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Abstract

Background/Aims: The role of mobile genetic elements such as plasmids in the spread of multiple
antibiotic resistance has continued to receive attention by researchers. Due to the diverse nature of
Escherichia coli strains characteristically harbouring large proportion of genomic plasmids, the aim of
the present study is to evaluate the antimicrobial susceptibility and plasmid profiles of clinical isolates of
E. coli in this south eastern region of Saudi Arabia.
Methods: Bacterial isolation, antimicrobial susceptibility test were carried out using basic
microbiological techniques. Dendrogram of clustering in relationship to antibiotic susceptibility of the
isolates was carried out using PAST. Extracted plasmid DNA was visualised using the ultraviolet light
illuminator and photo documentation system. Sizes of Plasmid were determined using standard DNA
molecular weight markers at 1kb ladder. Plasmid curing was carried out using Sodium Dodecyl
Sulphate (SDS).
Results and conclusion: Antibiotic resistance ranged between 85.71%-100% for the cephalosporins,
64.29% to 92.9% resistance for penicillins, including Aztreonam, a last line drug. Results indicate that
70% of the isolates did not show any plasmid presence. However, 30% of the isolates contained plasmids
with molecular weights of 30kb and above. Dendrogram of clustering in relationship to antibiotic
susceptibility showed isolates were in 3 clades pre-plasmid curing and 6 clades post-plasmid curing. One
isolate (EC36) was cured of its resistance to Penicillins, while isolates EC67, EC77 and EC87 initially
sensitive to ciprofloxacin, became resistant to the antibiotic. The findings suggest a preponderance of
chromosomal mediated resistant E. coli. The few plasmid containing resistant bacteria, were resistant to
curing as they displayed continued antibiotic resistance after curing. This therefore confirms the
growing presence of multiple genomic plasmid harbouring E. coli.
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Introduction
The exhibition of multi-antibiotic resistance by bacterial in
recent times continues to constitute a major public health
problem that is yet to be resolved. According to a 2013 report
by Centers for Disease Control and Prevention [1],
contributory factors to the spread of antibiotic resistance in
bacteria is poorly understood. Thus this rapid rise in difficult to
treat bacterial infections has been described by public health
organisations as a potential crisis leading to subsequent
“catastrophic consequences” [2]. In a recent write up by Joshi
[3], it is postulated that by the year 2050, there would be an
estimated 10 million people dying on yearly basis as a result of

difficult to treat bacterial infections. The write up further points
to the fact that “a major new class of antibiotic was discovered
30 years ago”; thus, indicating that antibiotics are not being
produced as fast as they are needed. Earlier, a CDC [1] report
declared the human race to be in a “post anti-biotic era”, with
the World Health Organisation (WHO) warning that resistance
to antibiotics has become dire [4]. This is particularly the case
with gram Negative bacteria pathogens which are resistant to
most of the antibiotic options available, thus creating scenarios
similar to the pre-antibiotic era [1,5]. One of such gram
negatives is Escherichia coli which was listed to be among the
cause of serious infections even in community settings with an
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increasing prevalence including extended-spectrum beta-
lactamase producing E. coli [5].

Escherichia coli is generally a large and diverse bacterium that
colonises both human and animal intestine as well as being
found in the environment. This bacterium ranges from being
harmless to pathogenic, a leading cause of urinary tract
infections, respiratory infections [6-8], pneumonia [9], global
food poisoning [10-12]. In all cases of pathogenic E. coli
infections resistance to drugs of choice have been previously
reported [13] with isolates exhibiting multi-drug resistance
(MDR) a view that had also been expressed in an earlier report
[14].

