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ABSTRACT

Background: Antibacterial resistance genes that pose a serious threat to human medicine is found in Gram-
negative bacteria especially extended spectrum B-lactamase strains (ESBLs). The resistant plasmids in ESBLs
avert the effect of antibiotics. The synthetic plasmid curing agent has therapeutic toxicity in humans. This study
assessed the antibacterial resistance tracing by resistant plasmid curing activities using commercial honeys as
natural curing agents and synthetic agents against ESBLs associated bacterial keratitis among patients in Ilorin.

Methods: Seventy-nine corneal scraping samples were obtained from patients that presented with bacterial
keratitis at Ophthalmology clinics in Ilorin. The samples were analyzed and isolates identified using standard
methods. The susceptibility of the isolates to various B-lactam antibiotics was evaluated and subjected to plasmid
curing experiment. Sterility test was performed on all the honey samples by culturing them on Blood agar and
incubated at 37°C. Isolation of plasmid DNA in ESBLs was done using TENS method.

Results: Of 22 Gram-negative isolates obtained from corneal scraping samples, seven were ESBLs bacteria.
Klebsiella pneumoniae strains was the highest number (4 strains) found. Branded honey (B4) had the highest
curing rate of R-plasmid encoded ESBLs 9 (75.0%). The comparison of curing rate of R-plasmids curing agents
showed Sodium dodecyl sulfate 11 (91.7%), Ethidium bromide 10 (83.3%) F test=3.275; p<0.003, Branded honey
9(75.0%), and Local honey 8 (66.7%); F test=3.293; p< 0.003 at 95% confidence interval.

Conclusion: This study showed that branded and local honey samples are good alternative natural curing agents
as they both had significant curing activity for R-plasmid encoded ESBLs.
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INTRODUCTION mase-producing gram-negative bacilli?, and
. . ) ) these enzymes are encoded by point-mutational

Antibacterial resistance a major threat to variants of classical broad-spectrum B-

human health around the world according to lactamases, which are referred to as ESBLs.23

previous publications that estimated the effect
of antimicrobial resistance on incidence, deaths
and hospital length of stay.! Antibacterial
resistance genes that pose a serious threat to
human medicine are typically found in Gram-
negative bacteria. These include genes coding
for extended spectrum (-lactamases (ESBL),
carbapenemases.! The most common antibiotic
resistances emerging among Enterobacteriaceae
are caused by the B-lactamase enzymes that
confer resistance to f-lactam antibiotics. Of
them, the most alarming are the extended-
spectrum p-lactamase (ESBL) and carbapene-

Antimicrobial resistance genes (ARGs) are
frequently located on plasmids, which are pieces
of usually circular, self-replicating DNA which
can code for a variety of different functional gene
groups. Plasmids often include partitioning
systems, toxin-antitoxin (TA) systems and
conjugative/transmission systems.*> Conjuga-
tion is mediated by type IV secretion coupled
with a relaxosome complex to mediate DNA
movement from one cell to another.®

Plasmid curing is the process by which plasmids

*Corresponding Author are removed from bacterial populations. This is
Dr Olawale Job Oladejo an attractive strategy to prevent antimicrobial
LAUTECH Teaching Hospital, Ogbomoso resistance (AMR) from a population while
Email: olawalejob4@gmail.com K . h X K

ORCID no: 0009-0003-9302-6401 leaving the bacterial community intact. Plasmid
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curing agents reported in the scientific literature
include sodium lauryl sulfate, ethidium
bromide, acridine orange.” Unfortunately, at the
moment no such treatment options are in use.
Recently, it was shown that 25% of non-
bacterial drugs impact growth of members of the
human microbiome.89:10

The increase in antibiotic resistant bacterial
strains all over the world has led to an urgent
call for new antimicrobial drugs, particularly
from natural products. Honey is a potential
natural plant product that possess antibacterial
activities!!. The purpose of this study is to
highlight the antibacterial resistance tracing by
plasmid profile analysis and the curing activities
of commercial honeys as alternative natural
agent to synthetic curing agents against ESBLs
associated bacterial keratitis among patients in
Iorin.

