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ABSTRACT

Introduction: Extended spectrum Dbeta-lactamase-producing enterobacteriaceae
(ESBL_PE) are increasing in both hospital and community settings, posing a major
public health problem worldwide. In The Gambia, published data on the occurrence
of ESBL-PE in local settings is limited. We determined the occurrence of ESBL-PE
from clinical samples at the main tertiary hospital, Edward Francis Small Teaching
Hospital (EFSTH), The Gambia. Methods: From December 2021 to August 2022, 173
banked clinical isolates were analysed using standard bacteriological methods at the
EFSTH microbiology laboratory. Isolates identification was conducted using
biochemical tests. Antibiotic susceptibility was conducted using the disk diffusion
method according to Clinical and Laboratory Standard Institute (CLSI) guidelines.
Phenotypic ESBL- PE was confirmed using double-disk synergy methods. Data on
demographic characteristics, ward and sample type was collected from laboratory
registers and request forms. Data was analysed descriptively using Epi info 7.5.
Results: A total of 173 single clinical isolates were analysed. ESBL-PE frequency was
35 (28.46%) among the 123 Enterobacteriaceae isolates identified. Majority of the
ESBL PE isolates were from gynaecology ward 14(40%), followed by the surgical
ward, 11 (31.43%). Escherichia coli was dominant 21 (60%) followed by Kiebsiella
pneumoniae 10 (28.57%). A high resistance rate was observed against Cephalosporins
[(Ceftazidime 34 (97.14%), Cefotaxime 29(82.9%), Ceftriaxone 33 (94.29%)],
Cotrimoxazole 33 (94.29%) and Gentamycin 32 (91.43%). A low resistance rate of
ESBL-producers against Nitrofurantoin 9 (42.9) was observed. However, all the
ESBL isolates were sensitive to Imipenem antibiotics. Multi-drug-resistant isolates
were more prevalent among the ESBL_PE 33 (94.29%) than non-producers 2 (5.71%)
(p = <0.0001). Conclusion: Our study shows ESBL-producing Enterobacteriaceae
from the banked clinical isolates, with Escherichia coli and Klebsiella pneumoniae as the
predominant organisms. ESBL-producing organisms show a high resistance rate to
cephalosporins. The hospital management should implement infection prevention and
control measures within gynaecology and surgical wards — the most affected wards to
prevent the spread of ESBL-PE.
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Introduction

Antimicrobial Resistance (AMR) is a major public
health threat worldwide including The Gambia.
AMR occurs when microbials develops mechanism
to resist the effects of antimicrobials rendering them
ineffective in treating infections. Enzymatic
production is one of the mechanisms by which
microbials develop resistance to antimicrobials [1].
Extended spectrum beta-lactamases (ESBLs) are
enzymes produced by microorganisms that
hydrolyze the f-lactam ring of penicillin, first,
second and third generation and higher
cephalosporins as well as aztreonam [2] . The
enzymes are commonly  expressed by
Enterobacteriaceae [3]. The occurrence of ESBLs
among Enterobacteriaceae is predominantly
observed in Klebsiella. Spp and Escherichia coli as well
as other Enterobacteriaceae families such
as Citrobacter. Spp, Salmonella. Spp, Proteus. Spp  [3-
6]. Infections caused by Extended spectrum beta-
lactamases producer enterobacteriaceae (ESBL PE)
are increasingly becoming difficult to treat which has
led to use of more expensive broad-spectrum
antibiotics [4]. This is because of misusing
antibiotics. [[7]. The inappropriate usage of
antibiotics both in healthcare and community
settings has been cited as the contributing factors in
the emergence of ESBL PE leading to AMR
worldwide. Use of antibiotics without medical
prescription, missed used and abused and [§],
hospitalization, catheterization [3] are some of the
factors contributing to the emergence and spread of
ESBL-PE. Globally, ESBL-PE- pose a serious
challenge to both clinical care and public health
leading to prolonged hospitalization, higher
mortality and economic loss [9]. In 2019, an estimate
of 4.95 million deaths associated with bacterial
AMR were reported worldwide [10]. The increasing
occurrence of these ESBL-PE has been documented
worldwide and varies from one country to another
among different population and age-groups; 80.9%
among hospitalized patients in Togo [11], in Gaza
strip 51.6% ESBL isolates were detected among
pediatric patients [12], 39.2% ESBL
producing Escherichia coli and Klebsiella
pneumoniae reported in Senegal [13], 5.0% was
observed among food handlers in The Gambia [5].
In The Gambia, few studies have been conducted to
elucidate the occurrence of ESBL-PE, notably the
study conducted by Sanneh et.al was conducted on
healthy carriers at community level [5]. According to
Global Research on antimicrobial resistance

