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Abstract

Background

Carbapenem-resistant Enterobacteriaceae (CRE) and Extended-spectrum beta-lactamase
(ESBL) production among Gram-negative Enterobacteriaceae is an increasing global chal-
lenge due to the high morbidity and mortality associated with their infections, especially in
developing countries where there are little antibiotic treatment options. Despite these chal-
lenges, few studies in Ghana have described the burden of CRE. Therefore, this study
aimed to determine the prevalence of carbapenem-resistant Enterobacteriaceae isolated
from patients at the Cape Coast Teaching Hospital (CCTH) in the Central region of Ghana.

Methodology/Principal findings

Enterobacteriaceae isolates were collected from April to July 2019 at the bacteriology unit of
CCTH using a consecutive sampling method. Isolates were identified by standard microbio-
logical techniques and confirmed using API 20E. Kirby Bauer disc diffusion method was
used to determine the antibiogram of isolates. Isolates were also subjected to ESBL testing
using the single-disc combination method. Carbapenem-resistant isolates were identified by
the Kirby Bauer disc diffusion method and then examined genotypically for the presence of
blaKPC-1, blaIMP-1, blaVIM-1, blaNDM-1, and blaOXA-48 genes via polymerase chain
reaction (PCR). Of the 230 isolates comprising E. coli (40.9%), Citrobacter spp. (32.6%), K.
pneumoniae (9.1%), P. mirabilis (6.1%), P. vulgaris (5.2%), Enterobacter spp (3.5%)., K.
oxytoca (2.2%), and Serratia marcenses (0.4%). Most isolates were from urine 162(70.4%)
and wound samples. The isolates showed high resistance to ampicillin 171 (74.3%) and
cefuroxime 134(58.3%). The prevalence of MDR was 35.2% (81), with E. coli40(42.6%)
being the majority that exhibited MDR. Of the 230 isolates, 113(49.1%) were ESBL
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producers, with E. coli 54(57.5%) accounting for the majority, while Serratia marcenses was
the least. Of the 13 (5.7%) CRE isolates that showed resistance towards carbapenem in the
disc diffusion method, 11 showed the presence of the blaNDM-1 gene, while all isolates
showed the presence of the blaOXA-48 gene.

Conclusion

The prevalence of carbapenem resistance and ESBL-producing Enterobacteriaceae patho-
gens among patients at the Cape Coast Teaching Hospital is high and alarming. Therefore,
it is imperative to consider effective infection prevention and control measures should be
implemented at the hospital to prevent the rapid spread of these dangerous organisms.

Introduction

The occurrence of antimicrobial resistance (AMR) is a significant challenge in the treatment of
infections, and these infectious diseases are ever-increasing, especially with the re-emergence
of pathogens [1]. AMR occurs naturally and is known to be escalated by the misuse and over-
use of antimicrobial agents [2]. Therefore, the increasing emergence of multidrug-resistant
(MDR) Gram-negative bacilli is of significant priority in clinical settings across the globe.
Managing Gram-negative multidrug-resistant (MDR) infections has become significantly
challenging over the past two decades in many developing countries, especially in the Sub-
Saharan region [3]. These infections are usually associated with high morbidity rates, high
mortalities, and extended hospital stays [4].

Enterobacteriaceae account for more than 30% of bacterial infections with high morbidity
and mortality outcomes [5,6]. Meningitis, urinary tract infections, gastroenteritis, septicemia,
pneumonia, and wound infections are just a few of the conditions that these organisms com-
monly cause [7,8]. Enterobacteriaceae are well known for their global public health threat due
to their increasing antimicrobial resistance. Studies have established that members of this fam-
ily of bacteria gain their antimicrobial resistance via the acquisition of drug-resistance genes
through mobile genetic elements such as transposons and plasmids transferred within the
same species or different species [9,10]. The acquired resistance genes facilitate the production
of B-lactamase enzymes, especially the extended-spectrum B-lactamase (ESBL), responsible for
conferring resistance to most p-lactam antibiotics [7,10-13]. For instance, carbapenems, a
class of B-lactam antibiotics, have been established to lose their potency against Enterobacter-
iaceae due to resistance [7,14]. Furthermore, other well-known antimicrobials such as fluoro-
quinolones, aminoglycosides, phenicols, sulfonamides, and tetracyclines have been rendered
ineffective by this group of bacteria, thereby making treatment of infections of these bacteria
difficult [15-17].

