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ABSTRACT
Background: Antimicrobial resistance (AMR) in Escherichia coli poses a significant challenge
in both community and hospital settings.
Aim: The study aimed to ascertain the prevalence, molecular types and susceptibility pattern of
multidrug resistance patterns of E.coli isolated from urine of adults with urinary tract infections
attending National Orthopaedic Hospital, Enugu Nigeria.
Materials and Methods: Two hundred and thirty (230) urine samples were collected from
adults aged 18-65 years attending the hospital using sterile screw capped containers. Structured
questionnaire was used to obtain the demographic data of the participants. Urine samples were
inoculated directly onto MacConkey agar, CLED and Chrome agar using streak plate method
and incubated at 37°C for 24 hrs. Colonies were identified based on their cultural, morphological
and biochemical characteristics. Antimicrobial susceptibility and resistance of the isolates were
determined by Kirby Bauer standard disc diffusion method on Mueller Hinton agar. Molecular
analysis was done using multiplex and Linear PCR on multidrug resistant E. coli isolates.
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Results: Out of the 230 samples analysed, 60(26.08%) were positive for E. coli, of which
42(24.9%) were obtained from the female participants, suggesting a gender-based predisposition
to UTIs(p>0.05). Age group 35-45 years had the highest prevalence (31.14%) of infection. Out
of the 60 samples positive for E.coli, 25( 41.66%) were multidrug resistant E. coli. The result
shows that there was no statistically significant (p>0.05) association between gender, age in
multidrug resistant E. coli. The E.coli isolates were highly resistant (86.6%) to Streptomycin and
Penicillin, and had least resistance to Nitrofurantoin (1.66%). Molecular analysis identified the
presence of blaCTX-M and blaTEM resistance genes, while blaSHV was not detected. All the
isolates resistant to Streptomycin and Penicillin were positive for blaTEM genes, while the
isolates resistant to Nalidixic acid, Amoxicillin-clavulanic acid and Trimethoprim-
Sulfamethoxazole were positive for blaCTX-M genes.

Conclusion: The high level of resistance to commonly used antibiotics and the detection of
resistance genes such as blaCTX-M and blaTEM highlights the growing threats of antimicrobial

resistance in the area.

Keywords: Multidrug resistant, molecular characterization, E.coli, UTIs

INTRODUCTION
Escherichia coli (E. coli) is an important
pathogen causing infections ranging from
mild cases to life threatening conditions, it is
linked to increased rate of morbidity and
mortality due to multidrug resistance E. coli,
it is also known as one of the major threats
to global health in the recent times.!?
Escherichia coliis a versatile commensal
and pathogenic member of the human
microflora. As the primary causative
pathogen in wurosepsis, E. coli places an
immense burden on healthcare systems
worldwide.> Also, the major resistance
mechanism of the Enterobacteriaceae
resistance is primarily due to the production
of beta-lactamase hydrolyzing enzymes like
extended spectrum beta-lactamases (ESBL),
AmpC beta-lactamases, and carbapenemases
(Carbapenemase-Producing
Enterobacteriaceae (CPE). These resistance

genes are found on plasmids that can spread
between Enterobacteriaceae,
infections. These plasmids often contain
additional resistance genes, making them
difficult to treat. Asymptomatic carriage in
healthy children and community-acquired
infections, especially with ESBL, are
increasingly reported.*

Escherichia coli is a commensal bacterium
of the family Enterobacteriaceae. It is a
common cause of urinary tract, blood
stream, food borne infections, cholecystitis,
respiratory illnesses and meningitis, and is
linked with community associated as well as
nosocromial infections.>S It can also serve as
a genetic reservoir for plasmid-mediated
antibiotic resistance that can be transferred
to other pathogens and thus, represent on
important index pathogen for understanding
the epidemiology of antibiotic resistance.’