There is a wide spread of resistance to antimicrobials by
infections resulting from E. coli and this is receiving much
attention globally, particularly so with the advent of multi-
antibiotic resistant plasmid genes with the example of
Extended spectrum β-lactamases (ESBLs) which is plasmid
mediated. In other cases, bacteria have been reported to be
resistant to colistin, an antibiotic considered as a last line one.
Resistance genes to this last line antibiotic has been located not
on the bacteria chromosomal DNA but on the extra-
chromosomal plasmid DNA. Generally plasmids have been
reported to spread genes responsible for resistance to
antibiotics and according to Savara and Rankin [15] when the
resistance genes are mobile, carried on plasmids, the results are
acceleration in their spread. A wide range of plasmids carrying
MDR genes constitutes a major medical problem as these
genes are easily transmissible to other bacteria species [16,17].
The results in rapid and wide spread of plasmid mediated
antibiotic resistance is a global occurrence as with the example
seen in colistin resistance [18,19].

Two genetic bacteria systems, chromosomal DNA and extra-
chromosomal DNA, are contributory to the transfer of genes
through many processes involving mutations, recombination
and horizontal transfer of genes with a resultant bacterial
genomic diversity. Thus, MDR-plasmids help spread resistance
by horizontal gene transfer [20]. Strains of Escherichia coli are
generally reported to have a large proportion of genomic
plasmid codes responsible for resistance to antibiotics than
those of the chromosome [15]. The fact that antibiotics are not
being produce to meet up with the rate at which bacteria
resistant strains are evolving, there is the postulation that
biotechnology might be a useful tool needed to cub the transfer
of resistant genes. To this effect, Kamruzzaman et al. [21]
demonstrated that plasmid interference could be used in
creating plasmid incompatibility as a means for curing of
antibiotic resistance plasmid genes. They recommended that
plasmid research may be a useful tool suitable for clinical use
in individuals who are found to have been colonised. Earlier,
van Hal et al. [22] had demonstrated that the eradication of
plasmids detected in the gut flora of patients was capable of
preventing further complications such as sepsis that would
have resulted from resistance to antibiotics in patients. It is
therefore pertinent that there be a continual monitoring of
resistance to antimicrobials by bacteria isolates as well as
characterising the genes responsible for such resistance. Due to

the fact that the region is characterised by high antimicrobial
resistance, and because of the diverse nature of E. coli, the
findings would help in highlighting whether resistance as
encountered in the isolates are chromosomally or extra
chromosomally mediated. The present investigation looks to
evaluate the antimicrobial susceptibility and plasmid profile of
MDR clinical isolates of Escherichia coli from hospitalised
patients in Al-Ahsa, south eastern region of Saudi Arabia.

Materials and Method

Ethical consideration
The E. coli isolates used for the study were obtained as part of
routine patient care, no patient consent was required while the
research was approved by the research and ethics committee of
college of Medicine, King Faisal University.

Isolation of E. coli and antimicrobial assay
Samples had been collected from hospitalised patients in ICU,
OPD, ER and Wards. Source of isolation included blood,
bedsores, catheters, placenta, urine, eye swaps, wound swaps,
peritoneal fluid and cervical swaps. Collected samples were
plated out on MacConkey agar and cultured aerobically at
37°C for 24 h. Basic bacteriological technique was used for the
isolation of E. coli while confirmation of the obtained isolates
were carried out using the Vitek 2 compact automated system
(BioMerieux, Marcy L’Etoile, France) according to the
manufacturers guidelines, using GN cards. Antimicrobial
susceptibility was carried out using the AST cards with the
following antibiotics: Ampicillin, Ampicillin/Sulbactam,
Piperacillin, Piperacillin/Tazobactam, Cefazolin, Cefuroxime,
Cefuroxime Axetil, Cefoxitin, Cefpodoxime, Cefotaxime,
Ceftazidime, Cefepime, Imipenem, Meropenem, Gentamicin,
Tobramycin, Ciprofloxacin, Levofloxacin, Tigecycline, and
Sulphamethoxazole/Trimethoprim.

A total of confirmed 50 E. coli isolates exhibiting MAR to the
antibiotics were subjected to plasmid extraction.