Carbapenems are broad-spectrum B-lactam antibiotics globally regarded as the ‘last-line’
antibiotics; thus, they are considered the last choice of drug for the treatment of critically ill
patients and/or those infected with resistant Gram-negative bacteria [18]. They are essentially
reserved for cases of suspected MDR bacterial infections. This class of B-lactam is very similar
to penicillin and cephalosporin [19]. Carbapenems are bactericidal in their mode of activity
against Gram-negative bacterial species. However, unlike other B-lactam antibiotics, carbape-
nems invade the bacterial cell through the outer membrane proteins (OprDs), other than those
used by the cephalosporin and penicillin (OmpC and OmpF), which results in the interruption
of cell wall formation [18]. Once the cell wall formation is interrupted by the carbapenems, the
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peptidoglycan layer becomes very weak, and the cell eventually bursts, leading to the death of
the bacterial cell [20,21].

Generally, carbapenem-resistant Enterobacteriaceae (CRE) has been studied and reported
in a few African countries such as Tanzania, South Africa, Nigeria, Kenya, Morocco, and
Ghana [14,22-36]. In Ghana, reported carbapenem resistance is not too different from other
developing and under-developed African countries. In a study by Codjoe and colleagues
among Gram-negative isolates collected from four hospitals in Ghana, a 2.9% prevalence of
carbapenem-resistant was reported [37]. The report further indicated that 23.4% of the bacte-
rial isolates harbored known carbapenem-resistant genes; blaVIM-1, blaOxa-48, and blaNDM-
1. Another study conducted by Quansah and colleagues reported carbapenem-resistant genes
OXA- 48 (2.16%) and NDM-1 (0.72%) in the study population [35].

While a few studies in other parts of Ghana have looked at carbapenem resistance in Enter-
obacteriaceae, there are no published data on CRE from the Central Region of Ghana. As a
result, this study aimed to determine the prevalence of carbapenem resistance, MDR, and
ESBL-producing Enterobacteriaceae in the Cape Coast Teaching Hospital in the Central
Region of Ghana.

Materials and methods
Ethics statement

Cape Coast Teaching Hospital Ethical Review Committee (CCTHERC/EC/2019/044) of the
Cape Coast Teaching Hospital and Committee on Human Research, Publication and Ethics
(CHRPE/AP/201/19) of the School of Medical Sciences, Kwame Nkrumah University of Sci-
ence and Technology jointly approved the study. Written consent was obtained from all partic-
ipants and signed either by thumbprint or signature after an explanation of the procedure and
the purpose of the study was provided to the patient. In addition, written consent was obtained
from parents or guardians for participants below 18yrs.

Study setting

The study was conducted between April and October 2019 at Cape Coast Teaching Hospital
(CCTH) in Cape Coast in the Cape Coast Metropolitan, in the Central region of Ghana

(Fig 1). The health facility is a tertiary government healthcare facility with a 420-bed capacity.
In 2018, the facility recorded outpatient attendance of 158,164, while the total admission was
10,865 [38]. During the period of sample collection (April to July 2019), the diagnostic bacteri-
ology unit received and processed 1,388 clinical specimens [38]. CCTH serves as a referral hos-
pital for the Central Region and other parts of the Western Region. The metropolitan has a
recorded population of 169,894, which comprises 82,810 (48.7%) males and 87,084 (51.3%)
females [39].

