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ABSTRACT

Multidrug resistance (MDR) exhibited by some strains of Escherichia coli may be due to acquiring mobile
genetic element (R-plasmid) by the bacteria, or intrinsically induced by inappropriate use of antibiotics by the
hosts. Infection by such strains may result to prolonged illness and greater risk of death. The study evaluated
the impact of curing on antibiotic resistance on selected clinical isolates of E. coli. Twenty clinical isolates of
E. coli from our previous studies were re-characterized using conventional microbiological techniques.
Antibiotic sensitivity testing was determined by disk diffusion method, MDR selected based on resistance to
> 2 classes of antibiotics. Multiple antibiotic resistance (MAR) index was determined as ratio of the number
of antibiotic resisted to the total number of antibiotics tested and considered significant if >. 0.2. The isolates
that showed significant MAR index were subjected to plasmid curing using acridine orange, thereafter,
profiled for plasmid and the cured ones were re-tested against the antibiotics they initially resisted. Out of the
20 isolates, 19 (95%) were confirmed as E. coli, all (100%) of which were MDRs, which was highest against
augmentin (78.9%) followed by amoxacillin (52.6%). However, after the plasmid curing only 6 (31.6%) out
of the 19 isolates cured retained significant MAR index and the level of the significance had reduced
drastically in 16 (84.2%) isolates. Conclusively, curing assay can completely eliminate R-plasmid acquired
resistance. More studied on plasmid curing agents for possible augmentation of the agents into antibiotics
may see the rise of successful antibiotic era again.
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INTRODUCTION

Globally, there is an emergence of a new trend of antibacterial
resistance against commonly used antibiotics (Giwa et al.,
2019; Abdullahi et al., 2016). Antibacterial resistance (ABR)
occurs when bacteria adapt and become less susceptible to
drugs that were previously effective against them (Amer et al.,
2018). Emergence of antimicrobial resistance is considered one
of the major health threat affecting humans, worldwide (Duedu
et al., 2017; Rogers et al., 2012). The resistance may be
classified into intrinsic, arising from the inappropriate use of
antibiotics, interaction of bacteria with natural antibacterial
compounds in the external environment or may arise from
natural selection. The second type is classified as acquired
resistance, which results from exchange of genetic resistance
element such as plasmids, integrons or transposons (Duedu et
al., 2017; Sakumi et al, 2013). Plasmids are extra
chromosomal piece of double stranded circular DNA which has
the capability to replicate independent of the host chromosome,
yet coexist with it. Resistance plasmids (R plasmids) have been
reported to be the most frequent cause of antibiotic resistance
in most bacteria including the E. coli which have exhibited
resistance to different antibiotics such as beta lactam
antibiotics, aminoglycosides and fluoroquinolone (Carattoli,
2013; Zhang et al., 2014). They allow the movement of genetic
materials including antimicrobial resistant genes between
bacterial species and genera through gene exchange processes
thereby causing a rapid spread of the antibiotic resistance
(Carattoli, 2013; Daneman et al., 2013). The plasmid
associated resistance can be gotten rid of by plasmid curing,
which occurs spontaneously during bacterial cell division or

by treating the bacteria with some physical or chemical
reagents such as acridine orange or ethidium bromide (Elias et
al., 2013). The reagents can cause a single nick in the plasmid,
thereby, initiating its relaxation and subsequently affects its
replication. Application of the curing assay may help to
mitigate the spread of the antibiotic resistance encoded by R-
plasmid. (Letchumanan et al., 2015; Burussow et al., 2004),
consequently stops the spread of the antibiotic resistance. The
study aimed at determining the impact of curing on eliminating
antibiotic resistance on selected clinical isolates of E. coli.

MATERIALS AND METHODS

Collection of Isolates

Twenty (20) isolates of E. coli from faecal samples of
gastroenteritis patients were obtained from our_previous studies
(Sulaiman, et al., 2019) on nutrient agar slants and coded HM1
to HM20.