(GRAM) 2019 report the number of AMR deaths in
The Gambia is higher than deaths from maternal
and neonatal disorders, HIV/AIDS and sexually
transmitted infections, neoplasms, enteric infections,
neglected tropical diseases and malaria. In 2019,
The Gambia had 402 deaths attributable to AMR
and 1800 associated death with AMR It is evident
that there is limited information on the occurrence of
ESBL-PE among patients at Edward Francis Small
Teaching Hospital (EFSTH) in The Gambia. This
study determined the prevalence of ESBL-PE at this
hospital.

Methods

Study Design

A retrospective cross-sectional study was conducted
from September to December 2022 on bacterial
isolates at the EFSTH microbiology laboratory.
Isolates banked from December 2021 to August 2022
were used. The banked clinical bacterial isolates
from various clinical samples: wound, blood, urine,
ear swabs, pus, cerebrospinal fluid (CSF), sputum
and pleural fluids were sub-cultured to determine
ESBL-PE. Data on age, sex, ward and sample type
were collected from registers and patient forms.

Study Setting

The Edward Francis Small Teaching Hospital
(EFSTH) is the only tertiary teaching hospital and
the main referral health facility in The Gambia.
EFSTH is a 600-bed-capacity tertiary hospital
located in the capital, Banjul. The hospital offers
consultant and general services in the different
clinical disciplines of Surgery, Internal Medicine,
Laboratory, Pediatrics, Obstetrics & Gynaecology,
Family Medicine and a recently introduced
Cardiology. The laboratory department of EFSTH
has the following specialities: microbiology,
haematology, biochemistry, serology, blood bank,
histology and parasitology. The microbiology
laboratory department received clinical samples
from different wards and mainly conducts
bacteriological identification and sensitivity testing.

Sub-culture and Identification of Banked Bacterial
Isolates

The isolates preserved on glycerol broth at —80°C
were retrieved using standard microbiology culture
methods. Isolates were sub-cultured on blood agar,
chocolate agar and MacConkey agar (Oxoid Ltd,
Basingstoke, United Kingdom) and incubated
between 18-24 hours at 37°C. After the incubation,



organisms were characterized by colony
morphology, Gram stain and biochemical reactions
[14]. Enterobacteriaceae were identified using
commercial Analytical Profile Index 20E gallery
(BioMeriuex, France) [11].

Antimicrobial Susceptibility Testing
Antimicrobial Susceptibility Testing (AST) was
conducted using Kirby-Bauer’'s disc diffusion
method following standard guidelines of Clinical
Laboratory Standards Institute (CLSI) [15]. A single
well-isolated colonies from an overnight culture
were selected, emulsify in 5ml sterile saline solution.
The organism suspension turbidity was compared
with a 0.5 McFarland standard. After preparation of
the inoculum suspension, Muller-Hinton agar
(Oxoid Ltd, Basingstoke, United Kingdom) was
inoculated and antibiotics disc were aseptically
placed [16]. Bacterial isolates were tested against the
following antibiotics that are readily available:
ampicillin (30 pg), piperacillin (100pu g),
amoxicillin/clavulanic acid (20 pg), cefotaxime (30
ug), ceftazidime (30 pg), ceftriaxone (30 ug),
imipenem, ciprofloxacin (30pg), gentamycin (30pg)
and cotrimoxazole (30 pg).[6, 9].