Bacterial collection

Two hundred and thirty (230) non-repetitive Enterobacteriaceae were isolated and identified
from the clinical specimens submitted using standard bacteriological techniques and a panel
of biochemical tests. Clinical specimens used include urine, blood, sputum, high vaginal swab
(HVS), endocervical swab, wound swab, stool, and semen. In addition, using a pretested ques-
tionnaire, socio-demographic data, including age and sex, were recorded. Isolates identifica-
tion was confirmed using the API 20E strip (BioMerieux, France). Isolates were maintained in
20% brain heart infusion glycerol broth at -20°C for further testing.
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Fig 1. The map of Ghana showing the location of Cape Coast Teaching Hospital in the Cape Coast Metropolitan District. Map developed with ESRI
ArcMap 10.8 using data from Ghana Open Data Initiative, and OpenStreetMap and OpenStreetMap Foundation.

https://doi.org/10.1371/journal.pone.0274156.g001

Antibiotic susceptibility testing

All isolates from glycerol broth were subcultured on MacConkey agar media after partially thaw-
ing the broth. Antibiotic susceptibility testing (AST) was performed on Mueller Hinton agar
using the Kirby Bauer disc diffusion method and interpreted according to the Clinical and Labo-
ratory Standards Institute (CLSI) guideline [40]. The AST was performed using the following anti-
biotic discs; Ampicillin (10pg), Ciprofloxacin (5ug), Levofloxacin (5ug), Ofloxacin (5pg),
Gentamicin (10pg), Amikacin (30pg), Ceftriaxone (30pg), Ceftazidime (30ug), Cefotaxime (30ug)
and Cefuroxime (30pg) which were from Biomark Laboratories, India. In addition, antibiotic
discs Meropenem (10pg), Imipenem (10pg), and Ertapenem (10ug) from Oxoid, UK, were
included. E. coli (NCTC 19418) was used as a quality control strain. The zones of inhibitions were
recorded and interpreted according to the Clinical and Laboratories Standards Institute guidelines
[40]. Multidrug resistance was defined as resistance to at least three classes of antibiotics [20].

Phenotypic screening and confirmation for ESBL

ESBL detection was performed on Mueller Hinton agar seeded with the test organism. All 230
isolates were screened for ESBL-producing enzymes using Ceftazidime (30ug) and Cefotaxime
(30ug) discs according to the method described by the CLSI guideline [40]. An isolate resistant
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to any of the screening antibiotic discs was suspected of ESBL and reported as positive for
ESBL screening. ESBL confirmation was done using a single disc of Oxoid Cefpodoxime
(10ug) alone and Cefpodoxime/ clavulanic acid (10/1ug) using the Kirby Bauer disc diffusion
method [40]. The confirmatory discs were placed on the seeded Mueller Hinton agar, ensuring
that the discs were at least 20mm apart and incubated at 37°C overnight. An enhanced zone of
inhibition (> 5 mm) around the Cefpodoxime/ clavulanic acid (10/1pg) relative to the single
disc of Cefpodoxime (10pg) was considered positive for the production of ESBL. Escherichia
Coli ATCC 25299 and K. pneumoniae ATCC 700603 were used as quality controls.

Molecular detection of carbapenem-resistant genes

After the antibiotic susceptibility testing using antibiotic discs, resistant and intermediate sus-
ceptible bacterial isolates were subjected to molecular confirmation with polymerase chain
reaction (PCR) to detect blaKPC-1, blaIMP-1, blaVIM-1, blaNDM-1, and blaOXA-48 genes.

