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Abstract

Multi-drug resistance (MDR) in Enterobacteriaceae poses critical public
health threat in Nigeria and the global world. This resistant mechanism might
be plasmid mediated or chromosomal. Escherichia coli are Gram negative
pathogen with a global distribution rate. The study was carried out to deter-
mine MDR and plasmid profiling of E. coli isolates from urine, feaces and
poultry litter. The samples were cultured on eosine methylene blue agar and
incubated for 24 hours at 37°C. Results obtained showed a percentage preva-
lence of 30% for the urine samples which were the most prevalent, while the
prevalence of E. coli from the feacal and poultry litter was 8% and 28% re-
spectively. Identified E. coli were screened for antibiotic susceptibility by
Kirby Bauer diffusion method. The results on susceptibility of E. colito tested
antibiotics before plasmid curing showed 100% resistance to cefuroxime and
augumentin, while 75% resistance was observed in gentamicine, ciprofloxacin
and ofloxacine. Cefixime and cefdazidime resistance were 62.5% on E. coli
and the least resistance was observed in nitrofurantion (25%). The poultry
litter and urine isolates recorded lower resistance level to antibiotics, com-
pared to the feacal isolates. After plasmid curing the percentage of resistance
reduced. The only antibiotics that responded positively was nitrofurantion,
with high sensitivity of 87% for feacal isolate, 100% for urine isolates, and
78% for poultry litter isolates after plasmid curing. Twenty (20) of the thirty
seven (37) isolates were still resistant to more than two antibiotics after the
plasmid curing. Of the twenty isolates, 18 (90%) were found to harbor single
plasmid, while 2 (10%) did not possess plasmid. This study concludes that ni-
trofurantion was the most effective antibiotics on Escherichia coli and plas-
mids were responsible partly for resistance.
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1. Introduction

Multidrug resistance (MDR) in Enterobacteriaceae poses critical public health
threat in Nigeria and the global world as a whole. This resistant mechanism
might be plasmid mediated which is due to the presence of transferable plasmids
that encodes multidrug resistance [1]. Some of the resistant genes found in En-
terobacteriaceae are carried on the plasmid which also aids their transfer [2] [3].
Multidrug resistant pathogenic bacteria from different sources causing infection
occur due to several factors such as plasmids transfer or mediated which is
self-replicating [4]. Escherichia coli are Gram negative pathogen rod shaped,
non-sporulating, non-fastidious, motile, and facultative anaerobic bacterium
with a global distribution rate. It can be isolated from environmental, clinical
and animal sources. Certain strains of E. coli cause most clinical and environ-
mental mediated diseases. Although the development of MDR is a natural phe-
nomenon, the inappropriate use of drugs, inadequate sanitary conditions, inap-
propriate food handling, poor infection prevention and control practices has
contributed to the emergence of MDR and encourages the further spread of
MDR. The continuous deployment of antimicrobial drugs in treating infections
has led to the emergence of resistance among various strains of microorganisms
and the consequences of these results in ineffective treatment and spreading of
infection [5]. The aspect of treating bacterial infections in modern medicine is
less effective as a result of the global spread of antimicrobial resistance. Multi-
drug resistance is said to occur as resistance to all the tested antibiotics in at least
two of the three classes: lactams, aminoglycosides, and quinolones [6]. Studies
[1] detected higher levels of MDR from aquatic isolates and loss of plasmid due
to treatment with SDS is correlated with loss of resistance to antibiotics, sug-
gesting that the observed multi-drug resistance was plasmid mediated. E. coli
have also been shown to be a significant reservoir of genes coding for antimi-
crobial drug resistance and therefore are a useful indicator for resistance in bac-
terial communities. Resistant mechanism could be as a result of horizontal transfer
of genes, mutation, and antibiotic overuse among other contributing factors.
Multi-drug resistance ability exhibited by bacterial organism renders an antibi-
otic less effective in disease treatment and management. These resistant genes
can be found in the environment at higher levels [7].