Re-characterization of the Isolates

The isolates were sub-cultured aseptically by streaking on
Eosine Methylene Blue (EMB) agar plates and incubated
overnight at 37°C. The colonies presumed to be E. coli were
preliminarily_characterized by Gram staining technique and
observed under a microscope at 100X objective lens
(Cheesebrough, 2009). The isolates were further subjected to
some biochemical tests including Methyl Red (MR)-Voges-
Proskauer (VP) by inoculating the MR-VP broth (Oxoid) with
a pure colony and incubated at 37°C; after 24hrs 1ml of the
inoculated broth was aseptically transferred into a test tube (to
have 2 tubes for the 2 tests). For the MR test, 5 drops of methyl
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red was added and for the VP test 3 drops of 6% alpha napthol
and 1 drop of 40% potassium hydroxide were added and the
reaction was observed. Additionally, indole test was carried
out, where a colony was inoculated into peptone water and
incubated at 37°C for 24 hours, and then 0.5ml of Kovac’s
reagent was added and the reaction was observed. Finally, the
isolates were tested for their ability to utilize citrate as the soul
carbon source, by streaking a pure discreet colony from the
overnight cultures of the respective isolates, on to Simmon’s
citrate agar slants, and were incubated at 37°C for 24 hours,
before the colour change was observed (Cheesebrough, 2009).
The isolates were stored on slants under refrigeration (4°C) for
further analysis and reference.

Antibiotic Sensitivity Assay of Bacterial Isolates

Isolates were subjected to antibiotics screening by disk
diffusion method as described by the Clinical and Laboratory
Standards Institute (CLSI). Inocula were prepared by
suspending overnight cultures in sterile normal saline and the
turbidity of the suspensions were adjusted to 0.5 McFarland
scale. Then, 0.1 mL of the standardized bacterial suspension
was then spread on to Mueller Hinton agar plates and allowed
for absorption before the antibiotic disks were placed on the
plates and incubated overnight at 37°C. The six antibiotics used
were augmentin (30 pg), amoxacillin (30 pg), ciprofloxacin
(10pg), gentamycin (10ug), streptomycin  (30pg) and
trimethoprim/sulfamethoxazole (30ug). The sensitivity pattern
was determined by interpreting the zone of inhibition around
each disk according to the CLSI (CLSI, 2018) manual. The
MAR index was calculated as the ratio of number of antibiotic
resisted to the total number of antibiotic tested, and interpreted
as significant if the ratio > 0.2 and insignificant if the MAR
index <0.2 (Masterton, 2008).

Plasmid Curing Assay

Isolates showing MDR (i.e. resistance to at least 2 classes of
antibiotics) were selected for plasmid curing assay. The curing
assay was carried out by aseptically mixing 0.5ml of acridine
orange solution with 1ml of Mueller Hinton broth, each in a
sterilized test tube. A pinch of the pure colony of each MDR
isolates was inoculated into the test tube containing the mixture
and then agitated carefully and incubated overnight at 37°C.
From each of the plasmid curing aliquots, a loopful was
streaked aseptically, onto a freshly prepared Brain Heart
Infusion agar plate and incubated overnight at 37°C (Zhang, et

RESULTS

Out of the 20 isolates obtained, 19 (95%) were non-mucoid
with green metallic sheen, Gram negative rods, MR and indole
positive, VP and citrate negative, therefore were reconfirmed as
E. coli.

Out of the 19 isolates confirmed, 15(78.9%) were resistant
against augmentin (78.9%), 10(52.6) were resistant each
against amoxicillin (52.6%) and ciprofloxacin. On the other
hand, highest activity was shown by streptomycin (89.5%),
followed by gentamicin (68.4%) and
trimethoprim/sulfamethoxazole (63.2%), Table 1.

Additionally, from the current findings significant MAR index
(>0.2) was observed in all the 19 isolates (100%). However, the
level of the significance varied, ranging from 0.33 (52.6%) to
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al., 2012; Olukoya and Oni, 1990).

Screening the isolates for Plasmid after the Curing Assay

A colony was picked from the Brain Heart Infusion cultures of
the isolates and inoculated into the a 200ul solution containing
100mM glucose, 50mM Tris hydrochloride (pH 8), 10mM
EDTA. The mixture was incubated at 37°C. The mixture was
then treated with 50ul lysozyme, 400 pl of 1% sodium dodecyl
sulphate in 0.2N NaOH. Lastly, 300 pl of 30% potassium
acetate was added and were incubated in ice for 5min and then
centrifuged at 5000RPM for 5min. the supernatant was pipetted
out and mixed with equal volume of isopropanol and allowed
for 5min. Then 100 ul was pipetted carefully from the upper
part of the supernatant into another eppendorf tube and used as
the plasmid. The extracted plasmid (10ul) was casted into 1%
agarose gel, containing ethidium bromide as the intercalating
dye and allowed to run for 30min under electrophoresis. The
gel was examined under UV light documentation system
(BioDoc-1t™) for bands (above 500bp) (Olukoya and Oni,
1990).

