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ABSTRACT

Extended-spectrum beta-lactamases (ESBLS) poses a significant threat to healthcare due to their ability to confer
resistance to multiple classes of antibiotics, limiting treatment options for infections caused by Gram-negative
bacteria. This aim of this study was to determine the prevalence of extended spectrum beta lactamase producing
Escherichia coli isolated from patients attending Faith Mediplex, Benin city, Nigeria. A total of one hundred
isolates of Escherichia coli were confirmed using gram staining and biochemical tests from clinical samples which
included urine, pus, endocervical swab and wound swab. ESBL screening was done using the double disc method
while antimicrobial susceptibility test was done using the Kirby Bauer disc diffusion method according to the
Clinical Laboratory Standards Institute (CLSI) guidelines. The results showed that the overall prevalence of ESBL
producing E. coli was 24%. Females exhibited a higher prevalence (66.7%) compared to males (33.3%), though no
significant age-related differences were observed. Among clinical specimens, urine samples had the highest ESBL
positivity (66.7%), followed by wound and endocervical swabs (16.7%), with no positive cases in pus samples.
Inpatient prevalence (54.2%) was higher than outpatient prevalence (45.8%), but this difference was not
statistically significant. Antibiotic susceptibility testing revealed Imipenem as the most effective antibiotic (70.0%
sensitivity), while most other antibiotics, including Augmentin and Ceftriaxone, showed high resistance (71.0% to
89.0%). In conclusion, result from this study shows the need for enhanced antibiotic stewardship and targeted
infection control strategies to manage the high prevalence and significant resistance patterns of ESBL -producing
E. coli in this Benin City.

KEYWORDS: Beta lactamases, Extended spectrum, Antibiotics, Clinical specimens, Gram negative,
Susceptibility.

INTRODUCTION

Beta-lactamases are a diverse group of enzymes
produced by bacteria to resist beta-lactam antibiotics.
These enzymes are categorized into classes A, B, C, and
D, each with wunique substrate preferences and
mechanisms of action, making them a significant hurdle
in antibiotic treatment.”! Class A beta-lactamases, such
as penicillinases, break down narrow-spectrum
penicillins and cephalosporins. In contrast, Class B
metallo-beta-lactamases, commonly found in Gram-
negative bacteria, need metal ions for their catalytic
activity.? Class C enzymes, known as cephalosporinases,
primarily target cephalosporins and are typically encoded
on the chromosome, while Class D oxacillinases are
frequently found in Acinetobacter baumannii and are
more resistant to inhibition.!
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Extended-spectrum beta-lactamases (ESBLS) are a subset
of Class A beta-lactamases that can hydrolyze extended-
spectrum cephalosporins like cefotaxime, ceftriaxone,
and ceftazidime, as well as monobactams such as
aztreonam.” These enzymes pose a major healthcare
threat due to their ability to confer resistance to multiple
antibiotic classes, thus reducing treatment options for
Gram-negative bacterial infections. ESBLs are often
linked to hospital-acquired infections, making patient
management more challenging and increasing morbidity
and mortality rates.® Their spread is driven by factors
like the overuse of broad-spectrum antibiotics, poor
infection control, and international travel.l®! Detecting
ESBLs is crucial for directing antibiotic therapy, as they
can render many beta-lactam antibiotics ineffective.l”
Treating infections caused by ESBL-producing bacteria
typically requires alternative antibiotics, such as
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carbapenems, though even these are
threatened by the rise of carbapenem-resistant strains.t
Common producers of ESBLs include bacteria such as
Escherichia coli, Klebsiella pneumoniae, and Proteus
mirabilis.”!

increasingly
8]

