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Abstract 

   
Escherichia coli are the normal flora of both human and animal intestinal tract. But still it is one of the most 

frequent members of the Enterobacteriaceae linked with extra intestinal infections. Similarly, global propagation 

of multidrug resistant (MDR) E. coli in food chains is a threat not only to animal health but also to human 

health. Colistin as the last resort antimicrobial in the arsenal of antibiotics. But in recent past, plasmid mediated 

colistin resistant gene has been detected in humans, livestock and on other retail meat products. The poultry 

industry is an important component of Pakistan gross domestic product. So, the aim of the study is to access the 

potential ability of mcr-1 resistant gene to transfer to other bacteria through conjugation. Biochemical and 

morphological identification was followed molecular identification. Therefore, DNA was extracted by DNA kit. 

The isolated mcr-1 bearing strains E. coli 79 was used to transformed mcr-1 gene to the donor E. coli J53, via 

conjugation. E. coli 79 isolate was used as donors, and E. coli J53 (resistant to sodium-azide) was used as the 

recipient strain. In result, the mcr-1 gene transformation was confirmed phenotypically and through PCR. In 

conclusion, the presence of mcr-1 gene in poultry isolated strains and their transformation potential was mad                                                                                                      

e the last resort colistin on stack. Therefore, strict policies need to impose on the over use of the antimicrobial in 

animals. 
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Introduction 

Over the last two decades poultry trade rise globally, 

and poultry meat among the top to fulfill the demand 

of animal protein.  Statically extracted data shows 

that worldwide poultry meat export among different 

countries was 8.79 million tons in 2000, which were 

almost doubled to reach 94% increase from the total 

exported in the previous 15 years earlies (Johnson et 

al., 2015). In Pakistan, poultry industry is playing 

very crucial role in reducing the gap of demand and 

supply of animal protein. While, commercially poultry 

farming was started in the 1960s and rapid growth 

was observed in a few decades. The flourishing of this 

sector was the result of attractive policies of the 

government and the persistency of the poultry 

investor groups. The most encouraging from the 

government was declare this sector exempt of the sale 

and income tax along with import duties for several 

years (Sadiq 2004).  

 

Overall, poultry production is one of the most 

dynamic and most systematic sectors in Pakistan 

contributing about 26.8% meat production, 5.76 in 

agriculture sector and 1.26 is the overall GDP for the 

last several years. Furthermore, it has been the 

emerging source of employment for more than 1.5 

million people (Hussain et al., 2015). The family of 

Enterobacteriaceae consist of Escherichia. coli which 

the most predominant commensal digestive tracts 

organism of warm-blooded animals including 

humans, on the same time the crucial pathogen. It is 

very beneficial as commensal organism to their host, 

but also the reason of different diseases in both 

animals and humans (Dhama et al. 2013, Valentin et 

al. 2014). 

 

Human enteric illness was mostly associated with 

those pathogens that originate from animal and 

transfer both directly and indirectly to humans. 

Moreover, the horizontal gene transfer facilitates the 

spread of resistance genes in and between various 

bacteria (Calistri et al., 2013; Parmley et al., 2013). 

Extensive antibiotic use is the most important reason 

of developing or emerging of antibiotic resistance 

microbes both in the animal and human site. It's not 

only pathogenic bacteria become resistant but also 

make strong impact on the normal flora of these 

organism or populations (Bilinski et al., 2012; Servin 

2005). 

 

Antibiotics has saved countless lives in the human 

history and is considered as the most revolutionized 

drug in the history of medicine (Cohen 2000, 

Yoneyama and Katsumata 2006). Until now, more 

than 10000 different antibiotics have been 

discovered. In which, 75% of them are produced by 

the actinomycete bacteria and co-incidentally by the 

genus ―streptococcus‖ of this group produced 75% of 

the total antibiotic production (Hamaki et al., 2005, 

Ikeda et al., 2003, Martens and Demain 2017). 