causing
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Urinary tract infections(UTI) are the major
common bacterial infection in humans after
respiratory tract infection because of a wide
used of broad-spectrum antibiotics and
indiscriminate use of antibiotics.® Thus, it
accounts for approximately 200 million
cases across the globe yearly, with females
having higher (40%) prevalence rates than
males (12%) that experiencing one
symptomatic episode of the urinary tract
infection in their lifetime.’ Infections
with E. coliis associated with increased
length of hospital stay, higher cost of care,
drain on limited resources, and high rates of
morbidity and mortality.> UTIs are mostly
caused by Gram-negative bacteria; thus, the
foremost  pathogen  responsible  for
uncomplicated cystitis and pyelonephritis
is Escherichia coli followed by other species
of Enterobacteriaceae, like Proteus
mirabilis and mostly Klebsiella pneumoniae,
and Gram-positive pathogens
includes Enterococcus

faecalis and Staphylococcus
saprophyticus."®  Further, high recurrence
rates and increasing antimicrobial resistance
among uropathogens threaten to greatly
increase the economic burden of these
infections.'® Also, UTIs are the most
frequent infectious diseases affecting
humans and represent an immense public
health threat with a substantial economic
onus. However, UTIs are responsible for
approximately 7 million physician visits
annually with 15% of all community-
prescribed antibiotics.'!

Multidrug-resistant organisms (MDROs)
pose a global public health threat, increasing
in community-acquired and hospital-
acquired infections, with prevalence varying
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by region.!?> Multidrug-resistant bacteria are
the principal cause of failure in the treatment
of infectious diseases, resulting in increases
in the term and magnitude of mobility,
higher rates of mortality, and a greater
health cost burde.'?

Multidrug resistance (MDR) is the ability of
a microorganism (like bacteria, viruses,
fungi, or parasites) or a cell (like a cancer
cell) to resist the effects of multiple different
drugs.

MATERIALS AND METHODS

This study was conducted at the National
Orthopaedic Hospital, Enugu State, Nigeria.
The National Orthopaedic Hospital, Enugu
(NOHE), established on January 17, 1975, is
a federal government specialty hospital
located in Enugu State, Nigeria. A
descriptive and cross-sectional study design
was used in this study which involved adults
with urinary tract infections. A consecutive
convenience sampling technique was used to
recruit participants for urine samples from
adults with urinary infections.

Method of Sample Collection

Every adult with urinary infections who
came to the hospital was recruited. The
clean-catch midstream technique was used
to obtain a sterile, uncontaminated sample in
a sterile universal bottle was employed. A
structured questionnaire was used in the
study to collect demographic data and
medical history of the participants involved
in the study. For individuals with an
indwelling urinary catheter, the tube is
clamped before the sample is extracted using
a sterile procedure.
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Microbial Analysis

Isolation and Identification of E. coli was
done using MacConkey agar, CLED and
Chrome agar culture media. The selective
media show unique peculiarities for E. coli,
while MacConkey agar media is a lactose
fermenter, which has the potency of
fermenting lactose and gives a pink to red
coloration colonies.

Isolation of Escherichia coli

Urine samples were collected from the
participants and inoculated directly onto
MacConkey, CLED, and Chrome agar using
the streak plate method. The plates were
thereafter incubated at 37°C for 24 hours in
an inverted position. Also, identification of
the E. coli was done using biochemical test
procedures

Purification of the isolates

The culture plates that showed discrete
colonies were selected after 24 hours, and
aseptically, the colonies were streaked on a
sterile culture plates that were prepared
according to the manufacturer’s description.
The streaked plates were placed in a
bacteriological incubator in  inverted
positions at 37°C for 24 hours as described
in. !4

Characterization of the pure isolates.

The pure isolates were characterized using
morphological and biochemical
characteristics:

Gram  staining, motility test, and
biochemical reactions.

The following biochemical tests were
carried out: indole test, catalase test, urease
test, oxidase test, citrate test, coagulase test,
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and the following sugar fermentations were
done: H>S production, glucose, maltose,
sorbitol, methyl red, voges-proskauer etc

Antimicrobial Susceptibility Testing
Antimicrobial Susceptibility Testing (AST)
is a laboratory procedure that determines the
effectiveness of antimicrobial drugs, such as
antibiotics, against specific bacteria causing
an infection. The antibiotics used include:
ofloxacin  (OFX), pefloxacin (PEF),
ceftriaxone (CEF), nalidixic acid (NA) and
trimethoprim-sulfamethoxazole (SXT),
ciprofloxacin  (CPX), penicillin (PN),
cefuroxime (CEP), amoxicillin-clavulanate
(AU), gentamicin (CN), streptomycin (S),
nitrofurantoin (N).