METHODOLOGY
The study setting

This was a multicenter study conducted at the
Eye clinic, Department of Ophthalmology,
University of Ilorin Teaching Hospital (UITH),
Specialist Eye Hospital and Civil Service Clinic
in Ilorin which serve as referral hospitals in
Kwara State, North-Central, Nigeria.

Ethical Considerations

Ethical permission and clearance for the study
was obtained from Ministry of Health, Ilorin,
Nigeria with approval code: MOH/KS/EC
]777/88/24.

Written Informed consent was taken from the
patients before cornea scraping.

Survey Design

This was a cross-sectional study of patients with
bacterial keratitis that presented to the three
Eye Clinics of the purposively selected hospitals
in Ilorin between July, 2016 and July, 2019.

Sampling and Characteristics of Patients
with Bacterial Keratitis

Sample size

A total of 79 patients with suspected infected
ulcerated cornea who attended Ophthalmology
clinic, University of Ilorin Teaching Hospital,
Sobi Specialist Eye clinic and Civil Service Eye
clinic which serve as referral centers for
ophthalmic diseases in Kwara State were
consecutively enrolled for the study. Infected
cornea refers to cornea with clinical evidence of
epithelial defect.

Eyes with clinically suspected fungal, viral or
parasitic ulcers were excluded. The suspected
bacterial keratitis refers to the eye with evidence
of corneal epithelial defects and infection.
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History was taken with regards to pain,
photophobia, watering, and redness. History of
predisposing factors like trauma, contact lens
wear, dry eye, surgery was further obtained.
Ocular examination included visual acuity (VA)
done with Snellen’s chart at distance of 6 meters
from patient with each eye examined
independently, Slit lamp examination of the
cornea for size, site, and depth of the ulcer,
presence or absence of perforation. Fluorescein
staining of the corneal ulcer for epithelial defects
and the presence or absence of hypopyon were
determined.

Sample processing

Corneal scrapings were collected by the
Ophthalmologist from ulcerated cornea bed
using 23G sterile needle under Slit Lamp
Biomicroscope after instillation of non-
preservative topical anaesthetic agent
(amethocaine 1%) into the eye with ulcerated
cornea. Immediately after collection, the
samples were introduced into brain heart
infusion broth (BHIB), yeast extract broth (YEB),
and Tris EDTA buffer which was stored at
temperature of -80°C. Also smears of the
samples were made on the slide for Gram
staining and the remaining sample was streaked
directly on Blood agar, Chocolate agar and
MacConkey agar. The culture samples were
stored at -80°C and thereafter transported to the
Medical and Parasitology Laboratory in
University of Ilorin Teaching Hospital where
culture isolation and identification of micro-
organisms were carried out by the Medical
Laboratory Scientist (Co-Researcher).

Gram stained for cellular morphology was done
to characterize each isolate. Further characteri-
zation was done by subjecting colonies to
biochemical tests and Analytical profile index
(API) to identify the bacteria to species. The
resulting reactions were read according to the
reading table attached with the API kit and the
identification was obtained by referring to the
identification software on Apiweb (http/apiweb.
biomerieux.com)!2.

Identification of Antibacterial Resistance
Bacteria and Isolation of ESBLs

The characteristics of the bacterial organisms
were discovered by observing their resistance
pattern to at least 3 out of the 7 commonly used
antibiotics!3. These antibiotics included Ceftazi-
dime (30ug), Ceftriaxone (30ug), Cefuroxime
(30ug), Ciprofloxacin (Sug), Augmentin (30ug),
Erythromycin (15ug) and Gentamicin (10ug)
used in this study. The bacteria were resistant
to at least two antibiotics from each of the
following classes: quinolones, cephalosporins,
macrolides and aminoglycoside.4
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Culture Purification for Plasmid DNA

Extraction

The purity of the bacterial cultures used for the
test was ensured by subculturing each
bacterium on the nutrient agar and MacConkey
agar.15

Phenotypic and Genotypic detection of
Extended Spectrum of B-lactamases (ESBLs)

Bacterial deoxyribonucleic acid (DNA) was
extracted by boiling method according to the
steps used by Norliza et al.1® Isolates that were
positive to phenotypic confirmatory test were
grown on nutrient agar for 12 hours. A single
colony growth was picked and transferred to
0.1ml of sterile water, stirred and boiled for 10
minutes so as to lyse the cells. The lysate was
centrifuged briefly (10 seconds at 10,000 rpm),
and 3ul of the supernatant was used as the DNA
sample for the PCR reaction.

