli and Klebsiella 

spp. Isolates from the Western Cape of South Africa. Microb Drug Resist. 

2021;27(9):1249-58. [View at Publisher] [Google Scholar] [DOI] [PMID] 

20. Rega M, Carmosino I, Bonilauri P, Frascolla V, Vismarra A, Bacci C. 

Prevalence of ESβL, AmpC and Colistin-Resistant E. coli in Meat: A 

Comparison between Pork and Wild Boar. Microorganisms.  

2021;9(2):214. [View at Publisher] [Google Scholar] [DOI] [PMID] 

21. Huang P-H, Cheng Y-H, Chen W-Y, Juan C-H, Chou S-H, Wang J-T, et al. 

Risk factors and mechanisms of in vivo emergence of colistin resistance in 

carbapenem-resistant Klebsiella pneumoniae. Int J Antimicrob Agents. 

2021;57(6):106342. [View at Publisher] [Google Scholar] [DOI] [PMID] 

22. Girlich D, Bogaerts P, Bouchahrouf W, Bernabeu S, Langlois I, Begasse C, 

et al. Evaluation of the Novodiag CarbaR+, a novel integrated sample to 

result platform for the multiplex qualitative detection of carbapenem and 

colistin resistance markers. Microb Drug Resist. 2021;27(2):170-8. [View 

at Publisher] [Google Scholar] [DOI] [PMID] 

23. ECDC, EFSA Panel on Biological Hazards (BIOHAZ); EMA Committee 

for Medicinal Products for Veterinary Use (CVMP) . ECDC, EFSA and 

EMA Joint Scientific Opinion on a list of outcome indicators as regards 

surveillance of antimicrobial resistance and antimicrobial consumption in 

humans and food‐producing animals. EFSA J. 2017;15(10):e05017. [View 

at Publisher] [Google Scholar] [DOI] [PMID] 

24. Nadimpalli ML, Stewart JR, Pierce E, Pisanic N, Love DC, Hall D, et al. 

Face mask use and persistence of livestock-associated Staphylococcus 

aureus nasal carriage among industrial hog operation workers and 

household contacts, USA. Environ Health Perspect. 2018;126(12):127005. 

[View at Publisher] [Google Scholar] [DOI] [PMID] 

25. Nadimpalli M, Stewart JR, Pierce E, Pisanic N, Love DC, Hall D, et al. 

Livestock-associated, antibiotic-resistant Staphylococcus aureus nasal 

carriage and recent skin and soft tissue infection among industrial hog 

operation workers. PloS one. 2016;11(11):e0165713. [View at Publisher] 

[Google Scholar] [DOI] [PMID] 

26. Abbasian H, Hajimolaali M, Yektadoost A, Zartab S. Antibiotic utilization 

in Iran 2000–2016: pattern analysis and benchmarking with organization 

for economic co-operation and development countries. J Res Pharm Pract. 

2019;8(3):162-7. [View at Publisher] [Google Scholar] [DOI] [PMID] 

27. Tiseo K, Huber L, Gilbert M, Robinson TP, Van Boeckel TP. Global Trends 

in Antimicrobial Use in Food Animals from 2017 to 2030. Antibiotics 

(Basel). 2020;9(12):918. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

28. Markey B, Leonard F, Archambault M, Cullinane A, Maguire D. Clinical 

veterinary microbiology. Sec ed. Edinburgh: Elsevier Health Sciences; 

2013. [View at Publisher] [Google Scholar]  

29. Moore E, Arnscheidt A, Krüger A, Strömpl C, Mau M. Simplified protocols 

for the preparation of genomic DNA from bacterial cultures. Molecular 

Microbial Ecology Manual. 1999;1(1):1-15. [View at Publisher] [Google 

Scholar] [DOI]  

30. Rebelo AR, Bortolaia V, Kjeldgaard JS, Pedersen SK, Leekitcharoenphon 

P, Hansen IM, et al. Multiplex PCR for detection of plasmid-mediated 

colistin resistance determinants, mcr-1, mcr-2, mcr-3, mcr-4 and mcr-5 for 

surveillance purposes. Euro Surveill. 2018;23(6):17-00672. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

31. Borowiak M, Fischer J, Hammerl JA, Hendriksen RS, Szabo I, Malorny B. 

Identification of a novel transposon-associated phosphoethanolamine 

transferase gene, mcr-5, conferring colistin resistance in d-tartrate 

fermenting Salmonella enterica subsp. enterica serovar Paratyphi B. J 

Antimicrob Chemother. 2017;72(12):3317-24. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

32. Chen Y, Zhou Z, Jiang Y, Yu Y. Emergence of NDM-1-producing 

Acinetobacter baumannii in China. J Antimicrob Chemother. 