Bacterial DNA extraction. The DNA of bacterial isolates was extracted using Quick DNA
kits (Zymo Research, USA) according to the manufacturer’s procedure. With a sterile loop, a
loopful of the isolates were picked from the Mueller Hinton agar plate and emulsified in sterile 1.5
mL microcentrifuge tubes containing 400 uL of Genomic Lysis Buffer and 5 pL Proteinase K.
These tubes were vortexed at 2500 rpm for 30sec and incubated at 56°C overnight. After the over-
night incubation, mixtures were vortexed again, transferred to Zymo-Spin™ IIC Columns in col-
lection tubes, and centrifuged at 10,000 x g for one minute. The flowthroughs were discarded,
after which 200 puL of DNA Pre-Wash Buffer was added to each spin column. Centrifugation was
performed again at 10,000 x g for one minute. Afterward, the final washing was done by adding
500 pL of g-DNA Wash Buffer to the spin column and centrifuging again at 10,000 x g for one
minute. Finally, the spin columns were transferred into sterile 1.5 mL microcentrifuge tubes, after
which 100 pL of Elution Buffer was added to elute the DNA. DNA samples were stored at -20°C
before proceeding to downstream analysis. Prior to the PCR, Bacterial DNA quantification was
performed with the Qubit 3.0 fluorometer (Life Technologies Holdings Pte Ltd, Malaysia), and
the values were recorded.

Detection of carbapenem resistance-encoding genes using PCR. Carbapenem-resistant
isolates were genotypically examined for blaKPC-1, blaIMP-1, blaVIM-1, blaNDM-1, and
blaOXA-48 genes by PCR methods using gene-specific primers (Table 1) described by Poirel
and colleagues [41]. The PCR assay was carried out with a 20 L reaction mixture containing
2 uL genomic-DNA, 1x Standard reaction buffer, 0.3mM each of dATP, dCTP, dTTP, and

Table 1. Carbapenem-resistant genes primer sets.

Gene Sequence 5’ 3’ Fragment size (bp)

blaKPC-1 Forward: CGTCTAGTTCTGCTGTCTTG 798
Reverse: CTTGTCATCCTTGTTAGGCG

blaIMP-1 Forward: GGAATAGAGTGGCTTAAYTCTC 232
Reverse: GGTTTAAYAAAACAACCACC

blaVIM-1 Forward: GATGGTGTTTGGTCGCATA 390
Reverse: CGAATGCGCAGCACCAG

blaNDM-1 Forward: GGTTTGGCGATCTGGTTTTC 621
Reverse: CGGAATGGCTCATCACGATC

blaOXA-48 Forward: GCGTGGTTAAGGATGAACAC 438

Reverse: CATCAAGTTCAACCCAACCG

NB: KPC, Klebsiella pneumoniae carbapenemase; IMP, Imipenemase; VIM, Verona integron-encoded metallo-B-lactamase; NDM, New Delhi metallo-B-lactamase;

OXA-48, oxacillinase-48.

https://doi.org/10.1371/journal.pone.0274156.t001
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dGTP, 200 nM each of Forward and Reverse primers, and 1.25 U OneTaq DNA Polymerase
(New England Biolabs Inc., USA). PCR reactions were performed using the Bio-Rad PTC-200
Thermal Cycler (Bio-Rad Laboratories, USA) with the following cycling conditions; an initial
denaturation at 94°C for 3 mins, followed by 40 cycles at 94°C for 30sec, 56°C for 30sec, and
68°C for 30sec. Finally, an elongation step was performed at 68°C for 5 minutes. Afterward, the
PCR products were resolved by agarose gel electrophoresis and visualized under UV light using
UVP Bio-Doc- It Imaging system—trans-illuminator (AnalytikJena, Germany).

Statistical analysis

Data were entered using Microsoft Excel 2019 and analyzed using GraphPad Prism version 8.0
(Graphpad Inc., La Jolla, CA, USA). A simple frequency was used to describe the study popula-
tion with the socio-demographic and other relevant variables.

Results
Distribution of clinical specimen

Out of the 1388 samples processed, 230 isolates were identified as Enterobacteriaceae; 162
(70.4%) isolates were from urine, 23 (10.0%) from wound swabs, 22 (9.6%) from HVS, 15
(6.5%) from sputum, 4 (1.7%) from blood, 2 (0.8%) from the endocervical swab, 1 (0.4%) from
other types of specimens (Fig 2).