Plasmid extraction and analysis
Pure E. coli isolates were used for the extraction of plasmid
DNA using the Carolina biological mini prep kit according to
manufacturers’ guidelines. The extracted plasmids were
processed by electrophoresis on 1% agarose gel and stained
with ethidium bromide. The visualisation of obtained plasmid
DNA was carried out using the ultraviolet light illuminator and
photo documentation system used for analysis. Plasmid sizes
were determined using standard DNA molecular weight
markers at 1 kb ladder.

Plasmid curing of isolates
Fifteen of the E. coli isolates with plasmids were subjected to
curing using the method of Zaman et al. [23] but with
modifications. Each of the test organisms was culture in a
solution of Nutrient broth containing ampicillin for 24 h at a
temperature of 37°C, aerobically. The overnight growth was
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diluted to 104 cell/mL with nutrient broth using the
spectrophotometer (BOECO Germany). The optical density
was determined using an online E. coli cell culture
concentration from OD600 calculator. The appropriate cell
concentrations for each of the 15 E. coli samples were diluted
to 104 cells/ml in nutrient broth. For each of the sample, a 0.5
mL of the obtained dilution was added to 4.5 mL of nutrient
broth containing 10% of Sodium Dodecyl Sulphate (SDS),
bringing the concentration to 103 cells/mL. The resultant was
incubated aerobically at 37°C in an orbital shaker for 48 hours.
The post 48 hour’s growth was diluted with normal saline to
obtain a 103 cells/ml. 1ml of the resultant for each of the
isolate was inoculated and spread out on Muller Hilton agar
and incubated aerobically at 37°C for 24 h.

Antimicrobial susceptibility post- plasmid curing
The disk diffusion method of Bauer and Kirby was used for the
antimicrobial assay of post plasmid curing experiment of the
isolates. Obtained colonies were selected and plated out on
Muller Hilton agar containing the following antibiotic disks:
ampicillin (10µ), ampicillin/sulbactam (10µ), cefotaxime and
ceftazidime 30µ each, ciprofloxacin 5µ and amikacin 30µ. All
plates were incubated aerobically overnight at 37°C. The zones
of inhibition were measured (mm) using a millimetre rule and
the results were compared with the zones of inhibition for the
initial zones of inhibition for the clinical E. coli isolates. The
recommended standards by National Committee for Clinical
Laboratory Standards for the interpretation of zone of
inhibition were used for the interpretation of zones of
inhibition [24].

Phylogenetic grouping based on antimicrobial
susceptibility
The phylogenetic relatedness of 45 of the E. coli isolates based
on the resistance profile were generated with the “unweighted
pair group average (UPGMA) algorithms” of PAST.

Statistical analysis
Isolates were classified as resistant, intermediate and sensitive
using the CLSI 2015 guide for the interpretation of zones of
inhibition. Antimicrobial resistance were determined in
percentages.

Results
Fifty E. coli isolates exhibiting MDR against the tested
antibiotic were used for the study. Most of the isolates (38%)
had been isolated from wounds and urine samples (24%). For
the results on antibiotic susceptibility of the 50 E. coli isolates,
the results presented in Figure 1 shows resistance to the
following, cephalosporin’s, ceftazidime, cefuroxime,
ceftriaxone to be, 100%, 92.9% and 92.9% respectively. For
other cepharlosporins, like cephalotin, Cefepime, cefazolin,
each showed an 85.71% resistance each. The least percentage
resistance for the Cepharlosporins was 78.57% encountered
with cefotaxime (Figure 1).

Figure 1. Showing the total number of E. coli isolates and the
susceptibility against tested antibiotics.

Figure 2. Dendogram of phylogenetic comparison of E. coli isolates
based on antibiogram results.