Escherichia coli, a bacterium in the Enterobacteriaceae
family, is typically found in the intestines of humans and
animals. While many E. coli strains are harmless and part
of the normal gut flora, some pathogenic strains can
cause a variety of illnesses, from mild gastrointestinal
distress to serious conditions like urinary tract infections
(UTIs), bloodstream infections, and foodborne
diseases.'™ E. coli is a major cause of diarrheal disease
worldwide, particularly in developing regions with poor
sanitation."! Certain strains produce toxins, such as
Shiga toxins, which can result in severe complications
like haemolytic uremic syndrome (HUS). The global
spread of ESBL-producing E. coli (ESBL-EC) is driven
by highly transmissible clones like E. coli ST131,
especially prevalent in long-term care facilities
(LTCFs).™®! For instance, French LTCFs observed an
increase in ESBL-EC, with an 18.1% prevalence of
ST131 clones from 1996 to 2014, indicating clonal
spread.™  Similarly, in Swiss nursing homes, the
proportion of ESBL-EC rose from 5% to 22% between
2007 and 2017.1%% The rise of E. coli ST131 in LTCFs is
mainly due to the expansion of multi-resistant ESBL-EC
clones™, leading to undetected clusters among
residents.’”] This clone's success is believed to stem
from enhanced anaerobic metabolism and other factors
that boost human colonization and virulence, helping it
outcompete normal gut bacteria.***%

The emergence and spread of extended-spectrum beta-
lactamase (ESBL)-producing Escherichia coli pose a
significant public health concern globally. These bacteria
are increasingly implicated in various infections,
including urinary tract infections (UTIs), bloodstream
infections, and gastrointestinal illnesses. The prevalence
of ESBL-producing E. coli strains among patients has
been on the rise, leading to challenges in clinical
management and treatment outcomes. This study aimed
to determine the prevalence of extended spectrum beta
lactamase producing Escherichia coli isolated from
patients in Faith Mediplex, Benin City, Nigeria.

MATERIALS AND METHODS
Study Design
A cross-sectional design was used for this study.

Study Area

The study was carried out at Faith Mediplex Hospital in
Benin City, Edo State, Nigeria. Edo State is located at
latitude 6.6342°N and longitude 5.9304°E of the equator
and prime meridian, respectively. The state covers an
area of 19,794 kmz and had a provisional population of
2,159,484, with Benin City estimated at 1,147,188
(National Population Census, 2006). Faith Mediplex
Hospital is a private medical facility in Benin City, Edo
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State, Nigeria. Renowned for its commitment to quality
healthcare services.

Study Population

The study was carried out on both male and female
individuals who had requested a culture of a body sample
and provided informed consent at Faith Mediplex
Hospital in Benin City.

Sample Size

Sample size was determined using single population
proportion estimate considering the level of significances
at 5% and the prevalence of extended-spectrum beta-
lactamase (ESBL) production in gram negative bacteria
from HVS sample from a previous study conducted in lle
Ife, Nigeria which was 6%.!

Z*P(1-P)

Sample size = —
d;

N = required sample size

Z = confidence level at 95% (standard value of 1.96)

P = prevalence of extended-spectrum beta-lactamase

(ESBL) production in gram negative bacteria (6% = 0.06)

D = margin of error at 5% (standard value = 0.05)

N = 1.96% X 0.06 (1— 0.06)

0.057
=8a7.

Minimum sample size calculated is 87. In order to
account for non-response, 10% of the sample size (i.e.,
8.7) will be added to the calculated sample size; this
gives a sample size of 95.7, which is approximated to
100 study subjects. A total number of 100 Escherichia
coli isolates will be used for this study.

Inclusion Criteria

Escherichia coli isolates of patients attending and
receiving treatment at Faith Mediplex Hospital in Benin
City, Edo state, Nigeria who gave their consent for
inclusion in the study.

Exclusion Criteria

Non-Escherichia coli isolates of patients attending and
receiving treatment at Faith Mediplex Hospital in Benin
City, Edo state, Nigeria who did not give their consent
for inclusion in the study.

Ethical Approval

Approval for this research was sought from the research
and ethics committee, Faith Mediplex Hospital, Benin
City, Edo State, Nigeria. Informed consent was also
sought and obtained from all participants.