2011;66(6):1255-9. [View at Publisher] [Google Scholar] [DOI] [PMID] 

33. Poirel L, Héritier C, Tolün V, Nordmann P. Emergence of oxacillinase-

mediated resistance to imipenem in Klebsiella pneumoniae. Antimicrob 

Agents Chemother. 2004;48(1):15-22. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

34. Vidovic N, Vidovic S. Antimicrobial resistance and food animals: 

Influence of livestock environment on the emergence and dissemination of 

antimicrobial resistance. Antibiotics (Basel). 2020;9(2):52. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

35. Laconi A, Mughini-Gras L, Tolosi R, Grilli G, Trocino A, Carraro L, et al. 

Microbial community composition and antimicrobial resistance in 

agricultural soils fertilized with livestock manure from conventional 

farming in Northern Italy. Sci Total Environ. 2021;760:143404. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

36. Kampouris ID, Agrawal S, Orschler L, Cacace D, Kunze S, Berendonk TU, 

et al. Antibiotic resistance gene load and irrigation intensity determine the 

impact of wastewater irrigation on antimicrobial resistance in the soil 

microbiome. Water Res. 2021;193:116818. [View at Publisher] [Google 

Scholar] [DOI] [PMID] 

37. Chee-Sanford JC, Aminov RI, Krapac IJ, Garrigues-Jeanjean N, Mackie 

RI. Occurrence and diversity of tetracycline resistance genes in lagoons and 

groundwater underlying two swine production facilities. Appl Environ 

Microbiol. 2001;67(4):1494-502. [View at Publisher] [Google Scholar] 

[DOI] [PMID] 

38. Kumar K, Gupta SC, Chander Y, Singh AK. Antibiotic use in agriculture 

and its impact on the terrestrial environment. Advances in agronomy. 

2005;87:1-54. [View at Publisher] [Google Scholar] [DOI]  

39. Marshall BM, Levy SB. Food animals and antimicrobials: impacts on 

human health. Clin Microbiol Rev. 2011;24(4):718-33. [View at Publisher] 

[Google Scholar] [DOI] [PMID] 

40. Aalipour F, Mirlohi M, Jalali M. Determination of antibiotic consumption 

index for animal originated foods produced in animal husbandry in Iran, 

2010. J Environ Health Sci Eng. 2014;12(1):42. [View at Publisher] 

[Google Scholar] [DOI] [PMID] 

41. Pishnian Z, Haeili M, Feizi A. Prevalence and molecular determinants of 

colistin resistance among commensal Enterobacteriaceae isolated from 

poultry in northwest of Iran. Gut pathog. 2019;11(1):1-8. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

42. Nikkhahi F, Robatjazi S, Niazadeh M, Javadi A, Shahbazi G, Aris P, et al. 

First detection of mobilized colistin resistance mcr-1 gene in Escherichia 

coli isolated from livestock and sewage in Iran. New Microbes New Infect. 

2021;41:100862. [View at Publisher] [Google Scholar] [DOI] [PMID] 

43. Filioussis G, Kachrimanidou M, Christodoulopoulos G, Kyritsi M, 

Hadjichristodoulou C, Adamopoulou M, et al. Short communication: 

Bovine mastitis caused by a multidrug-resistant, mcr-1-positive (colistin-

resistant), extended-spectrum β-lactamase–producing Escherichia coli 

clone on a Greek dairy farm. J Dairy Sci. 2020;103(1):852-7. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

44. Zhang X, Zhang B, Guo Y, Wang J, Zhao P, Liu J, et al. Colistin resistance 

prevalence in Escherichia coli from domestic animals in intensive breeding 

farms of Jiangsu Province. Int J Food Microbiol. 2019;291:87-90. [View at 

Publisher] [Google Scholar] [DOI] [PMID] 