Additionally, antibiotics which is used in the 

agriculture are the same or almost of the same 

composition to the clinical antibiotics (McEwen and 

Fedorka-Cray 2002). But, unfortunately the extensive 

use of this wonder drug is accompanied by resistant 

microbes. That‘s why medical experts predict, ―this 

overuse of antibiotics will lead us to the pre-antibiotic 

era‖ (Gilbert 2014, Liu B. and Pop 2009, Piddock 

2012, Spellberg and Ventola 2015). 

 

Every year millions of kilograms of antibiotics are 

produced globally and are used for the precautions of 

humans, animals and agriculture. They kill the 

susceptible bacteria and leave the resistant one. Here, 

the question arises that how the bacteria get 

resistant? It is because most of the drug resistant 

genes can easily be shared and transferred between 

different and among the same species with mobile 

genetic elements such as bacterial eating 

viruses(bacteriophage), extra circular and genomic 

DNA (plasmid) and other mobile elements like, 

transposons and the naked DNA (Levy 2005, Levy 

and Marshall 2004, Mellon et al., 2001). 

 

However, colistin (polymyxin E) has considered as 

last choice against the gram-negative pathogenic 

bacteria (Baron et al. 2016, Schwarz and Johnson 

2016). Nevertheless, it seems that these bacteria 

develop the mechanism to bypass the influence of 

colistin (Baron et al. 2016, Gao et al., 2016, Liu Yi- 
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Yun et al. 2016, Schwarz and Johnson 2016). 

 

Material and methods 

Sample collection 

National Reference lab for Poultry Diseases (NRLPD) 

has a well-established surveillance system in 

coordination with provincial livestock departments in 

Pakistan. These provincial departments collect and 

submit samples for analysis at NRLPD on regular 

basis. For this study, the isolated positive mcr-1 

positive E. coli was received through the surveillance 

system was analyzed for AMR (Antimicrobial 

resistance) in poultry.  

 

Isolation and identification of E. coli 

A loopful from liver were inoculated onto the 

autoclaved nutrient broth and incubated at 37°C for 

24 hours. Thereafter, the Loopfuls from the broth 

were streaked onto EMB (Eosin methylene blue) and 

On MA (MacConkey‘s agar) plates agar plates and 

incubated for 24 h at 37°C. The suspected colony was 

picked up and streaked on blood agar for 

morphological and biochemical identification (Amer 

et al., 2018, Quinn et al., 2002). However, the strains 

were further confirmed by using API 20E kits (biome 

rieux, Durham, NC). 

 

Gram staining and colony morphology 

Gram-negative bacteria (E. coli) was studied based on 

size (large, moderate, small), colony shape (round, 

irregular), colony color (green-metallic sheen, pink) 

and colony margins and elevation (concave, convex, 

raised). Colony of such characteristics was further 

examined by gram staining.  

 

Catalase test 

This test is used to differentiate E. coli (catalase 

positive) from non-catalase (streptococcus) species. 

The test was performed to detect the presence of 

catalase enzyme in the organism by using hydrogen 

peroxide (H2O2). A drop of 3% hydrogen peroxide was 

placed on clean, sterile glass slide. A colony was 

picked with the help of sterile toothpick and mixed 

with H2O2 drop. Bubble production indicates positive 

result. Catalase enzyme converts H2O2 into O2 and 

H2O. Therefore, no bubble formation was indicative 

of catalase negative organism (Bertrand et al., 2002,  

Dezfulian et al., 2010). 

 

Motility test by hanging drop method 

This test is performed to check if bacteria are motile 

by means of flagella. As non-motile bacteria do not 

possess flagella. While E. coliis motile organism. 

 

Analytical profile index (API20E) 

API 20E is series of biochemical tests for the 

identification and differentiation of the members of 

Enterobacteriaceae family. It consists of plastic strips 

having twenty mini test chambers and has chemically 

defined composition for each test. The procedure 

adopted was previously mentioned (Robinson et 

al.,1995). 

 

Colistin susceptibility testing 

Colistin susceptibility testing of the isolated E. coli 

was conducted by using Kirby-Bauer disk diffusion 

method (Boyen et al., 2010). The test was performed 

according to the guideline of clinical and Laboratory 

standard Institute (CLSI, 2017). Muller Hinton agar 

was prepared in accordance of manufacturer‘s 

instructions (Oxiod, UK). Control strains used in this 

study wasE. coli ATCC 25922 and S. aureus ATCC 

25923 (Jones et al., 2005). Then for more 

confirmation MIC (minimum inhibitory 

concentration) was also performed (Table 2). 