Isolation and Identification of Escherichia coli

Isolation of Escherichia coli was done using standard
microbiological techniques. Initially, samples were
streaked onto MacConkey agar. Following incubation at
appropriate temperatures, characteristic colonies showing
lactose fermentation (pink to red colonies) were selected
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for further analysis. Gram staining was performed on
isolated colonies to confirm their Gram-negative
morphology. Additionally, biochemical tests such as
motility, Indole, Urea, and Citrate utilization tests were
performed to validate the identity of E. coli. Outcomes in
these tests, along with observations of colony
morphology and Gram staining characteristics,
collectively confirmed the presence of Escherichia coli
in the culture.

Determination of ESBL Producing Escherichia coli
The presence of ESBL was detected using the double
disc method test. Briefly, the test organism was
emulsified in sterile water and the turbidity matched with
0.5 McFarland standard. Once matched, a sterile cotton
wool swab was placed in the organism suspension and
excess liquid was removed by turning the swab on the
side of the test tubes. The entire surface of a Mueller
Hinton agar plate was seeded by swabbing in three
directions with the swab. A disc containing 30 pg of
amoxicillin-clavulanate was placed at the center of the
agar plate. A 30-ug ceftazidime disc was placed 25 mm
from the amoxicillin-clavulanate disc and another disc
containing 30 pg of cefotaxime was placed on the
opposite side of the amoxicillin-clavulanate disc (25 mm
apart). The plates were incubated at 37°C overnight and
ESBL production was inferred as positive if there was an
expansion of the zone of inhibition between the
ceftazidime and amoxicillin-clavulanate disc, cefotaxime
and amoxicillin-clavulanate disc, or both.

Determination of Antimicrobial Susceptibility using
Disc Diffusion Method

Prior to conducting the test, microbial strains were sub-
cultured on MacConkey agar plates to obtain a pure
culture. Colonies from the culture were then transferred
to sterile water and adjusted to match the turbidity of a
0.5 McFarland standard, ensuring standardized inoculum
density. The agar plates were evenly inoculated with the
standardized microbial suspension using a sterile swab,
ensuring uniform distribution across the agar surface on
Mueller-Hinton agar plates. Antibiotic discs impregnated
with specific concentrations of antibiotics, including
augmentin,  ceftriaxone, ciprofloxacin, cefepime,
cefuroxime, imipenem, gentamycin, and oxacillin were
placed onto the agar surface. The agar plates were
allowed to stand at room temperature for a brief period to
allow diffusion of the antimicrobial agents into the agar.
Subsequently, the plates were incubated at 37°C for 24
hours.

Measurement of Zones of Inhibition

After incubation, the plates were examined for the
presence of clear zones of inhibition around the wells,
and the diameter of each zone was measured using a
calibrated ruler or automated zone reader. Larger zones
indicated greater susceptibility of the microorganism to
the test substance. The diameter of the zones of
inhibition was then compared to established interpretive
criteria provided by the Clinical and Laboratory
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Standards Institute (CLSI), and results were reported as
susceptible, intermediate, or resistant based on these
criteria.

Statistical Analysis

Data obtained from this research were presented and
analyzed using the Statistical Package for Social
Sciences (SPSS) version 21.0 (IBM Inc., USA). Results
were expressed in tables and charts as appropriate. The
Chi-square test was used to determine if there were
significant associations between categorical variables.
Differences were considered statistically significant
when the p-value obtained was <0.05.

RESULTS

Sociodemographic Characteristics of Participants
Table 1 shows the sociodemographic characteristics of
the participants in the study. The age distribution shows
that the majority of participants were between 35-50
years old, accounting for 56.0% of the sample, followed
by age 20-34 (32.0%), 51-64 (10.0%), and the smallest
group was aged 65-80, representing only 2.0%. The
mean age of the participants was 38.94 years with a
standard deviation of 10.47 years, ranging from a
minimum age of 24 years to a maximum of 74 years.
Regarding sex distribution, 58.0% of the participants
were female, and 42.0% were male. When considering
occupation, a larger proportion of the participants were
civil servants (59.0%), compared to 41.0% who were
engaged in business or trading activities. In terms of
religion, the majority of participants identified as
Christians (73.0%), followed by Muslims (24.0%), and a
small percentage (3.0%) practiced other religions. The
patient type distribution indicated that 46.3% of the
participants were inpatients, while 30.7% were
outpatients. The percentages of patient types do not sum
to 100% due to rounding or potential categorization
issues in the original data collection.

