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ABSTRACT

Background: Plasmid mediated Multi-Drug Resistant (MDR) Sull and ESBL resistance
encoding genes are the major threats due to their ability to be transferred horizontally in
any environment. In this study, the prevalence of Sull gene and ESBL coding genes
(blaCTX-M, blaTEM or blaSHV) in E. coli and P. aeruginosa and determined their ability
to transfer resistance through transformation. Methods: Ninety-two trimethoprim-
sulfamethoxazole resistant TSR isolates belonging to E. coli and P. aeruginosa species
were obtained from clinical samples such as urine, wound, and blood from patients in 3
government hospitals in Delta State, Nigeria. Resistance to antimicrobial agents was
determined by disc diffusion methods. PCR amplification was performed on extracted
plasmid DNAs for the detection of ESBL and Sull genes using specific primers. Extracted
plasmid DNAs of ESBL producing and Sull positive isolates were used in transforming a
competent E. coli K-12 adopting CaCl, method. Results: All 92 TSR isolates were MDR
with a vast majority of resistant patterns associated with the cephalosporins, amoxicillin-
clavulanic acid, and the fluoroquinolones. Sull gene and ESBL genotypes were produced
in 29.3% of E. coli and 58.7% of P. aeruginosa isolates, respectively. E. coli was more
prevalent ESBL producer (75.9%) than P. aeruginosa (24.1%) and the blaCTX-M was the
most prevalent gene (30.4%). Conclusion: Twenty-three isolates transferred several
antibiotic resistances which includes ceftazidime, cefotaxime, cefuroxime, cefixime,
gentamicin, ciprofloxacin, ofloxacin trimethoprim-sulfamethoxazole and amoxicillin-
clavulanic acid, Sull gene and ESBL genotypes by transformation, thereby indicating a
high potential for dissemination of resistance markers in hospitals. These findings are of
health concern because of the rise in antimicrobial resistance associated with ESBL
isolates.

Introduction

emergence of Extended Spectrum Beta Lactamases

Gross abuse in the use of beta lactam (ESBLs), which represent a major problem in the
antibiotics is the leading cause of an ever increasing management of clinical infections. ESBLs which
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confer resistance to many antibiotics are detected in
several members of the Enterobacteriaceae and are
encoded by different genes inserted in mobile
genetic element spread between bacterial species.
Similarly, sulfonamide resistance in Gram-negative
bacteria generally arises from the acquisition of Sull
genes encoding dihydropteroate synthase [1]. The
Sul gene is normally found linked to other resistance
genes in class 1 integrons, making them important
in the accumulation and transmission of multidrug
resistance [2].

The  three-primary  mechanism  of
horizontal gene transfer (HGT) in bacteria are
conjugation, transduction, and transformation
contribute to the spread of antibiotic resistance. Of
the three mechanisms of HGT, conjugation is the
most studied in clinical environment [3-5].
Transformation is dependent on recipient cells that
are competent to take up extracellular naked DNA.
Generally, E. coli and P. aeruginosa are not
believed to be naturally transformable., however,
some reports indicate that these organisms can
express modest competence under certain
conditions that are feasible in its natural
environments [6, 7].

Mobile genetic elements such as plasmids,
integrons, and transposons have been identified as
sources of multi-drug resistance in clinical isolates
[8, 9]. Class I integrons are predominantly found in
clinical isolates belonging to Gram-negative
bacterial species [10]. The role of plasmids in
conjugation mediated transfer of antibiotic
resistance genes has been reported in numerous
studies in Nigeria [11-13]. However, no study has
reported the successful transfer of Sull genes and
ESBLs in multi-drug resistant clinical isolates via
transformation in Nigeria. Investigation in Sull
genes and ESBLs are important as sulfonamides and
beta lactam drugs are the most commonly prescribed
drugs in many hospitals in Nigerian. The present
study was therefore aimed at determining the
prevalence of Sull gene and ESBLs in clinical
isolates from urine, wound, and blood and to detect
transformation-based HGT using E. coli and P.
aeruginosa as donors.

Methods
Bacteria isolates selected for the study

A total of 368 E. coli and P. aeruginosa
were isolated from urine, wound, and blood of
patients admitted in 3 Government owned hospitals
(Warri, Agbor and Asaba) in Delta state, Nigeria.

The isolates were identified using Gram staining and
biochemical tests following Clinical Laboratory
Standards Institute (CLSI) procedure [14].
Antimicrobial resistance pattern were determined by
the agar disc diffusion method on Mueller Hinton
agar (Oxoid, England) using ten antimicrobial
agents; ceftazidime (CZ-30ug) cefotaxime (CF-
30pug) cefuroxime (CF-30ug), cefixime (CX-30ug),
gentamicin  (G-10ug), ciprofloxacin  (C-5ug),
ofloxacin (O-5ug) trimethoprim-sulfamethoxazole
(T-25pg), amoxicillin-clavulanic acid (A-30pg),
and nitrofurantoin (N-200ug) (Abtek, England) and
results interpreted following the CLSI guidelines
[14] with all intermediate resistances taken as
resistant isolates.