Multidrug resistant does not only emerge in pathogenic and disease causing
organisms, but also communal strains like Escherichia coli (E. coli), which is a
member of the normal flora that is found in the gastrointestinal tract of human
and warm blood animals [8]. E. coli is generally used as an indicator organism,
and greatly dispersed in the natural environment (water, soil, sometimes plants
used as food) through human or animal excretion. It is transmitted through
Feacal-oral route [9]. The existence of E. co/i in nature is vast, it ranges from ex-
hibiting commensalism, to those that cause disease on human or animal host
[10]. When the commensal E. coli are exposed to antibiotics, they are forced to

develop different strategies to survive and grow in toxic environment. E. coli can
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develop resistance mechanism mainly by both efflux pumps interruption and the
resistance genes located on plasmid. The main vector in the procurement and
propagation of multi-resistance is plasmid, it can be either phenotypic or geno-
typic [11]. The study aims to determine multi-drug resistant pattern and plasmid

detection of resistant E. coli from various sources.

2. Methodology
2.1. Study Area/Design

The study was centered around Choba Rivers State, Clinical samples (fecal and
urine) were obtained from the medical laboratory at University of Port-Harcourt
Teaching Hospital (UPTH); while the environmental samples (poultry litter)
were obtained randomly within Choba. The research was designed to determine
multi-drug resistant pattern and plasmid profiling of Escherichia coli from var-
ious sources within Choba, Rivers State. To identify multi-drug resistant E. coli
isolates, and determine if the resistant genes is plasmid mediated or chromo-

somal.

2.2. Sample Collection and Processing

Clinical samples (fecal and urine) were obtained from the medical laboratory at
University of Port-Harcourt Teaching Hospital (UPTH); while the environmen-
tal samples (poultry litter) were obtained randomly within Choba. Samples were
collected in sterile containers. A total of 50 samples were collected for the labor-
atory analysis. Environmental samples were processed immediately on Eosin
Methylene blue Agar (EMB) using the spread plate method. The clinical samples
were cultured directly on EMB by streaking. The fecal samples were first emulsi-
fied with 0.85% normal saline, and cultured directly on EMB. Cultures were then
incubated at 37°C for 24 hrs. Biochemical identification test such as catalase,
oxidase, urease, indole, Methyl red, Voges proskaeur, citrate utilization, sugar
fermentation test, motility test and Tripple sugar iron (TSIA) were done accor-
dingly to specifically identify and confirm that the isolates were E. coli.

2.3. Antibiotic Susceptibility Testing

Antibiotics susceptibility testing was done using Mueller Hinton agar by Kirby
-Bauer disc diffusion method following NCCLS recommendations using ceftazi-
dime 30 pg, cefuroxime 30 ug, gentamicin 10 pg, Cefixime 5 pg, Ofloxacin 5 g,
Augmentin 30 pg, Nitrofurantion 30 pg, Ciprofloxacin 5 pg. A sterile inoculating
loop was used to pick a colony of the isolate, and it was inoculated into a tube of
sterile water of 5ml and mixed properly. The turbidity of the suspension was
matched with the turbidity standard (0.5 McFarland turbidity Standard). A ste-
rile cotton swab was dipped into the test suspension and used to evenly inoculate
the entire surface of the Mueller Hinton Agar plates (MHA). The appropriate
antibiotics disc were placed on the surface and pressed gently using sterile for-
ceps. The plates were then incubated for 24 hours at 35°C. The antibiotics sus-
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ceptibility pattern was determined after 24 hours, and the zones of inhibition

were measured in millimeter [12].

2.4. Plasmid Curing and Profiling

Plasmid curing was done using Acridine orange. Plasmid elimination was done
through culturing in 5 ml double strength Mueller Hinton broth by which 0.1
mg/ml acridine orange was added [13]. The isolates that were found resistant
from the antimicrobial susceptibility testing was inoculated into the test tubes
and incubated at 37°C for 24 hrs. Plasmid DNA extraction was done using Zyp-
py plasmid Miniprep Kit. The extracted DNA was then separated by agarose gel
electrophoresis and a Polaroid camera was used to take a photograph after ex-

posure on UV trans-illuminator [14].

