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Abstract: Plasmid borne antibiotics resistance is the global threat to healthcare facilities. Such antibiotics resistance is
inherited stably within the same bacterial generations and transmitted horizontally to other species of bacteria. The
elimination of such resistance plasmid is of great importance to contain dispersal of antibiotics resistance. E. coli strains
were identified, screened for the presence of antibiotics resistance by disc diffusion method, and cured by sub-lethal
concentrations of Ethidium bromide and Acridine orange. After curing, again antibiotic resistance was determined.
Before and after curing, plasmids were extracted by column spin Kit and subjected to 1% agarose gel electrophoresis and
antibiotic resistance genes were identified by PCR. The Ethidium bromide was more effective than Acridine orange in
eliminating antibiotics resistance and resistance genes bearing plasmids (4, 5, 6, 8, 9, 10 and >10kb). The most
frequently eliminated antibiotic resistance was against Imipenem and Meropenem followed by Cefoperazone-sulbactam,
Amikacin and cephalosporins in sequence. The loss of antibiotic resistance was associated with the elimination of
plasmid-borne antibiotic resistance genes; bla-TEM, bla-SHV, bla-CTX-M, gnrA, gnrB, gnrC and gnrD. Some E. coli
strains did not show the removal of antibiotics resistance and plasmids, suggesting the presence of resistance genes on
main chromosome and or non-curable plasmids.
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INTRODUCTION

The plasmid mediated resistance is on rise throughout the
world and is reducing treatment choices and About 5
million fatalities are caused by drug resistant infections
per year (Fursova et al., 2022). Further, such antibiotic
resistance markers can move not only to descendants but
also to across the bacterial species (Aslam et al., 2018).
To stop dispersal of plasmid mediated antibiotic
resistance, it is necessary to examine the anti-plasmid
efficiency of wvarious compounds on drug resistant
bacteria. Elimination of antibiotic resistance plasmids
(curing) is a way to diminish the global load of
antimicrobial resistance (AMR). Plasmid curing can also
be applied to dismiss plasmid containing antimicrobial
resistance genes (ARGs) from bacteria in wastewater
before their discharge in environment (Buckner et al.,
2018). This strategy could be useful for the removal of
drug resistance from hospital sewage. Animal and human
waste is employed to fertilize agriculture soil which can
incorporate high levels of ARGs (Meek et al., 2015).

The curing mode of action of Acridine orange (AO) and

Ethidium bromide (EthBr) is to intercalate with plasmid
DNA and to stop its replication (Letchumanan et al.,
2015). In Enterobacter aerogenes, Salmonella spp and E.
coli, EthBr effectively removes AMR makers located on
plasmids (Bouanchaud and Chabbert, 1971; Poppe and
Gyles, 1988; Pulcrano et al., 2016). These agents are
being applied in curing experiments and typically
associated with the removal of the entire plasmid
(Salisbury et al., 1972; Costa et al., 2014). Various
studies showed, E. coli, Vibrio parahaemolyticus,
Lactobacillus plantarum, S. aureus, Bacteroides fragilis
and B. thetaiotamicron were cured by acridine orange
(Jetten and Vogels 1973; Rotimi et al., 1981; Keyhani et
al., 2005; Zaman et al., 2010; Adeyemo and Onilude
2015; Letchumanan et al., 2015;). Ethidium bromide
eliminates plasmids from S. aureus, E. coli, Bacillus
cereus, Enterobacter aerogenes (bearing bla-TEM, bla-
KPC and pKpQIL plasmids), and Salmonella (Borah and
Yadav, 2015; Pulcrano et al., 2016). These curing agents
are still beneficial in vitro studies to cure plasmids (Coleri
et al., 2004; Mesas, 2004; Chin et al., 2005; Zaman et al.,
2010; Adeyemo and Onilude, 2015; Pulcrano et al., 2016;
Buckner et al., 2018). The present investigation was
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aimed to investigate the efficiency of EthBr and AO to
knock out plasmid-based antibiotic resistance genes.

MATERIALS AND METHODS

Collection of E. coli cultures

E. coli isolates of urine and blood samples were collected
from various hospitals and diagnostic laboratories of
Karachi and were re-confirmed by biochemical
identification (indole, urease, triple sugar iron agar, and
citrate utilization tests) (Oxoid). Isolated colony of E. coli
was picked with sterile wire-loop of needle and inoculated
on all agar medium by streak-stab method and placed in
incubator (Binder) for 24hrs at 37°C.