Of the isolates, a total of 92 non-duplicate
isolates of Escherichia coli (64) and Pseudomonas
aeruginosa (28) which were resistant to
trimethoprim-sulfamethoxazole and to at least 2
other different classes of antimicrobials used in the
study (multi-drug resistant) was selected for further
study.

Screening for ESBL by phenotypic test

ESBL production by phenotypic based
diffusion test of double disc synergy test (DDST)
was carried out on the selected isolates. Briefly, 1uL
of the bacterial suspension prepared in sterile saline
to a density equivalent to 0.5 McFarland turbidity
standard were inoculated onto Mueller Hinton agar
(MHA) plate and the inoculum was spread evenly
with a swab. Plates were dried at room temperature,
then cefotaxime (30pg) and ceftazidime disc (30pg)
were applied 15 mm apart from the center of an
amoxicillin-clavulanic acid (20ug/10ug)  disc.
Zones of inhibition around the cefotaxime and
ceftazidime disc were measured after 24 hours
incubation at 37°C. Extension of zone of inhibition
by > 5mm towards amoxicillin-clavulanic acid was
interpreted as ESBL producer.

Plasmid curing

Plasmid curing was carried out on the
selected isolate using Sodium Dodecyl Sulphate
(SDS) as curing agent. Overnight culture of E. coli
and P. aeruginosa were used separately to inoculate
broths containing serial dilutions of SDS and
incubated at 37°C for 24 hrs. Cultures showing no
growth were discarded and the sub-inhibitory
concentration was thus determined. A loopful of the
sub-inhibitory concentration was streaked on
MacConkey agar to obtain discrete colonies.
Antibiotic sensitivity test was carried out on
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colonies from the curing agent by disc diffusion.
Isolates that lost their resistance phenotype after
curing were interpreted as cured isolate.

Plasmid extraction and molecular detection
of ESBL and Sull genes

Plasmid DNA extraction as described
previously by Birnboim [15] was performed and
resultant plasmids were resolved in a 0.8% agarose
gel electrophoresis at 70V for 3 hours in Tris-acetic
acid-EDTA buffer. After staining the gel with
ethidium bromide, extracted plasmids were
examined in a UV transilluminator and A DNA
ladder of various sizes were used as molecular
weight markers (Bioneer Accupower, Korea).

Sulfonamide resistance gene (Sull) and
beta lactamases genes (blaCTX-M, blaTEM or
blaSHV) were detected by PCR. Amplification was
carried out using previously established primers
listed in (Table 1).

Amplification of beta lactamases genes
was performed in a volume of 25uL containing 1 X
reaction buffer, 1.5mM MgCl;, 200um, dNTP,s
0.2um each primer and 2.5 U of Taq polymerase
(Eppendorf, Germany). Amplification conditions
were as follow: initial heating block at 95°C for 5
minutes followed by 35 cycles of denaturation for
30 sec s at 94°C, 1 minute of annealing at 56°C,
extension at 72°C for 1 minute and the final
extension at 72°C for 10 minutes

The PCR products were prepared and run
on agarose as described above for plasmids.

Sull genes was amplified in a total volume
of 25uL containing 2.5uL 10 X PCR buffer, 1 pL 50
mM MgCly, 2.5 uL 2 mM dNTP’s ,0.15mM Taq
polymerase, 2uL of DNA template and 0.5 pL
primers. The thermal cycler (PTC-200, Germany)
condition for amplification of Sull gene was 95°C
for 5 min, followed by 35 cycles of 94°C for 30 sec,
53°C for 30 sec and 72°C for 1 min. A final extension
of 5 min at 72°C was performed.

At the end of each PCR, amplified products
were separated by agarose (0.8%) gel
electrophoresis and viewed with a UV
transilluminator. Isolates harboring the Sull gene
were selected for transformation study.

Transformation of E. coli k-12 with
isolated plasmid DNA

Transformation of bacteria with resistance
genes was carried out as described earlier by
Sambrook et al [19] using E. coli k-12 as recipient.
Transformants were selected on MHA plates

supplemented with trimethoprim- sulfamethoxazole
(25ug/mL) and on a nonselective medium. Plates
having up to 5 transformants were examined for
presence of ESBL and Sull genes by PCR with
same method and primers as described above.
Transformants carrying ESBL and/or Sull genes
were subsequently tested to the 10 antibiotics as
described previously [9].