Determination of Isolates for Antibiotics Susceptibility
Pattern after Plasmid Curing

From the slants of the isolates that did not yield plasmid, a
loopful was streaked aseptically onto a freshly prepared
nutrient agar plates and incubated overnight at 37°C.
Subsequently, from the culture plates suspensions were
prepared in sterilized normal saline and standardized to 0.5
McFarland scale. Then, 0.1ml of the standardized inocula were
spread each onto Mueller Hinton agar plate and the antibiotics
resisted previously by the isolates were seeded on to the plates
at a distance of 15mm apart from each other and then incubated
at 37°C for 24hours. The zone of inhibition around the
antibiotic discs were recorded and interpreted sensitive,
intermediate and resistance according to the Clinical
Laboratory Standard Institute (CLSI) manual (CLSI, 2018).

Determination of Multiple Antibiotic Resistance (MAR)
Index after Curing

The MAR index was determined again after the curing assay,
as the ratio of the number of antibiotic resisted to the total
number of antibiotic tested, and interpreted as significant if the
ratio > 0.2 and insignificant if the MAR index <0.2 (Masterton,
2008)

0.67 (15.8%), Table 2.

The curing was successful in all the 19 (100%) isolates that
showed significant MAR index, with no plasmid observed in
any isolate after the plasmid curing assay (Plate 1). After the
curing assay, only 6 (31.6%) out of the 19 isolates cured
showed significant MAR index of 0.33 (Table 3), and the level
of significance of the MAR index reduced drastically, in 16
(84.2%) out of the 19 isolates (Table 2 and Table 3).

Finally, antibiotic resistance against augmentin was found to be
significantly plasmid mediated, while that against gentamicin
and ciprofloxacin was entirely plasmid mediated. Meanwhile
the resistance against amoxicillin and
trimethoprim/sulfamethoxazole was significantly non-plasmid
mediated, the resistance against ciprofloxacin was equally
plasmid and non-plasmid mediated (Table 4).
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Table 1: Antibiotic Susceptibility Pattern of Clinical Isolates of Escherichia coli.

Antibiotic (conc.in pg) N=19 Sensitivity Pattern

No. susceptible (%) No. intermediate (%) No. resistant (%)
Augmentin (30) 4(21.1) 0(0) 15(78.9)
Amoxacillin (30) 7(36.8) 2(10.5) 10(52.6)
Ciprofloxacin (10) 8(42.1) 1(5.3) 10(52.6)
Gentamycin (10) 13(68.4) 0(0) 6(31.6)
Streptomycin (30) 17(89.5) 0(0) 2(10.5)
Trimetho./ Sulfamettho.(30) 12(63.2) 0(0) 7(36.8)

Table 2: Antibiotic Resistance Pattern of Clinical Isolates of E. coli before Plasmid Curing

Isolate code No. of Antibiotic Resisted Resistance Pattern MAR Index
HM2 3 AM, CPX, S, 0.5
HM3 2 AU, AM 0.33
HM4 3 AU, AM. CPX 0.5
HM5 3 AM, CN, SXT 0.5
HM6 2 AM, CPX 0.33
HM7 4 AU. CN, S, SXT 0.67
HMS8 2 AU, CPX 0.33
HM9 3 AU, AM, SXT 0.5
HM10 4 AU, AM, CPX, CN 0.67
HM11 3 AU, CPX, SXT 0.5
HM12 2 AU, AM 0.33
HM13 3 AU, SXT 0.33
HM14 2 AU, CPX 0.33
HM15 2 AU, CPX 0.33
HM16 2 AU, CPX 0.33
HM17 2 AU, CPX 0.33
HM18 3 AU, SXT, CN, 0.5
HM19 4 AU, AM, CN, SXT 0.67
HM20 2 AM, CN 0.33

Keys: AU =Augmentin, CN = Gentamicin, CPX = Ciprofloxacin, AM = Amoxacillin, S = Streptomycin, SXT= Trimethoprim/
Sulfamethoxazole, MAR= Multiple antibiotic resistance

L (100BP) N

Plate I: Plasmid Profile of MDR Clinical isolates of E. coli. L= Ladder, N= Negative Control, Well 1-19= Samples.
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Table 3: Antibiotic Resistance Pattern of Clinical Isolates of E. coli after Plasmid Curing