PCR analysis for beta-lactamase gene of the
family Temoniera Ensche Mutant (TEM),
Sulthydryl Variable (SHV) and plasmid-
mediated cefotaimases (CTX-M) (for ESBLs) were
carried out. Primer used for TEM, SHV, and
CTX-M are shown in (table 1 below) and were
supplied by Ingaba biotech (obtained from
South Africa). Amplification was carried out
according to the following thermal and cycling
condition illustrated in Table 1.

Plasmid DNA Extraction

In a 5 ml double-strength Mueller Hinton broth,
ESBLs bacteria were cultured for 72 hours at
370C. The cultures were collected into clearly
marked Eppendorf tubes centrifuge (10,000x g)
for 10 minutes to produce pellets in a
microcentrifuge (Biofuge, Biotra Bio-trade
Hercus Sepatech Co. Ltd. USA). After gently
decanting the supernatant, the cell pellets
underwent a S-minute vortexing process. Then,
to lyse the bacteria cell pellet, 300ul of Tris
EDTA (TE) buffer and 150 ul of 3.0 M aqueous
sodium acetate were added at pH 5.2. After
another 10-minute centrifugation of the
samples, the supernatant was transferred to a
new Eppendorf tube and thoroughly mixed with
0.9 ml of 70% ethanol that had been cooled to -
200C in order to precipitate plasmid DNA. The
supernatant was discarded after it underwent a
second centrifugation for 10 minutes,
resuspended in 20-40 ul of TE buffer, kept at
40°C3 micropipettes (100-1000 pl, 0.5-10 pl)
and their pipette tips, Solution A, (TENS
solution: Tris 25 Mm, EDTA 10 pending use.

Preparation of Gel for Electrophoresis

The gel casting apparatus was set up as
instructed in the product manual. The comb
was straight, and there were few millimeters of
clearance between the bottom of the comb and
the bottom of gel tray. A 1.2 g of agarose was
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dissolved into 120 ml of 1X TBE buffer to make
10%, boiled to dissolve the agarose in a
microwave and mixed gently by a stirrer. It was
allowed to cool to about 60°C before adding EZ-
vision blue light DNA dye. It was mixed gently by
swirling. It was poured into the electrophoresis
tank with the comb in place to obtain a gel
thickness of about 4-5 mm and to avoid
bubbles. It was allowed to solidify (which took
about 20 minutes) after which the comb was
carefully removed. After which the gel together
with the rack was completely immersed into
electrophoretic tank containing the 1X TBE
solution. The gel was completely covered with 1X
TBE. 15ul of the sample was mixed with 2 ul of
the loading dye. The sample was carefully loaded
into the wells created by the combs, (Marker was
loaded on lane 1 followed by the controls). The
lid of the electrophoresis chamber was closed
and current of 100 V was applied for 30
minutes. The DNA moves toward the positive
anode due to the negative charges on its
phosphate backbone. Small DNA strands move
fast, but large DNA strands move slowly through
the gel. The DNA is not normally visible during
this process, the dye added to the DNA and the
marker aid visibility to prevent the DNA being
run entirely off the gel, the electrodes were
turned off and disconnected. The rack was then
removed from the 1X TBE solution in the
electrophoresis tank and visualized by UV-
transillumination.

Determination of Molecular sizes of the
Bacterial Plasmids

Plasmid sizes were estimated by comparing with
the DNA band sizes of the Hyperladder DNA
markers. The gel was photodocumented to
determine the plasmid weight of each of the R-
plasmid DNA obtained from the untreated
isolates culture, cured isolates culture by honey
(MAK, 10), Sodium dodecyl sulfate and
Ethidium bromide.

