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Abstract

Objectives

Colistin is one of the last-resort antibiotics for treatment of multi-drug resistant (MDR) Gram
negative bacterial infections. We determined occurrence and characteristics of mcr-1-producing
E. coli obtained from live bird markets (LBM), rural poultry farms (RPF) and rural household

backyard poultry (HBP) in Bangladesh.

Methods

We tested 104 extended-spectrum B-lactamase (ESBL)-producing E. coli isolated during 2017-
2018 from poultry sources for colistin resistance. We analyzed the resistant isolates for mcr gene
and characterized mcr positive isolates for antibiotic susceptibility, antibiotic resistance genes,

transmissible plasmids and clonal diversity.

Results
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Of 104 isolates, 98 (94%) had MICcoiistin >4 pg/mL and 14 (13.5%) were positive for mcr-1 of
which 10 were from LBM (n=10), 3 from RFP and 1 from HBP. All 14 mcr-1 E. coli were
resistant to third generation cephalosporin and tetracycline, while 12 were resistant to
fluoroquinolone and sulphamethoxazole, 10 were to aminoglycosides and 3 were to
nitrofurantoin. Four isolates carried conjugative mcr-1 plasmid of 23 to 55 MDa in size. The 55
MDa plasmid found in 2 isolates carried additional resistant genes including blactx-m-group-1 and
blarem-1 (ESBL), gnrB (fluoroquinolone) and rmtB (aminoglycoside). These plasmids belong to
IncF family with additional replicons: HI1 and N. ERIC-PCR revealed a heterogeneous banding

pattern of mcr-1 positive isolates.

Conclusion
We report a 13.5% prevalence of mcr-1 positive MDR E. coli in poultry fecal samples
predominantly from LBMs in Bangladesh accentuating the need for safe disposal of poultry

feces and hygiene practices among people exposed to poultry.

Key words: Colistin, mcr, ESBL, poultry, antibiotic resistance

1. Introduction

There is increasing concern regarding the potential for the emergence and transmission of
antibiotic resistance to human populations through the food supply chain and the environment.
Human infections with highly resistant organism are increasingly treated with drugs of last resort
which often may not fall under the standard regimen of therapy. For instance, colistin, an

antibiotic that was rarely used in patients even in the recent past due to its nephrotoxicity and
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neurotoxicity, has now been widely used in countries with a high burden of AMR for the
treatment of carbapenem resistant Gram negative bacterial infections [1-3]. Historically colistin
has been used in the poultry industry and bacteria resistant to colistin have been detected from

samples collected as early as the 1980s [4, 5].

Resistance to colistin was primarily attributed to mutations in chromosomal genes like pmrAB,
phoPQ, and mgrB [6, 7] and the occurrence of colistin resistance among human pathogens has
never been observed. The recent emergence of the plasmid mediated colistin resistance gene,
mcr-1 has shifted the entire paradigm of antimicrobial resistance due to its rapid movement
through horizontal transmission of plasmids that carry resistance genes to many other antibiotics
critical for human health [8, 9]. Within 6 months of the first report of the emergence of mcr-1
from China, at least 30 other countries have reported the occurrence of the same gene from both
animal and human sources [10-12]. Subsequently, other subtypes of mcr gene like mcr-2, -3, -4

and -5 were reported [13-15].

Poultry is considered by far the most common source of mcr-1-producing organisms which have
been isolated from different stages of poultry production and the supply chain [16-20]. mcr-1-
producing organisms have also been reported from other food-producing animals and food
sources for human and animals [5, 20-22]. Emergence and transmission of mcr-1 are linked with
excessive use of colistin and polymyxins in animal farms in many countries and Bangladesh is