Distribution of isolates/organism

Of the 230 isolates collected for this study, Escherichia coli was the most frequent pathogen, 94
(40.9%), followed by Citrobacter spp. 75 (32.6%), Klebsiella pneumoniae 21 (9.1%), Proteus vul-
garis 12 (5.2%), Proteus mirabilis 14 (6.1%), Enterobacter spp. 8 (3.5%), Klebsiella oxytoca 5
(2.2%) and Serratia marcenses 1 (0.4%) (Table 2).
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Fig 2. Distribution of samples received, and isolates collected.

https://doi.org/10.1371/journal.pone.0274156.9002
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Table 2. Distribution of isolates.

Point of Care

Isolate Outpatient [N] In-patient [N] Total [N] (%)
E. coli 80 14 94 (40.9)
Citrobacter spp. 66 9 75 (32.6)
K. pneumoniae 19 2 21 (9.1)

P. vulgaris 9 3 12 (5.2)

P. mirabilis 8 6 14 (6.1)
Enterobacter spp. 8 0 8(3.5)

K. oxytoca 5 0 5(2.2)
Serratia marcenses 1 0 1(0.4)
Frequency 196 34 230 (100)

https://doi.org/10.1371/journal.pone.0274156.t1002

Antibiotics susceptibility pattern of Enterobacteriaceae

Of the 13 antibiotics tested, susceptibility was highest to amikacin (AMK) (97.8%), followed by
meropenem (MEM), imipenem (IMI), and ertapenem (ERT) with frequencies of 224 (97.4%),
224 (97.4%), and 204 (88.7%), respectively. The antibiotics to which isolates were most resis-
tant were ampicillin (AMP) (74.4%), cefuroxime (CXM) (58.3%), and cefotaxime (CTX)
(50.9%). Concerning the use of other antibiotics, isolates were resistant to Ciprofloxacin
(33.0%) and gentamicin (19.2%) (Table 3). Penicillin (74.3%) was the class of antibiotic to
which isolates showed the most resistance, while carbapenem (3.6%) was the class of antibiotic
to which isolates showed the least resistance (Fig 3).

MDR and Extended-Spectrum Beta-Lactamase (ESBL) producing
organisms

Out of the 230 isolates collected, eighty-one (81) isolates exhibited multidrug resistance
(35.2%) toward antibiotics used. Among isolates that showed MDR, E. coli (42.6%) was the
majority, while Serratia marcenses was the least. Of 230 isolates screened for ESBL production,
113 (49.1%) were ESBL producers, while 117 (50.9%) were non-ESBL producers. Among the
ESBL producers, E. coli (23.5%) was the majority, while Serratia marcenses (0.4%) was the
least. ESBL producers were found among all the species of isolates collected. (Table 4).

Table 3. Antibiotic susceptibility profile of Enterobacteriaceae.

Antibiotic
Ampicillin
Gentamicin
Amikacin
Ciprofloxacin
Levofloxacin
Ofloxacin
Cefuroxime
Cefotaxime
Ceftazidime
Ceftriaxone
Ertapenem
Meropenem

Imipenem

https://doi.org/10.1371/journal.pone.0274156.t003

Susceptible n (%) Intermediate n (%) Resistant n (%)
46 (20) 13 (5.7) 171 (74.3)
156 (67.8) 30 (13.0) 44 (19.1)
225 (97.8) 3(1.3) 2(0.9)
141 (61.3) 13 (5.7) 76 (33.0)
158 (68.7) 12 (5.2) 60 (26.1)
145 (63) 13 (5.7) 72 (31.3)
80 (34.8) 16 (6.9) 134 (58.3)
104 (45.2) 9(3.9) 115 (50.9)
106 (46.1) 9(3.9) 115 (50.0)
108 (47.0) 9(3.9) 113 (49.1)
204 (88.6) 13 (5.7) 13 (5.7)
224 (97.4) 0(0.0) 6 (2.6)
224 (97.4) 0(0.0) 6 (2.6)
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Molecular detection of Carbapenem-resistant genes

Thirteen (13) isolates that showed resistance to at least one of the three carbapenems and the
13 isolates that showed intermediate resistance to only ertapenem from the Kirby Bauer disc
diffusion test were selected for PCR (Fig 4A). None of the isolates selected for PCR showed the
presence of blaKPC-1, IMP-1, and VIM-1 genes. However, blaOXA-48 and blaNDM-1 were
detected among some of the Carbapenem-Resistant Enterobacteriaceae (CRE) isolates

(Fig 4A). Of the 13 resistant isolates, 11 showed the presence of the blaNDM-1 gene, while all

Table 4. MDR and ESBL among isolates.