ESBL Positive

» ESBL Negative

Figure 1: Prevalence of ESBL Producing Escherichia
coli among Participants.

Prevalence of ESBL Producing Escherichia coli

The prevalence of Extended spectrum beta lactamase
(ESBL) producing Escherichia coli among participants
was found to be 24% (24/100) as shown in figure 1.
Table 2 shows the frequency of ESBL-producing
Escherichia coli in relation to the age and sex of
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participants. Among the males, 42 were examined
(42.0%) and 8 (33.3%) were ESBL positive while 58
females were examined (58.0%) and 16 (66.7%) were
ESBL positive. There was no significant difference in
relation to age (OR=0.618, 95% CI: 0.236-1.616, p =
0.324). In terms of age, 32 participants were in the 20-
34 years age group (32.0%), with 6 (25.0%) testing
positive. The 35-50 years age group had 56 participants
(56.0%), with 18 (75.0%) testing positive. For ages 51-
64 years, 10 participants (10.0%) were examined, with
none testing positive. Similarly, in the 65-80 years age
group, 2 participants (2.0%) were examined, with no
positive cases. The differences in ESBL positivity among
age groups were not statistically significant (p = 0.098).

Table 3 shows the frequency of ESBL-producing
Escherichia coli in relation to clinical specimens. Out of
the 68 urine samples examined (68.0%), 16 (66.7%)
were ESBL positive. Among the pus samples, 6 were
examined (6.0%), with none testing positive. For wound
swabs, 18 samples were examined (18.0%), with 4
(16.7%) testing positive. Similarly, out of 8 endocervical
swabs examined (8.0%), 4 (16.7%) were ESBL positive.

European Journal of Biomedical and Pharmaceutical Sciences

The differences in ESBL positivity among the various
clinical specimens were not statistically significant (p =
0.179).

Table 4 shows the frequency of ESBL-producing
Escherichia coli in relation to patient type. Among the
39 inpatients examined (39.0%), 13 (54.2%) were ESBL
positive. Out of the 61 outpatients examined (61.0%), 11
(45.8%) were ESBL positive. The differences in ESBL
positivity between inpatients and outpatients were not
statistically significant (OR=0.618, 95%CI1=0.236-1.616,
p =0.324).

Table 5 shows the susceptibility profile of ESBL-
producing Escherichia coli to various antibiotics.
Imipenem showed the highest sensitivity, with 70 (70.0%)
of the isolates being sensitive and 30 (30.0%) being
resistant. Gentamycin showed moderate sensitivity with
34 (34.0%) sensitive and 66 (66.0%) resistant. Most of
the antibiotics, including Augmentin, Ceftriaxone,
Ciprofloxacin, Cefepime, Cefuroxime, and Oxacillin,
had low sensitivity, ranging from 11.0% to 29.0%, and
high resistance, ranging from 71.0% to 89.0%.

Table 1: Sociodemographic Characteristics of Participants.

Variable Number (n=100) | Percentage (%)
Age

20-34 32 32.0
35-50 56 56.0
51-64 10 10.0
65-80 2 2.0
Sex

Male 42 42.0
Female 58 58.0
Occupation

Business/Trading 41 41.0
Civil Servant 59 59.0
Religion

Christianity 73 73.0
Islam 24 24.0
Others 3 3.0
Patient Type

Inpatients 185 46.3
Outpatients 123 30.7

Mean age=38.94+10.47 years, Minimum age = 24 years, Maximum age = 74 years.

Table 2: Frequency of ESBL Producing Escherichia coli in Relation to Age and Sex of Participants.