Ethical statement

The ethical approval was obtained from
Delta State University ethics committee with an
approval number of EOS20200 and permission to
collect samples from hospitals was granted by the
medical ethical committee of Delta State hospital
management board. Consent from patients or family
members was obtained before sample collection.

Results

Resistance profile, Frequency of Sul 1 and B-
lactamases genes

The isolates showed diversity in resistance
patterns resulting in 19, 13 and 18 varied resistance
patterns from Warri, Asaba and Agbor locations
respectively (Table 2). Phenotypic resistance to one
or more of the cephalosporins appears to be a unique
feature in the resistance pattern. In at least 95% of
the TMSR isolates, amoxicillin-clavulanic acid
resistance was observed (Table 2) Resistance to a
Fluoroquinolone and trimethoprim-
sulfamethoxazole  occurred too  frequently,
appearing almost inseparable. This resistance pair of
fluoroquinolone and trimethoprim-
sulfamethoxazole was observed in the 3 locations.
However, in 36.8%, 30.7% and 16.7% resistance
profiles of TMSR isolates in Warri, Asaba and
Agbor respectively a fluoroquinolone and
trimethoprim-sulfamethoxazole resistance pair were
not present (Table 2). Overall, resistance to
nitrofurantoin was remarkably lowest in this study.

Among the 92 TMSR isolates, 54 (58.7%)
ESBL phenotypes and 27 (29.3%) were identified.
ESBL was therefore more prevalent than Sul 1.
Also, E. coli was a more prevalent ESBL producer
(75.9%) than P. aeruginosa (24.1%) and the
detection of Sul 1 and ESBL gene was higher in E.
coli than in P. aeruginosa. Additionally, the co-
existence of ESBL p-lactamase with Sul 1 was
frequent and predominantly detected in E. coli
isolates (Table 3).

A blaCTX-M, blaTEM or blaSHV beta-
lactamase was identified in 28(30.4%,), 13(14.1%)
and 13(14.1%) respectively amongst the ESBL
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phenotypes. The blaCTX-M, p-lactamase was
predominant in E. coli, 19(20.7%) (Fig. 1).
Plasmid Analysis and Transformation

The results of plasmid analysis and
transformation are presented in Table 5. There were
three different sizes of approximately 23.130kbp,
9.416kbp and 1.517kbp encountered and the isolates
from Warri harbored two of them simultaneously,
irrespective of the sample source. The isolates
obtained from Asaba and Agbor harbored single
plasmids of any of the sizes encountered (Table 4).
Of note is the plasmid size of 23.130kbp carried by
isolates in the three locations. Curing of plasmids by
Table 1. Primer sequence.

SDS indicated that majority of the antimicrobial
resistance phenotypes were carried on plasmids and
all ESBL positive isolates carried resistance on
plasmid. Transformation of Sul 1 gene was observed
in 23 (85.2%) isolates, Positive transformants
harbored ESBLs genes and /or Sul 1 genes of donor
isolates. Further examination of the 23 transformed
isolates, revealed that in 82.6% case trimethoprim-
sulfamethoxazole was transferred and in 60.9% a
fluoroquinolone and trimethoprim-
sulfamethoxazole was co-transferred.

Genes Primer Sequence (5°—3”) Amplicon Reference
Size (Bp)
SHV F-TCAGCGAAAAACACCTTG 471
R-TCCCGCAGATAAATCACC [16]
TEM F-CTTCCTGTTTTTGCTCACCCA 717
R-TACGATACGGGAGGGCTTAC [16]
CTX-M F-ATGATGACTCAGAGCATTCG 865
2
R-TGGGTTACGATTTTCGCCGC [17]
Sul1 F-CGGATCAGACGTCGTGGATGT 351 [18]
R-TCGAAGAACCGCACACAATCT CGT
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Table 2. Resistant pattern of TSR E. coli and pseudomonas aeruginosa isolated from hospitalized patients
Bacteria Resistance Phenotype
Warri No | Asaba No Agbor No
E. coli ACXCZCRCFNGC 4 ACXCZCRCFG 2 ACXCZCRCFNG |1
oT COoT COT
ACXCZCRCFGCOT |6 ACZCRCFGCO 4 ACXCZCRCFGC |4
T oT
ACXCZCFCOT 6 ACXCZCRCFC 1 ACXCZCFGCOT |1
oT
ACXCZCRCFGCT 2 ACFNGOT 1 ACXCZCRCFOT |1
ACXCZCRCFT 3 ACXNGT 1 ACXCZCRCOT 2
ACXCZCFOT 1 ACXCZCRCFT 1 ACXCZCRCFT 1
ACXCZCFCT 1 CXCzZzCOT 3 ACXCZCRNGT 1
ACXCRGCOT 1 ACXGOT 2 ACXCZNGT 1
ACXCZT 1 ACXGT 1 ACZCRGCT 4
ACXCZCOT 1 ACZCRCFT 1
ACXCZCT 1 ACZGCT 1
ACXCZNOT 1
ACXCRGCT 1
P. aeruginosa ACXCZCRCFGCOT |3 ACXCZCFGCO 2 ACXCZCRCFNG |2
T COT
ACXCZCRCFGOT 1 ACXCZCRCFNT |1 ACXCZCRCFGC |3
oT
ACXCZCRCFCT 2 ACZCRCFCOT 1 ACXCZCRCFCT |1
ACXCZCRCFT 1 CXCOT 1 ACXCZCRCFGO |1
T
ACXCRNT 1 ACXCZCRGCT 4
ACZCRT 1 CXCZCRCFNCT 1
CXCZCRCFCOT]|3