2.5. Plasmid DNA Extraction and Plasmid Profiling

The plasmids from the bacterial isolates were extracted using the Zyppy Plasmid
Miniprep kit suppled by Inqaba Biotec South Africa. To 600 ul of overnight Lu-
ria Bertani (LB), broth culture of the bacterial isolates in a 1.5 ml microcentri-
fuge tube, 100 ul of x7 lysis buffers was added and mixed by inverting tube for 2
min, 350 ul of neutralization buffer was added and mixed till neutralization was
complete. The mixture was spun at 12 rpm for 2 mins, the supernatant was
transferred to into a Zymo-spin IIN column which was placed in a collection
tube and spun at 12,000 rpm for 1min, the flow through was discarded and the
spin column placed back in the same collection tube. Two hundred (200) micro-
litres of endo wash buffer was added and spun at 12,000 rpm for 1min, 400 ul of
wash buffer was also added to the spin column and spun at 12,000 rpm for 1
min. The spin column was transferred to a new 1 ml microcentrifuge tube, 300
ul of elution buffer was added to the spin column and spun at 12,000 rpm for 1
min. Agarose gel was prepared by dissolving 1 g of the agarose powder in 100 m
1 of Tris boric EDTA (TBE) and microwaved for 5 min. The agarose was allowed
to cool, ethidium bromide was added and poured into a casting tray in which a
comb was fixed. The agarose was allowed to set and the comb was carefully re-
moved. The agarose slab was transferred to an electrophoretic tank and ran at
100 V for 50 min. The slab was resolved on a UV transilluminator for the detec-

tion of the plasmid bands (https://files.zymoresearch.com/), (Short protocol,

Zyppy Plasmid Miniprep Kit).

3. Results

The biochemical test carried out to identity the isolates were shown to be indole
positive, catalase positive, Citrate negative, Glucose positive, Gas present, Methyl
Red positive, Voges Proskauer negative, and motile. Gram stain showed that all
the isolates were Gram negative rod. A total of 37 isolates from the 50 samples
were identified and confirmed to be Escherichia coli using standard microbio-

logical methods.
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The prevalence E. coli was higher in the urine samples (30%), compared with
the poultry litter (28%), and the feacal samples (16%) as shown in Table 1.

Figures 1-3 shows the results of antibiotics susceptibility study of isolates be-
fore and after plasmid curing, the resistant level of CRX, GEN, CXM, OFL,

Table 1. Percentage prevalence of E. coli from various sources.

Sample source No. of samples No. of E. coli Prevalence (%)
Poultry litter 20 14 28
Feacal 15 8 16
Urine 15 15 30
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Figure 1. Antibiotics susceptibility pattern of E. co/i from feacal samples before and after curing.
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Figure 2. Antibiotics susceptibility pattern of E. coli from urine samples before and after curing.

~100 - o .

<90 - B % Suscep before curing

_S §8 i B % Suscep after curing

% 28 | M % Resis before curing

% gg ] B % Resis after curing

g 20 -

S 10 - N % Interm before curing
0 -

CRX GEN CXM OFL AUG NIT CPR CAz " % Intermafter curing
Antibiotics

Figure 3. Antibiotics susceptibility pattern of E. co/i from poultry litter before and after curing.
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AUG, CPR and CAZ was high ranging from 62.5% - 100%. Feacal isolates
ranged from 20% - 80%, while poultry litter had 28.6% - 78.6%. NIT recorded
lower resistance of about 25% for Feacal isolate, 0% for Urine isolate, and 7.2%
for poultry isolates. After plasmid curing, the isolates responded positively to the
antibiotics used and there was a drastic reduction in the resistance level. CRX,
GEN, CXM, OFL, AUG, CPR and CAZ which had values of 37.5% - 87.5% for
feacal isolates, 13.3% - 73.3% for the urine isolates, and 14.3% - 64.3% for the
poultry isolates. NIT recorded 0% for feacal isolates, 0% for the urine isolates,
and 7.2% for the poultry isolates after curing.