Phenotypic ESBL Detection

Isolates that showed reduced inhibition zone size of
<22mm with ceftazidime (30ug) and/or <27mm
with cefotaxime (30ug) were considered as potential
ESBL-producer and were selected for ESBL
confirmation [14]. Enterobacteriaceae isolates were
confirmed for phenotypic ESBL-producer based on
a > 5 mm increase in a zone diameter for either
cefotaxime or ceftazidime antibiotics tested in
combination with clavulanate versus the zone of
inhibition of the antibiotics when tested alone [15].
An isolate is considered multidrug-resistant if it is
resistant to three or more classes of antibiotics [16].

Quality Control

Standard Operating procedures were followed in the
laboratory analysis. Sterility and performance were
conducted for every new batch of prepared media.
Standard reference strains of ATCC 25922 E.
coli (ESBL negative) and K. pneumoniae ATCC
700603 (ESBL positive) were used to quality control
for the purchased antibiotic disc [15].

Data management and analysis
Data was entered into a Microsoft Excel sheet,
cleaned, coded and analysed using statistical
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software STATA (version 16.1). Measures of central
tendency were used to summarise the continuous
variables. Proportion of ESBL-PE was used to
describe the frequency of categorical variables. We
determine the statistical difference among MDR
isolates for ESBL-producer and non-ESBL-
producers at 95% confidence level. Analyzed data
were presented as text, graphs and tables.

Ethical considerations

Ethical approval for this study was obtained from the
ethical committee of Edward Francis small teaching
hospital (protocol number EFSTH 2023 109).

Results

Background characteristics

A total of 173 isolates were included in the study,
most of which were from female patients 94 (54%)
with a mean age of 30 years (SDx16). Majority of
isolates were from patients aged between 21-30 years
52 (30.06%) followed by those aged <10 years 39
(22.54%). Only one bacterium was isolated from
patients aged > 81 years (0.57%) (Table 1).

Bacterial Isolates from Clinical Samples

Of'the 173 isolates from clinical specimens, 59 (34.10%)
were Escherichia coli, 33 (19.07%) was Klebsiella
pneumoniae, 29 (16.7%) were Staphylococcus aureus, 18
(10.40%) Pseudomonas aeruginosa, 15
(8.67%) Proteus spp, 5 (2.89%) Enterobacter cloacae, 2
(1.15%) Pseudomonas fluorescence, 2 (1.15%) streptococcus

pneumonia, 2 (1.15%) Acinetobacter
baumani, Citrobacter spp, Enterobacter
aerogenese, Escherichia vulneris, Klebsiella
oxytoca, Providencia  rettgeri,  Pseudomonas  utteola,

Streptococcus  pygonese and  serratia  orodifera each
constituted 1 (0.57%). Overall, 123 (71.1%) were from
the family of Enterbacteriaceae (Figure 1).

Bacteria Isolated by Sex

Over half of the 173 isolated bacteria were from
female patients, 94 (54.3%). In which 69.49%
(41/59) females were infected with E. coli and
63.63% (21/33) females had Klebsiella
pneumonia. Staphylococcus aureus was mostly isolated
among male patients 69.0% (20/29) (Table 2).

Bacterial Isolates from different wards

Of the 173 clinical isolates 66 (38.15%) were isolated
from surgical wards, 34 (19.65%) from gynaecology
ward, 29 (16.76%) from outpatient, 18 (10.40%)



from accident and emergency (A/E), 8 (4.62%) from
female medical ward, 7 (4.04%) from PSCU, 4
(2.31%) from intensive care unit (ICU) and male
medical ward respectively and 3 (1.73%) from
neonatal intensive care unit (NICU).

ESBL producing isolates by sample type

Among the 123 entrobacteriaceae isolates, 35 ESBL-
positive 21 (60%) were urine isolates, 7 (20%) were
wound isolates, 4 (11.76%) were blood culture
isolates, 2 (6.25%) was sputum isolates and 1
(2.85%) were pleural fluid isolates (Figure 3).