Ceftazidime (CZ) Cefotaxime (CF) Cefuroxime (CF), Cefixime (CX), Gentamicin (G), Ciprofloxacin (C), Ofloxacin (O) Trimethoprim-
sulfamethoxazole (T), Amoxicillin-clavulanic acid (A) and Nitrofurantoin (N).

Table 3. Prevalence ESBL phenotype and Sul 1 gene in E. coli and P. aeruginosa isolates obtained from some
government hospitals of Delta State.

Isolates Number Location Prevalence [n (%)]
of ESBL phenotype Sull gene Sul'l+
isolates N= 54 N= 27 ESBL
N =92 phenotype
[n (%)] N= 21
E. coli 29(31.5) Warri 20(37.0) 12(44.4) 12(57.1)
P. aeruginosa 9(9.8) Warri 4(7.4) 0(0.0) 0(0.0)
E. coli 18(19.6) Agbor 12(22.2) 8(29.6) 6(28.6)
P. aeruginosa 15(16.3) Agbor 5(9.3) 4(14.8) 0(0.0)
E. coli 16(17.4) Asaba 9(16.7) 3(11.1) 3(14.3)
P. aeruginosa 5(5.4) Asaba 4(7.4) 0(0.0) 0(0.0)
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Table 4. Transformation of plasmid DNA into E. coli k-12 recipient.

Source Bacteria Resistant phenotype Antibiotics transferred Plasmid
sizes
Warri E. coli ACXCZCRCFNGCO | ACXCZCRCFCOT | 23.130kbhp,
T 1.517kbp
E. coli ACXCZCRCFNGCO |CFCOT 23.130kbp,
T 1.517kbp
E. coli ACXCZCRCFGCOT | ACXCRCFCOT 23.130kbp,
1.517kbp
E. coli ACXCZCRCFGCOT |CXCRCFC 23.130kbp,
1.517kbp
E. coli ACXCZCFCOT ACZCFCOT 23.130kbp,
1.517kbp
E. coli ACXCZCRCFGCT ACRCFCT 23.130kbp,
1.517kbp
E. coli ACXCZCRCFGCOT |ACFGCOT 23.130kbp
1.517kbp
E. coli ACXCRGCOT ACOT 23.130kbp
1.517kbp
E. coli ACXCZCRCFGCOT |- -
E. coli ACXCZCRCFT Cz 23.130kbp
1.517kbp
E. coli ACXCZNOT AT 23.130kbp
1.517kbp
E. coli ACXCRGCT ACXT 23.130kbp
1.517kbp
Agbor E. coli ACXCZCRCFNGCO | ACXCZCRCFT 23.130kbp
T
E. coli ACXCZCRCFGCOT |ACXCZCRCOT 23.130kbp
E. coli ACXCZCFGCOT ACXCzZCOT 23.130kbp
E. coli ACXCZCRCOT - 9.416kbp
E. coli ACXCZCRCFOT ACZCRCFT 9.416kbp
E. coli ACZCRGCT ACZCRT 9.416kbp
E. coli ACXCZCRCOT ACRCT 9.416kbp
E. coli ACXCZCRCFT - 23.130kbp
p. aeruginosa ACXCZCRCFNGCO | ACXCRCF 23.130kbp
T
p. aeruginosa ACXCZCRCFGCOT |CXCz 23.130kbp
P. aeruginosa ACXCZCRGCT CzCT 9.416kbp
Asaba p. aeruginosa CXCZCRCFCOT CXCOT 9.416kbp
E. coli ACXCZCRCFGCOT |ACT 9.416kbp
E. coli CXCzCOT - -
E, coli ACZCRCFGCOT ACXCZCROT 23.130kbp