Twenty (20) out of thirty seven (37) E. coliisolates that were resistant to more
than two antibiotics after plasmid curing, were subjected to plasmid profiling.
Isolates code PL2 (poultry litter 2) and US4 (urine sample 4), recorded no plas-
mid. Other isolates showed plasmids bands at 15 kb, with 1 plasmid number
each. This is represented in Table 2, and Figure 4. Percentage resistance, sus-
ceptibility and intermediate were determined for all the isolates as presented in
Figures 5-7. Plasmid curing had no significant effect on the resistance level on

the feacal isolates. The urine and poultry litter.

Table 2. Plasmid profile of Escherichia coli.

Isolate code Plasmid size (kb) Number of plasmid
Pl1 15 kb 1
P18 15 kb 1
Pl 12 15 kb 1
Pl 14 15 kb 1
P118 15 kb 1
Us1 15 kb 1
Us3 15 kb 1
Us 4 No band -
Us5 15 kb 1
Us6 15 kb 1
Us 8 15 kb 1
Us 12 15 kb 1
Us 15 15 kb 1
Fs1 15 kb 1
Fs 4 15 kb 1
Fs 13 15 kb 1
Fs 14 15 kb 1
Fs 15 15 kb 1
Fs 8 15 kb 1
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Figure 4. Agarose gel electrophoresis showing plasmid band, lanes 1, 2, 3, 4, 5, 6, 7, 8, 9, 10-20 showing the plasmid band at 15 kb
while lane L represent the 10 kb molecular ladder.
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Figure 5. Percentage resistance, sensitivity, and intermediate of feacal E. coli before and after curing.

4. Discussion

Emergence of bacterial resistance to antimicrobial agents has become a signifi-
cant and prevalent public health threat especially when there are few or no
available alternative effective antimicrobial agents for the treatment of infectious
diseases caused by bacteria. Though most strains of E. coli are harmless and
commonly found in humans and animals, some strains can cause severe illness
in humans especially nosocomial and community acquired infections. In this

present study, the multi drugs pattern of E. coli from various sources (urine,
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Figure 6. Percentage resistance, sensitivity, and intermediate of E. co/ifrom urine before and after curing.
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Figure 7. Percentage resistance, sensitivity, and intermediate of E. co/i from poultry litter before and after curing.

feaces, and poultry) were investigated. Previous studies show that antimicrobial
resistance varies widely depending on the country or source from which the mi-
croorganisms have been isolated [15]. In this study the percentage prevalence of
E. colivaried, significantly from one source to the other. The highest occurrence
of E. coli (30%) was from the urine samples and the least was the feacal (8%).
The present study is in conformity with the findings of Thapa et al [16]) where
out of 2662 urine samples, E. coli (64.34%) was highest in occurrence. It has