 

DNA Extraction and determination of mcr-1 gene   

Genomic DNA extraction was done by using 

bacteremia DNA isolation Kit (Qiagen, Germantown, 

MD). Furthermore, molecular confirmation of 

conjugation assay, PCR conditions was optimized to 

amplify the mcr-1 gene in both E. coli 79 and J53 

strains (Table 1). For this purpose, a known pair of 

primer of 200bp of the Forward 5‘- 

AAATCAGCCAAACCTATCCC -3‘and reverse primer 

5‘- CGTATCATAGACCGT GCCAT -3‘ were selected 

(Table 2.0), previously described (Zhang et al. 2017). 

 

DNA was analyzed by gel electrophoresis 

After completion of PCR reaction, PCR product was  
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analyzed by gel electrophoresis. In first well, a DNA 

marker (Biolabs 100bp ladder) was also loaded. The 

gel was then run for 50 minutes of 90V in 1X TBE 

buffer BIO RAD gel electrophoresis tank. After the 

defined time, gel was observed under ultraviolet 

trans-illuminator to visualize bands. Photograph of 

PCR bands was saved in BIO RAD gel documentation 

system (Bintvihok et al. 2016). 

 

Conjugation assay 

We did conjugation experiment to determine the 

mcr1 positive isolates (E. coli 79) and could confirm 

the transfer of mcr1 gene to wild type E. coli J53 as 

previously described (Potter et al. 2018). The 

presence of mcr1 gene on plasmid was already 

confirmed by PCR (Zhang et al. 2017). 

 

Tryptic soya broth was prepared according to the 

manufacturer‘s instructions (Sigma Aldrich, St Louis, 

MO, USA). Both donor (E. coli 79) and recipient (E. 

coli) strains were separately suspended in TS broth. 

The strains were diluted to 0.005 OD600. After 

dilution, 100 µl of donor strain (E. coli 79) was 

suspended in the 100 µl of recipient strains (11 ratio) 

and diluted up to 5000 µl with TS broth. Now the Co-

cultures were incubated at 37°C for 24 hours. On next 

day 50 µl of co-cultures were suspended on agar plats 

(MacConkey agar) contained sodium azide and 

colistin (5mg/ml). The liquid co-culture was spread 

with glass beads on agar plates and was incubated at 

37°C for 18-24 hours. However, individual trans-

conjugants colonies were suspended in TS broth 

supplemented with colistin (5mg/ml) and was 

incubated at 37°C on shaker of 220 rpm (Potter et al., 

2018). 

 

Results 

Biochemical characterization of the bacterial isolates 

While, upon culturing dark convex and small size 

colonies with a green metallic sheen appeared on 

EMB (eosin methylene blue) (Fig. 1a). while, flat, pink 

colonies with a surrounding darker pink area were 

seen on MA (MacConkey Agar) (Fig.1b). Further, the 

isolated samples were observed under microscope 

after differential staining (Gram staining).  

 

 

Table 1. Scheme for total volume of PCR reaction for mcr-1 gene amplification. 

PCR Reaction components Stock concentration Final concentrations Volume per   Reaction 

PCR Master Mix 2X 1X 12.5 µl 

Forward Primers Each 100 pmol/µl 2 pmol/µl 0.5 µl x 9 = 4.5 µl 

Reverse Primers Each 100 pmol/µl 2 pmol/µl 0.5 µl x 9 = 4.5 µl 

Nuclease Free Water - - 1.5 µl 

Template DNA - - 2 µl 

Total PCR volume   25 µl 

 

In addition, other biochemical analysis was done 

through Catalase test, rapid bubble formation after 

addition of few drops of hydrogen peroxide on the 

inoculum. The identification codes (ID) of API20E 

(Analytical profile index) and motility tests using 

hanging drop method also given further biochemical 

identification (Fig. 4). 