45. Ngbede EO, Poudel A, Kalalah A, Yang Y, Adekanmbi F, Adikwu AA, et 

al. Identification of mobile colistin resistance genes (mcr-1.1, mcr-5 and 

mcr-8.1) in Enterobacteriaceae and Alcaligenes faecalis of human and 

animal origin, Nigeria. Int J Antimicrob Agents. 2020;56(3):106108. [View 

at Publisher] [Google Scholar] [DOI] [PMID] 

46. Gao Y, Lu C, Shen D, Liu J, Ma Z, Yang B, et al. Elimination of the risks 

of colistin resistance gene (mcr-1) in livestock manure during composting. 

Environ Int. 2019;126:61-8. [View at Publisher] [Google Scholar] [DOI] 

[PMID] 

47. Koutsianos D, Athanasiou LV, Dimitriou T, Nikolaidis M, Tsadila C, 

Amoutzias G, et al. Antibiotic resistance patterns and mcr-1 detection in 

avian pathogenic Escherichia coli isolates from commercial layer and layer 

breeder flocks demonstrating colibacillosis in Greece. Microb Drug Resist. 

2021;27(5):710-20. [View at Publisher] [Google Scholar] [DOI] [PMID] 

48. Authority EFS. The European Union Summary Report on Antimicrobial 

Resistance in zoonotic and indicator bacteria from humans, animals and 

food in 2017/2018. EFSA J. 2020;18(3):e06007. [View at Publisher] 

[Google Scholar] [DOI] [PMID]

 

 

 

 

 

 

 
 

 

 

How to Cite: 

Shajeie A, Rad M, Askari M, Kamran Sharifi K, Hashemi Tabar GH. Plasmid-Mediated colistin resistance in Escherichia coli isolated 

from neonatal dairy calves without prior consumption of colistin: A threat to public health. Med Lab J. 2023;17(5):16-9.  

© The author(s) 