For the β-lactams, resistance for the following antibiotics
Aztreonam, ampicillin, piperacillin and Augmentin were as
follows: 92.9%, 85.71%, 71.43% and 64.29% respectively. Of
the fifty isolates, the phylogenetic relatedness of 45 of those
isolates that showed extreme drug resistance (XDR) was used
for the comparison. The resulting dendrogram on the
phylogenetic relatedness based on the isolates susceptibility to
antimicrobials is shown in Figure 2. Clustering by UPDMA
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algorithm determined on Jaccard shows three clades consistent
with the isolates based on the similarity coefficients for all the
isolates used in the study. The prevalent resistant E. coli were
distributed in clade 2, constituting 75.6% of the isolates. In
clades 1 and 3, were 6.7% and 13.3% of the isolates
respectively. The remaining 2 (4.4%) of the isolates were not in
the three main clades (Figure 2).

Figure 3. Showing percentage antimicrobial resistance and sensitivity
by E. coli isolates with plasmids.

Figure 4. Gel electrophoresis Plasmid profile of Escherichia coli on
1.5% agarose stained with ethidium bromide.

Plasmid extraction
Gel electrophoresis results of the visualised plasmid DNA are
showed that fifteen of the isolates (30%) had plasmids
extracted while the majority of 70% were without plasmids
(Table 1). The percentage resistance for each of the 15 isolates
with plasmid were as follows: EC4 (92.31%), EC11 (92.31%),
EC36 (72.22%), EC39 (66.66%), EC40 (94.44%), EC44
(94.44%), EC46 (83.33%), EC67 (54.54%), EC77 (60%),
EC83 (77.77%), EC87 (72.22%), EC91 (100%), EC97
(77.77%), EC100 (83.33%) (Figure 3). The molecular weights
of the plasmid DNA of these E. coli isolates varied in sizes
(Figure 4). The figure shows that for all the isolates, the
number of bands per plasmid varied, ranging from one to four
with different molecular weights (MW). All the fifteen E. coli
contained plasmids with 30 kb and above. Nine of the isolates
showed only one band size and this range from 30kb and above
(Table 3). The remaining isolates had plasmids with different

number of bands. The following isolates EC40, EC77, EC97
and EC100 showed 2 bands which ranged from above 35 kb to
15 kb. The plasmid of one isolate, EC87 showed 3 bands with
MW ranging between 10 kb to 70 kb. The most number of
bands were seen in isolate EC91 which showed a total of four
bands that ranged from 10 kb to above 60 kb (Table 3). It is
also worth noting that this isolate (EC91) exhibited a 100%
resistance to the tested antibiotics.

Table 1. Showing source of E. coli isolation and presence or absence
of plasmids.

Source of Isolation Total Number Plasmid None

Blood 4 (8%) 2 2

Urine 12 (24%) 3 9

Wound swap 19 (38%) 7 12

Trach Asp 1 (2%) 0 1

Eye swab 1 (2%) 0 1

Cervical WD 2 (4%) 1 1

peritoneal fluid 3 (6%) 0 3

Cath Tip 2 (4%) 1 1

drain tip 3 (6%) 1 2

Skin Swaps 1 (2%0 0 1

placenta 1 (2%) 0 1

bedsore 1 (2%) 0 1

Total 50 (100%) 15 (30%) 35 (70%)