Ceftazidime (CZ) Cefotaxime (CF) Cefuroxime (CF), Cefixime (CX), Gentamicin (G), Ciprofloxacin (C), Ofloxacin (O)
Trimethoprim-sulfamethoxazole (T), Amoxicillin-clavulanic acid (A) and Nitrofurantoin (N).
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Figure 1. Percentage distribution of Sul 1 and ESBL genes among TSMR isolates
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Discussion

The high prevalence of multidrug
resistance and ESBL in clinical isolates globally is a
worrying issue as it has increased the global disease
burden due to ineffectiveness of the available
antibiotics. Their presence in clinical isolates of P.
aeruginosa and E. coli with high levels of
antimicrobial resistances have been reported in
several studies globally [20, 21]. The isolates
reported in this present study showed diversity in
resistance patterns resulting in 19, 13 and 18 varied
resistance patterns from Warri, Asaba, and Agbor
locations respectively (Table 2). Phenotypic
resistance to one or more of the cephalosporins
appears to be a unique feature in the resistance
patterns. Resistance to amoxicillin-clavulanic acid
was found to be the most prevalent in the
trimethoprim-sulfamethoxazole resistant (TSR)
(Table 2). The resistant pattern of the TSR isolates
indicates co-selection may suggest that they could
be linked to the same genetic element. Previous
studies [22, 23] observed co-selection of amoxicillin
and trimethoprim resistance genes. A predominantly
high frequency of resistance to the cephalosporins
was also observed.

A similar pattern of resistance to the
cephalosporins and amoxicillin-clavulanic acid has
been reported in Nigeria [24]. Selective pressure
from trimethoprim-sulfamethoxazole may have
simultaneously selected for genes mediating

resistance to other antibiotics leading to multiple
bacterial resistances, causing great difficulties in
clinical treatment of infectious diseases and
prolonged hospital stay. The clinical and public
health implications of the high prevalence of MDR
isolates is thus potentially profound. Resistance to
fluoroquinolone and trimethoprim-
sulfamethoxazole occurred too frequently in this
study, appearing almost inseparable. In general,
most antimicrobial resistance studies carried out in
Nigeria and in many developing countries have
reported high prevalence of resistance to
cephalosporins, fluoroquinolones and amoxicillin—
clavulanic acid. This is a serious therapeutic concern
attributed to the extensive and inappropriate use of
these antibiotics as first line dose and multiple
antibiotic therapies which are prescribed to provide
a broader spectrum of activities and synergy in
treatment of infections [ 25]. However, because
different bacteria have different resistance
mechanisms to different antibiotics co-selection,
cross- selection and HGT via resistant plasmids,
antibiotic prescription should be guided by
resistance testing and local empiric resistance data.
Considering the MDR resistance pattern obtained
from the study isolates which mirrors the national
trend, a more rapid and accurate identification
method like using molecular techniques becomes
very imperative in order to optimize treatment and
reduce resistance evolution arising from
inappropriate  prescriptions of antibiotics. In
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addition, low rate of resistance is achievable through
regulatory control of antibiotic usage in humans and
veterinary medicine [26; 27].

Our findings provided other insights into
the resistance pattern of TSR isolates. The isolates
showed low resistance to nitrofurantoin.
Trimethoprim-sulfamethoxazole and nitrofurantoin
are indicated for use in urinary tract infections [28].
However, in contrast to amoxicillin-clavulanic acid
or trimethoprim-sulfamethoxazole, nitrofurantoin
resistance genes are not frequently associated with
mobile genetic elements carrying multi-drug
resistance [29]. Nitrofurantoin use may actually
select for bacteria that are susceptible to
trimethoprim- sulfamethoxazole [30].

Among the 92 TSR isolates, 54 (58.7%)
ESBL phenotypes and 27 (29.3%) Sull were
identified (Table 3). Sull gene and ESBL genotypes
were produced in 29.3% and 58.7% of the isolates,
respectively (Fig. 1). ESBL was therefore more
prevalent than Sull. Also, E. coli was a more
prevalent ESBL producer (75.9%) than P.
aeruginosa (24.1%) and the detection of Sull and
ESBL gene was higher in E. coli than in P.
aeruginosa. Additionally, the co-existence of ESBL
B-lactamase with Sull was frequent and
predominantly found in E. coli isolates (Table 3).

Given that the TSR isolates in our study
were found to be highly resistant to the
fluroquinolones, amoxicillin- clavulanic acid,
cephalosporins, and that ESBL producing
organisms have been reported to be associated with
resistance to these antimicrobial agents, it is
therefore not surprising to identify high rates of
ESBL producers.