https://www.liebertpub.com/doi/abs/10.1089/mdr.2020.0479
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nguyen+HT%2C+Venter+H%2C+Veltman+T%2C+Williams+R%2C+O%27Donovan+LA%2C+Russell+CC%2C+et+al.+In+vitro+synergistic+activity+of+NCL195+in+combination+with+colistin+against+Gram-negative+bacterial+pathogens&btnG=
file:///C:/Users/Asus/Desktop/10.1089/mdr.2020.0479
file:///C:/Users/Asus/Desktop/33571049
https://www.mdpi.com/2076-2607/9/2/214
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rega+M%2C+Carmosino+I%2C+Bonilauri+P%2C+Frascolla+V%2C+Vismarra+A%2C+Bacci+C.+Prevalence+of+ES%CE%B2L%2C+AmpC+and+Colistin-Resistant+E.+coli+in+Meat%3A+A+Comparison+between+Pork+and+Wild+Boar.&btnG=
file:///C:/Users/Asus/Desktop/10.3390/microorganisms9020214
file:///C:/Users/Asus/Desktop/33494307
https://www.sciencedirect.com/science/article/abs/pii/S0924857921000844
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Huang+P-H%2C+Cheng+Y-H%2C+Chen+W-Y%2C+Juan+C-H%2C+Chou+S-H%2C+Wang+J-T%2C+et+al.+Risk+factors+and+mechanisms+of+in+vivo+emergence+of+colistin+resistance+in+carbapenem-resistant+Klebsiella+pneumoniae.&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.ijantimicag.2021.106342
file:///C:/Users/Asus/Desktop/33864932
https://www.liebertpub.com/doi/full/10.1089/mdr.2020.0132
https://www.liebertpub.com/doi/full/10.1089/mdr.2020.0132
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Girlich+D%2C+Bogaerts+P%2C+Bouchahrouf+W%2C+Bernabeu+S%2C+Langlois+I%2C+Begasse+C%2C+et+al.+Evaluation+of+the+Novodiag+CarbaR%2B%2C+a+novel+integrated+sample+to+result+platform+for+the+multiplex+qualitative+detection+of+carbapenem+and+colistin+resistance+markers&btnG=
file:///C:/Users/Asus/Desktop/10.1089/mdr.2020.0132
file:///C:/Users/Asus/Desktop/32429736
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.5017
https://efsa.onlinelibrary.wiley.com/doi/full/10.2903/j.efsa.2017.5017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=ECDC+EPoBH%2C+Use+ECfMPfV.+ECDC%2C+EFSA+and+EMA+Joint+Scientific+Opinion+on+a+list+of+outcome+indicators+as+regards+surveillance+of+antimicrobial+resistance+and+antimicrobial+consumption+in+humans+and+food%E2%80%90producing+animals.+EFSA+journal.&btnG=
file:///C:/Users/Asus/Desktop/10.2903/j.efsa.2017.5017
file:///C:/Users/Asus/Desktop/32625307
https://ehp.niehs.nih.gov/doi/full/10.1289/EHP3453
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nadimpalli+ML%2C+Stewart+JR%2C+Pierce+E%2C+Pisanic+N%2C+Love+DC%2C+Hall+D%2C+et+al.+Face+mask+use+and+persistence+of+livestock-associated+Staphylococcus+aureus+nasal+carriage+among+industrial+hog+operation+workers+and+household+contacts%2C+USA.+Environmental+health+perspectives&btnG=
file:///C:/Users/Asus/Desktop/10.1289/EHP3453
file:///C:/Users/Asus/Desktop/30675826
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0165713
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nadimpalli+M%2C+Stewart+JR%2C+Pierce+E%2C+Pisanic+N%2C+Love+DC%2C+Hall+D%2C+et+al.+Livestock-associated%2C+antibiotic-resistant+Staphylococcus+aureus+nasal+carriage+and+recent+skin+and+soft+tissue+infection+among+industrial+hog+operation+workers.+PloS+one&btnG=
file:///C:/Users/Asus/Desktop/10.1371/journal.pone.0165713
file:///C:/Users/Asus/Desktop/27851746
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6830016/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Abbasian+H%2C+Hajimolaali+M%2C+Yektadoost+A%2C+Zartab+S.+Antibiotic+utilization+in+Iran+2000%E2%80%932016%3A+pattern+analysis+and+benchmarking+with+organization+for+economic+co-operation+and+development+countries.+Journal+of+research+in+pharmacy+practice&btnG=
file:///C:/Users/Asus/Desktop/10.4103/jrpp.JRPP_19_42
file:///C:/Users/Asus/Desktop/31728348
https://www.mdpi.com/2079-6382/9/12/918