Post plasmid curing
The post plasmid curing antibiotic susceptibility results are
shown in Table 2. Selected for the test were antibiotics in the
groups of β-lactams, fluoroquinolones and aminoglycosides.
Results showed majority of the isolates remained resistant
against the tested drugs. For the penicillins, one isolate EC36,
was cured and became sensitive to the ampicillin but not to
Augmentin antibiotic as well as retaining it sensitivity to
Amikacin. For other isolates such as EC39, EC77 and EC97,
though the isolates remained resistant against ampicillin, these
isolates exhibited a wider zone of inhibition after plasmid
curing. However, all the 15 E. coli isolates remained resistant
to the cephalosporins post curing experiments. For the
fluoroquinolones, all isolates remained resistant. However,
EC4 and EC11, showed wider zones of inhibition after curing
as shown in the table 2. A different scenario was encountered
for three other isolates, EC67, EC77 and EC87 that were
initially sensitive to the fluoroquinolone antibiotic became
resistant after plasmid curing. The results also showed that all
the E. coli isolates which were sensitive to amikacin remained
sensitive, however, for some the zones of inhibition remain
unchanged (EC39, EC44, EC97, EC100). For others, EC36,
EC40, there was an increased zone of inhibition while in the
remaining isolates, there was a slight decrease in zones of
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inhibition but isolates remained sensitive (Table 2). In terms of
the post plasmid curing phylogenetic relatedness based on
antibiotic susceptibility of the E. coli isolates, the dendrogram
of clustering by UPGMA algorithm based on Jaccard similarity
coefficient shows an even distribution of the isolates into 6
clades (Figure 5). The distribution is consistent in some cases,
with the number plasmid bands of the isolates in each clade. In
clade 1, EC83 and EC87 had different bands in the plasmid
while the isolates in clade 2 each showed one band greater than
50kb. In the third clade consisting of EC40 and EC42 showing
one and two bands respectively, both of which range between

50 kb and 70 kb. A similar pattern is exhibited by other isolates
in clade 4 and 5. Escherichia coli isolate EC91, EC4 and EC46
showed no phylogenetic relationship with the other groups
(Figure 5).

Discussion
The results from this study show high antimicrobial resistance
encountered among the E. coli isolates. This resistance had cut
across all the isolates regardless of the source as well as the
various classes of antibiotics tested.

Table 2. Showing the zones of inhibition by E. coli isolates before and after plasmid curing experiments.

E. coli
isolates

Antibiotics

Ampicillin Ampicillin/Sulbactam Cefotaxime Ceftazidime Ciprofloxacin Amikacin

B/F A/T I B/F A/T I B/F A/T I B/F A/T I B/F A/T I B/F A/T I

EC4 4 2 R 0 0 R 0 0 R 0 0 R 7 10† R 2 2 R

EC11 2 2 R 0 0 R 0 2 R 0 2 R 8 10† R 0 0 R

EC36 2 20* S 0 2 R 0 0 R 0 0 R 0 0 R 22* 25† S

EC39 2 10† R 0 2 R 0 0 R 0 0 R 2 6† R 17 17 S

EC40 0 2 R 0 2 R 0 0 R 0 0 R 0 0 R 18 19† S

EC42 0 2 R 0 0 R 0 0 R 0 0 R 0 0 R 15 14 I

EC44 0 0 R 0 0 R 0 0 R 0 0 R 0 0 R 14 14 I

EC46 0 0 R 0 0 R 0 0 R 0 0 R 0 0 R 15 15 I

EC67 0 0 R 0 2 R 0 0 R 0 0 R 20 8** R 18 16 I

EC77 0 5† R 0 0 R 0 0 R 0 0 R 20 10** R 20 19 S

EC83 0 0 R 0 0 R 0 0 R 0 0 R 0 0 R 0 0 R

EC87 0 0 R 0 0 R 0 0 R 0 0 R 15 6** R 18 17 S

EC91 0 2 R 0 2 R 0 0 R 0 0 R 0 0 R 20 19 S

EC97 0 3† R 0 0 R 0 0 R 0 0 R 0 0 R 17 17 S

EC100 0 0 R 0 0 R 0 0 R 0 0 R 0 0 R 18 18 S

B/F: Before Curing of Plasmids; A/T: After Plasmid Curing; I: Interpretation of results; *Plasmid cured; **More resistant; †More sensitive after curing