Curing

Sub-minimal inhibitory concentrations (Sub-MICs) of
Ethidium bromide (EthBr) (from stock of 10mg/mL,
Sigma-Aldrich) and Acridine orange (AO) (from stock of
10mg/mL, Sigma-Aldrich) were used as curing
concentrations. Sub-minimum inhibitory concentrations
range from 125pg/ml to 1000pg/ml  (125ug/ml,
250pg/ml, 500ug/ml and 1000ug/ml), were utilized for
both curing agents (Brousseau et al., 1999; Zaman et al.,
2010; Hassan et al., 2020).

Antibiotic resistance profiling

Antibiotic resistance profile before and after curing was
checked by disc diffusion method by adopting the
protocols of clinical laboratory standard institute (Wayne,
2014).

PCR amplification of plasmid mediated resistance genes
Plasmids were extracted from E. coli strains before and
after curing by Plasmid purification by EZ-10 spin
column kit (K0502). Presence of plasmids was confirmed
by 1% agarose gel electrophoresis. These plasmid preps
were used for the detection of antibiotic resistance genes
by conventional PCR. The following primers were used;
TEM-F 5’-CATTTCCGTGTCGCCCTTATTC-3’, TEM-
R 5’-CGTTCATCCATAGTTGCCTGAC-3’ (Dallenne et
al., 2010), SHV-F 5’-TATCTCCCTGTTAGCCACC-
3’,SHV-R5’-GATTTGCTGATTTCGCTCGG-3’CTX-M-
F5’-SCSATGTGCAGYACCAGTAA-3’,CTX-M-R5’-
CCGCRATATGRTTGGTGGTG-3’,QnrA-F5’- AGAGG
ATTTCTCACGCCAGG-3’(Cattoir et al., 2007), QnrA-R
5’-GCCATACCTACGGCGATACC-3’(Robicsek et al.,
2006),QnrB-F5’-GATCGTGAAAGCCAGAAAGG-3’,
QnrB-R 5’- ATGAGCAACGATGCCTGGTA-3’(Kim et
al., 2009), QnrC-F 5’-GGGTTGTACATTTATTGAATC
G-3°,QnrC-R 5’-CACCTACCCATTTATTTTCA-3’
(Pribul et al., 2016), QnrD-F 5’-CGAGATCAATTTACG
GGGAATA-3’and QnrD-R 5’-AACAAGCTGAAGCGC
CTG-3%) (Cavaco et al., 2009). These primers were
specified for the detection of cephalosporins resistance
genes (bla-TEM, bla-SHV, bla CTX-M) and quinolones
resistance genes (qnrA, gnrB, gnrC and gnrD).

PCR mix of 25ul was prepared by using master mix
12.5ul, forward and reverse primers 1.5ul each, plasmid
DNA 2ul and distilled water 7.5ul. For the detection of
bla-TEM, bla-SHV and bla CTX-M, PCR reaction mix
was denatured at 94°C for 5 min, then further proceeded
for thirty cycles of denaturation for 1min at 94°C,
annealing for 1 min at 55°C, elongation for 1 min at 72°C,
in last amplified for 10 min at 72°C and cooled at 4°C
(Jena et al., 2017). For the confirmation of gnrA, gnrB,
gnrC and gnrD, PCR mix was denatured initially at 95°C
for 15 min, further proceeded for thirty rounds of 1 min at
95°C, for 1 min at 55°C or (1 min at 56°C for only gnrD),
and 5minutes at 72°C and 1 round of ultimate extension at
72°C. PCR products (~10ul) were subjected to 2%
agarose gel electrophoresis containing ethidium bromide
(0.5pg/ml). 1 kb DNA ladder (Fermentas, USA) was used
to calibrate the product band sizes. PCR products of
800bps, 795bps, 544bps, 516bps, 476bps, 307bps and
582bps were considered positive for bla-TEM, bla-SHV,
bla CTX-M, gnrA, gnrB, gnrC and gnrD, respectively
(El-Badawy et al., 2017).

STATISTICAL ANALYSIS

Variables were expressed in line diagrams and analyzed
by using Microsoft Excel 2010.

RESULTS

Antibiotic resistance, respective plasmids and plasmid-
mediated resistance genes were more significantly
removed after the treatment with Ethidium bromide
(EthBr) than Acridine orange (AO) (table 1). E. coli No. 7
did not lose any plasmids and resistance genes and
antibiotic resistance after treatment with EthBr and AO.
E. coli No. 1, 2, 3, 5, 10 and 12 did not manifest any
change in plasmid profile, resistance genes and antibiotic
resistance after treatment with AO.

