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Abstract Background: The growing threat of antibiotic resistance poses a major challenge to global public health
as it could lead to up to 10 million deaths annually by 2050, particularly in low-income countries. The COVID-19
pandemic has further worsened the issue of multidrug-resistant bacteria, particularly extended-spectrum -
lactamase-producing Enterobacteriaceae (ESBL-PE). In Africa, data on intestinal carriage on ESBL-PE are scarce.
This study aimed to assess the prevalence and risk factors associated with ESBL-PE intestinal carriage among
outpatients at Treichville University Hospital. Method: This study was conducted from July to December 2023 at
Treichville University Hospital. Rectal swabs were collected from patients attending the general medical
consultation ward selected by systematic random sampling. Enterobacteriaceae strains were identified by
conventional methods and antibiotic susceptibility testing was carried out in accordance with the CA-SFM EUCAST
2022 guidelines. Data were analysed using R studio software version 4.0.3. Results: Rate of intestinal carriage with
resistance Enterobacteriaceae was 54.55%. Prevalence of ESBL-PE in intestinal carriage was 30.90%. Among
ESBL-PE carriers, the predominant age group was between 40 years and older; with a sex ratio of 1.26 (55.88%
male). Escherichia coli and Klebsiella pneumoniae were the common ESBL producer species at 43.33% and
11.67% respectively. According to observed resistance patterns and predefined multidrug resistance categories,
94.60% of Escherichia coli strains and 100.00% of Klebsiella pneumoniae strains were identified as Multidrug-
resistant. Only 5.40% of Escherichia coli strains were identified as Extensively drug-resistant. No isolates were
classified as Pandrug- resistant. Risk factors like size of household living in a single room, presence of children
under 15 years old, previous hospitalization (less than 6 months), antibiotic use (less than 3 months) and chronic
medical diseases were significantly associated with ESBL-PE intestinal carriage (p<0.05). Conclusion: High rate of
ESBL-PE in intestinal carriage was observed. The knowledge of factors associated with Multi-resistant
Enterobacteriaceae carriage helps to identify patients at risk to combat the spread of resistant bacteria within the
healthcare system.
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1. Introduction

Increasing antibiotic resistance is a growing threat to
global public health, potentially leading to up to 10
million deaths per year by 2050, particularly in low-
income countries [1]. In response to this threat, the World

Health Organization (WHO) identified multidrug-resistant
Enterobacteriaceae,  particularly  those  producing
extended-spectrum beta-lactamases (ESBL), as priority
bacteria that require immediate action [2,3]. ESBL-
producing Enterobacteriaceae (ESBL-PE) are concerning
because of their compromising effect on the efficacy of
major antibiotics [2,4]. They have spread worldwide since
their discovery in 1983 and often carry resistance genes
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via mobile genetic elements such as plasmids [5,6].
Originating from human and animal intestines, these
microorganisms are major reservoirs of resistance genes
[5], facilitating their dissemination within communities
and causing severe infections, both in healthcare
establishments and in the community at large [7].

Since their initial observations in 2001 in Spain and
2002 in Poland [8], ESBL-PE have acquired a worldwide
distribution, with prevalence levels varying from one
community to another and from one healthcare
establishment to another [7,9,10]. Over the past decade,
the prevalence of intestinal carriage by these bacteria has
been widely documented, with higher rates in Asia and
lower rates in Europe and North America [10].

Although data on the intestinal carriage of these
bacteria are limited in Sub-Saharan Africa, studies suggest
a prevalence ranging from 6% in Mauritania to 66% in
Cameroon among healthy volunteers and hospitalized
patients [11,12]. The COVID-19 pandemic has also
affected the prevalence of infections caused by multidrug-
resistant bacteria, including ESBL-PE. The increased and
often inappropriate use of antibiotics in patients with
COVID-19 coupled with the disruption of healthcare
systems and widespread use of antiseptics and biocides are
likely to have contributed to this upsurge [13,14,15].

Given the clinical and epidemiological significance of
the emergence and spread of ESBL-PE in healthcare
settings and communities, it is imperative to identify any
potential changes in the prevalence of intestinal carriage
by these microorganisms following the COVID-19
pandemic.

This study aimed to assess the prevalence and risk
factors associated with ESBL-PE intestinal carriage
among outpatients at Treichville University Hospital.