Preparation of honey samples and antibiotics

A total of 24 honey samples were used for this
study, 14 honey samples (OM, MAK, SEJ, RR1,
RR4, KL2, RR2, JO, KL1, R1, PAK, RR3, CSO2,
and CSO1) and 10 branded honey samples (B1,
B2, B3, B4, B5, B6, B7, B8, B9, B10) were
purchased from various local markets and
supermarkets in Ilorin, Nigeria respectively. The
branded honeys were refined and sold in the
supermarkets while the local honeys were raw,
non-refined honeys being sold in the local
markets. The samples were divided into two
groups to determine their bacteriocidal and
bacteriostatic properties. All samples were put
in universal sterile bottles and transferred to the
Medical and Parasitology Laboratory, University
of Ilorin Teaching Hospital where they were
stored in the dark, and kept at 49-5°C until
analyzed. Each honey sample was diluted in
sterile deionized water to achieve concentrations
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of 80, 50, 25, 12.5 and 6.25% (w/w) and used
immediately after dilution. Sterility was
performed on all the honey samples by culturing
them on Blood agar and incubated at 37°C for
24-48 hours. Different classes of commonly
used antibiotics were tested against the isolates
by the Kirby Bauer disc diffusion method on
Mueller Hinton agar according to CLSI
guidelines!3. Ceftazidime (30ug), Ceftriaxone
(30ug), Cefuroxime (30ug), Ciprofloxacin (5Sug),
Augmentin (30ug), Erythromycin (15ug), Genta-
mycin (10ug). Pure isolates of 0.5 McFarland
turbidity standard were spread on Mueller-
Hinton agars and allowed to air-dry at room
temperature. Each antibiotics discs mentioned
above was placed on the inoculated agar and
incubated at 37°C for 18 tO 24 hours. The
inhibition zone of each antibiotic tested against
each isolate was measured using graduated
meter rule to determine the diameter of the
inhibition zones and interpreted as sensitive
and resistant according to CLSI guidelines.!4

Preparation of bacterial inoculum

Twenty-two Gram-negative isolates out of 61
clinical isolates of pathogenic bacteria origina-
ted from cornea scraping samples obtained from
selected ophthalmology clinics in Ilorin was
directly inoculated into liquid media and solid
media were immediately transferred to the
Department of Medical and Parasitology
Laboratory, University of Ilorin Teaching
Hospital. The BHIB and other culture plates
were inoculated at 37°C for 24 hours. After 24
hours, BHIB (Oxoid, UK) were subcultured onto
Blood agar (Oxoid, UK), MacConkey (Oxoid, UK)
and Chocolate agar (Oxoid, UK). These were
further inoculated at 37°C for 24 hours, while
the initial solid plates were examined for growth.
Mixed colonies were purified on MacConkey
agar and further incubated at 37°C for 24 hours.
Each organism was identified according to
Chauhan and Jindal!> which is the method of
bacteria identification by their colonial
appearance such as size, shape, consistency,
colour, elevation and differential characteristics.
Gram stain, conventional biochemical tests and
Analytical profile index was done to characterize
each isolate by cellular morphology bacteria
species identification.

Antibacterial activity

The antibacterial activity of all the honey
samples against each of the bacterial organism
was examined using the agar well diffusion
method described by Stagos et all®. Overnight
broth culture of 0.5 MacFarland turbid was
prepared and spread on Muller-Hinton agar,
and allowed to air dry. Then, 6 mm diameter well
of 4 mm depth was bored into the agar at 4 cm
distance apart using sterile cork borer. A 100ul
sterile water served as negative control and
100yl ciprofloxacin of 10ul as positive control.
The plates were incubated at 37°C for 18 to 24
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hours. The inhibition zones were measured
using graduated meter ruler and mean diameter
of the inhibition zones were determined. The
inhibition zone less than 12 mm was considered
as having no antibacterial activity according to
CLSI 2017.14

Plasmid Curing Using Branded honey, Local
Honey, Sodium Dodecyl Sulphate and
Ethidium Bromide