Modified Kirby-Bauer disc diffusion method
was used to determine the antibiotic
susceptibility of isolates already identified
and confirmed by biochemical tests.

Discrete colonies of isolates on solid agar
media was emulsified in 3ml of sterile
physiological saline and the turbidity
adjusted to 0.5 McFarland standards. The
standardized suspensions were inoculated on
Muller Hillton agar using a sterile swab to
ensure even distribution and confluent
growth. The antibiotic disc was aseptically
placed using antibiotic dispenser. A pre-
diffusion time of 30 minutes was allowed
and the plate incubated at 37° C for 24 hours.
After incubation, the inhibition zone
diameter produced by each antibiotic disc
was measured to the nearest millimeter and
recorded.

The results were interpreted according to the
Clinical and Laboratory Standards and
Institute
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guideline (CLSI 2024). This diameter was
then compared to pre-defined clinical
breakpoints.

Ethical Approval

An ethical approval was obtained from the
research ethics committee of Orthopedic
hospital Enugu, Enugu State, Nigeria.

Sample Size Calculation

A prevalence rate of 18.8% was adopted
based on the findings of Okafor and
Nweze'®, who investigated the occurrence
and antibiotic susceptibility of Escherichia
coli isolated from patients diagnosed with
urinary tract infections (UTIs) in Nsukka,
southeastern Nigeria. This figure reflects the
burden of UTI within the studied population
and provides a reliable estimate to be used in
calculating the sample size for similar
epidemiological research. Utilizing this
prevalence in the sample size formula
ensures that the study is adequately powered
to detect meaningful associations or
differences while minimizing the risk of
Type Il error. Thus, the sample size was
calculated using the*! formula using a true
prevalence of the said population.
N=(Z*xPx(1-P)/d*

Z: confidence level, P: expected
prevalence, d: margin of error, and N=
sample size

Sample size determination for patients with
urinary tract infection using the prevalence
as shown above:

N=(1.96)*> X 0.188 X (1-0.188) / 0.05>
N=0.586/0.0025

N=12344

So the Sample size calculated was 234.
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Genotypic identification of resistance
genes and sequencing of the isolates

The multidrug isolates that were positive for
ESBLs were selected and screened for
blaTEM, blaSHV, and blaCTX-M for
amplification of resistance genes using the
polymerase chain reaction technique. The
protocol for the molecular analysis was done
according to the method described by.*> The
polymerase chain reaction (PCR) was
carried out using the One Taq Quick Load
2X Master Mix with Standard Buffer (New
England Biolabs, MA, U.S.A.), which is
composed of 20 mM Tris-HCI, 1.8 mM
MgCI2, 22 mM NH4CI, 22 mM KCI, 0.2
mM dNTPs, 5%glycerol, 0.06% IGEPAL
CA-630,0.05% Tween 20,Xylene Cyanol
FF,Tartrazine, and 25 units/ml of Taqg DNA
polymerase. This was vortexed at low speed
and placed in a thermal cycler machine, with
cycling parameters and primers used.
Multiplex PCR was used to detect the genes
for SHV and CTX-M, while conventional
linear PCR was used for the BlaTEM type
ESBL gene.

The PCR products were analyzed on a 1.5%
agarose gel stained with ethidium bromide
(1pg/mL), with a 100 bp DNA ladder (New
England Biolabs, USA) used as the DNA
molecular weight marker. Electrophoresis
was carried out at 90 volts until the dye front
reached the other end of the gel (about 1
hour 20 mins). The gel was visualized under
an ultraviolet trans-illuminator.

Data Analysis

Data obtained was summarised using
descriptive statistics of mean and standard
error of the mean. Risk factors, prevalence
and susceptibility, and their associations
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with multi-drug resistance were analysed
using Chi-square, Pearson’s correlation, and
multiple logistic regression analysis. Values
were considered significant at p<0.05.