CTX-M was the predominant ESBL
identified in this study (Figure 1), this is consistent
with global and local reports [9, 31, 32]. ESBLs
have been reported to be frequently found in
association with Sull gene [1, 33, 34] as observed in
this study. In addition, Sull gene is part of class 1
integrons, which further enhances the spread of
resistance [35, 36]. The results of plasmid analysis
and transformation are presented in (Table 4). There
were three different sizes of approximately
23.130kbp, 9.416kbp and 1.517kbp encountered and
the isolates from Warri harbored two of them
simultaneously, irrespective of the sample source.
The isolates obtained from Asaba and Agbor
harbored single plasmids of any of the sizes
encountered. Of note is the plasmid size of

23.130kbp carried by isolates in the three locations.
Curing of plasmids by SDS indicated that majority
of the antimicrobial resistance phenotypes were
carried on plasmids and all ESBL positive isolates
harbored resistance on plasmid.

The detection of artificial transformation
from E. coli and P. aeruginosa isolate to E-coli K-
12 recipient was successful (Table 4).
Transformation of Sull gene was observed in 23
(85.2%) isolates, several antibiotics, Sull gene as
well as ESBL were transferred by transformation.
The similar plasmid sizes observed in the different
sample sources indicates that these plasmids maybe
persistent and thus constituting a reservoir for the
dissemination of resistant bacteria carrying plasmids
to admitted patients and eventually to the
community thereby creating a public health risk.

A rate of 85% (23/27) transformation
obtained in this study further confirms antimicrobial
resistance gene location on plasmids rather than
genome. Many studies [21, 33] have reported the
frequency and distribution of Sul genes and
trimethoprim-sulfamethoxazole  resistance  in
various bacteria, which is a likely indication that
these genes are transferred mainly by horizontal
routes. That the resistance to trimethoprim-
sulfamethoxazole, fluoroquinolones and
cephalosporins occurred in unity in the locations and
were transferred together suggest that either these
resistances were carried on one plasmid facilitating
spread or the resistance pattern is endemic in the
sampling locations. The possible clonal spread to
other parts of the country is underscored. Although
transformation was carried out in this study under
laboratory conditions, some studies provide
evidence demonstrating that natural transformation
occur in E. coli under divalent metal ions (Ca 2+ and
Mg 2+) and biofilms which are prevalent
environmental factor in hospital settings [36]. This
may present a potential health risk to hospitalized
patients and workers as the physical environment in
hospitals favors the transmission of resistant
bacteria amongst patients and from health care
worker or care givers to patients and vice versa via
resistance transfer mechanisms.

Conclusion

The  resistance  to  trimethoprim-
sulfamethoxazole, fluoroquinolones and the
cephalosporins occurred in unity in the locations and
were transferred by transformation in the laboratory
conditions, the potential for occurrence in clinical or
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natural settings cannot be ruled out. Therefore,
adequate safety measures to prevent transfer of
resistant isolates should be put in place in hospitals
S0 as to stymie the spread of resistance.

Acknowledgment.

The authors would like to thank the head of
Microbiology Department Delta State University for
providing the facilities to carry out part of the work.
We are also grateful to TETFUND for the financial
support.

Author contributions
Conception: OSE and BOE, BCI
Design: . OSE, BOE, UBO and OO

Interpretation: BOE, UBO and OO, BCI,
LCO

Writing the manuscript: OSE, BCI, LCO
Conflict of interest.

The authors declare that they have no
conflict of interest.

References

1- Deng Y, Bao X, Ji L, Chen L, Liu J, Miao J,
Chen D, Bian H, Li Y, Yu G. Resistance
integrons: class 1, 2 and 3 integrons. Annals of
Clinical Microbiology and Antimicrobials
2015; 14:45. doi: 10.1186/s12941-015-0100-6

2- Trobos M, Christensen H, Sunde M,
Nordentoft S, Agers Y, Simonsen GS,
Hammerum AM, Olsen JE. Characterization of
Sulphonamide resistant Escherichia coli using
comparison of Sul 2 gene sequences and multi-
locus sequence typing. Microbiology 2009;
155:831-836.

3- FuY, Du X, JiJ, Chen Y, Jiang Y, Yu Y.
Epidemiological characteristics and genetic
structure of blaNDM-1 in non-baumannii
Acinetobacter spp. In China. Journal of
Antimicrobial Chemotherapy 2012; 67:2114-
2122.

4- Yang Y, Lee Y, Wang Y, Chiu C, Kuo S, Sun
J, Yin T, Chen T, Lin J, Fung C, Chang F.
Molecular epidemiology of carbapenem non-

susceptible Acinetobacter nosocomialis in a

medical center in Taiwan. Infection, Genetics
and Evolution 2015; 31:305-311.

Lerminiaux NA, Cameron ADS. Horizontal
transfer of antibiotic resistance genes in
clinical environments. Canadian Journal of
Microbiology 2018; 65(1):34-44.