The curing procedure of R-plasmids with
branded and local honeys, ethidium bromide
(125pg/ml), sodium dodecyl salt (12%) was done
by the removal of extra-chromosomal R-
plasmids according to Bahuguna !7.18. Seven
extended spectrum p-lactamase (ESBL) isolates
were selected for plasmids curing. An overnight
culture of each test organism in Brain heart
infusion broth (BHIB) was diluted to 104 cells/ml
using freshly prepared sterile BHIB by serial
dilution technique. From this dilution culture,
0.5 ml was added with 4.5 ml BHIB containing
different concentrations of curing agents. Thus,
the concentration became 103 cells/ml. The
cultures were then incubated at 37°C for 48
hours, and at every two hours the cultures were
manually rotated. After incubation, the broth
culture was again diluted to 103 cells/ml with
sterile normal saline. Ten (10) ml of the culture
was spread on Mueller Hinton medium. After a
24-hour incubation at 37°C, the plates were
observed for growth. From these plates cultured,
some well-isolated colonies were randomly
selected and simultaneously patched with
sterile toothpick on one Mueller Hinton Agar
medium without antibiotic and another Mueller
Hinton Agar containing Ceftazidime (10mg/ml),
with a numbered grid line attached on the
bottom of each plate. After 24-hour incubation
at 370C, plates were observed for the cured cells.
The cured plasmid cells were detected
comparing the development of bacterial colonies
on antibiotic containing plate with that of the
normal (without antibiotic) plate. The samples
that showed colonies on normal Mueller Hinton
agar but failed to grow on Mueller Hinton agar
supplemented with Ceftazidime (10 mg/ml) were
the possible cured isolates.

Data management

The data were entered into and analyzed using
the Statistical Package for Social Scientist
(SPSS) version, Chicago 20.0, USA software.
Percentages, mean and standard deviation was
used to describe numerical variables. Student ‘t’
test and analysis of variance (ANOVA) was used
to compare means of two or more independent
variables respectively. Independent categorical
variables were compared using the Chi squared
test. Confidence interval was set at 95% and for
all statistical test, a p value < 0.05 was
considered significant. Presentation was done
with the use of frequency tables, charts and
figures.
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Table 1: The Primers for Sequencing of Resistance genes ESBLs Associated Bacterial Keratitis

Primer Sequence (5’-3’) Size (bp) T (°C) Reference
(Code)

SHV SHV-F CGCCTGTGTATTATCTCCCT 293 60 EF125011
SHV-R CGAGTAGTCCACCAGATCCT

TEM TEM-F TTTCGTGTCGCCCTTATTCC 403 60 AB282997
TEM-R ATCGTTGTCAGAAGTAAGTTGG

CTX-M CTX-M-F CGCTGTTGTTAGGAAGTGTG 874 60 DQ303459
CTX-M-R GGCTGGGTGAAGTAAGTGAC

No Step PCR Temperature Duration

1 Hot start 940C 3 minutes

2 Denaturation = 940C 30 seconds

3 Annealing 600C 30 seconds

4 Extension 720C 1 minute

5 Cycling Steps 2-4 Repeated

6 Extension 720C 7 minutes

Table 2: Distribution of Antibiotic resistance of Gram-negative bacteria (ESBL) isolates from patients

with bacterial keratitis

Gram- N-total n-no of % of Antibiotic
negative no of resistant resistant profile in
bacteria isolates strains strains %
isolates GN CIP CRO CAZ CXM AUG
Klebsiella 4 1 25.0 8.0 4.0 14.2 15.9 9.5 14.2
pneumonia
Klebsiella 1 0 0.0 0.0 4.0 4.8 5.3 4.7 4.8
oxytoca
Pseudomonas 4 1 25.0 8.0 8.0 - 15.9 - -
aeruginosa
Pseudomonas 5 0 0.0 4.0 0.0 - 0.0 - -
luteola
Pseudomonas 1 0 0.0 0.0 0.0 - 5.3 - -
oryzihabitus
Pseudomonas 1 0 0.0 4.0 0.0 - 5.3 - -
fluorescens
Escherichia 2 1 50.0 0.0 8.0 9.5 10.6 9.5 9.5
coli
Citrobacter 2 0 0.0 0.0 0.0 0.0 0.0 0.0 4.8
freundi
Enterobacter 1 0 0.0 8.0 4.0 0.0 0.0 4.7 9.5
cloaca
Serratia 1 0 0.0 4.0 0.0 4.8 5.3 4.7 4.8
marcescens