Loss of plasmids, plasmid borne genes and drug
resistance after treatment with EthBr

Plasmids of variable sizes (4, 5, 6, 8, 9, 10, >10kbp)
noticed in E. coli strains. E. coli No.1 dropped two
plasmids i.e., 8kb and >10kb plasmids and bla-TEM gene,
and respective three resistance markers Cefoperazone/
sulbactam, Imipenem and Meropenem. E. coli No. 2 lost
five plasmids i.e., 5kb, 8kb, 9kb, 10kb and one >10kb
plasmids and two relevant resistance determinants
Imipenem and Meropenem, but did not lose bla-TEM
gene after treatment with EthBr. E. coli No. 3 gave up all
three plasmids i.e., 4kb, 8kb and >10kb and bla-TEM, bla
CTX-M-ve and qgnrD genes and resistance to
Cefoperazone/ sulbactam, Imipenem and Meropenem. E.
coli No. 4 deprived of 6kb, 10kb and two >10kb and bla-
TEM, bla-SHV, gnr C and gnr D genes and resistance to
Cefoperazone/ sulbactam, Imipenem and Meropenem. E.
coli No. 5 dropped three plasmids i.e., 6kb and two >10kb
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and bla-TEM, bla CTX-M, gnrD genes and resistance to
Amikacin, Ceftazidime, Cefepime, Cefoperazone/
sulbactam, Imipenem and Meropenem. E. coli No. 10
gave up four plasmids of >10kb andbla-TEM, bla-SHV,
gnrD genes and resistance to Cefoperazone/ sulbactam
and Imipenem. E. coli No. 12 deprived of only one
plasmid i.e., 8kb and bla-SHV, gnrD genes and resistance
to Amikacin. E. coli No. 13 lost four plasmids i.e., 5kb
and three >10kb andbla-TEM, bla CTX-M, bla-SHV,
gnrA, gnrB genes and resistance to Cefaclor, Ceftriaxone,
Cefotaxime, Ceftazidime, Cefepime, Ciprofloxacin,
Cefoperazone/ sulbactam, Imipenem and Meropenem. E.
coli No. 16 deprived of three plasmids i.e., 8kb and two
>10kb and bla-TEM, bla-SHV, gnrD genes and resistance
to Cefoperazone/ sulbactam, Imipenem and Meropenem.
E. coli No. 19 lost four plasmids i.e., 5kb and three of
>10kband resistance to Amikacin, Imipenem and
Meropenem, but did not lose any resistance genes. E. coli
No. 20 gave up two plasmids 9kb and >10kb and bla-
TEM gene and resistance to Amikacin and Cefoperazone/
sulbactam (table. 1, fig. 1a and b).

Keys: L= 1Kb Ladder, 1=E. coli No.1, E1=EthBr treated E.
coliNo. 1, 2=E. coliNo. 2, E2=EthBr treated E. coliNo. 2, 3= E.
coli No. 3, E3=EthBr treated E. coli No 3, 4=E. coli No. 4,
E4=EthBr treated E. coli No. 4, A4=A0 treated E. coli No. 4,
5=E. coli No. 5, E5=EthBr treated E. coli No. 5, 7=E. coli No. 7,
E7=EthBr treated E. coli No. 7

lb)[!ﬂi 20 Al% E1% 19 Els 16 ALY E1S3 13 E12 12 10 El0 L

Keys: L=1 Kb ladder, E10=EthBr treated E. coli No. 10, 10=E.
coli No. 10, 12=E. coli No. 12, E12=EthBr treated E. coli No.
12, E12=EthBr treated E. coli No. 12, 13=E. coli No. 13,
E13=EthBr treated E. coli No. 13, A13=A0 treated E. coli No.
13, 16=E. coli No. 16, E16= EthBr treated E. coli No. 16, 19=E.
coli No. 19, E19=EthBr treated E. coli No. 19, A19=A0 treated
E. coli No. 19, 20=E. coli No. 20, 20E=EthBr treated E. coli No.
20

Fig. 1: Gel elctrophoratic representation of plasmids
bands before and after treatment with Ethidium bromide
and Acridine orange.

Loss of plasmids, plasmid born genes and drug
resistance after treatment with AO

E. coli No. 4 lost 6kb, 10kb and two >10kb and bla-TEM
gene only and resistance to Cefoperazone/ sulbactam,

Muhammad Salman Rasool et al

Imipenem and Meropenem. E. coli No. 16 gave up two
plasmids i.e., of >10kb and resistance to Imipenem and
Meropenem but did not lose resistance genes. The
plasmid, plasmid born resistance genes and antibiotic
resistance loss patternsin E. coli No.13, 19 and 20 were
same as of after treatment with EthBr (table.1, fig. 1a, b).