Baur B, Hanselmann K, Schlimme W, Jenni B.
Genetic  transformation in  freshwater:
Escherichia coli is able to develop natural
competence. Applied and Environmental
Microbiology 1996; 62:3673-3678.

Tsen SD, Fang SS, Chen MJ, Chien JY, Lee
CC. Tsen DHL.
transformation in Escherichia coli. Journal of
Biomedical Science 2002; 9(3):246-252.

Sun G, Yi M, Shao C, Ma J, Zhang Q, Shao S.

Novel class 1 intgrons in multi-drug resistant

Natural ~ plasmid

isolates from Eastern China. Indian Journal of
Microbiology 2014; 54(2):227-231.

Egbule OS, Ejechi BO. Prevalence of extended
spectrum beta-lactamases (ESBLS) producing
Escherichia coli and klebsiella pneumoniae
among hospitalized patients from Nigeria.
FUDMA Journal of Science 2021; 5(2): 584 —
595.

10-Hall RM, Collis CM. Mobile gene cassettes

and integrons: capture and spread of genes by

site-specific recombination. Molecular

Microbiology 1995; 15:593-600.

11-Sumrall ET, Gallo EB, Aboderin AO,

Lamikanra A, Okeke IN. (2014).
Dissemination of the transmissible quinolone-
resistance gene gnrS1 by IncX plasmids in

Nigeria. PLos One 2014; 9(10): e110279.

12-Egbule OS. Antimicrobial resistance and B-

lactamase  production among  Hospital

Dumpsite isolates. Journal of Environmental

Protection 2016; 7: 1057-1063.

13-Monarrez R, Braun M, Coburn-Flynn O,

Botelho J, Odetoyin BW, Otero-Vero JI,



Egbule 0 S./ Microbes and Infectious Diseases 2024; 5(4): 1450-1460

1459

Quartey NKE, Peixe L, Aboderin AO, Okeke
IN. A large self-transmissible resistance
plasmid from Nigeria contains genes that
ameliorate a carrying cost. Scientific Reports
2019; 9(19624).

14-Clinical  Laboratory Standards institute
(CLSI). Performance standards  for
antimicrobial susceptibility testing. Twenty-
Third Information Supplement. M100-S23.
2016

15-Birnboim HC, Doly JA. A rapid alkaline
extraction procedure  for  screening
recombinant plasmid DNA. Nucleic Acids
Research 1979; 7:1513-1523.

16-lwu CJ, Jaja IF, Iweriebor BC, Obi LC, Okoh
Al. Antibiotic resistance proiles of Escherichia
coli 026, 0145, and O157:H7 isolated from
swine in the Eastern Cape Province, South
Africa. Asian Pacific Journal of Tropical
Disease 2017; 7(9): 553-559.

17-Nedjai S, Barguigua A, Djahmi N, Jamali L,
Zerouali K, Dekhil M, Timinouni M.
Prevalence and characterization of extended
spectrum beta-lactamase-producing
Enterobacter cloacae strains in Algeria. The
Journal of Infection in Developing Countries
2013; 7(11):804-811.

18-Cheng-Hsun Chiu, Lin-Hui Su, Chi-Hong
Chu, Mei-Hwei Wang, Chai-Ming Yeh,
Francois-Xavier Weill. Chishih Chu J. Clinical
Microbiology 2006; 44(7): 2354-2358.

19-Sambrook J, Fritschi EF, Maniatis T.
Molecular cloning: a laboratory manual.
(1989). New York. Cold Spring Harbor
Laboratory Press.

20-Sambrook A, Henghiranyawong K, Yimsabai
J, Tiloklurs M, Niumsup P. Nosocomial spread
of class 1 integron-carrying extensively drug-

resistant Pseudomonas aeruginosa isolates in a

Thai hospital. International Journal of
Antimicrobial Agents 2013; 42:301-306.

21-Chuanchuen R,  Koowatananukul  C,
Khemtong S. Characterization of class 1
integrons with unusual 3’ conserved region
from Salmonella enterica isolates. Southeast
Asian Journal of Tropical Medicine and Public
Health 2008; 39(3):419-424.

22-Kahlmeter G, Poulsen HO. Antimicrobial
susceptibility of Escherichia coli from
community-acquired tract infections in
Europe: the ECO-SENS study revisited.
International Journal of Antimicrobial Agents
2012; 39: 45-51.

23-Pouwels KB, Visser ST, Hak E. Effect of
pravastatin and fosinopril on recurrent urinary
tract infections. Journal of Antimicrobial
Chemotherapy 2013; 68: 708-714.