22 (36.1%) 3

*00 No inhibitory action
** - no antibiotic used

RESULTS

The primers for antibacterial resistance genes
are short, single-stranded DNA sequences used
in polymerase chain reaction to amplify specific
resistance genes, enabling their detection and
study. The primers used for sequencing of
resistance genes extended spectrum beta
lactamases, the thermal and cycling conditions
for polymerase chain reaction was indicated in
table 1.

The distribution of bacterial isolates among
patients with ESBLs associated bacterial keratitis
were shown in table 2. Seventy-nine corneal
scrapings were obtained from the patients with
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suspected bacterial keratitis and 61 bacteria were
isolated. Out of the 61 bacteria isolates, 22 (36.1%)
were Gram-negative bacteria. Each organism’s
total number of isolates, number of resistant
strains, percentage resistant strains and
conventional antibiotic profiles were recorded in
table 2. Out of 22 Gram-negative bacteria, 7
isolates were ESBLs associated as indicated in
table 2 and fig 1. Klebsiella pneumoniae strains
had the highest number of strains (4 strains) while
Klebsiella oxytoca was the least (1 strain) seen. The
conventional antibiotics tested against ESBLs were
Gentamycin (GN), Ciprofloxacin (CIP), Cefuroxime
(CXM), Ceftazidime (CAZ), Ceftriazone (CRO) and
Augmentin (AUG). The ESBLs isolated had
inhibitory (bacteriostatic) actions against
conventional antibiotics (Table 2).
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Figure 1: ESBL Direct PCR, Lane L: 100bp Ladder; Lane 1: Isolate 1(CTX-M, TEM, SHV); Lane 2: Isolate 2(CTX-M, TEM, SHV); Lane 3:
Isolate 3 -lactamase gene); Lane 4: Isolate 4(CTX-M, TEM); Lane 5: Isolate 5; Lane 6(CTX-M, TEM): Isolate 6(CTX-M, TEM, SHV); Lane 7:

Isolate 7(CTX-M, TEM)

Table 3: Distribution of B-lactamase genes detected among the isolates

Isolates Presence of B-lactam Bacteria spp Number of strains
1 CTX-M, SHV, TEM Klebsiella pneumoniae 2 (22.2%)
2 CTX-M, SHV, TEM Klebsiella oxytoca 1(11.1%)
3 CTX-M, SHV, TEM Escherichia coli 1(11.1%)
4 CTX-M, TEM Klebsiella pneumoniae 1(11.1%)
5 CTX-M, TEM Citrobacter freundi 2 (22.2%)
6 CTX-M, TEM Escherichia coli 1(11.1%)
7 CTX-M, TEM Klebsiella pneumoniae 1(11.1%)

9 (100.0%)

Table 4: Distribution of Inhibitory action of Branded and Local honey on ESBLs from Bacterial

Keratitis
Branded Susceptible Resistant Local honey Susceptible Resistant
honey rate, n/% rate, n/% rate, n/% rate, n/%
Bl 3 (50.0) 3 (50.0) oM 0 (0.0) 6 (100.0)
B2 3 (50.0) 3 (50.0) MAK 14 (87.5) 2 (12.5)
B3 2 (50.0) 2 (50.0) SEJ 4 (100.0) 0 (0.0)
B4 3 (100.0) 0 (0.0) RR1 0 (0.0) 2 (100.0)
B5 4 (66.7) 2 (33.3) RR4 0 (0.0) 2 (100.0)
B6 6 (100.0) 0 (0.0) KL2 0 (0.0) 2 (100.0)
B7 6 (100.0) 0 (0.0) RR2 1 (25.0) 3 (75.0)
B8 7 (77.8) 2 (22.2) JO 2 (66.7) 1(33.3)
B9 4 (66.7) 2 (33.3) KL1 0 (0.0) 2 (100.0)
B10 8 (88.9) 1(11.1) R1 1(25.0) 3 (75.0)
PAK 1(25.0) 3 (75.0)
RR3 3 (60.0) 2 (40.0)
Cs02 4 (100.0) 0 (0.0)
Cso1 2 (40.0) 3 (60.0)

Branded honey samples, B4, B6, B7 and Local honey samples, SEJ, CSO2 had 100% susceptibility rate to ESBLs obtained from corneal
scraping samples. The branded and locally purchased honey samples had similar bactericidal effect on ESBLs.