Bacterial isolates Number of isolates (N) MDR ESBL Non-ESBL n (%)
n (%) n (%)

E. coli 94 40 (42.6) 54 (57.5) 40 (42.6)
Citrobacter spp. 75 25 (33.3) 31 (41.3) 44 (58.7)
Klebsiella pneumoniae 21 5(23.8) 10 (47.6) 11 (52.4)
Proteus mirabilis 14 4(28.6) 7 (50.0) 7 (50.0)
Proteus vulgaris 12 3 (25.0) 4(33.3) 8 (66.7)
Enterobacter spp. 8 2 (25.0) 3 (37.5) 5(62.5)
Klebsiella oxytoca 5 1(20.0) 3 (60) 2 (40.0)
Serratia marcenses 1 1 (100) 1(100) 0 (0.0)
Frequency 230 81 (35.2) 113 (49.1) 117 (50.9)

https://doi.org/10.1371/journal.pone.0274156.t004
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https://doi.org/10.1371/journal.pone.0274156.9004

resistant CRE showed the presence of the blaOXA-48 gene (Fig 4D). Also, 9 of the 13 resistant
isolates exhibited both blaOXA-48 and blaNDM-1 resistant genes. P. mirabilis (26.7%) was the
Enterobacteriaceae which exhibited more of the OXA-48 gene, while E. coli (3.2%) was the
least (Fig 4B). Similarly, P. mirabilis (20.0%) showed more of the presence of NDM-1 gene,
while E. coli (1.1%) was the least (Fig 4B). The 13 resistant isolates with detected carbapenem-
resistant genes were found among outpatients (53.8%) and in-patients (46.2%). Finally, the
blaOXA-48 gene was also found among all 13 intermediate susceptible isolates (Fig 4C).

Discussion

The knowledge of the distribution and surveillance of bacterial infections and their antibiotic
profiles are very critical for the creation of awareness, implementation of infection control
measures, and proper management of such infections. This is essential in developing coun-
tries, especially in sub-Saharan Africa, where studies have shown that many health facilities
have poor infection prevention and control (IPC) adherence. This challenge translates into
increased bacterial infections caused by multi-drug-resistant bacteria, increasing morbidity
and mortality [42,43]. For example, resistance to S-lactam antimicrobials among Enterobacter-
iaceae has been mainly caused by the acquisition of resistant genes that encodes for S-lacta-
mase enzymes [44,45].
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From this study, the frequent isolates from clinical specimens were Escherichia coli (40.9%),
Citrobacter spp (32.6%), and Klebsiella pneumoniae (9.1%). This finding agrees with the report
by Blomberg and colleagues from a study conducted in Tanzania, which indicated that Escheri-
chia coli, Klebsiella oxytoca, and Klebsiella pneumoniae are common bacteria isolated from
clinical samples of patients [46]. In addition, the findings of this study are consistent with a
result in Ghana, which reported Klebsiella pneumoniae, Enterobacter spp., and Escherichia coli
as the most isolated pathogenic Enterobacteriaceae from clinical specimens [47]. Again, the
results of the isolated organisms conform to the findings from a study conducted by Feglo and
colleagues in Ghana which reported that the most isolated Enterobacteriaceae from clinical
specimens were predominantly E. coli, Klebsiella pneumoniae, and Klebsiella oxytoca [48].
These commonly isolated bacteria have developed resistance to widely used antibiotics across
the globe, making it difficult to effectively treat infections caused by such bacteria [46]. There-
fore, research must look into alternative drugs and interventions to minimize the effects of dis-
eases from these bacteria.