Fig. 2: Comparison of resistance genes removal after
treating with Acridine orange and Ethidium bromide
treatment

Comparison of Ethidium bromide and acridine orange

Ethidium bromide was noticed more effective than
Acridine orange in eliminating resistance genes. Ethidium
bromide removed bla-TEM, gnrD, bla-SHV, bla-CTX-M,
gnrC, gnrA and gnrB in 8, 7, 5, 4,1, 1 and 1 E. coli
strains, respectively. But, Acridine orange removed
resistance genes bla-TEM, bla-SHV, bla-CTX-M, gnrA
and gnrB in 3, 1, 1, 1 and 1 E. coli strains, respectively

(fig. 2).
DISCUSSION

The role of plasmids has been appreciated in antibiotic
resistance. Most of the ESBLs in E. coli are located on
plasmids and 88% of the uropathogenic E. coli bears
antibiotic resistance plasmids (Li et al., 2019). It is also
noticed in present study twelve, nine and seven E. coli
strain carried bla-TEM, bla-SHV and bla-CTX-M genes
and having plasmid bands (Paterson and Bonomo,2005;
Bush, 2010; Ali et al., 2014). Many studies revealed the
efficacy of Acridine orange for the removal of antibiotic
resistance but in present study, EthBr was found more
prominent than AO in eliminating plasmids borne
resistance genes. As it could remove plasmid mediated
resistance in 11 out of 12 E. coli strains, while AO could
displace plasmid borne resistance in 5 out of 12.
However, the pattern of antibiotic resistance and plasmid
removal by each agent was similar. According to
Otokunefor and colleagues, plasmid curing by acridine
orange caused the decline in resistance to many
antibiotics (7-8) in E. coli. Comparatively, in current
investigation, loss of 1 to 4 antibiotics in many E. coli
strains and 8 antibiotics in one E. coli strain related to the
loss of plasmids after treating with EthBr. In another
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study, the highest decrease of Ceftazidime resistance
(40%) followed by Ofloxacin resistance (27%) was
observed (Otokunefor et al., 2019). Zaman and co-
researchers could remove plasmids of 2.5 MDa and <2
MDa by Acridine orange. Conversely, in present study,
antibiotic resistance, respective plasmids and plasmid-
mediated resistance genes were more predominantly
knocked out after the treating with Ethidium bromide
(EthBr) than Acridine orange (AO). Accordingly,
plasmids of 4kb to >10kb were noticeably excluded. The
removal of plasmids was concomitant with loss of
antibiotic resistance and relevant genes (Zaman et al.,
2010).

Other studies of plasmid curing had shown major decline
in resistance to cephalosporins like Ceftazidime (Rains et
al., 1995; Orhue et al.,, 2017; Alkali et al., 2018).
However, in current investigation, 9, 7, 5 and 1 E. coli
strains lost resistance to (Imipenem, Meropenem),
(various Cephalosporins, Cefoperzone-sulbactam,
Ceftazidime, Cefepime, Cefotaxime, Ceftriaxone),
(Amikacin) and (Ciprofloxacin), respectively after cured
with EthBr. The removal of such antibiotic resistance was
due to the elimination of plasmids bearing
carbapenamases, bla-TEM, bla-CTX, bla-SHV,
aminoglycoside resistance genes and qnrA, gnrB, gnrC
and gnrD genes. Moreover, such concomitant removal of
multiple resistance genes revealed the presence of
resistance genes on the same plasmids (Do-Carmo et al.,
2008; Maina et al., 2013; EI-Bouamri et al., 2015; Jacoby
et al., 2015; Mbim et al., 2016; Chen et al., 2019).
Interestingly in another study, it is noticeable that ESBL
genes (bla-CTX-M, bla-SHV, bla-TEM) responsible for
cephalosporin resistance were lost along with quinolones
resistance genes (gnrA, gnrB, gnrC and gnrD)(Liu et al.,
2013; Jacoby et al., 2015). MDR-plasmids have been
found by researchers to harbor antibiotic resistance genes
(bla-IMP, bla-CTX-M, bla-KPC, bla-SHV etc.) (Mendes
etal., 2007; Espedido et al., 2008; Mir¢ et al., 2010; Zhao
et al., 2010; Jeong et al., 2011; Albrechtova et al., 2012;
Yang et al., 2012; Liu et al., 2013).

More than 10kb plasmids have been reported in
Pseudomonas aeruginosa by Paul and co-researchers.
These plasmids bear bla-NDM gene responsible for
carbapenem resistance (Zhao et al., 2021). Accordingly,
SDS was found most effective in curing such plasmids.
Several plasmids and respective antibiotics resistance
determinants were lost by E. coli isolates after curing in
present study. The most frequent loss of imipenem and
meropenem was observed after curing. This may be due
to loss of plasmids bearing metallo-betalactamase genes
(Paul et al., 2021). Study of Paul and colleagues is quite
relevant with the findings of present investigation. But in
present study EthBr and AO (with low efficiency) have
been found to cure such plasmids (>10Kbp) bearing
Carbapenem resistance genes indicated by the removal of