Variable | No. Examined (%) | ESBL Positive (%) | OR | 95%CI | p value
Sex
Male 42 (42.0) 8(33.3) 0.618 [ 0.236-1.616 | 0.324
Female 58 (58.0) 16 (66.7)
Age (years)

20-34 32 (32.0) 6 (25.0) 0.098
35-50 56 (56.0) 18 (75.0)

51-64 10 (10.0) 0 (0.0)

65-80 2 (2.0) 0 (0.0)

ESBL=Extended spectrum beta lactamase, OR=0dds ratio, CI=Confidence Interval, p<0.05 is considered significant

Table 3: Frequency of ESBL Producing Escherichia coli in Relation to Clinical Specimen.
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Clinical Specimens | No. Examined (%) | ESBL Positive (%) | p value
Urine 68 (68.0) 16 (66.7) 0.179
Pus 6 (6.0) 0 (0.0)
Wound Swab 18 (18.0) 4 (16.7)
Endocervical Swab 8 (8.0) 416.7)
ESBL=Extended spectrum beta lactamase, p<0.05 is considered significant
Table 4: Frequency of ESBL Producing Escherichia coli in Relation to Patient Type.
Patient Type | No. Examined (%) | ESBL Positive (%) | OR 95%CI p value
Inpatients 39 (39.0) 13 (54.2) 0.618 | 0.236-1.616 | 0.324
Outpatients 61 (61.0) 11 (45.8)

ESBL=Extended spectrum beta lactamase, OR=0dds ratio, CI=Confidence Interval, p<0.05 is considered significant

Table 5: Susceptibility Profile of ESBL Producing

Escherichia coli.

Antibiotics Sensitive (%) | Resistant (%)
Augmentin 25 (25.0) 75 (75.0)
Ceftriaxone 11 (11.0) 89 (89.0)
Ciprofloxacin 20 (20.0) 80 (80.0)
Cefepime 14 (14.0) 86 (86.0)
Cefuroxime 25 (25.0) 75 (75.0)
Imipenem 70 (70.0) 30 (30.0)
Gentamycin 34 (34.0) 66 (66.0)
Oxacillin 29 (29.0) 71 (71.0)
DISCUSSION

The prevalence of extended spectrum beta lactamase
(ESBL) among participants in this study was 24%. This
prevalence is low when compared to that of a study by
Hertz et al. carried out in northeastern part of Nigeria
which was 53%.[ Another study carried out by
Igbinosa et al. in Edo state also reported a high
prevalence of ESBL producing E coli (68%)%? while
Mofolorunsho et al. reported a prevalence of 69% in
Anyigba, Nigeria.® However, in contrast to these
findings, other studies have reported similar and even
lower prevalence of ESBL producing Escherichia coli.
Ajuga et al. in their study in Aba reported the prevalence
of ESBL producing E coli to be 1.2%.%* Iseghohi et al.
reported a prevalence of 25% which was similar to that
observed in this present study. These disparities in the
prevalence of Extended-Spectrum Beta-Lactamase
(ESBL) producing E. coli across different regions can be
attributed to a variety of factors. These include
differences in antibiotic usage practices, with some
regions experiencing higher rates of antibiotic
consumption, which can drive the selection of resistant
strains.[®! Variations in healthcare infrastructure and
infection control measures can also play a significant
role; regions with inadequate sanitation, limited access to
healthcare, and poor infection control protocols may see
higher prevalence rates. Additionally, differences in
agricultural practices, such as the use of antibiotics in
livestock, can contribute to regional variations.
Socioeconomic factors, including population density,
education levels, and healthcare accessibility, further
influence these disparities.*"!
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This study showed that females exhibited a higher
prevalence of ESBL-producing E. coli compared to
males, which could be attributed to several factors.
Anatomically, females are more susceptible to urinary
tract infections (UTIs) due to a shorter urethra,
facilitating easier bacterial ascension. Hormonal
fluctuations might also play a role in altering the vaginal
microbiota, predisposing women to colonization by
resistant strains.”®! Additionally, females often have
more frequent interactions with healthcare services,
including for reproductive health, increasing their
exposure to antibiotics and the risk of acquiring resistant
bacteria.”® The study also showed that the prevalence of
ESBL-producing E. coli was not significantly associated
with age. Typically, older age groups exhibit higher rates
of ESBL colonization due to factors such as more
frequent hospitalizations, increased use of invasive
devices, and prolonged antibiotic treatments, which are
less common in younger populations.®” The absence of
ESBL-positive cases in the older age groups within this
study might be explained by the relatively small sample
size, particularly in the 51-64 and 65-80 age brackets,
limiting the statistical power to detect differences. In
contrast to findings from this study, sex and age has been
cited as factors associated with prevalence of ESBL in
previous studies.?*32