Worthy of note is that the isolates can also be grouped as ESBL
producing pathogens on the basis of the results on
antimicrobial susceptibility test. The high antimicrobial
resistance by E. coli had previously been reported by
researchers [13,25] with Alsultan et al. [25] reporting the
antibiotic susceptibility by ESBL producing E. coli from the
region of the present study. All the fifteen E. coli isolates with
plasmids had the characteristics to be described as ESBL
producing as they had been resistant to the penicillins and
cephalosporins. It would therefore have been expected that
since resistance by ESBLs producers is plasmid mediated
plasmid curing would have resulted in a more sensitivity to the
antibiotics against which they had been initially resistant.
However, only one isolate (EC36) was seen to have lost its
resistance to penicillin while retaining its’ resistance to other
antibiotics but remained sensitive to aminoglycoside. There are

a number of possible contributory factors to the obtained
results. Plasmid curing is said to occur naturally by various
means one of which is through the chemical treatment of cells
[26]. The effectiveness of curing agents has been reported to
vary and that this variation could range from 100-1000 fold
[27] also, that the variations could depend on the efficacy of
the curing agent and the organism being cured. Sodium
Dodecyl Sulphate (SDS) was used for plasmid curing in the
present study according to Zaman et al. [23] which Inuzuka et
al. [28] had earlier recommended suitable for plasmid curing
among E. coli isolates. We report that it might have been a
contributory factor to the resistance seen post plasmid curing
of the E. coli isolates as seen in the obtained results. This is
due to the fact that effectiveness of curing agents vary with
earlier reports by Aja et al. [29] indicating that 10% of SDS did
not cure the isolates in their study. On the other hand,
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Schaufter et al. [30] found and reported that Ethidium bromide
and Acridine orange were not effective in the curing of ESBL-
plasmid curing strains in their study, with a similar observation
reported from an earlier study [31]. Thus SDS was chosen for
the present study according to available literature, bearing in
mind that the effectiveness of curing agents varied with
different potential weaknesses [27].

Table 3. Showing relationship between antibiotic resistance and
number of plasmid bands and sizes.

Escherichia
coli strain

Percentage
Resistance
(%)

Number of
Bands

Plasmid Product
(Kb)

Clade
group

B A

EC4 92.31 1 <50 2 0

EC11 92.31 1 50 2 4

EC36 72.22 1 50 3 2

EC39 67 1 50 3 2

EC40 94.44 2 50, 70 2 3

EC42 94.44 1 60 2 3

EC44 94.44 1 50 2 4

EC46 83.33 1 50 2 0

EC67 55 1 50 2 5

EC77 60 2 50, 60 2 6

EC83 78 1 50 3 1

EC87 72.22 3 70, 50, 10 3 1

EC91 100 4 60, 50, 15, 10 2 0

EC97 78 2 50, 10 2 5

EC100 83 2 50, 20 2 6

Besides the curing agent used, the obtained results could be
attributed to other possible reasons. The gel electrophoresis
results showed the molecular weight of the most of the isolates
to have ranged between 30kb and above. The number and size
of the plasmids in the tested isolates varied significantly in the
present investigation, ranging 10kb at above 50kb. These
findings are similar to those from other regions of the world.
Earlier, Nasreen et al. [32] while analysing the plasmid profile
of E. coli from urine samples reported the presence of single
sized as well as multiple sizes among their isolates. They
observed a high antibiotic resistance among isolates that had
molecular weight of 23 kb-26 kb. They reported a high MDR
among all their isolates as well as finding that about 50% of the
isolates possessed plasmids. In the present study plasmids were
encountered in only 30% of the isolates despite the fact that all
the isolate were MDR with features of being ESBL producers.
With high resistance being attributed to plasmids having
molecular weights of 23-26 kb, the resultant high resistance as
seen in this study could be due to the 30kb and above of the
molecular weight of the plasmids as well as the presence of
multiple sizes amongst the isolates. However, it is known that

E. coli isolates carry multiple plasmids which could be the
reason why they are resistant to antibiotics [33]. The only
isolate in the present investigation with 100% resistance
against the tested antibiotics (EC91) was seen to carry multiple
bands with different sizes and this could be the contributory
factor in the exhibited resistance in this isolate. Also studies
have shown that penicillin resistant E. coli harboured plasmids
that are within the range of 30 kb and above [33], such as is the
case of the E. coli isolates in the present investigation. Thus, E.
coli showing MDR have been reported to carry multiple
plasmids of different sizes and this has been the case of those
encountered in this study.