Muhammad Salman Rasool et al

Imipenem and Meropenem resistance in many E. coli
strains (novel finding). After treatment with Ethidium
bromide, only four E. coli strains showed bla-TEM, bla-
CTX-M and bla-SHV positive PCR and one strain(E. coli
No. 7) did not lose any plasmids and resistance genes, and
antibiotic resistance after treatment with EthBr and AO.
These findings indicate that in these E. coli strains the
location of resistance marker is the main chromosome or
high copy number or non-removable plasmids (Rasool et
al., 2003; Carattoli, 2013; Miller et al., 2014; Zhang et
al., 2014; Churchill and Romanus, 2019). Anusha et al.
performed PCR after curing to find out resistance genes.
They did not find any genes pertaining to antibiotic
resistance after curing in Uropathogenic E. coli (Anusha
et al., 2015). It became evident that all the UPEC isolates
turned to ESBL negative. The after curing PCR results of
present study is found consistent with the study of Anusha
et al. and others (Shahid et al., 2003; Anusha et al.,
2015).

CONCLUSION

The ethidium bromide was more efficient than acridine
orange in removing antibiotic resistance genes bearing
plasmids. The loss of plasmids after treating with these
agents was consistent with the loss of multiple antibiotics
resistance and the disappearing of bla-TEM, gnrD, bla-
SHV, bla-CTX-M, gnrA, gnrB and gnrC in E. coli strains
indicated by PCR. Plasmids of various size (4, 5, 6, 8, 9,
10 and>10kb) were removed effectively by curing agents.
The most common resistance eliminated against
imipenem and meropenem followed by Cefoperazone-
sulbactam, Amikacin and other cephalosporins in
sequence.

REFERENCES

Adeyemo SM and Onilude AA (2015). Plasmid curing
and its effect on the growth and physiological
characteristics of Lactobacillus plantarum isolated
from fermented cereals. J. Microbiol. Res., 5(1): 11-22.

Albrechtova K, Dolejska M, Cizek A, Tausova D, Klimes
J, BeboraL and Literak | (2012). Dogs of nomadic
pastoralists in northern Kenya are reservoirs of
plasmid-mediated cephalosporin- and quinolone-
resistant Escherichia coli, including pandemic clone
B2-025-ST131. Antimicrob. Agents. Chemother.,
56(7): 4013-4017.

Ali I, Kumar N, Ahmed S and Dasti JI (2014). Antibiotic
resistance in uropathogenic E. coli strains isolated from
non-hospitalized patients in Pakistan. J. Clin. Diagn.
Res., 8(9): 1-4.

Alkali B, Mohammed K, Opaluwa S, Najim Z, Ochei J
and Kakako S (2018). Resistance pattern and plasmid
profile of E. coli isolated from diarrhoeic children in
selected health centres in Sokoto, Nigeria. J. Adv.
Microbiol. 11(2): 1-7.

Pak. J. Pharm. Sci., Vol.36, No.2(Special), March 2023, pp.587-594

591



Expulsion of plasmid-mediated antibiotic resistance genes in E. coli

Anusha SU, Sundar SK and Rajan S (2015). RAPD
pattern, virulence nature and plasmid profile of MDR
uropathogenic Escherichia coli. Adv. App. Sci. Res.,
6(7): 145-151.

Aslam B, Wang W and Arshad MI et al (2018). Antibiotic
resistance: A rundown of a global crisis. Infect. Drug.
Resist., 11: 1645-1658.

Borah D and Yadav RNS (2015). Plasmid curing of a
novel hydrocarbon degrading Bacillus cereus strain
DRDUL1 revealed its involvement in petroleum oil
degradation. J. Petrol. Env. Biotechnol., 6(3): 1-4.

Bouanchaud DH and Chabbert YA (1971). Practical
effectiveness of agents curing R factors and plasmids.
Ann. N. Y. Acad. Sci., 182(1): 305-311.

Brousseau P, Payette Y, Tryphonas H, Blakley B, Flipo D
and Fournier M (1999). Assessment of cell viability:
Determination of cell viability and cell concentration
with ethidium bromide and acridine orange. Mann.
Immunol. Methods, pp.28-29.

Buckner MMC, Ciusa ML and Piddock LJV (2018).
Strategies to combat antimicrobial resistance: Anti-
plasmid and plasmid curing. FEMS Microbiol. Rev.
42(6): 781-804.

Bush K (2010). Bench-to-bedside review: The role of
beta-lactamases in antibiotic resistant Gram-negative
infections. Crit. Care., 14(3): 224.

Carattoli A (2013). Plasmids and the spread of
resistance. Intern. J. Med. Microbiol., 303(6-7): 298-
304.

Cattoir V, Poirel L, Rotimi V, Soussy C and Nordmann P
(2007). Multiplex PCR for detection of plasmid-
mediated quinolone resistance gnr genes in ESBL-
producing enterobacterial isolates. J. Antimicrob.
Chemother. 60: 394-397.