ESBL-Producing Enterobacteriaceae Isolates
Among the 123 isolates of Enterobacteriaceae from
clinical specimens 35 (28.45 %) were positive for
ESBL. Majority were E. coli 21 (60.0 %) followed
by Klebsiella pneumoniae 10 (28.57%), 2 (5.71%)
was Endobacteria cloacae and 1(3.12%) were Klebsiella
oxytoca and Providencia rettgeri, respectively (Table
3).

Antimicrobial Resistance Profile of ESBL-
Producing Organism

All ESBL isolates are sensitive to Imipenem (35/35).
All the ESBL-producing Enterobacteriaceae were
Multi-drug Resistant (MDR) showing resistant to at
least three different classes of antibiotics. High
resistant was observed in Ceftriaxone 34 (97.1%),
Ciprofloxacin 34 (97.1%), Gentamycin 34 (97.1%),
Followed by Ceftazidime 33 (94.3%), Co-
trimoxazole 33 (94.29%), Cefotaxime 29 (82.9%)
and Nitrofurantoin 9 (42.9%) resistance (Figure 4).

Discussion

Extended-spectrum beta-lactamases (ESBL) causing
infections are increasing in incidence both in hospital
and community settings. This poses a major public
health threat to the treatment of infectious diseases
caused by ESBL PE. The findings from our study
that used banked clinical isolates from EFSTH show
that the occurrence of ESBL was 28.6%, a much
higher proportion compared to the study done by
Sanneh et.al on food handlers in 2008, which was
5% [12]. However, Sanneh’s study was conducted
on a healthier population, while this study was on
isolates of patients. Another study done in a similar
hospital setting showed a high incidence of 26.6%
from clinical isolates. Click or tap here to enter
text.[17]. This suggests the need for proper
continuous surveillance of AMR in hospital settings.
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This is evident from our findings which showed
that E. coli and K. pneumonia were the most common
ESBL PE isolated, and a previous study showed
these two pathogens were the most common
pathogens causing hospital acquired infections
[2]. This is further supported by a similar study done
in Togo in 2019 which also reported ESBL
producing E. coli and klebsiella [4].

Furthermore, this study revealed higher frequency of
ESBL PE among patients with severe infections
including urinary tract infections, wound infections
and blood stream infections. However, ESBL
PE have been linked to serious hospital acquired
infection  worldwide leading to  prolong
hospitalization, higher morbidity and mortality [18].
This could be due to poor infection control measures
such as poor hand hygiene and poor patient isolation
systems. Also drug supply constraints in developing
countries frequently limit prescribers to the
medications that are readily available contributing
further to AMR.

Our study showed that imipenem is the most
effective antibiotic against ESBL producing isolates
with 100% sensitivity, which is in agreement with
similar published data in Burkina Faso, which
showed a susceptibility of 100% for imipenem [19].
Our study shows high resistance of 89% and above
towards the following cephalosporins ceftriaxone,
cefotaxime and ceftazidime, which is similar to the
Gambia study done by Sanneh [2] with 100%
resistance recorded for these same drugs. It also
demonstrated a similarly high resistance to non-
cephalosporins ciprofloxacin, gentamycin and co-
trimoxazole. This high resistance could be due to
prolonged hospitalisation, invasive medical devices
and overexposure to third-generation
cephalosporins. The latter is supported by a study
done by Chaw et al at EFSTH, where Ceftriaxone-
an antibiotic from the WHO watch group that is
frequently used as second-line therapy, was one of
the most widely used antibiotics in the hospital with
a greater density of use than ampicillin, a first-line
antibiotic [20]. The study shows that all the ESBL
PE are MDR organisms, as ESBL is plasmid-
mediated and is linked to co-resistance to other
antibiotic classes. Misuse of antibiotics, self-
medication, misdiagnosis and empirical treatment
before laboratory findings, easy access to antibiotics
at pharmacies and private clinics could be the
contributing factors for the higher antimicrobial



resistance  [21]. Additionally, we noted (4%)
imipenem resistance from non-ESBL-producing
organisms.