not an exception [4].
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91  Recently, E. coli positive for mcr-1 gene was isolated from sludge samples in Dhaka,
92  Bangladesh [23]. The source of these organisms in urban sludge was unknown, as it contained
93 mixed waste but a large proportion comes from wet markets. It is essential to explore the
94  possible sources of these organisms. This study therefore aimed to investigate the occurrence of
95  colistin resistant E. coli among poultry in three different settings in Bangladesh including
96  small/medium live bird markets in urban areas, rural poultry farms, and backyard poultry from
97  rural households.
98
99 2. Methods and Materials
100
101 2.1. Study overview
102 Our current research was part of larger study which contemporaneously explored the dynamics
103  of antimicrobial resistance (AMR) transmission from contaminated outdoor environments
104  including animals, soil, drinking water, solid waste and waste water to humans in urban and rural
105  Bangladesh [24]. In this study, we used the ESBL-producing E. coli isolates collected from
106  poultry sources to investigate the occurrence of E. coli with mcr encoding colistin resistance as
107  colistin has been used widely in the poultry farming industry.
108
109  2.2. E. coliisolates
110  We tested a total of 104 ESBL-producing E. coli that were isolated from poultry feces obtained
111 from urban Live Bird Markets, LBM (n=66); Rural Poultry Farms, RPF (n=24); and Household
112 Backyard Poultry HBP (n=14). Of these 104 fecal samples, 67 were from poultry pen feces and

113 37 were from caecum samples of individual chicken (n=37). The sample collection procedures
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114  and isolation of ESBL-producing E. coli from these samples have been described previously
115 [24].

116

117 2.3. Screening of ESBL-producing E. coli isolates for colistin resistance by analyzing
118  minimum inhibitory concentration (MIC)

119  MIC of colistin for all E. coli was determined using broth micro dilution method recommended
120 by joint European Committee on Antimicrobial Susceptibility Testing (EUCAST) and Clinical
121 and Laboratory Standards Institute (CLSI) guidelines as described previously [25]. According to
122 the guidelines, isolates having a MIC of <2 pg/mL is considered colistin susceptible while MIC
123 of >2 pg/mL is considered colistin resistant.

124

125  2.4. ldentification of antibiotic resistance genes by PCR

126 All E. coli isolates with a colistin MIC value of >2 pug/mL were tested for plasmid encoded mcr
127  genes (mcr-1, mcr-2, mcr-3, mcr-4 and mcr-5) by a multiplex PCR program using primer
128  sequences and PCR conditions as described previously [26]. The primers for clinically important
129  major genes encoding ESBL: blactx-m-group-1, blacTx-M-group-2, blacTx-M-group-8, BlacTx-m-group-9,
130 blactx-m-group-25, blarem, blasny, blaoxa-1, blaoxa47; quinolone resistance: gnrA, gnrB and gnrs;
131  and aminoglycoside resistance: rmtB and rmtC were used following the PCR conditions
132 described previously [27, 28]

133

134  2.5. Confirmation of mcr-1 amplified fragment by sequencing

135  The PCR amplified mcr-1 fragment from one of the E. coli strains (DL88FP1E1) was sequenced

136 by using ABI PRISM BigDye Terminator Cycle Sequencing Reaction kit (Applied Biosystems;
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137 CA, USA) using ABI PRISM 310 automated sequencer (Applied Biosystems; CA, USA).
138  Briefly, the raw sequence was analyzed with BioEdit software and 241 bp deduced sequence was
139  searched for homology determination by Basic Local Alignment Search Tool (BLAST).
140 BLASTNn homology comparison of 241 bp inferred sequence (Accession no. MK738010) from
141 mcr-1 fragment confirmed their sequence similarity with the earlier reported mcr-1 in E. coli
142 strain SHP45 [10].

143

144  2.6. Plasmid analysis

145  Plasmid DNA from the 14 mcr-1 positive E. coli isolates was prepared using the rapid alkaline
146 lysis method and separated by horizontal electrophoresis in 0.7% agarose gels as described
147  earlier [29]. The transferability of plasmids harboring mcr-1 was investigated by the broth
148  mating experiment as described previously [28] in which colistin resistant mcr-1 positive E. coli
149  isolates were used as donors and azide resistant E. coli J53 served as the recipient. The
150  transconjugants were selected on Mueller—Hinton agar plate containing colistin (2 pg/mL) and
151  sodium azide (150 pg/mL) after overnight mating of the donor (mcr-1 positive E. coli) and
152  recipient (Na-Azide" E. coli) at 37°C. The transferable plasmid was assessed for incompatibility
153  typing using 5 multiplex- and 3 singleplex-PCRs following the procedure described previously
154  [30]. The PCR amplified products of plasmids were sequenced to confirm their replicon types
155 using the BLAST tool available at NCBI web (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and
156  plasmid multi locus sequence typing (pMLST database (http://www.pubmilst.org/plasmid).

157

158  2.7. Antibiotic susceptibility tests and antibiotic resistance gene analysis of transconjugant E.