Cavaco LM, Hasman H, Xia S and Aarestrup FM (2009).
gnrD, a novel gene conferring transferable quinolone
resistance in Salmonella enterica serovar Kentucky and
bovismorbificans strains of human origin.Antimicrob.
Agents. Chemother., 53(2): 603-608.

Chen K, Chan EWC and Chen S (2019). Evolution and
transmission of a conjugative plasmid encoding both
ciprofloxacin and ceftriaxone resistance in Salmonella.
Emerg Microbes. Infect., 8(1): 396-403.

Chin SC, Abdullah N and Siang TW and Wan HY (2005).
Plasmid profiling and curing of Lactobacillus strains
isolated from the gastrointestinal tract of chicken. J.
Microbiol., 43(3): 251-256.

Churchill O and Romanus A (2019). Plasmid curing of
antibiotic resistant Escherichia coli isolates from urine
and stool samples. J. Microbiol. Antimicrob.,11(1):1-4.

Coleri A, Cokmus C, Ozcan B, Akcelik M and Tukel C
(2004). Determination of antibiotic resistance and
resistance plasmids of clinical Enterococcus species. J.
Gen. App. Microbiol., 50(4): 213-219.

Costa RA, Araujo RL, Souza OV and Viera RHSF
(2015). Antibiotic resistant vibrios in farmed shrimp.
Biomed. Res. Int., 505914.

Dallenne C; Da Costa A, Decre D, Favier C, Arlet G
(2010). Development of a set of multiplex PCR assays
for the detection of genes encoding important beta-
lactamases in Enterobacteriaceae. J. Antimicrob.
Chemother., 65(3): 490-495.

Do-Carmo FJR, Silva RM, Castanheira M, Toghim MC,
Gales AC and Sader HS (2008). Prevalence and genetic
characterization of bla-CTX-M among Klebsiella
pneumoniae isolates collected in an intensive care unit
in Brazil. J. Chemother., 2(5): 600-603.

El Bouamri MC, Arsalane L, Zerouali K, Katfy K, El
Kamouni Y and Zouhair S (2015). Molecular
characterization of extended spectrum [B-lactamase-
producing Escherichia coli in a university hospital in
Morocco, North Africa. Afr. J. Urol., 21(3): 161-166.

El-Badawy MF, Tawakol WM, El-Far SW, Maghrabi 1A,
Al-Ghamdi SA, Mansy MS, Ashour MS and Shohayeb,
MM (2017). Molecular identification of amino-
glycoside-modifying enzymes and plasmid-mediated
quinolone  resistance  genes  among Klebsiella
pneumoniae clinical isolates recovered from Egyptian
patients. Int. J. Microbiol., 8050432.

Espedido BA, Partridge SR and Iredell JR (2008).
Blaimp-4 in different genetic contexts in
Enterobacteriaceae isolates from Australia. Antimicrob.
Agents. Chemother., 52(8): 2984-2987.

Fursova NK, Kislichkina AA and Khokhlova OE (2022).
Plasmids carrying antimicrobial resistance genes in
gram-negative bacteria. Microorganisms. 10(8): 1678.

Hassan R, Tantawy M and Gouda NA, Elzayat MG,
Gabra S, Nabih A, Diab AA, El-Hadidi M, Bakry U,
Shoeb MR, Elanany M, Shalaby L and Sayed AA
(2020). Genotypic characterization of multiple drug
resistant Escherichia coli isolates from a pediatric
cancer hospital in Egypt. Sci. Rep., 10: 4165.

Jacoby GA, Strahilevitz J, Hooper DC (2015). Plasmid-
mediated quinolone resistance. Plasmids. doi.org/
10.1128/9781555818982.ch25.

JenaJ, Sahoo RK, Debata NK, SubudhiE (2017).
Prevalence of TEM, SHV, and CTX-M genes of
extended-spectrum  B-lactamase-producing E. coli
strains isolated from urinary tract infections in adults. 3
Biotech, 7(4): 244.

Jeong HS, Bae IK, Shin JH, Jung HJ, Kim SH, LeeJY,
Oh SH, KimHR, ChangCL, KhoW and LeeJN
(2011). Prevalence of plasmid-mediated quinolone
resistance and its association with extended-spectrum
beta-lactamase and AmpC beta-lactamase in
Enterobacteriaceae. Ann Lab Med., 31(4): 257-264.

Jetten AM and Vogels GD (1973). Characterization and
extrachromosomal control of bacteriocin production in
Staphylococcus  aureus. Antimicrob. Agents.
Chemother., 4(1): 49-57.

Keyhani J, Keyhani E, Attar F and Haddadi A (2005).
Sensitivity to detergents and plasmid curing in
Enterococcus faecalis. J. Ind. Microbiol. Biotechnol.,
33(3): 238-242.