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Katie+Tiseo+LH%2C+Marius+Gilbert%2C+Timothy+P.+Robinson+and+Thomas+P.+Van+Boeckel.+Global+Trends+in+Antimicrobial+Use+in+Food+Animals+from+2017+to+2030.+Antibiotics.+&btnG=
file:///C:/Users/Asus/Desktop/10.3390/antibiotics9120918
file:///C:/Users/Asus/Desktop/33348801
https://books.google.com/books?hl=en&lr=&id=FUJYAQAAQBAJ&oi=fnd&pg=PP1&dq=Markey+B,+Leonard+F,+Archambault+M,+Cullinane+A,+Maguire+D.+Clinical+veterinary+microbiology+e-book:+Elsevier+Health+Sciences&ots=2fr43lm9N1&sig=tcbEvQH21AvGSDQI8KNfLTujMd8#v=onepage&q=Markey%20B%2C%20Leonard%20F%2C%20Archambault%20M%2C%20Cullinane%20A%2C%20Maguire%20D.%20Clinical%20veterinary%20microbiology%20e-book%3A%20Elsevier%20Health%20Sciences&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Markey+B%2C+Leonard+F%2C+Archambault+M%2C+Cullinane+A%2C+Maguire+D.+Clinical+veterinary+microbiology+e-book%3A+Elsevier+Health+Sciences&btnG=
https://www.infona.pl/resource/bwmeta1.element.springer-26bde3b8-f294-3683-8b11-2289cf381bcd
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moore+E%2C+Arnscheidt+A%2C+Kr%C3%BCger+A%2C+Str%C3%B6mpl+C%2C+Mau+M.+Simplified+protocols+for+the+preparation+of+genomic+DNA+from+bacterial+cultures.+Molecular+microbial+ecology+manual.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Moore+E%2C+Arnscheidt+A%2C+Kr%C3%BCger+A%2C+Str%C3%B6mpl+C%2C+Mau+M.+Simplified+protocols+for+the+preparation+of+genomic+DNA+from+bacterial+cultures.+Molecular+microbial+ecology+manual.&btnG=
file:///C:/Users/Asus/Desktop/10.1007/978-1-4020-2177-0_101
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2018.23.6.17-00672?crawler=true
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2018.23.6.17-00672?crawler=true
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Rebelo+AR%2C+Bortolaia+V%2C+Kjeldgaard+JS%2C+Pedersen+SK%2C+Leekitcharoenphon+P%2C+Hansen+IM%2C+et+al.+Multiplex+PCR+for+detection+of+plasmid-mediated+colistin+resistance+determinants%2C+mcr-1%2C+mcr-2%2C+mcr-3%2C+mcr-4+and+mcr-5+for+surveillance+purposes.&btnG=
file:///C:/Users/Asus/Desktop/10.2807/1560-7917.ES.2018.23.6.17-00672
file:///C:/Users/Asus/Desktop/29439754
https://academic.oup.com/jac/article/72/12/3317/4161410
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Borowiak+M%2C+Fischer+J%2C+Hammerl+JA%2C+Hendriksen+RS%2C+Szabo+I%2C+Malorny+BJJoAC.+Identification+of+a+novel+transposon-associated+phosphoethanolamine+transferase+gene%2C+mcr-5%2C+conferring+colistin+resistance+in+d-tartrate+fermenting+Salmonella+enterica+subsp.+enterica+serovar+Paratyphi+B&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Borowiak+M%2C+Fischer+J%2C+Hammerl+JA%2C+Hendriksen+RS%2C+Szabo+I%2C+Malorny+BJJoAC.+Identification+of+a+novel+transposon-associated+phosphoethanolamine+transferase+gene%2C+mcr-5%2C+conferring+colistin+resistance+in+d-tartrate+fermenting+Salmonella+enterica+subsp.+enterica+serovar+Paratyphi+B&btnG=
file:///C:/Users/Asus/Desktop/10.1093/jac/dkx327
file:///C:/Users/Asus/Desktop/28962028
https://academic.oup.com/jac/article/66/6/1255/716937
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chen+Y%2C+Zhou+Z%2C+Jiang+Y%2C+Yu+YJJoAC.+Emergence+of+NDM-1-producing+Acinetobacter+baumannii+in+China.+&btnG=
file:///C:/Users/Asus/Desktop/10.1093/jac/dkr082
file:///C:/Users/Asus/Desktop/21398294
https://journals.asm.org/doi/full/10.1128/aac.48.1.15-22.2004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poirel+L%2C+H%C3%A9ritier+C%2C+Tol%C3%BCn+V%2C+Nordmann+PJAa%2C+chemotherapy.+Emergence+of+oxacillinase-mediated+resistance+to+imipenem+in+Klebsiella+pneumoniae.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Poirel+L%2C+H%C3%A9ritier+C%2C+Tol%C3%BCn+V%2C+Nordmann+PJAa%2C+chemotherapy.+Emergence+of+oxacillinase-mediated+resistance+to+imipenem+in+Klebsiella+pneumoniae.&btnG=
file:///C:/Users/Asus/Desktop/10.1128/AAC.48.1.15-22.2004