Findings from this study have shown that Citrobacter spp (32.6%) is one of the common
emerging uropathogens of urinary tract infections (UTIs). Out of the 75 isolates of Citrobacter
spp collected, 58(35.8%) of the total number of Citrobacter spp. were isolated from urine speci-
mens. In a study conducted by Sami and colleagues, the prevalence of Citrobacter spp was
reported as 3.5% [49]. In addition, Deininger and colleagues reported a prevalence of 24.5%
for Citrobacter spp [50]. As a common emerging uropathogens of UTIs, Citrobacter spp. has
shown resistance to many antibiotics, such as penicillins, cephalosporins, aminoglycosides,
and quinolones [51,52]. Furthermore, they are known to produce extended-spectrum beta-lac-
tamases (ESBLs) and carbapenemases, which make them resistant to the most potent antibiot-
ics; hence, they pose a threat to global public health especially due to the complications that are
associated with them [51-53].

The persistence and recurrence of Citrobacter spp infections are attributed to factors such
as antibiotic resistance, opportunistic nature, and biofilm formation [53]. Predisposing factors
like urinary catheters or structural abnormalities allow them to establish infections in the uri-
nary tract. With the ability to form biofilms, thus an encased protective matrix, Citrobacter spp
can adhere to urinary tract surfaces, resist host immune responses, and increase antibiotic
resistance. Hence, it is imperative to consider interventions such as strict infection control
measures in hospitals, rational use of antibiotics, avoidance of unnecessary or prolonged use of
catheters, targeted antibiotic therapy, surveillance and monitoring of antibiotic resistance pat-
terns, and development of alternative treatments, to minimize or curb the impact of these
infections.

The susceptibility profile of Enterobacteriaceae isolates in this study showed a low multi-
drug resistance (32.5%) compared to the 89.5% reported by Agyepong and colleagues [4]. This
study has shown a relatively low resistance toward ampicillin (74.4%), cefuroxime (58.3%),
and cefotaxime (54.8%) as compared to the report by Agyepong and colleagues, which indi-
cated a high resistance of Gram-negative bacteria towards, ampicillin (94.4%), cefuroxime
(79.0%) and cefotaxime (71.3%) [4]. Similarly, the results from this study were contrary to the
study by Feglo and colleagues, which reported isolates resistant to ampicillin (91.7%) and
cefuroxime (70.6%) [48]. Resistance of isolates towards cefotaxime (54.8%) was high in this
study compared to the 48.1% reported by Feglo and colleagues [48]. Results from the present
study also support the findings by Labi and colleagues, which indicated high antibiotic resis-
tance among members of the Enterobacteriaceae at the Korle Bu Teaching Hospital to the
combination of ampicillin/ gentamicin and ampicillin/ cefotaxime [54]. The resistance among
Enterobacteriaceae to ampicillin and other commonly used antibiotics is consistent with other
studies in sub-Saharan African countries such as Nigeria [55], Rwanda [56], Ethiopia [57],
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Zimbabwe [58], and Tanzania [59]. The trend of antibiotic resistance rates in the sub-region
could be due to high antibiotic selection pressure due to the unregulated availability of antibi-
otics over the counter and cheap substandard antibiotics influx in the sub-Saharan region
[14,60-62]. This outcome has compromised the choice of antibiotics available for treatment,
leading to higher-class antibiotics as the preference. The high cost of higher-class antibiotics
makes their applicability difficult due to the economic hardships in the region; hence, morbid-
ity and mortality rates keep increasing. By strengthening public education on antibiotic stew-
ardship in the community and strictly adhering to the use and prescription of antibiotics, I
believe the impact of this situation will be minimized.