592

Pak. J. Pharm. Sci., Vol.36, No.2(Special), March 2023, pp.587-594


https://www.nature.com/articles/s41598-020-61159-z#auth-Mariam_G_-Elzayat
https://www.nature.com/articles/s41598-020-61159-z#auth-Sara-Gabra
https://www.nature.com/articles/s41598-020-61159-z#auth-Amena-Nabih
https://www.nature.com/articles/s41598-020-61159-z#auth-Aya_A_-Diab
https://www.nature.com/articles/s41598-020-61159-z#auth-Mohamed-El_Hadidi
https://www.nature.com/articles/s41598-020-61159-z#auth-Usama-Bakry
https://www.nature.com/articles/s41598-020-61159-z#auth-Mohamed_R_-Shoeb
https://www.nature.com/articles/s41598-020-61159-z#auth-Mervat-Elanany
https://www.nature.com/articles/s41598-020-61159-z#auth-Lobna-Shalaby
https://www.nature.com/articles/s41598-020-61159-z#auth-Ahmed_A_-Sayed
https://doi.org/10.1128/9781555818982.ch25
https://doi.org/10.1128/9781555818982.ch25

Kim HB, Park CH, Kim CJ, Kim E, Jacoby GA and
Hooper DC (2009). Prevalence of plasmid-mediated
quinolone resistance determinants over a 9-year period.
Antimicrob. Agents. Chemother. 53(2): 639-645.

Letchumanan V, Chan K and Lee L (2015). An insight of
traditional plasmid curing in Vibrio species. Front.
Microbiol. 6: 1-8.

Li Q, Chang W, Zhang H, Hu D and Wang X (2019). The
Role of plasmids in the multiple antibiotic resistance
transfer in ESBLs-producing Escherichia coli isolated
from wastewater treatment plants. Front. Microbiol.,
3(10): 633.

Liu BT, Liao XP, Yue L, Chen XY, Li L, Yang SS, Sun J,
Zhang S, Liao SD and Liu YH (2013). Prevalence of B-
lactamase and 16S rRNA methylase genes among
clinical Escherichia coli isolates carrying plasmid-
mediated  quinolone  resistance  genes  from
animals. Microb. Drug. Resist., 19(3): 237-245.

Maina D, Makau P, Nyerere A and Revathi G (2013).
Antimicrobial resistance pattern in extended-spectrum
B-lactamase producing Escherichia coli and Klebsiella
pneumoniae isolates in a private tertiary hospital,
Kenya. Microbiol. Disc., 1: 5.

Mbim E, Mboto C and Edet U (2016). Plasmid profile
analysis and curing of multidrug-resistant bacteria
isolated from two hospital environments in Calabar
metropolis, Nigeria. Asian J. Med. Health. 1(1): 1-11.

Meek RW, Vyas H and Piddock LJ (2015). Nonmedical
uses of antibiotics: Time to restrict their use? PLOS
Biology, 13(10): €1002266.

Mendes RE, Bell IM, Yang Q, YuY, Sun Z, Jones RN
and Turnidge JD (2007). Carbapenem-resistant isolates
of Klebsiella pneumoniae in China and detection of a
conjugative plasmid (blakpc-2 plus qnrB4) and a
blaimp-4 gene. Antimicrob. Agents. Chemother.,
52(2): 798-799.

Mesas J (2004). Plasmid curing of Oenococcusoeni.
Plasmid, 51(1): 37-40.

Miller WR, Munita JM, Arias CA (2014). Mechanisms of
antibiotic resistance in Enterococci. Expert. Rev. Anti.
Infect. Ther., 12(10): 1221-1236.

Mir6 E, Segura C, Navarro F, Sorli L, Coll P,
Horcajada JP, Alvarez-Lerma F and Salvado M (2010).
Spread of plasmids containing the blavim-1 and bla-
CTX-M genes and the gnr determinant in Enterobacter
cloacae, Klebsiella pneumoniae and Klebsiella oxytoca
isolates. J. Antimicrob. Chemother., 65(4): 661-665.

Orhue PO, Okoebor FO and Momoh MA (2017). Pre and
post plasmid curing effect on Pseudomonas aeruginosa
susceptibility to antibiotics. Am. J. Curr. Microbiol.,
5(1): 33-41.

Otokunefor K, Osogho VO and Nwankwo CP (2019).
Escherichia coli as possible agents of spread of
multidrug resistance in  Port Harcourt, Rivers
State. Ann. Sci. Technol., 4(1): 16-21.

Paterson DL and Bonomo RA (2005). Extended-spectrum
B-lactamases: A clinical update. Clin. Microbiol. Rev.,

Muhammad Salman Rasool et al

18(4): 657-686.