159  coli
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160  All transconjugant E. coli isolates were tested for susceptibility against 14 clinically important
161  antibiotics by disc diffusion method, MIC for colistin resistance and ESBL screening following
162  the CLSI guidelines [25, 31]. Antibiotic resistant transconjugants were further analyzed for
163  corresponding resistance genes by PCR as described previously [29].

164

165 2.8. Typing of mcr-1 positive E. coli isolates by Enterobacterial Repetitive Intergenic
166  Consensus (ERIC)-PCR

167 Two primers: ERICIR (5-ATGTAAGCTCCTGGGGATTCAC-3’) and ERIC2 (5’-
168 AAGTAAGTGACTGGGGTGAGCG-3’) were used to type mcr-1 positive E. coli isolates using
169  ERIC-PCR according to the procedure described earlier [32]. PCR amplification was carried out
170  in a C1000 Touch Thermal Cycler system (BioRad, CA, USA) and amplified products were
171  separated in 1.5% agarose gel, stained with Midori Green, and visualized with a FastGene
172 Blue/Green LED Gel IHluminator (Nippon Genetics, Tokyo, Japan). The image was analysed
173 with diversity database finger-printing software, BioNumerics version 4.5 (Applied Maths;
174  Kortrijk, Belgium) to determine the clonal relatedness among the strains. A dendrogram showing
175  hierarchical representation of the level of linkage between the strains was used to estimate the
176  degree of clonality. The degree of heterogeneity was determined by comparing of the Dice
177  coefficients and clustering correlation coefficients calculated by unweighted-pair group method
178  with arithmetic averages (UPGMA).

179

180 3. Results

181

182  3.1. Colistin resistance among ESBL-producing E. coli isolates from poultry sources
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183  Of 104 ESBL-producing E. coli isolates 98 (94%) had an MIC for colistin >4 pg/mL suggesting
184  that these isolates were phenotypically resistant to colistin according to CLSI-EUCAST
185  breakpoint [25, 31]. A total of 52 (50%) isolates had an MIC of 4 pg/mL, 28 (27%) had an MIC
186  of 8 pg/mL, 18 (17%) had an MIC of >16 pg/mL and only 6 isolates had an MIC <2 pg/mL.
187  MICso and MICgyo among all the isolates tested were 4 pug/mL and 16 pg/mL, respectively (Table
188 1).

189

190  3.2. Detection of mcr genes

191  Multiplex PCR assay for mcr genes with E. coli isolates having MIC of >4 pug/mL revealed that
192 14 of 98 (14%) resistant isolates were mcr-1 positive (Supplementary Fig. 1). All mcr-1 positive
193  isolates had an MIC of colistin >8 pug/mL (Table 1). None of the isolates was positive for other
194  variants of mcr (mcr-2 to mer-5). mcr-1 positive E. coli were predominantly isolated from LBM
195  (n=10, 71.5%) followed by RFP (n=3, 21.5%) and HBP (n=1, 7%). Overall, 12% (8 of 67) of
196 isolates from poultry pen feces and 16% (6 of 37) of isolates from caecum samples were positive
197  for mcr-1, highlighting that gastrointestinal tracts of chicken are important sources of colistin
198  resistant E. coli.

199

200 3.3. Antibiotics susceptibility and antibiotic resistance genes

201  All ESBL-producing E. coli carrying mcr-1 (n=14) were resistant to multiple classes of
202  antibiotics (Fig. 1). All isolates were resistant to ampicillin and tetracyclines followed by 85%
203 (n=12) to fluoroquinolone and sulphamethoxazole-trimethoprim, 71% (n=10) to
204  aminoglycosides, and 21% (n=3) to nitrofurantoin. None of the isolates was resistant to

205  carbapenem. PCR results showed that 85% (n=12) of the mcr-1 isolates were positive for blacrx-
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206 wm-group-1 Tollowed by 71% (n=10) for blarem, 21% (n=3) for blaoxa-1, 14% (n=2) for blaoxa-47 and
207 7% (n=1) for blacTx-m-group-9. Plasmid mediated quinolone resistance gene gnr was detected in 6
208 isolates (gnrS in 28%, n=4; and gnrB in 14%, n=2 isolates) whereas, aminoglycoside resistance
209 gene rmtB was found in 28% (n=4) of the isolates. None of the mcr-1 E. coli isolates were
210  positive for blacTx-m-group-2, blacTx-Mm-group-8, blacTx-M-group-25, blaskv, gnrA and rmtC.