 

Molecular identification 

DNA was isolated using Bacteremia genomic DNA  

extraction kit (Qiagen, Germantown, MD, USA) and 

PCR conditions were optimized to amplify the mcr-1  

gene in both E. coli 79 and J53 strains (Table 1). 

While DNA quantity was checked by Qubit machine 

(Table 2). 

 

Antibiotic Profiling of reveled E. coli from glycerol 

stock    

To assess the effect of ARG burden on phenotypic 

antibiotic resistance, the well-known Kirby-Bauer 

Disk Diffusion method and Clinical Laboratory and 

Standards Institute ―CLSI‖ (2018), interpretative 

criteria for Enterobacteriaceae was used for analysis.
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Table 2. E-coli 79 and j53 activity against various test. 

Serial number Isolates Colistin disk 

(10 µg) 

Colistin MIC 

value (ug/ml 

API 20E code DNA Quantity measure 

by qubit machine 

mcr-1 primer 

 

Putative resistant determinant 

1 E. coli-79 Positive 4 5044572 17.0ug/ml Forward 

5‘AAATCAGCCAAACCTATCC

C 3 

Reverse primer 

5‘-CGTATCATAGACCGT 

GCCAT -3 

mcr-1 

2 J53 Negative Nil  28.0ug/ml - Negative 

3 E. coli ATCC 

25922 

Negative Nil  21.0ug/ml  Negative 

 

Conjugation assay 

The confirmed mcr-1 gene was transferred from 

strain E. coli 79, to the same, E. coli J53, via 

conjugation. E. coli 79 isolate were used as donors, 

and E. coli J53 (resistant to sodium-azide) was used 

as the recipient strain (Table 2). Transfer of the mcr-1 

plasmid to E. coli J53 was successful only for strains 

harboring both mcr-1 and (E. coli 79), on mixed 

growth plate and while no growth was observed on 

J53controlplate (Fig. 2). Therefore, mcr-1 was likely 

located on a plasmid, not was chromosomally 

encoded in strain E. coli 79 and was confirmed by 

PCR amplification (Fig.3). 

 

Fig. 1. Colonies of E. coli growth on EMB (a) and MA(b). 

Discussion 

The poultry industry is an important component of 

Pakistan gross domestic product. However, the 

Pakistani poultry industry faces several 

environmental conditions that threaten continued 

economic output, livestock health, and human health 

(Hussain et al., 2015). While, the prevalence of mcr-1 

gene increased in Pakistan poultry is also a great 

threat. which was successfully employed in previous 

studies (Gutiérrez et al., 2019). In addition, the 

transability of these mcr-1 gene on plasmid was 

studied by conjugation assay. Therefore, the isolated 

E. coli strain was confirmed through Gram stanning 

and selective media (Fig 1). while for more 

confirmation some additional biochemical tests were 

performed such as API (Fig 4).  

 

The similar results were reported by Robinson et al., 

(1995), through these biochemical tests. Biochemical 

and morphological identification was followed by 

more advanced and authentic molecular 

identification techniques. However, DNA extraction 

was the initial step for most of molecular 

identification and characterization techniques. DNA 

was isolated using Bacteremia genomic DNA 

extraction kit (Qiagen, Germantown, MD, USA) and 

quantity was checked by Qubit machine (Table 4). 

Our result was consistent with (Potter et al., 2018). 
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Fig. 2. Mixed growth of j53 (recipient) and 79 (Donor) E. coli.  

 

Fig. 3. Gel Electrophoresis image show DNA amplification of mcr1 gene of 200bp in five of the E. coli isolates 

including recipient J53 (1) and donor E. coli 79(2) and (3) Control strain represent. 

Pakistani poultry farms were the reason of high 

prevalence of plasmid-mediated mcr-1 genes in these 

strains. Now it is confirmed through several studies 

that spread of colistin resistance gene in gram 

negative bacteria, specifically in Enterobacteriaceae 

are via mcr-1 bearing plasmids. These plasmids were 

isolated from human fecal samples, animals‘ products 

and environment (Matamoros et al., 2017). Therefore, 

the transability of these mcr-1 gene on plasmid was 

studied by conjugation assay, for this, E. coli J53 

strain sodium azide resistant strain and colistin 

susceptible was selected as recipient strain. While, E. 

coli-79 mcr-1 positive strain was used as donor strain. 