Seven p-lactamases isolates which showed
different number of strains were obtained from
corneal scraping samples of patients with bacterial
keratitis (Table 3). Branded and local honey
samples had significant (F test=3.293; p <0.003 at
95% confidence interval) curing activities against
R-plasmid encoded ESBLs (Table 4). The
susceptibility and resistant rate of branded and
locally made honey samples against ESBL isolates
from bacterial keratitis is reported in Table 4.
Branded honey samples, B4, B6, B7 and Local
honey samples, SEJ, CSO2 had 100%
susceptibility rate compared to ESBLs obtained
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from corneal scraping samples. Hence, the
branded and locally purchased honey samples had
similar bactericidal effect on ESBLs. The curing
rate of R-plasmid encoded ESBLs for synthetic
curing agents and honey samples were similar as
indicated in Table 5 and Figs 2 and 3. The
electrophoresis representation of beta lactamase
isolates is stated in Fig 1. The comparison of R-
plasmid curing activities of synthetic agents and
honey is stated in Table 5. The electrophoretic
activity of the curing agents is illustrated in Figs 2
and 3.
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Table 5: Comparison of Plasmid curing of ESBLs associated bacterial keratitis using branded, local

honey samples, and synthetic agents

Agents No of ESBLs No of cured % of cured No of uncured % of uncured
isolate isolates isolates isolates isolates
plasmids

B4 12 9 75.0 3 25.0

B6 12 5 41.7 7 58.3

B7 12 7 58.3 5 41.7

SEJ 12 4 33.3 5 4.7

CS02 12 8 66.7 4 33.3

Sodium 12 11 91.7 1 8.3

duodecyl

Ethidium 12 10 83.3 2 16.7

bromide

p< 0.003

Figure 2: Plasmid Lane 5 had the highest base pair of 3455, followed by Lanes 1, 3, 4 ,6, 7, 8, 9 having
3316 base pair and Lanes 2, 10, 12, (3183 base pair), and Lanes 11 (3055), respectively. Lanes L is the

200 base pair Ladder.

1200 bp
1000 bp

500 bp
300 bp

100 bp

1200 bp
1000 bp

500 bp
300bp

100 bp

Figure 3: Plasmid curing: Lane 1: Marker of 100bp ladder; Lane 2: 3SDS; Lane 3: 3MAK; Lane 4: 3EtBr;
Lane 5: 2SDS; Lane 6: 2MAK; Lane 7: 5SDS; Lane 8: 4 S10; Lane 9: 5EtBr; Lane 10: 4MAK; Lane 11: 2 S10;
Lane 12: 2MAK; Lane 13: 2EtBr; Lane 14: 5EtBr; Lane 15: 2f SDS; Lane 16: 2SDS; Lane 17: 2S10; Lane 18: 100bp ladder;