Paul D, Dhar D, Chakravarty A, Bhattacharjee A (2021).
Transcriptional analysis of incFrepB-mediated bla-oxa-
48-Positive plasmid characterized from Escherichia
coli ST448. Microb. Drug Res., 27(5): 596-601.

Poppe C and Gyles CL (1988). Tagging and elimination
of plasmids in Salmonella of avian origin. Vet.
Microbiol., 18(1): 73-87.

Pribul BR, Festivo ML, de Souza MMS, Dos Prazeres and
Rodrigues D (2016). Characterization of quinolone
resistance in Salmonella spp. isolates from food
products and human samples in Brazil. Braz. J.
Microbiol., 47(1): 196-201.

Pulcrano G, Pignanelli S, Vollaro A, Esposito M,
lulaVD, Roscetto E, Soriano AA and Catania MR
(2016). Isolation of Enterobacter aerogenes carrying
bla-tem-1 and bla-kpc-3 genes recovered from a
hospital intensive care unit. APMIS., 124(6): 516-521.

Rains CP, BrysonHM and  PetersDH  (1995).
Ceftazidime. Drugs, 49(4): 577-617.

Rasool SA, Ahmad AF, Khan S and Wahab A (2003).
Plasmid borne antibiotic resistance factors among
indigenous Klebsiella. Pak. J. Bot., 35(2): 243-248.

Robicsek A, Strahilevitz J, Sahm DF, Jacoby GA, Hooper
DC (2006). gnrprevalence in  ceftazidime-
resistant Enterobacteriaceae isolates from the United
States. Antimicrob. Agents. Chemother., 50: 2872-
2874,

Rotimi VO, Duerden Bl and Hafiz S (1981). Transferable
plasmid-mediated antibiotic resistance in
Bacteroides. J. Med. Microbiol., 14(4): 359-370.

Salisbury V, Hedges RW and Datta N (1972). Two modes
of 'Curing' transmissible bacterial plasmids. J. Gen.
Microbiol., 70(3): 443-452.

Shahid M, Malik A and Sheeba (2003). Multidrug-
resistant Pseudomonas aeruginosa strains harbouring
R-plasmids and AmpC p-lactamases isolated from
hospitalised burn patients in a tertiary care hospital of
North India. FEMS Microbiol. Lett., 228(2): 181-186.

Wayne P (2014). Clinical and laboratory standards
institute: Performance standards for antimicrobial
susceptibility testing: Twenty-fourth informational
supplement, M100-S24. Clinical and Laboratory
Standards Institute (CLSI). 34(1): 51-57.

Yang H, Cheng J, Hu L, YeY and LiJ (2012). Plasmid-
mediated Quinolone resistance in extended-spectrum-
B-Lactamase- and AmpC B-lactamase-producing
Serratia marcescens in China. Antimicrob. Agents.
Chemother. 56(8): 4529-4531.

Zaman M, Pasha M and Akhter M (2010). Plasmid curing
of Escherichia coli cells with ethidium bromide,
sodium dodecyl sulfate and acridine orange.
Bangladesh. J. Microbiol., 27(1): 28-31.

Zhang J, Zheng B, Zhao L, Wei Z, Ji J, Li L and Xiao Y
(2014). Nationwide high prevalence of CTX-M and an
increase of CTX-M-55 in Escherichia coli isolated
from patients with community-onset infections in

Pak. J. Pharm. Sci., Vol.36, No.2(Special), March 2023, pp.587-594

593



Expulsion of plasmid-mediated antibiotic resistance genes in E. coli

Chinese County hospitals. BMC Infect. Dis., 14(659):
1-10.

Zhao QY, zZhu JH and Cai RM, Zheng XR, Zhang
LJ, Chang MX, Lu YW and Fang LX (2021). 1S26 is
responsible for the evolution and transmission
of blanpm-harboring plasmids in Escherichia coli of
poultry origin in China. M-Systems. 6(4): e0064621.

Zhao X, Xu X, Zhu D, YeX and WangM (2010).
Decreased quinolone susceptibility in high percentage
of Enterobacter cloacae clinical isolates caused only
by Qnr determinants. Diagn. Microbiol. Infect. Dis.,
67(1): 110-113.

594 Pak. J. Pharm. Sci., Vol.36, No.2(Special), March 2023, pp.587-594


https://journals.asm.org/doi/full/10.1128/mSystems.00646-21#con4
https://journals.asm.org/doi/full/10.1128/mSystems.00646-21#con5
https://journals.asm.org/doi/full/10.1128/mSystems.00646-21#con6
https://journals.asm.org/doi/full/10.1128/mSystems.00646-21#con7
https://journals.asm.org/doi/full/10.1128/mSystems.00646-21#con8