(Fig 2). Besides this, the recipient strain having mcr-1 

gene was confirmed through conventional PCR using 

specific primer (Table 2). Similarly, study conducted 

by Zhang et al., (2017) has also used the same primer 

for the confirmation of mcr-1 gene, so our finding was 

complete agreement with his finding.  

 

More specifically, the pattern of susceptibility to other 

antibiotics of J53-mcr-1 was not changed, indicating 

the transfer of only mcr-1 gene. Similar finding was 

obtained in previous study conducted in Canada and 

Argentina (Tijet et al. 2017) and Chile (Gutiérrez et 

al., 2019). In which the resultant transformant was 

resitant to colistin. Which was agrreement to the 

finding of our results. 
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Fig. 4. Analytical profile index of isolated E. coli (79). 

Conclusion 

In conclusion, the increasing use of colistin in 

Pakistani poultry farms was the reason of high 

prevalence of plasmid-mediated mcr-1 genes in E. 

coli. Now, it is confirmed through several studies that 

spread of colistin resistance gene in gram negative 

bacteria, specifically in Enterobacteriaceae are via 

mcr-1 bearing plasmids. 

 

Acknowledgements 

The authors are thankful to renown scientist, Dr 

Naeem Ali for his support and courage. 

 

Disclosure statement 

No potential conflict of interest was reported by the 

authors.  

 

References  

Amer MM, Mekky HM, Amer AM, Fedawy HS. 

2018. Antimicrobial resistance genes in pathogenic 

Escherichia coli isolated from diseased broiler 

chickens in Egypt and their relationship with the 

phenotypic resistance characteristics. Veternaiory 

World 11, 1082-1088. 

 

Baron S, Hadjadj L, Rolain JM, Olaitan AO. 

2016. Molecular mechanisms of polymyxin 

resistance: knowns and unknowns. International  

journal of antimicrobial agents 48, 583-591. 

 

Bertrand X, Huguenin Y, Talon D. 2002. First 

report of a catalase-negative methicillin-resistant 

Staphalococcus aureus. Diagnosis Microbiol Infectios  

Diseases 43, 245-246. 

 

Bilinski P, Kapka-Skrzypczak L, Posobkiewicz 

M, Bondaryk M, Holownia P, Wojtyla A. 2012. 

Public health hazards in Poland posed by foodstuffs 

contaminated with E. Coli O104: H4 bacterium from 

the recent European out break. Annals of Agricultural 

and Environmental Medicine 19. 

 

Bintvihok A, Treebonmuang S, Srisakwattana 

K, Nuanchun W, Patthanachai K, Usawang S. 

2016. A Rapid and Sensitive Detection of Aflatoxin-

producing Fungus Using an Optimized Polymerase 

Chain Reaction (PCR). Toxicol Resserach 32, 81-87. 

 

Boyen F, Vangroenweghe F, Butaye P, De 

Graef E, Castryck F, Heylen P, Vanrobaeys M, 

Haesebrouck F. 2010. Disk prediffusion is a 

reliable method for testing colistin susceptibility in 

porcine E. coli strains. Veterinary of Microbiology 

144, 359-362. 

 

Calistri P, Iannetti S, L. Danzetta M, Narcisi V,  



 

107 Rafique et al. 

 

Int. J. Biosci. 2019 

Cito F, Di Sabatino D, Bruno R, Sauro F, 

Atzeni M, Carvelli A. 2013. The components of 

‗One World–One Health‘approach. Transboundary 

and emerging diseases 60, 4-13. 

 

Cohen ML. 2000. Changing patterns of infectious 

disease. Nature 406, 762-767. 

 

Dezfulian A, Salehian M, Amini V, Dabiri H, 

Azimirad M, Aslani MM, Zali M, Fazel I. 2010. 