211

212 3.4. Plasmid analysis of mcr-1 carrying E. coli isolates

213 All mer-1-producing E. coli isolates (n=14) carried multiple plasmids ranging from 1.2 to 140
214  MDa and isolates were heterogenous in their plasmid patterns (Supplementary Table 1). The
215  conjugation experiment showed that 4 out of 14 mcr-1 positive isolates had mcr-1 gene in
216  transmissible plasmids of different sizes ranging from 23 MDa to 55 MDa (Fig. 2). All
217  transconjugants (n=4) had a colistin MIC of 16 pg/mL which was similar to their corresponding
218 donor strains. Antibiotic susceptibility of these 4 transconjugants showed diverse antibiotic
219  resistance patterns along with different combinations of antibiotic resistance genes (Table 2).
220 Plasmid incompatibility typing of these 4 transconjugants revealed that 2 were double-replicon
221  type: IncHI1, IncFIB, and IncN, IncFIA; and the remaining 2 were untypeable (Table 2)
222 (Supplementary Fig. 2).

223

224  3.5. ERIC-PCR typing

225 ERIC-PCR of mcr-1 positive isolates showed diverse banding patterns except for two isolates
226 (DL166FP1 and DL166FP2). Of 14 isolates, 8 were differentiated into four close pairs of clusters
227  designated as E1 to E4 with 100% homology in one pair of isolates followed by 74 to 90% of

228  homogeneity between other pairs (Fig. 3).

10
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229

230 4. Discussion

231 In this study, we found that 94% (98/104) of ESBL-producing E. coli isolates were
232 phenotypically resistant to colistin and 13.5% were positive for mcr-1 in live bird markets, rural
233 poultry farms and household backyard poultry environment. Despite side effects, colistin is used
234  increasingly to treat patients with infections caused by multi-drug resistant organisms against
235  which colistin is still active [33]. This crucial drug of last resort is becoming ineffective as
236 plasmid mediated colistin resistance mcr-1 has emerged in bacteria that are already resistant to
237  many antibiotics. To the best of our knowledge, this is the first report of the occurrence of mcr-1-
238  producing E. coli isolates from poultry sources in Bangladesh. Recently, other Asian countries
239  including Nepal, China, South Korea and Vietnam reported mcr-1 presence in E. coli from
240  poultry [13, 16, 17, 34]. The prevalence of mcr-1 among colistin resistant isolates in our study
241  was very low compared to other studies. For example, more than 94% of colistin resistant (MIC:
242 >2 pg/mL) isolates obtained from turkey and broiler feces in Germany were positive for mcr-1
243  [35]. The underlying reason for the low prevalence in isolates from Bangladesh is not clear but
244 other resistance mechanisms, including chromosomal mutations through amino acid substitution
245 in pmrA, pmrB, phoP, phoQ, mgrB might be involved [7, 36, 37]. Besides, other variants of mcr
246  such as -6, -7 and -8 could also be present in these isolates but these were not tested in this study
247  [22]. Further investigations for other resistance markers or chromosomal mutations in mcr
248  negative but colistin resistant isolates would provide new insights into the mechanisms of
249  resistance. Notably, in this study, mcr-1 was only positive among isolates showing an elevated
250  level of colistin MIC (>8 pg/mL) and the majority of isolates (9 out of 14) had an MIC of 16

251  pg/mL (Table 1). Similar results were reported by a study in China [38] though discordant

11
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252 results were also reported by a previous study in Bangladesh which showed that the only mcr-1
253 positive E. coli strain had an MIC of colistin 4 ug/mL [23].