RESULTS

The cultural and morphological
characteristics of the isolates (A’s, B’s, C’s,
D’s, and E’s) were determined, and it was
revealed that the isolates appeared
indifferent. Moreover, they all varied in
colony sizes and elevations. All isolates
were gram-negative rods arranged in single
pairs, except for isolate C’s, which was
cocci in clusters (Table 1).

Table 2 show the biochemical
characteristics of the isolates, presenting the
results of the catalase test, oxidase test,
coagulase test, indole test, citrate test, and
sugar fermentation reactions.

The confirmed bacteria were Escherichia
coli (60), Klebsiella pneumoniae (23),
Staphylococcus aureus(90), Proteus spp.
(17), and Pseudomonas aeruginosa (17).
Figure 1 shows the distribution of other
bacterial  organisms co-isolated  with
Escherichia coli from the urine culture
plates. A total of 230 urine samples were
obtained from adults diagnosed with UTL
Out of the 230 samples, 26.08% (60/230)
were E. coli. The most frequently co-
isolated organism was Staphylococcus
aureus 39.13% (90/230), followed by
Pseudomonas  aeruginosa and Proteus
species, which had 7.39% (17/230) each;
while Klebsiella pneumoniae and others
accounted for 10% (23/230). Therefore, the
E. coli (60) isolates were used for further
study.
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Figure 2 illustrates the proportion of
multidrug-resistant (MDR) and non-MDR
Escherichia coli isolated from urine samples
of adult patients with urinary tract
infections. Out of a total of 60 E. coli
isolates, 35 (58.33%) were non-MDR, while
25 (41.67%) were classified as multidrug-
resistant. The drug susceptibility pattern of
MDR E. coli (n=60) in the urine of adults
with urinary tract infections is represented in
Table 3.

Isolates showed high resistance to Penicillin
and Streptomycin (86. 6% each), Nalidixic
acid (85.0%), and Trimethoprim-
Sulfamethoxazole and Amoxicillin-
Clavulanate (83.3% each). Moderate
resistance was observed for Cefuroxime
(45.0%), Ofloxacin (23.3%), Ceftazidime
(25.0%), and Ceftriaxone (20.0%), with low
resistance to Pefloxacin (10.0%),
Ciprofloxacin and Gentamycin (3.3%)
respectively and Nitrofurantoin (1.66%).
Table 4 shows the prevalence and
percentage of multidrug resistant E. coli
isolates with demographic characteristics.
Out of the 230 participants, 169 (73.47%)
were females and 61 (26.52%) were males.
Out of the sixty (60) isolated E. coli, forty-
two (42) were from females, with eighteen
18 (42.85%) positive for multidrug
resistance, while eighteen (18) were from
males, with seven 7 (38.88%) positive for
multidrug resistance. From the results,
females had more positive urinary tract
infections with a higher number of
multidrug-resistant E. coli.

The participants ages ranged from 18 to 65
years, with the highest representation in the
36 — 45 years age group (31.14%), followed
by 46 — 55 years (28.0%), 18 — 25 years
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(24.0%), 26 — 35 years (21.27%), and 56 —
65 years (25.0%). Regarding the duration of
illness, 23.07% had UTIs for 1 — 6 months,
36.36% for 7 to 12 months, and 50% for
more than 12 months. In term of the level of
education of the participants, primary
education accounted for 30.76%, secondary
for 23.39%, while tertiary education
accounted for 34.7%. The majority of the
sample types were midstream urine.

Table 5 shows the association of
demographic clinical factors with MDR E.
coli in adult urine. The results show that
there no statistically significant
(p>0.05) association between gender and
age in non- MDR E. coli. Moreover, the
duration of illness shows a higher
percentage (50.0%) in those with illness
lasting over 12 months. There was no
statistically significant (p>0.05) association
between the duration of illness and MDR E.
coli.

was

Figure 3 illustrates the genetic analysis of
the MDR E. coli isolates. The gel bands
show that all samples tested positive for the
blaTEM gene except for samples 1 and 6,
which did not exhibit visible bands at the
459 bp region. The presence of the
bla<sub>TEM</sub> gene in the majority of
isolates suggests a high prevalence of
ESBL-producing E. coli, which contributes
significantly to antibiotic resistance.