24-Oladipo EK, Oloke JK, Omomowo 10,
Oyeniran AO, Awoyelu EH, Ogundele SO.
Incidence of cephalosporin resistance among
clinical isolates of Pseudomonas aeruginosa in
Ibadan, south-western Nigeria. International
Journal of Medicine and Biomedical Research
2015; 4(3):135-141.

25-.

26-Umeokonkwo CD, Madubueze UC, Onah CK,
Okedo-Alex I.N, Adeke AS, Versporten A,
Goossens H, lgwe-Okomiso D, Okeke K,
Azuogu BN, Onoh R. Point prevalence survey
of antimicrobial prescription in a tertiary
hospital in south east Nigeria: A call for
improved antibiotic stewardship. Journal of
Global  Antimicrobial Resistance 2019;
17:291-295.

27-Cheng AC, Turnidge J, Collignon P, Looke D,
Barton M, Gottlieb T. (2012). Control of
fluoroquinolone resistance through successful
regulation, Australia. Emerging Infectious
Diseases, 18(9):1453-1460.



Egbule 0 s/ Microbes and Infectious Diseases 2024; 5(4): 1450-1460

1460

28-Iweriebor BC, Egbule OS, Igwaran A, Obi LC.
Seogroups and Antibiogram of Salmonella
Isolates from dairy cattle in Nkonkobe District,
South  Africa. Malaysian  Journal  of
Microbiology 2021; 174(4): 2021

29-Huttner A, Verhaegh EM, Harbarth S, Muller
AE, Theuretzbacher U, Mouton JW.
Nitrofurantoin revisited: a systematic review
and meta-analysis of controlled trials. Journal
of  Antimicrobial Chemotherapy 2015;
70(9):2456-2464.

30-Sandegren L, Lindqgvist A, Kahlmeter G,
Andersson DI. Nitrofurantoin resistance
mechanism and fitness cost in Escherichia coli.
Journal of Antimicrobial Chemotherapy 2008;
62(3):495-503

31-Pouwels KB, Freeman R, Muller-Pebody B,
Rooney G, Henderson KL, Robotham JV,
Smieszek T. Association between use of
different  antibiotics and trimethoprim
resistance: going beyond the obvious crude
association 2018,73(6): 1700-1707.

32-Rani S, Jahnavi I, Nagamani K. Phenotypic
and molecular characterization of ESBLS
producing enterobacteriaceae in a tertiary care
hospital. Journal of Medical and Dental
Sciences 2016; 15(9):27-34.

33-Agyekum A, Fajardo-Lubian A, Ansong D,
Patridge SR, Agbenyega T, Iredell JR.
blaCTX-M-15 carried by IncF-type plasmids is
the dominant ESBL gene in Escherichia coli
and Klebsiella pneumonia at a hospital in
Ghana.  Diagnostic ~ Microbiology  and
Infectious Diseases 2016; 84:328.

34-Arabi H, Pakzad I, Ayat N, Hosainzadegan H,
Jalilian FA, Taherikalani M, Samadi N,
Sefidan AM. Sulfonamide resistance genes
(Sul) M in extended spectrum beta lactamase
(ESBL) and non-ESBL producing Escherichia

coli isolated from Iranian hospitals.

Jundishapur Journal of Microbiology 2015;
8(7):€19961. doi: 10.5812/jjm.19961v2.

35-Xia S, Fan X, Huang Z, Xia L, Xiao M, Chen
R, Xu Y, Zhuo C. Dominance of CTX-M-type
extended-spectrum beta-lactamase (ESBL)-
producing Escherichia coli isolated from
patients with community-onset and hospital-
onset infection in China. PloS One 2014;
€100707.

36-Yasir M, Ajlan AM, Shakil S, Jiman-Fatani
AA, Almasaudi SB, Farman M, Baazeem ZM,
Baabdullah R, Alawi M, Al-Abdullah N,
Ismaeel NA, Shukri HA, Azhar El. Molecular
characterization, antimicrobial resistance and
clinico-bioinformatics approaches to address
the problem of extended spectrum beta-
lactamase-producing Escherichia coli in
western Saudi Arabia. Scientific Reports 2018;
8:14847.

37-Krol JE, Nguyen HD, Rogers LM, Beyenal H,
Krone SM. Top EM. Increased transfer of a
multidrug resistance plasmid in Escherichia
coli biofilms at the air-liquid interface. Applied
and Environmental Microbiology 2011;
77:5079-5088.

Egbule O, Ejechi B, Uwhe-Ureghe U, Okwumabua O, IWERIEBOR B, Obi L. Transformation mediated transfer of
Extended Spectrum Beta lactamases (ESBLs) and Sul 1 genes obtained from trimethoprim-sulfamethoxazole
resistant (TSR) Escherichia coli and Pseudomonas aeruginosa clinical isolates. Microbes Infect Dis 2024; 5(4):
1450-1460.