been observed that antibiotic susceptibility of bacterial isolates is not constant,
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but dynamic and varies, with time and environment. Hassan [17] [18] in their
study reported high percentage resistance of E. coli to ciprofloxacin, ceftazidime
and ceftriaxone, while nitrofurantoin and ofloxacin recorded the least resistance
levels of 6.0% and 19.0% respectively among the E. coli isolates which is confir-
matory to the present study. In the present study, an overall prevalence of MDR
among the isolates was maximum of 100% for most antibiotics and minimum of
7.2% for nitrofurantion only before plasmid curing. The poultry litter and urine
isolates recorded lower resistance level to antibiotics, compared to the feacal iso-
lates. After plasmid curing the percentage of resistance reduced which shows
that plasmids maybe responsible for part of the resistance in some of the identi-
fied isolates. The findings may be as a result of bacteria organisms developing
mechanism with which they resist these antibiotics, or the presence of plasmids,
or the source from which it's isolated. Several antibacterial drugs have been de-
veloped to curb the morbidity and mortality effect of these bacteria. Previous
studies have shown MDR of E. coli 44.4%, 69.0%, 56.0%, 13.7%, 37.1% for Egypt,
Portugal, France, South Africa and Jordan [19] [20] [21] [22]. This might be due
to inappropriate or excessive use of antibiotics for therapeutic and prophylactic
treatment [23] [24]. The only antibiotics that responded positively was Nitrofu-
rantion, with high sensitivity of 87% for feacal isolate, 100% for urine isolates,
and 78% for poultry litter isolates, after plasmid curing. Even before plasmid
curing, the sensitivity level was high, compared to other antibiotics used. An ear-
lier study in the same study settings had shown high sensitivity of E. coli to ni-
trofurantoin at 100% sensitivity rates [25]. Likewise, another study reported a
similar susceptibility of 78% [26]. The increasing resistance could be due to in-
creased overuse and misuse of antibiotics or plasmid mediated. Furthermore, it
has been rarely used in the treatment of E. coli related diseases and other infec-
tions and therefore present organisms present low resistance to it since they have
not been frequently exposed to it [27] [28]. Escherichia coli isolates were highly
resistant to cefuroxime (100%) and augmentin (100%) which was so alarming in
this study. The resistance in a previous study in Mulago Hospital was signifi-
cantly lower [26]. Resistance to gentamicin (75%), ciprofloxacin (75%), and Of-
loxacin (75%), was also alarming and this was similar to a related study in Mu-
lago which reported 89.9% resistance of E. co/f [25]. This resistance could be due
to previously increased use of these drugs or plasmid mediated as in this study.
And also these drugs are relatively cheaper and readily available, this could have
rendered them easily accessible to the patients, increasing their misuse and
overuse, leading to resistance.

Plasmid can mediate antibiotics resistance by several mechanisms which vary
among Gram negative bacteria. E. coli produces 1 of the 3 enzymes (f-lactamase)
that are responsible for antibiotics alteration and degradation, which render the
antibiotics inactive. This enzyme is coded by both chromosome and plasmid,
another popular mechanism is the efflux of antibiotics that is responsible for the

presence of multicomponent pumps found in Gram negative bacteria [29]. To
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find the causes of antibiotics resistance, the presence of plasmid DNA was ana-
lyzed for resistant E. coli isolates in this study. It was observed that all resistant
isolates contained plasmid with molecular weight of approximately 15 kb. Aga-
rose gel Electrophorosis shows the plasmid bands at lane 1 to 20 at 15 kb, while
lane L represents the 10 kb molecular ladder, with single plasmid. This agrees
favorably with previous studies that reported E. colf isolates with high mul-
ti-drug resistance profiles were found to possess multiple plasmids with large
sizes in the range of 6.557 - 23.130 kb [30]. This is also similar to what was re-
ported that 47 of the E. coli isolated from animals in Lagos harboured detectable
plasmids which ranged in sizes from 0.564 kb to >23 kb [31]. Multiple plasmids
in multi-drugs resistant E. co/i may act as possible sources to transfer highly re-
sistant genes to pathogenic organisms and human that could be a threat for the
treatment of disease by commercially available antibiotics. Other bioactive
components and peptides can be detected for the effective treatment of infec-

tions caused by MDR E. coli that are resistant to last resort antibiotics [31].

5. Conclusion

The study therefore concludes that Escherichia coli isolates were most suscepti-
ble to Nitrofurantion only, and resistant to ceftazidime, cefuroxime, gentamicin,
cefixime, ofloxacin, augumentin, and ciproflaxacin. This study has also hig-
hlighted the emergence of multidrug resistant R-plasmids among Escherichia
coli from urine, feaces, and poultry litter in Choba. This demonstrates an in-
creasing incidence with multidrug resistant £. co/i. All the resistant isolates were
harbored single plasmids. Caution should be taken in the prescription of anti-

biotics. Antibiotics policy role should be established by the government.
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