Catalase-negative Staphylococcus aureus isolated 

from a diabetic foot ulcer. Irananin Jornal of 

Microbiology 2, 165-167. 

 

Dhama K, Rajagunalan S, Chakraborty S, 

Verma A, Kumar A, Tiwari R, Kapoor S. 2013. 

Food-borne pathogens of animal origin-diagnosis, 

prevention, control and their zoonotic significance: a 

review. Pakistan journal of biological sciences 16, 

1076. 

 

Gao R, Hu Y, Li Z, Sun J, Wang Q, Lin J, Ye H, 

Liu F, Srinivas S, Li D. 2016. Dissemination and 

mechanism for the MCR-1 colistin resistance. PLoS 

pathogens 12, e1005957. 

 

Gutiérrez C, Zenis J, Legarraga P, Cabrera-

Pardo J, García P, Bello-Toledo H, Opazo-

Capurro A, González-Rocha G. 2019. Genetic 

analysis of the first mcr-1 positive Escherichia coli 

isolate collected from an outpatient in Chile. The 

Brazilian journal of infectious diseases: an official 

publication of the Brazilian Society of Infectious 

Diseases. 

 

Hamaki T, Suzuki M, Fudou R, Jojima Y, 

Kajiura T, Tabuchi A, Sen K, Shibai H. 2005. 

Isolation of novel bacteria and actinomycetes using 

soil-extract agar medium. J Biosci Bioeng 99, 485-

492. 

 

Hussain J, Rabbani I, Aslam S, Ahmad H. 2015. 

An overview of poultry industry in Pakistan. World's 

poultry science journal 71, 689-700. 

 

Ikeda H, Ishikawa J, Hanamoto A, Shinose M,  

Kikuchi H, Shiba T, Sakaki Y, Hattori M, 

Omura S. 2003. Complete genome sequence and 

comparative analysis of the industrial microorganism 

Streptomyces avermitilis. Nature of Biotechnology 

21, 526-531. 

 

Johnson KK, Hagerman AD, Thompson JM, 

Kopral CA. 2015. Factors influencing export value 

recovery after highly pathogenic poultry disease 

outbreaks. International Food and Agribusiness 

Management Review 18, 27-42. 

 

Jones RN, Anderegg TR, Swenson JM. 2005. 

Quality control guidelines for testing gram-negative 

control strains with polymyxin B and colistin 

(polymyxin E) by standardized methods. J Clin 

Microbiol 43, 925-927. 

 

Levy SB. 2005. Antibiotic resistance—the problem 

intensifies. Advanced drug delivery reviews 57, 1446-

1450. 

 

Levy SB, Marshall B. 2004. Antibacterial 

resistance worldwide: causes, challenges and 

responses. Nature medicine 10, S122. 

 

Liu B, Pop M. 2009. ARDB--Antibiotic Resistance 

Genes Database. Nucleic Acids Res 37, D443-447. 

 

Liu Y-Y, Wang Y, Walsh TR, Yi L-X, Zhang R, 

Spencer J, Doi Y, Tian G, Dong B, Huang X. 

2016. Emergence of plasmid-mediated colistin 

resistance mechanism MCR-1 in animals and human 

beings in China: a microbiological and molecular 

biological study. The Lancet infectious diseases 16, 

161-168. 

 

Matamoros S, Van Hattem JM, Arcilla MS, 

Willemse N, Melles DC, Penders J, Schultsz C. 

2017. Global phylogenetic analysis of Escherichia coli 

and plasmids carrying the mcr-1 gene indicates 

bacterial diversity but plasmid restriction. Scientific 

reports, 7(1), 15364. 



 

108 Rafique et al. 

 

Int. J. Biosci. 2019 

Martens E, Demain AL. 2017. The antibiotic 

resistance crisis, with a focus on the United States. 

Journal of Antibiotics (Tokyo) 70, 520-526. 

 

McEwen SA, Fedorka-Cray PJ. 2002. 

Antimicrobial use and resistance in animals. Clin 

Infect Dis 34 Suppl 3, S93-S106. 

 

Mellon M, Benbrook C, Benbrook K. 2001. 