254

255 In addition to colistin and 3™ and 4" generation cephalosporins, these isolates were resistant to
256  most other clinically important antibiotics including fluoroquinolone, aminoglycoside and
257  sulphamethoxazole. More interestingly, we found that genes conferring resistance to all these
258  antibiotics are carried by the mcr-1 plasmid in two isolates, which is not unusual for this plasmid
259  according to previous work [8, 9]. Although we did not explore the potential drivers for this
260  resistance among poultry isolates, excessive use of antibiotics in commercial poultry farming
261  might be a possible reason. However, we also found one colistin resistant E. coli strain in a free
262  ranging chicken (Table 1) that are rarely given antibiotics. Free ranging chicken might be
263  exposed to antibiotic residues and antibiotic resistant bacteria from the environment where they
264  forage for foods. A previous study in Bangladesh (Dhaka and Gazipur) reported that a majority
265  of poultry farmers (215 of 260) use antibiotics for growth promotion and disease prevention in
266  their poultry farm without a veterinarian prescription. Antibiotics that are commonly
267  administered to poultry include tetracycline, doxycycline, ampicillin, colistin sulphate, nalidixic
268  acid, neomycin, ciprofloxacin, and sulfonamides with trimethoprim [39].

269

270  We confirmed that at least 4 of the 14 mcr-1 positive isolates carried transmissible mcr-1
271 plasmids of which two transconjugants co-harbor resistance determinants to multiple antibiotics
272 including 3 and 4" generation cephalosporins, fluoroquinolones, aminoglycosides and
273 trimethoprim-sulphamethoxazole (Table 2). Plasmid replicon typing revealed that the mcr-1

274  plasmids belonged to IncF type which is one of the most prevalent plasmid families found in E.

12
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275  coli and they commonly carry a wide range of genes conferring resistance to all major classes of
276  antibiotics including B-lactams, aminoglycosides, tetracyclines, chloramphenicol, and quinolones
277  [40, 41]. We found that 2 of the 4 transconjugants had IncF type plasmid (FIA, FIB) along with
278  additional replicon types; N and HI1 respectively in a single conjugative plasmid indicating
279  fusion of plasmids, similar to a previous report [42]. The presence of these highly promiscuous
280  plasmids carrying multiple antibiotic resistance genes in E. coli isolates from poultry feces in
281  live poultry markets in Dhaka city indicates the possible sharing of plasmids with other
282  environmental organisms and their widespread dissemination in the environment. Human
283  exposure to contaminated environments increases the risk of colonization or infection with these
284  pathogens given the poor waste management and sanitary conditions in Dhaka slums.
285  Widespread sharing of mcr-1 plasmids via horizontal gene transmission (HGT) among other
286  organisms in the environment is further attested by the diverse ERIC-PCR types among the
287  isolates, which suggest that clonal expansion of specific lineages is unlikely the driver of the
288  high prevalence of E. coli strains with acquired antibiotic resistance.

289

290 Inthis study, we only screened ESBL-producing E. coli for colistin resistance rather than testing
291 all E. coli isolates, therefore the estimation of prevalence of plasmid mediated colistin resistant
292  mcr-1 may be an underestimation of the true prevalence. However, 94% prevalence of colistin
293  resistance among all ESBL-producing E. coli from poultry sources with 13.5% of isolates
294  carrying mcr-1 highlights a serious public health concern emphasizing the need for regular
295  surveillance of this organism and interventions to reduce their transmission.

296

297 5. Conclusions
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Page 13 of 23



298  Our study showed that more than 94% of ESBL-producing E. coli from poultry feces collected
299  from urban live bird market, rural poultry farm and backyard poultry were resistant to colistin
300 and around 14% of these isolates carried plasmid mediated colistin resistance gene mcr-1. mcr-1-
301 producing isolates were resistant to many antibiotics that are critical for human health and
302 possessed corresponding resistance genes in self-transmissible mcr-1 plasmids. People are
303  frequently exposed to poultry and poultry environments in urban live bird markets, in farming
304 practices and in rural households in Bangladesh and thus colonization/infection with these
305  multidrug-resistant organisms/pathogens are likely. High rate of colonization with ESBL-
306  producing organism has already been reported among healthy infants in rural Bangladesh [31]. It
307 is essential to control the prophylactic use of antibiotics especially those that are critical for
308 human health to reduce the abundance of these organisms in poultry and its further dissemination
309  to the environment. At the same time, systematic surveillance of AMR considering a One Health
310 approach should be implemented to guide the intervention strategies directed to control AMR.
311
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Fig. 1. Heat map showing antibiotic resistance patterns of colistin resistant mcr-1 positive E. coli

isolates.