Figure 4 presents the gel electrophoresis
image showing the amplification results for
the blaCTX-M (560 base pairs) and blaSHV
(398 base pairs) genes among the samples.
The image reveals that only samples 3, 4,
and 5 showed positive bands for the
blaCTX-M gene, indicating the presence of
this ESBL gene in those isolates. In contrast,
none of the samples exhibited bands at the
398 bp region, suggesting that all tested
isolates were negative for the blaSHV gene.

Table 1: Cultural and Morphological Characteristics of the Isolates

| PARAMETERS  A’s B’s C’s D’s E’s
Appearance Pink/Red Cream Golden yellow  Colourless Greenish
Motility Motile Non-mobile ~ Non-motile Highly motile Motile
Shape Rods Rods Cocci Rods Curved rods
Arrangement Single/Pairs Single/Pairs Cluster Single/Pairs Single/Pairs
Edge Smooth Mucoid Smooth Swarming Metallic
Size 1-3um long 1-2umlong 0.8-1pum 04-0.6 um wide 1.5-3 pum
by04-0.7 by05-0.8 by 1-3 um long long by 0.5-
um wide pum wide 0.8 um wide
CLED Yellow Yellow/muoid Yellow Blue/green Green
MacConkey Pink/Red (hf)  Pink/Mucoid No growth  Colourless/Pale(hf)  Colourless
Chrom Agar  Pink/Magenta Blue-green, Golden- Brownish/light Greenish/Grey
Mucoid Yellow amber
Bacterium E. coli Klebsiella Staphlococcus  Proteus spp Pseudomonas
Pneumonia aureus Aeruginosa
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Table 2: Biochemical Characteristics
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Parameter A’s B’s ‘ C’s | D’s E’s
Gram reaction Gram Gram Gram positive ~ Gram Gram
negative rod negative  cocci negative rod  negative rod
rod (cluster)

Catalase + + + + +
Oxidase - - - - +
Urease weakly+ + - Strong+ -
Indole + - - + -
Methyl red + - - + -
Voges-Proskauer - + - +
Citrate - + - +
+
H>S production - - - +
Coagulase - - + - -
Glucose + + - + -
Maltose + + + + -
Xylose + + - + -
Dulcitol - + - Variable -
Inositol - + - Variable -
Sorbitol + + Variable Variable -
Bacterium E. coli Klebsiella Staphyloccus Proteus spp

Pseudomonas

Pneumonia aureus aeruginosa

Key: Variable= reaction depend on strain/specie. Positive (+) =reaction, Acid(medium twin
yellow) and/or gas (bubble in durham tube). Negative(-)= No reaction, No change or

alkaline(medium remain red/pink)
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Fig 1: The prevalence of other bacteria Isolated with E. coli
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Fig 2: The prevalence of MDR E. coli in urine of Adults with Urinary Tract Infections
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Table 3: Drug Susceptibility Pattern Of MDR E. coli In Urine Of Adults With Urinary
Tract Infections.

Antibiotics Number Of E. coli Isolated (n=60)

Sensitive Intermediate Resistant % Resistance
CPX 57 1 2 33
N 59 - 1 1.66
NA 1 2 57 85
CN 57 1 2 33
S 6 2 52 86.6
SXT 2 8 50 83.3
PN 5 3 52 86.6
AU 6 4 50 83.3
PEF 53 1 6 10.0
OFX 46 - 14 23.3
CEP 33 - 27 45.0
CEF 38 10 12 20.0
CFz 35 11 15 25.0

Key: CPX= Ciprofloxacin, N=Nitrofurantoin, NA= Nalidixic acid, CN=Gentamicin,
S=Streptomycin, SXT=Trimethoprim-Sulfamethoxazole, PN=Penicillin, AU=Augmentin-
Clavulanate, PEF= Pefloxacin, OFX=0Ofloxacin, CEP=Cefuroxime, CEF=Ceftriaxone,
CFZ=Ceftazidine.
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Table 4: PREVALENCE OF MULTIDRUG RESISTANCE E. COLI ISOLATES WITH

DEMOGRAPHIC CHARACTERISTICS.