file:///C:/Users/Asus/Desktop/14693513
https://www.mdpi.com/2079-6382/9/2/52
https://www.mdpi.com/2079-6382/9/2/52
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Vidovic+N%2C+Vidovic+S.+Antimicrobial+resistance+and+food+animals%3A+Influence+of+livestock+environment+on+the+emergence+and+dissemination+of+antimicrobial+resistance.+Antibiotics.&btnG=
file:///C:/Users/Asus/Desktop/10.3390/antibiotics9020052
file:///C:/Users/Asus/Desktop/32023977
https://www.sciencedirect.com/science/article/abs/pii/S0048969720369357
https://www.sciencedirect.com/science/article/abs/pii/S0048969720369357
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Laconi+A%2C+Mughini-Gras+L%2C+Tolosi+R%2C+Grilli+G%2C+Trocino+A%2C+Carraro+L%2C+et+al.+Microbial+community+composition+and+antimicrobial+resistance+in+agricultural+soils+fertilized+with+livestock+manure+from+conventional+farming+in+Northern+Italy.+Science+of+The+Total+Environment.&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.scitotenv.2020.143404
file:///C:/Users/Asus/Desktop/33199005
https://www.sciencedirect.com/science/article/pii/S0043135421000166
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kampouris+ID%2C+Agrawal+S%2C+Orschler+L%2C+Cacace+D%2C+Kunze+S%2C+Berendonk+TU%2C+et+al.+Antibiotic+resistance+gene+load+and+irrigation+intensity+determine+the+impact+of+wastewater+irrigation+on+antimicrobial+resistance+in+the+soil+microbiome.+Water+Research.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kampouris+ID%2C+Agrawal+S%2C+Orschler+L%2C+Cacace+D%2C+Kunze+S%2C+Berendonk+TU%2C+et+al.+Antibiotic+resistance+gene+load+and+irrigation+intensity+determine+the+impact+of+wastewater+irrigation+on+antimicrobial+resistance+in+the+soil+microbiome.+Water+Research.&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.watres.2021.116818
file:///C:/Users/Asus/Desktop/33571903
https://journals.asm.org/doi/full/10.1128/aem.67.4.1494-1502.2001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chee-Sanford+JC%2C+Aminov+R%2C+Krapac+IJ%2C+Garrigues-Jeanjean+N%2C+Mackie+RI.+Occurrence+and+diversity+of+tetracycline+resistance+genes+in+lagoons+and+groundwater+underlying+two+swine+production+facilities.+Applied+and+environmental+microbiology&btnG=
file:///C:/Users/Asus/Desktop/10.1128/AEM.67.4.1494-1502.2001
file:///C:/Users/Asus/Desktop/11282596
https://www.sciencedirect.com/science/article/abs/pii/S0065211305870014
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Kumar+K%2C+Gupta+SC%2C+Chander+Y%2C+Singh+AK.+Antibiotic+use+in+agriculture+and+its+impact+on+the+terrestrial+environment.+Advances+in+agronomy&btnG=
https://doi.org/10.1016/S0065-2113(05)87001-4
https://journals.asm.org/doi/full/10.1128/cmr.00002-11
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Marshall+BM%2C+Levy+SB.+Food+animals+and+antimicrobials%3A+impacts+on+human+health.+Clinical+microbiology+reviews.&btnG=
file:///C:/Users/Asus/Desktop/10.1128/CMR.00002-11
file:///C:/Users/Asus/Desktop/21976606
https://link.springer.com/article/10.1186/2052-336X-12-42
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fathollah+Aalipour+MMaMJ.+Determination+of+antibiotic+consumption+index+for+animal+originated+foods+produced+in+animal+husbandry+in+Iran%2C+2010.+Journal+of+Environmental+Health+Science+%26+Engineering&btnG=
file:///C:/Users/Asus/Desktop/10.1186/2052-336X-12-42
file:///C:/Users/Asus/Desktop/24468281
https://link.springer.com/article/10.1186/s13099-019-0282-0
https://link.springer.com/article/10.1186/s13099-019-0282-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Pishnian+Z%2C+Haeili+M%2C+Feizi+A.+Prevalence+and+molecular+determinants+of+colistin+resistance+among+commensal+Enterobacteriaceae+isolated+from+poultry+in+northwest+of+Iran.+Gut+pathogens&btnG=
file:///C:/Users/Asus/Desktop/10.1186/s13099-019-0282-0