DISCUSSION

Infectious bacterial pathogens’ multiantibiotic
resistance is a serious risk and a barrier to
finding the appropriate antibacterial agent.
Understanding the resistance pattern is
therefore essential to fighting the battle against
bacterial drug resistance. Different isolated
bacteria from corneal scraping samples were
obtained, and the multiantibiotic-resistant ones
(ESBLs) were confirmed before bacterial plasmid
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extraction, analysis, curing using, Sodium
dodecyl sulfate, Ethidium bromide, Branded
and Local honeys in Ilorin, North Central,
Nigeria. These are infections specifically caused
by Escherichia coli and Klebsiella pneumoniae.
The findings in this study were similar to the
work done by Denis!® and Doi?° that found
Klebsiella pneumoniae and Escherichia coli as
most significant causes of infection. Of the 79
corneal scraping samples collected, 22 were
Gram negative bacteria and 7 isolates were
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ESBLs associated bacterial keratitis.
Pseudomonas luteola was the highest 5 (22.7%),
followed by Klebsiella pneumoniae and
Pseudomonas aeruginosa 4 (18.2%) each and
Escherichia coli 2 (9.8%). These resistant Gram-
negative bacteria (ESBL) in this study were
similar to the findings of other researchers in
Bibliometric analysis of worldwide publication
on drug resistant bacteria tuberculosis and
literature review on antibiotics stewardship
21,22,23 High rate of Klebsiella pneumoniae found
in our study was similar to prevalent strains
found in work done by Denis!® and Akinduti,?*
both reporting increasing rate of resistance to
cephalosporins by beta-lactamase producing
bacteria. High rate of resistance to fluoroquino-
lone was also reported by Sumrall et al in the
dissemination of the transmissible quinolone-
resistant gene study in Nigeria®® This increasing
resistance rate indicates continuous spread of
typical multidrug-resistant and one of the most
common causes of visual impairment and
blindness.

Among the corneal isolates tested against
antibiotics for their bactericidal actions,
Klebsiella pneumoniae, Pseudomonas, Escheri-
chia coli, Citrobacter freundi showed resistance
to more than 2 classes of antibiotics which were
referred to as ESBL. The findings in this study
is similar to the study by Adler in Tel-Aviv,
Israel? and Akinduti in Abeokuta, Nigeria?*. This
low bactericidal activity by commonly used
antibiotics suggested inherent resistance
mediated  genetic = materials such as
chromosomes, plasmids that frequently aid
spread and prevalence of resistant bacteria*5. In
order to curb the continued emergence of
ESBLs, which had defiled synthetic antibiotics,
there is an urgent need to search for alternate
remedy from natural products that are easily
available and affordable.

Honey is a natural product, well known for years
for its high nutritive value and healing
properties. Honey is produced by enzymatic
conversion of flowering plant nectars and stored
in hives by bees has offers attractive alternative
antibacterial options!226, Both Branded and
Local samples showed high significant anti-
microbial activity with low minimum inhibitory
concentration in this study. The findings were
similar to work done by Wadi?’” but different
from the study done by Cokcetin et. al?8 and
Owayss?® who observed that the antibacterial
activity of branded honey was higher than the
local honey.

In this study, 12 ESBL isolates were found to
harbour R-plasmid DNA. The high number of
ESBL harbouring resistance R-plasmid coupled
with high-level resistance to various anti-
microbial agents, correlated with the presence of
multiple R-plasmid DNA bands which could
pose a dangerous threat to therapy?°. In order to
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prevent the continuing emergence and spread of
ESBL, removal or curing of R-plasmid is highly
important. It was also seen branded honey
significantly cured (removed) R-plasmids from
12 to 9 (75.0%) while local honey cured from 12
to 8 (66.7%) (F test= 3.293; p<0.003 at 95%
confidence interval). Relatively curing rate was
observed using chemical agents, of which 91.7%
were cured by sodium dodecyl salt, 83.3% by
Ethidium bromide (F test= 3.275; p<0.003 at
95% confidence interval), 75.0% by Branded
honey and 66.7% by Local honey.

It is reported that no plasmid curing agent can
remove all plasmids from various bacteria.
However, majority of chemical plasmid curing
agents reported earlier are unsuitable for
therapeutic application in humans due to their
toxicity and mutagenic nature3!'.32 but honey has
potential plasmid DNA damaging effects due to
its potent bioactive compound causing the
resistant bacteria to be susceptible after removal
of the R-plasmid33.34

Conclusion

This study revealed that multiantibiotic
resistant bacteria are widespread, once a gene
for resistance to an antibiotic appears in a
microbial community, it can then spread to
other microbes in the community. Many of the
Gram-negative bacteria (ESBLs associated) had
plasmids, which made it easier for the resistant
genes to spread as shown by the occurrence of
7 isolates associated with ESBLs. It was also
seen that the successful treatment of a resistant
plasmid can change the bacterial phenotype
back to one that is susceptible especially the use
of a good naturally alternative curing agent like
honey.
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