Parameter (Total Number)

E. coli Isolated(%)

MDR E. coli (%)

Gender
Female

Male

Total

Age

18 — 25 years
26 — 35 years
36 — 45 years
46 — 55 years
56 — 65 years

Duration of illness

1 — 6 months (182)

7 — 12 months (44)
Above 12 months (4)
Sample type
Midstream (228)
Catheterization (2)
Level of Education
Primary (13)
Secondary (171)
Tertiary (46)

Mean duration +/- SD

42 (24.9)
18 (29.51)
60 (26.08)

12 (24.0)
10 (21.27)
18 (31.14)
14 (28.0)
3 (25.0)

42 (23.07)
16 (36.36)
2 (50.0)

59 (25.43)
2 (100)

4 (30.76)
40 (23.39)
16 (34.7)

18 (42.85)
7 (38.88)
25 (41.66)

6 (42.85)
5(41.66)
5(30.0)
7(57.14)
2 (40.0)

18 (42.85)
6 (37.5)
1 (50.0)

24 (41.37)
1 (50.0)

3 (75.0)
16 (40.0)
6 (37.5)
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Table 5: Association of Demographic and Clinical factors with MDR E. coli in Adult Urine

Samples
Par ammeters Non-MDR E. colii MDRE. coli  Total 2 p-value
Gender
— Female 24 (40.0%) 18 (30.0%) 42 0.03  0.866
— Male 11 (18.33%) 7 (11.66%) 18
Age Range
— 18-25 Years 6 (17.1%) 2 (8.0%) 8 7.75  0.051
— 26-35 Years 5(14.3%) 4 (16.0%) 9
— 36-45 Years 13 (37.1%) 12 (48.0%) 25
— 4655 Years 8 (22.9%) 4 (16.0%) 12
— 56— 65 Years 3 (8.6%) 3 (12%) 6
Sample Type
— Catherterization 2(3.1%) 2 (5.0%) 4
— Midstream 33 (96.9%) 23(95.0%) 56
Duration Of Illness
— 1-6 Months 6 (23.07%) 6 (25.0%) 12 29.35 0.000*
— 7-12 Months 12 (36.36%) 6 (25.0%) 18
— Above 12 Months 18 (50.0%) 13 (50.0%) 30
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Fig 3: blaTEM Gene (459bp) Gel Image
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82



OURNAL OF BIOMEDICAL INVESTIGATION (JBI) VOLUME 13 NUMBER 3: NOVEMBER-DECEMBER 202

Fig 4: blaCTX-M Gene(560bp) and blaSHV gene (398bp) gel image
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DISCUSSION

coli are very
pathogens of public health importance
affecting both children and adults
worldwide.!” A total of 230 adult urine
samples were processed to determine the
molecular types, and
susceptibility rate of multidrug resistance
patterns of Escherichia coli in the study
area. One hundred and sixty-nine (73.47%)
were female and sixty-one (26.52%) were
male, aligning with prior studies that
documented that urinary infections (UTIs)
are more common in females due to
anatomical predisposition, such as a shorter
urethra and proximity to the anal region.'!
The work also agrees with,?® which also

Escherichia important

prevalence,

5

v

6 7 8 9 10

b by v

Key:
DL=DNA Ladder
-ve= Negative Control

reported a high prevalence rate of E. coli in
females.

The age distribution was broad with most
participants falling within the age brackets
of 36 — 45 years (31.14%) and 46 - 55 years
(28.0%). This middle-aged group is often
exposed to factors such as hormonal
changes, chronic illness, and hospital
visitations that increase UTI risk.?!

The study highlighted that 42 (23.07%)
participants with E. coli isolates had UTI
cases that persisted between 1 and 6
months, and 16 (36.36%) persisted between
7 and 12 months, while 2 (50.0%) persisted
for more than 12 months. This chronicity

may reflect delayed healthcare-seeking
behavior, empirical antibiotic use, or
recurrent infections linked to resistant
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organisms. According to,?? recurrent UTIs,

particularly in women, are often exacerbated
by self-medication and inappropriate
antibiotic usage, factors prevalent in low-
resource settings like Nigeria. The isolation
of E. coli from 26.08% of adult urine
samples reinforces its role as one of the
common uropathogens, as substantiated by
previous findings that E. coli accounts for
the majority of UTIs globally.?*-*

This study also revealed that participants
whose level of education was secondary
school had a higher number of E. coli
isolates, followed by those with tertiary
education, with sixteen (16) isolated E. coli.
Out of the sixty (60) E. coli isolates, 25
(41.66%) were multidrug-resistant.