Hogging it: Estimates of antimicrobial abuse in 

livestock. Union of Concerned Scientists, Cambridge, 

MA. 

 

Parmley EJ, Pintar K, Majowicz S, Avery B, 

Cook A, Jokinen C, Gannon V, Lapen DR, 

Topp E, Edge TA. 2013. A Canadian application of 

One Health: integration of Salmonella data from 

various Canadian surveillance programs (2005–

2010). Foodborne pathogens and disease 10, 747-

756. 

 

Piddock LJ. 2012. The crisis of no new antibiotics--

what is the way forward? Lancet Infect Dis 12, 249-

253. 

 

Potter RF, D'Souza AW, Wallace MA, Shupe A, 

Patel S, Gul D, Dantas G. 2018. Superficieibacter 

electus gen. nov., sp. nov., an extended-spectrum β-

lactamase possessing member of the 

Enterobacteriaceae family, isolated from Intensive 

Care Unit Surfaces. Frontiers in microbiology 9, 

1629. 

 

Quinn P, Carter M, Markey B, Donnoly W, 

Leonard F. 2002. Veterinary microbiology and 

microbial diseases 166-1117 Osney Mead: Oxford first 

LTd, Registered at the United Kingdom. 

 

Robinson A, McCarter YS, Tetreault J. 1995. 

Comparison of Crystal Enteric/Nonfermenter system, 

API 20E system, and Vitek AutoMicrobic system for 

identification of gram-negative bacilli. Journal of 

clinical microbiology 33(2), p 364-370. 

 

Sadiq M. 2004. Pakistan poultry sector still on an  

upward swing. World Poultry  20, 10-11. 

 

Schwarz S, Johnson AP. 2016. Transferable 

resistance to colistin: a new but old threat. Journal of 

Antimicrobial Chemotherapy 71, 2066-2070. 

 

Servin AL. 2005. Pathogenesis of Afa/Dr diffusely 

adhering Escherichia coli. Clinical microbiology 

reviews 18, 264-292. 

 

Spellberg B, Gilbert DN. 2014. The future of 

antibiotics and resistance: a tribute to a career of 

leadership by John Bartlett. Clinical  Infectious 

Diseases 59 Suppl 2, S71-75. 

 

Tijet N, Faccone D, Rapoport M, Seah C, 

Pasteran F, Ceriana P, Albornoz E, Corso A, 

Petroni A, Melano RG. 2017. Molecular 

characteristics of mcr-1-carrying plasmids and new 

mcr-1 variant recovered from polyclonal clinical 

Escherichia coli from Argentina and Canada. PloS one 

12, e0180347. 

 

Valentin L, Sharp H, Hille K, Seibt U, Fischer 

J, Pfeifer Y, Michael GB, Nickel S, Schmiedel 

J, Falgenhauer L. 2014. Subgrouping of ESBL-

producing Escherichia coli from animal and human 

sources: an approach to quantify the distribution of 

ESBL types between different reservoirs. 

International Journal of Medical Microbiology 304, 

805-816. 

 

Ventola CL. 2015. The antibiotic resistance crisis: 

part 1: causes and threats. Pharmacy and 

Therapeutics 40, 277. 

 

Yoneyama H, Katsumata R. 2006. Antibiotic 

resistance in bacteria and its future for novel 

antibiotic development. Bioscience Biotechnology 

Biochemistry 70, 1060-1075. 

 

Zhang H, Miao M, Yan J, Wang M, Tang YW, 

Kreiswirth BN, Zhang X, Chen L, Du H. 2017. 

Expression characteristics of the plasmid-borne mcr-1 

colistin resistance gene. Oncotarget 8, 107596- 



 

109 Rafique et al. 

 

Int. J. Biosci. 2019 

107602. 

 

Zhang H, Miao M, Yan J, Wang M, Tang YW, 

Kreiswirth BN, Du H. 2017. Expression 

characteristics of the plasmid-borne mcr-1 colistin 

resistance gene. Oncotarget 8(64), 107596–107602. 

http://dx.doi.org/10.18632/oncotarget.22538 

 

 

http://dx.doi.org/10.18632/oncotarget.22538