In this study, the highest clinical specimen with ESBL
producing E. coli was using urine samples. This aligns
with the study of Singh et al. the highest prevalence of
ESBL E. coli in urine samples.¥ The high prevalence of
ESBL-positive E. coli in urine samples can be attributed
to the urinary tract being a common site for E. coli
infections, often leading to recurrent and prolonged
antibiotic use, which causes resistance.*!! The absence of
ESBL-positive results in pus samples could be due to the
lower overall number of samples tested, or possibly
different bacterial pathogens predominating in such
infections. The moderate prevalence in wound and
endocervical swabs suggests that these sites, while not as
commonly associated with E. coli infections as the
urinary tract, still harbor resistant strains, likely due to
similar pressures from antibiotic use in treating skin and
soft tissue infections as well as gynecological conditions.
Comparing these results with other studies, it is often
found that urinary specimens tend to show the highest
rates of ESBL-producing E. coli due to the reasons
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mentioned above. For example, studies in other regions
also report high ESBL rates in urinary samples®=3%]
reinforcing the need for stringent antibiotic stewardship
in managing urinary tract infections.

This study revealed a higher prevalence of ESBL-
producing Escherichia coli among inpatients compared
to outpatients, although the difference is not statistically
significant. Several factors could contribute to this
observation. Inpatients are typically more exposed to
hospital environments, where the use of broad-spectrum
antibiotics is more common, potentially promoting the
selection of resistant strains.®® Additionally, inpatients
often have more severe or chronic conditions,
necessitating longer hospital stays and increased
interactions with healthcare workers and medical devices,
further increasing the risk of acquiring resistant
infections. In comparison, outpatients, who generally
have milder conditions and shorter durations of antibiotic
exposure, are less likely to encounter resistant strains.’!
Comparing these results with other studies, similar trends
are often reported. For instance, research has consistently
shown higher rates of ESBL-producing bacteria in
hospital settings due to the intensive antibiotic pressure
and the concentration of vulnerable patients. 2"

The  susceptibility profile of ESBL-producing
Escherichia coli to various antibiotics, as shown in this
study shows the critical challenge of antibiotic resistance.
Imipenem's  high sensitivity rate suggests that
carbapenems remain a robust treatment option for
infections caused by ESBL-producing strains, likely due
to their broad spectrum and stability against beta-
lactamase enzymes."”? The moderate sensitivity to
Gentamycin could be attributed to its aminoglycoside
class mechanism, which remains effective against some
resistant strains but is still susceptible to resistance
mechanisms like enzymatic inactivation.* The low
sensitivity rates observed for antibiotics such as
Augmentin, Ceftriaxone, and Ciprofloxacin highlight the
widespread resistance, possibly due to the extensive and
often inappropriate use of these antibiotics in clinical
settings, leading to selective pressure favoring resistant
strains.*”! This finding is also consistent with that of
Singh et al. who reported a high resistance of ESBL
producing E. coli to cefuroxime, cefotaxime,
ciprofloxacin, cefixime and ceftriaxone.?®! Other studies
globally report similar trends similar to that of this study,
with carbapenems generally maintaining higher efficacy
against ESBL-producing E. coli.[***4

CONCLUSION

The study revealed a 24% prevalence of ESBL-
producing Escherichia coli among participants. Females
exhibited a higher prevalence compared to males, though
age did not significantly affect ESBL positivity. The
highest prevalence was in the 35-50 years age group,
with no cases found in participants over 50 years old.
Among clinical specimens, urine samples had the highest
positivity rate, while pus samples showed no ESBL
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presence. The prevalence between inpatients and
outpatients was not significantly different. Antibiotic
susceptibility testing highlighted Imipenem as the most
effective, while most other antibiotics, including
commonly used ones like Augmentin and Ceftriaxone,
exhibited low sensitivity and high resistance.
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