In this study, the highest drug resistance
(86.6%) in E. coli was recorded for
penicillin and streptomycin, respectively.
Higher resistance ( 81% - 100%) of E. coli
to penicillin has been reported by many
researchers 20-2326:27:28 and 29 It has been
suggested that high resistance to penicillin
may have been caused by the presence of the
beta-lactamase enzyme in the bacteria or as
a result of the reduction of affinity of
existing penicillin  binding proteins.*
Another possible reason for the high
resistance to penicillin is the frequent use or
misuse due to its easy availability and
affordability.’! Also implicated in antibiotic
resistance is non-adherence to standard
treatment procedures, especially in sub-
Saharan Africa, the wuse of fake or
substandard drugs, and the unauthorized sale
of  antibiotics = without  appropriate
prescriptions. 3?3

A relatively low resistance level was
observed with nitrofurantoin (1.66%), and
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ciprofloxacin (3.3%). This result is in line
with the studies of** ™9 3% who also recorded
a low resistance rates against these
antibiotics.

Out of the twenty-five (41.66%) MDR E.
coli isolates, ten (10) were selected for
further analyses to identify the genes
responsible for the resistance using
multiplex and linear PCR.

The molecular findings from the gel
electrophoresis images showed that among
the Extended Spectrum Beta-Lactamases
(ESBL) genes screened, blaCTX-M (560 bp)
was present in three isolates, while no bands
were observed for blaSHV (398 bp).

This corroborates findings by*® who
documented a surge in blaCTX-M-15 among
Nigerian isolates, especially in multidrug-
resistant (MDR) strains.

Interestingly, the blaTEM gene was also
detected in the isolates, with a band at 459
bp, confirming its role in Dbeta-lactam
resistance, as observed by.?” These ESBL
genes are often plasmid-mediated and
associated with horizontal gene transfer,
contributing to the rapid spread of resistance
among Enterobacteriaceae.>®’ The
predominance of these genes in a specialized
tertiary hospital population—such as an
orthopedic hospital—highlights the risk
posed by nosocomial infections and
prolonged catheterization.>

Furthermore, the lack of detection of
blaSHV aligns with observations in other
Nigerian studies, where CTX-M has
increasingly  displaced older = ESBL
genotypes such as SHV and TEM in terms
of frequency and distribution. 23 This
evolutionary shift may be attributed to
selective antibiotic pressure in the hospital

84



environment and the clonal expansion of
successful lineages such as ST131, which
are commonly associated with CTX-M-15
production.*

CONCLUSION

This study concludes that Escherichia coli
remains the most prevalent causative agent
of urinary tract infections among adults
attending the National Orthopedic Hospital,
Enugu, with a concerning level of multidrug
resistance. The bacterial isolates
demonstrated high carriage rates of
resistance genes such as blaCTX-M and
blaTEM, confirming the spread of extended-
spectrum beta-lactamase (ESBL)-producing
strains within the hospital environment. The
absence of the blaSHV gene suggests a
possible regional decline in its prevalence, in
contrast to the growing dominance of CTX-
M genes. The predominance of these
ESBLs, especially blaCTX-M, reflects the
global trend of the rapid emergence of
resistant clones like ST131, known for their
clinical severity, persistence, and limited
therapeutic options. The findings of this
study underscore the threat that multidrug-
resistant E. coli poses to the effective
management of UTIs in both hospital and
community settings.

The study also reinforces the need for the
integration of molecular diagnostic tools into
clinical microbiology laboratories for early
detection of resistance genes and targeted
therapy. In conclusion, this research
emphasizes the urgent necessity for
institutional and national strategies that
include antimicrobial stewardship, public
health education, improved diagnostic
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infrastructure, and infection control
protocols to contain the threat of
antimicrobial resistance, particularly in
specialized hospital settings like orthopedic
units.
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