Conclusion

during the conduct of the study. We appreciate with
thanks.

Authors’ contributions

This study revealed the presence of ESBL PE among
the EFSTH clinical isolates, with E.
coli and Klebsiella pneumoniae as the predominant
organisms. Most isolates that produced ESBLs were
from urine and wound isolates. ESBL PE showed a
greater degree of resistance to various antibiotic
classes in contrast to non-ESBL producers.
Imipenem is an alternative for treating ESBL PE.
The emergence of multidrug-resistant bacteria
(MDR) and ESBL PE requires strengthening of
clinical bacteriology research and enhancing
laboratory diagnostic abilities to identify and
monitor antibiotic resistance. We advise for routine
infection prevention strategies such as hand hygiene
and rational use of antibiotics, proper sterilisation as
control measures for the spread of ESBL PE. Our
study findings establish the baseline information
required for more extensive investigations
incorporating the genetic characterization of
resistant strains to determine the origin, varieties,
and patterns of antimicrobial resistance at Edward
Francis small Teaching Teaching Hospital.

‘What is already known about the topic
e ESBL are enzymes that catalyse the
betalactam antibiotics and render them
ineffective.
e Infections caused by ESBL PE cause
prolonged hospitalisation, higher morbidity
and morbidity.

‘What this study adds
e The occurrence of ESBL PE from clinical
isolates at EFSTH and an antibiogram
showing susceptibility pattern to the locally
available antibiotics.
e The sample type with the highest number of
ESBL PE isolates.
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Table 1: Age and Gender Distribution of Isolates, N=173
Characteristics Frequency Percentage
Sex

Male 79 45.66
Female 94 54.34

Age Group

<10 39 22.54
11-20 19 10.98
21-30 52 30.06
31-40 19 10.98
41-50 20 11.56
51-60 17 9.83

61-70 4 2.31

71-80 2 1.16

>81 1 0.58

Total 173 100
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Table 2: Distribution of bacteria isolated among patients by sex, N=173
Organisms Female Male Total
Citrobacter spp 1 0 1
Enterobacter cloacae 1 5 5

E. coli 41 18 59
Enterobacter aerogenes 1 0 1
Escherichia vulneris 0 1 1
Pseudomonas fluorescence 1 1 2
Klebsiella oxytocka 1 0 1
Klebsiella pneumonia 21 12 33
Proteus spp. 8 7 15
Providence rettgeri 0 1 1
Pseudomonas luteola 0 1 1
Pseudomonas spp 8 10 18
Streptococcus pyogenes 0 1 1
Staphylococcus aureus 9 20 29
Serratia odrfera 1 0 1
Streptococcus pneumonia 0 2 2
Acinetobacter baumanii 1 1 2
Total 94 79 173
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Table 3: Frequency of ESBL-producer among Enterobacteriaceae

Bacteria Positive Negative Total
Freq |% Freq |%
E. coli 21 60 38 40 59
Kilebsiella pneumoniae 10 28.57 |23 71.43 |33
Endobacteria cloacae 2 5.71 9425 |5
Klebsiella oxytoca 1 2.85 0 96.88 |1
Providencia rettgeri 1 2.85 0 0.00 1
Proteus Spp 0 0.00 15 100 15
Fluorescence pseudomonas |0 0.00 2 100 2
Acinetobacter Baumannii 0 0.00 2 100 2
Citrobacter spp 0 0.00 1 100 1
Enterobacter Aerogenes 0 0.00 1 100 1
Escherichia vulneris 0 0.00 1 100 1
Pseudomonas utteola 0 0.00 1 100 1
Serratia orodifera 0 0.00 1 100 1
Total 35 28.46 |88 123
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Figure 2: Frequency distribution of organisms by ward
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Figure 3: Distribution of ESBL Positive isolates by sample type
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Figure 4: Antimicrobial resistance pattern of ESBL-producing organisms
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