Isolate code No. of Antibiotic Resisted Resistance Pattern MAR Index
HM2 2 AM, CPX, 0.33
HM3 2 AU, AM 0.33
HM4 0 - 0
HM5 1 SXT 0.17
HM6 2 AM, CPX 0.33
HM7 2 AU,SXT 0.33
HMS8 0 - 0
HM9 1 AM 0.17
HM10 2 AM, CPX 0.33
HM11 1 SXT 0.17
HM12 2 AU, AM 0.33
HM13 1 SXT 0.17
HM14 0 - 0
HM15 1 CPX 0.17
HM16 1 CPX 0.17
HM17 0 - 0
HM18 1 SXT 0.17
HM19 1 SXT 0.17

KEYS: AM-Amoxacillin, AU-Augmentin, CPX-Ciprofloxacin, CN-Gentamycin, S-Streptomycin, SPX-
Trimethoprim/Sulfamethoxazole, MAR-Multiple antibiotic resistance.

Table 4: Effect of Curing in Combating Multidrug Resistant Clinical Isolates of E. coli after Curing

Antibiotic No. Cured resistance (%) No. Persistent resistance (%) %Ratio
Augmentin 12(80) 3(20) 0.25
Amoxicillin 4(40) 6(60) 15
Ciprofloxacin 5(50) 5(50) 1
Gentamicin 6 (100) 0 (0) 0
Streptomycin 2(100) 0(0) 0
Trimetho./ Sulfametho. 1(14.3) 6(85.7) 6.0

Interpretation: % Ratio of >1 shows that the resistance to the antibiotic was largely genome mediated while %Ratio of <1 was

largely plasmid mediated.

DISCUSSION

From our findings, highest level of antibiotic efficacy was observed
to stereptomycin, gentamicin and trimethoprim/sulfamethoxazole;
perhaps, because both stereptomycin and gentamicin are
administered by injection (intravenous/intramuscular) and
trimethoprim  sulfamethoxazole has not been commonly
administered in treatment of infections cause by Gram negative
bacteria. Such efficacy was not observed in the case of augmentin,
amoxacillin and ciprofloxacin, which may either be due to
harbouring of some genetic elements (plasmids, transposons and
integrons) been associated with resistance or inappropriate use of
antibiotics (Oriomah and Akpe, 2019).

The significant MAR index recorded against all the isolates used in
the study, highlighted the terrible future awaiting the antibiotic era,
unless some scientific approaches are put in place to curtail such
public health hazard. However, the plasmid curing assay employed
in our study may be one of such scientific approaches that may help
to reduce the spread of antibiotic resistance in bacteria. This is
because after the curing, significant MAR index was completely
corrected in 68.4% and drastically reduced in 15.8% of the studied
isolates. This is in agreement with the previous findings on impact
of plasmid curing on multidrug resistant E. coli (Oriomah and
Akpe, 2019; Zaman et al., 2010), Pseudomons aeruginosa (Elias et
al., 2013), Vibrio species (Zhang, et al., 2012).

FUDMA Journal of Sciences (FJS) Vol.

The role of the curing on reverting the antibiotic multidrug
resistance depends on whether the resistance is acquired or induced
(Duedu et al., 2017), The complete elimination of resistance against
gentamycin and streptomycin by curing, suggests that the resistance
is acquired, confirming further that the efficacy of antibiotics
administered by injection is easily conserved (Sulaiman and Rufa’l,
2019; Guillermo et al., 2012), perhaps why the curing did not show
a significant impact on resistance against the antibiotics
administered orally as trimethoprim/sulfamethoxazole and
amoxiciiln, as such the resistance observed against them may be
due to inappropriate use of the antibiotics (DeSmet et al., 2011).

CONCLUSION

From our findings, treatment of E. coli associated infection may be
a serious challenge, as it is becoming multiply resistant to the
commonly used antibiotics. However, plasmid curing can
significantly reduce or completely eliminate antibiotic resistance,
especially against the antibiotic administered through
intramuscular/intravenous  injection. On the other hand,
inappropriate use of antibiotic may be the major cause of resistance
against the antibiotics administered orally.

RECOMMENDATION
The policy that prohibits indiscriminate use of antibiotics should be

4 No. 3, September, 2020, pp 323 - 327



EVALUATION OF THE...

fully implemented. More studies should be carried out on plasmid
curing agents, to evaluate the possibility of making them a part of
the ingredients used in preparing antibiotics.
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