ESBL production by Gram-negative bacteria poses a great challenge in the management of
Gram-negative bacterial infections. ESBL production may be associated with MDR. From the
study, the prevalence of ESBL producers among Enterobacteriaceae was 49.1% (113/230), with
the most ESBL-producing organism being E. coli (57.5%). The prevalence (49.1%) of the ESBL
was lower than that reported by Feglo and colleagues in a study conducted in Ghana which
reported a prevalence of 57.8% [48]. Furthermore, findings from this study showed that ESBL
prevalence was higher than the ESBL prevalence (37.96%) reported by Oduro-Mensah and col-
leagues in Ghana [63]. The difference in the prevalence could be attributed to the difference in
geographical location, sample size, and sampling period. Also, the result on the ESBL produc-
ers indicated that the ESBL harbouring isolates were predominantly from outpatients (76.1%).
However, in-patients are expected to harbour more ESBL producers due to their exposure and
risk to nosocomial infections and more antibiotics usage. For instance, the study by Khanfar
and colleagues in Saudi Arabia reported ESBL producers to be higher in in-patients (15.4%)
than outpatients (4.5%) [64]. In like manner, Ouedraogo and colleagues in Burkina Faso also
reported ESBL prevalence to be higher in hospitalized patients [65]. The high prevalence of
ESBL producers among outpatients in this study is quite alarming, and this could be due to the
possible self-medication resulting from the unregulated availability of antibiotics over the
counter. The outcome of this situation may have escalated the transmission of the plasmid-
encoded genes within the community; hence, the community may be serving as a reservoir for
ESBL and requires immediate attention to prevent the possible outbreak of ESBL-carrying
strains of Enterobacteriaceae.

Carbapenem antibiotics are considered last-resort drugs for the treatment of severe bacte-
rial infections, thus, infections caused by bacteria that are resistant to other antibiotics [66].
The presence of the genes blaOXA-48 and blaNDM-1 in Proteus spp, Citrobacter spp, and E.
coli resistant strains suggests the presence of resistance mechanisms that can confer resistance
to carbapenem antibiotics. This shows that strains carrying these genes are resistant to carba-
penems, limiting their effectiveness. Carbapenem-resistant strains are associated with higher
mortality rates and treatment failure; hence, the presence of these genes in the study popula-
tion suggests a higher likelihood of treatment failure when carbapenems are used as a treat-
ment option [66,67]. Furthermore, their presence in multiple bacterial species increases the
risk of their dissemination within the study population and potentially beyond. The ability of
these resistance genes to be transferred horizontally between bacteria poses a significant chal-
lenge in controlling their spread. The outcome of studies in Ghana conducted by Codjoe and
colleagues [37] and Quansah and colleagues [35] indicated the presence of both blaNDM- 1
and blaOXA-48 in the study population. In addition, surveillance studies in the Western world
and developed countries such as Germany [68] and China [69] have indicated several rates of
carbapenemase producers in these countries.

Globally, a broader view must be given to this alarming situation of AMR, especially
because possible importation of resistance genes has been found in a few countries, such as
South Africa, due to tourism and migration [70]. Research must consider the development of
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rapid diagnostic techniques to serve as screening tools for travelers who may be carrying mul-
tidrug-resistant genes to avert possible spread across countries.

Conclusion

The study has demonstrated the high prevalence of carbapenem-resistant and high ESBL pro-
duction among Enterobacteriaceae. ESBL production was found among 49.1% of bacterial iso-
lates, and the prevalence of MDR and CRE were 35.2% and 5.7%, respectively. E. coli,
Citrobacter spp., K. pneumoniae, and Klebsiella oxytoca were the most common causative
organisms isolated. The study found high rates of MDR among E. coli and Citrobacter spp.
The Enterobacteriaceae were most sensitive towards amikacin, imipenem, and meropenem
and most resistant towards ampicillin, cefuroxime, and cefotaxime. Also, the presence of the
blaNDM-1 gene and blaOXA-48 gene were detected for 11 and 13 CRE isolates, respectively,
via PCR. These results should guide the empirical treatment of bacterial infections caused by
Enterobacteriaceae in Cape Coast Teaching Hospital of Ghana. Other recommendations may
include PCR to determine the types of ESBL in CCTH and adopting strict infection control
measures to prevent the rapid spread of resistance.
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