file:///C:/Users/Asus/Desktop/30728861
https://www.sciencedirect.com/science/article/pii/S2052297521000263
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nikkhahi+F%2C+Robatjazi+S%2C+Niazadeh+M%2C+Javadi+A%2C+Shahbazi+G%2C+Aris+P%2C+et+al.+First+detection+of+mobilized+colistin+resistance+mcr-1+gene+in+Escherichia+coli+isolated+from+livestock+and+sewage+in+Iran.+New+Microbes+and+New+Infections&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.nmni.2021.100862
file:///C:/Users/Asus/Desktop/33996103
https://www.sciencedirect.com/science/article/pii/S0022030219310100
https://www.sciencedirect.com/science/article/pii/S0022030219310100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Filioussis+G%2C+Kachrimanidou+M%2C+Christodoulopoulos+G%2C+Kyritsi+M%2C+Hadjichristodoulou+C%2C+Adamopoulou+M%2C+et+al.+Short+communication%3A+Bovine+mastitis+caused+by+a+multidrug-resistant%2C+mcr-1-positive+%28colistin-resistant%29%2C+extended-spectrum+%CE%B2-lactamase%E2%80%93producing+Escherichia+coli+clone+on+a+Greek+dairy+farm.+Journal+of+Dairy+Science.&btnG=
file:///C:/Users/Asus/Desktop/10.3168/jds.2019-17320
file:///C:/Users/Asus/Desktop/31733863
https://www.sciencedirect.com/science/article/abs/pii/S0168160518308900
https://www.sciencedirect.com/science/article/abs/pii/S0168160518308900
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Zhang+X%2C+Zhang+B%2C+Guo+Y%2C+Wang+J%2C+Zhao+P%2C+Liu+J%2C+et+al.+Colistin+resistance+prevalence+in+Escherichia+coli+from+domestic+animals+in+intensive+breeding+farms+of+Jiangsu+Province.+International+journal+of+food+microbiology.&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.ijfoodmicro.2018.11.013
file:///C:/Users/Asus/Desktop/30476737
https://www.sciencedirect.com/science/article/abs/pii/S0924857920302910
https://www.sciencedirect.com/science/article/abs/pii/S0924857920302910
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Ngbede+EO%2C+Poudel+A%2C+Kalalah+A%2C+Yang+Y%2C+Adekanmbi+F%2C+Adikwu+AA%2C+et+al.+Identification+of+mobile+colistin+resistance+genes+%28mcr-1.1%2C+mcr-5+and+mcr-8.1%29+in+Enterobacteriaceae+and+Alcaligenes+faecalis+of+human+and+animal+origin%2C+Nigeria.+International+Journal+of+Antimicrobial+Agents&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.ijantimicag.2020.106108
file:///C:/Users/Asus/Desktop/32721596
https://www.sciencedirect.com/science/article/pii/S0160412018329180
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Gao+Y%2C+Lu+C%2C+Shen+D%2C+Liu+J%2C+Ma+Z%2C+Yang+B%2C+et+al.+Elimination+of+the+risks+of+colistin+resistance+gene+%28mcr-1%29+in+livestock+manure+during+composting.+Environment+international&btnG=
file:///C:/Users/Asus/Desktop/10.1016/j.envint.2019.02.015
file:///C:/Users/Asus/Desktop/30776751
https://www.liebertpub.com/doi/abs/10.1089/mdr.2020.0057
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Koutsianos+D%2C+Athanasiou+LV%2C+Dimitriou+T%2C+Nikolaidis+M%2C+Tsadila+C%2C+Amoutzias+G%2C+et+al.+Antibiotic+resistance+patterns+and+mcr-1+detection+in+avian+pathogenic+Escherichia+coli+isolates+from+commercial+layer+and+layer+breeder+flocks+demonstrating+colibacillosis+in+Greece.+Microbial+Drug+Resistance.&btnG=
file:///C:/Users/Asus/Desktop/10.1089/mdr.2020.0057
file:///C:/Users/Asus/Desktop/32955987
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7448042/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Authority+EFS.+The+European+Union+Summary+Report+on+Antimicrobial+Resistance+in+zoonotic+and+indicator+bacteria+from+humans%2C+animals+and+food+in+2017%2F2018.+EFSA+Journal.+2020%3B18%283%29&btnG=
file:///C:/Users/Asus/Desktop/10.2903/j.efsa.2020.6007
file:///C:/Users/Asus/Desktop/32874244

	Introduction
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgement
	Funding sources
	Ethical statement
	Conflicts of interest
	Author contributions
	References