Fig.2. Agarose gel electrophoresis showing mcr-1 plasmids extracted from E. coli donor and
transconjugant isolates. Lanes: 1= E. coli PDK9 strain having 140, 105, 2.7 and 2.1 MDa
plasmid (M); 2= DL86FP2 (D); 3= DL86FP2 (T); 4= TF136FP (D); 5= TF136FP (T); 6= E. coli
V-517 strain having 35.8, 4.8, 3.7, 2.0, 1.8 and 1.4 MDa plasmid (M); 7= DL190CL (D); 8=

DL190CL (T); 9= TF122FP (D); 10= TF122FP (T). M, marker; D, donor; T, transconjugant.

Fig. 3. ERIC-PCR based dendrogram showing clonal diversity of mcr-1 positive E. coli isolates
obtained from poultry feces in Bangladesh. The dendrogram was constructed by Bionumerics
(version 4.5) software using the Unweighted Pair Group Method with Arithmetic means
(UPGMA), where the tolerance for banding position was 1%. Five ERIC types, E1 to E5, were

observed in 10 isolates ranging from 60 to 100% sequence homology.

Table 1. Minimum Inhibitory Concentration (MIC) of colistin for mcr-1 positive E. coli isolates
obtained from poultry sources in Bangladesh
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463  *LBM, Live Bird Market; RPF, Rural Poultry Farm; HBP, Household Backyard Poultry; MICc, MIC of
464  colistin
465
Isolates Sources Sample types MICcol
466  Table 2. (ug/mL)
DL86FP2 LBM Poultry pen feces 16
DL86CL1 LBM Cecum feces 16
DL87CL2 LBM Cecum feces 16
DL87CL1 LBM Cecum feces 16
DL88FP1 LBM Poultry pen feces 16
TR107CL HBP Cecum feces 8
TF122FP RPF Poultry pen feces 16
TF122CL RPF Cecum feces 16
TF136FP RPF Poultry pen feces 8
DL166FP1 LBM Poultry pen feces 16
DL166FP2 LBM Poultry pen feces 8
DL170FP1 LBM Poultry pen feces 8
DL190CL LBM Cecum feces 16
DL190FP1 LBM Poultry pen feces 16
467  Characteristics of colistin resistant mcr-1 positive transconjugant E. coli strains
ain 1D Parent strain Transconjugants
AMR phenotypes AMR Plasmid AMR AMR genotypes  Plasmid Plasmid
genotypes Profile phenotypes profile  Inc/rep tyj
(MDa) (MDa)
86FP2  AMP-CRO-CTX-  blactx-m-group1, 140, 55 AMP-CRO-CTX-  blactx-m-group-1, 55 HI1, FIE
CFM-FEP-CIP- blatem-1, gnrB, CFM-FEP-CIP- blatem-1, gnrB,
NA-SXT-GEN gnrS, mcr-1 NA-SXT-GEN mcr-1
190CL  AMP-CRO-CTX-  blactx-m-group-1, 140, 60, AMP-CRO-CTX-  blactx-Mm-group-1, 55 N, FIA
CFM-FEP- CIP- blatem1, rmtB 55,25 CFM-GEN blarem-1, rmtB,
NA-SXT-GEN mcr-1
136FP  AMP-CRO-CTX-  blactx-m-group-1, 23, 50, All sensitive mcr-1 23 Unidentifi
CFM-FEP-SXT gnrS, mer-1 1.6 except colistin
122FP  AMP-CRO-CTX-  blactx-m-group-1, 105, 50, All sensitive mcr-1 50 Unidentifi
CFM-FEP- CIP-  blatem-1, mer-1 2.4 except colistin
NA-SXT-GEN
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468
469
470

471

472

473

474

475

476

477

478

479

480

481

482

AMP, ampicillin; CRO, ceftriaxone; CTX, cefotaxime; CFM, cefixime; FEP, cefepime; CIP,
ciprofloxacin; NA, nalidixic acid; SXT, sulphamethoxazole-trimethoprim; GEN, gentamicin;
MICco, minimum inhibitory concentration of colistin

Highlights:

About 94% extended spectrum beta lactamase (ESBL) producing E. coli from poultry
sources are colistin resistant and 13.5% colistin resistant E. coli are positive for mcr-1
gene.

mcr-1 positive isolates are resistant to many antibiotics that are critical for human health.
Resistance to other antibiotics including 3™ generation cephalosporin, aminoglycoside
and fluroquinolone are carried by the mcr-1 plasmid

This is the first report on occurrence of plasmid mediated mcr-1-producing E. coli from

poultry sources in Bangladesh
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