Figure 5. Dendogram of post plasmid curing of E. coli isolates based
on antibiogram.

Remarkably of the 50 MDR isolates used for this investigation,
there were only 15 with plasmids suggesting that the resistance
in the other isolates was probably chromosomally mediated.
Also, resistance can be generally grouped as either being
chromosomal when cells have not been affected by curing of
plasmids or could be “plasmodial when cured [27]. Of the 15
isolates subjected to plasmid curing; only one of the isolates
(EC36) was cured and became sensitive to penicillin but
remained resistant to the cephalosporins. It could possibly
mean that resistance was both plasmid mediated as well as
chromosomally mediated in these clinical isolates of E. coli
from the region of the present study. Reboucas et al. [34]
demonstrated that isolates in their study remained resistant to
ampicillin after curing of plasmids and suggested that
resistance could have been mediated chromosomally. Similar
findings have also been reported in more recent researches
[35].

Also worthy of note is the loss of sensitivity by some of the
isolates (EC67, EC77 and EC87) to ciprofloxacin, an antibiotic
they had been initially sensitive to. The results though puzzling
can be attributed to a number of possible factors. One of which
might be the plasmid curing method. It has been suggested [36]
that the curing methods being used were capable of inducing
mutations in the host DNA. It would therefore be expected that
curing agents would produce different effects according to
bacteria species. The fact that curing agents had been
suggested to cause possible mutations in host chromosomes
and thereby interfering with plasmid analysis [27] might
explain the reason for the loss of sensitivity to ciprofloxacin as
seen in the present study. Also the initial phylogenetic

Badger-Emeka/Emeka/Al Sultan/Hairul

3308 Biomed Res 2018 Volume 29 Issue 17



comparison of the clinical isolates base on their resistance to
antimicrobials showed close relatedness with majority of the
isolates showing cluster similarity in clade 2. This similarity
was independent of the source of isolation. Similar findings
had been reported by Carvalho et al. [37] who found that the
most prevalent phylogenetic group was irrespective of the
source of isolates. The antimicrobial susceptibility of the
isolates post plasmid curing showed further variation in
phylogenetic grouping, resulting in 6 clades. This suggests the
possible presence of additional factors which could be acting
together to create variability. The sizes and band numbers
might be contributory reasons for this variability. Multiple
reasons have been postulated as being responsible for the
presence of multiple bands with varying sizes in plasmid DNA.
However, the high versatility generally exhibited by E. coli
isolates has been characterised on a number of variables in
terms of their resistance to antimicrobials by researchers [38].
Also, variability according to Casellas et al. [39] could be
influenced by the spread of plasmids as well as other mobile
carriers of resistant genes.

The problem of resistance by bacteria to antibiotics continues
and if as suggested by Kamrzzaman et al. [21], hospitals
managing critically ill patients who are at high risk of being
infected, there might need to look into the possibility of using
simple oral administrative route of in vivo plasmid curing. This
could be the much need light to the threat of antibiotic
resistance.

It can therefore be concluded that the majority of the multidrug
resistant E. coli isolates used in this study, did not have
plasmids. However, in cases with positive plasmids, they were
seen to have high molecular weights and an exhibited high
resistant to antibiotics. Also, some of the isolates that were
cured of plasmids, continued to be resistant to multiple
antibiotics suggesting the possibility that they are carrying
multiple resistance gene. This also portends danger as these
genetic materials can be transferred to not only other E. coli
strains but to other bacterial pathogens. The findings still
highlights the presence of very unusual bacteria carrying
multiple resistant gene that are within the region of the present
study.
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