2. Materials and Methods

2.1. Recruitment of Participants and
Collection of Samples

Fecal swabs were collected from non-hospitalized
volunteers aged over 15 years attending consultation
services at Treichville University Hospital between July
and December 2023. Patients were recruited from general
consultation wards by systematic random sampling. The
recruitment process consisted of approaching participants
during their visits to these services. Inclusion criteria
required participants to be outpatients aged over 15 years
who had given permission in writing before enrolling in
the study. Sociodemographic, clinical, and antibiotic use
data were collected during face-to-face interviews using a
structured form. The fecal swabs were then carefully
transported to the laboratory in sterile containers to ensure
sample integrity.

2.2. Microbiological Analysis

All microbiological analyses were performed in the
Bacteriology and Virology laboratory of the University
Hospital of Treichville.

2.2.1. Screening for ESBL-PE on Selective Medium

Collected fecal swabs were initially suspended in 2 ml
of 0.9% sterile saline to prevent dehydration upon arrival
at the laboratory. The suspensions were then cultured on
Drigalski and EMB agar supplemented with 4 mg/L
ceftazidime (Sigma, USA) and incubated at 37°C for 24 h
to screen all strains susceptible to produce ESBL [16,17].
When fecal swabs could not be processed on the same day,
they were stored at +4°C for less than 24 h and at -20 °C
for more than 24 h to prevent dehydration and maintain
sample integrity before analysis.

2.2.2. Bacterial Isolation and Identification

After 24 h of incubation, bacteria were preliminarily
identified based on the characteristics of the colonies in
the culture medium [17,18]. Identification of bacterial
strains was carried out by phenotypic methods using
Kligler Hajna agar (HiMedia), Urea-Indole broth (Bio-
Rad), Simon's Citrate agar (Oxoid Ltd.), Lysine-Iron agar
(Oxoid Ltd.) and Mannitol-Motility agar (HiMedia) [19].

2.2.3. Antibiotic Susceptibility Testing

Following bacterial identification, antibiotic
susceptibility testing was performed using the Kirby-
Bauer diffusion technique in accordance with the 2022
CASFM-EUCAST (European Committee of Antibiotic
Susceptibility Testing) guidelines [20].

A panel of 18 different antibiotic disks (Bio-Rad) was
placed on the medium 30 mm apart and 15 mm away from
the edge of the plate, including amoxicillin (AMO 20 pg),
ticarcillin (TIC 75 pg), amoxicillin/clavulanic acid (AMC
20/10 pg ), cefuroxime (CXM 30 pg), cefoxitin (FOX 30
ng), ceftazidime (CAZ 30 pg), ceftriaxone (CRO 30 pg),
cefotaxim (CTX 30 pg), cefixim (FIX 5 ug), cefepime
(FEP 30 pg), imipenem ( IMP 10 pg), meropenem (MEM
10 pg), aztreonam (ATM 30 pg), ciprofloxacin (CIP 5 pg),
nalidixic acid (NAL 5 pg ), gentamicin (GEN 10 pg),
tetracycline (TET 30 pg), and trimethoprim-
sulfamethoxazole ( SXT 1.75/23.25 pg). The plates were
incubated at 37 °C for 18-24 h. After incubation, the
diameter of the inhibition zone was measured and
interpreted according to the 2022 CASFM-EUCAST
guidelines. The multidrug-resistance patterns of the
isolates were identified using the criteria set by
Magiorakos et al. [21]. ESBL production was qualitatively
confirmed using the synergy method with cefotaxime,
cetfazidime, and cefepime discs and the disc of
amoxicillin combined with clavulanic acid. The presence
of an ESBL is expressed by the appearance of a
"champagne cork™ synergy [20,22]. The reference strains
Escherichia coli ATCC 25922 and Klebsiella pneumoniae
ATCC 700603 were used for quality control.

2.3. Statistical Analysis

Data acquisition was performed using Excel 2019 and
statistical analysis was performed using R software (R
version 4.0.3). To assess statistical differences between
carriers and  non-carriers  of  ESBL-producing
Enterobacteriaceae, the chi-square test (y?) or Fisher's
exact test was used for categorical variables to reveal
differences in ESBL-PE prevalence related to
sociodemographic variables and antibiotic resistance
profiles. Logistic regression analyses were performed to
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investigate the risk factors associated with ESBL-PE
carriage, including the calculation of odds ratios (OR) and
95% confidence intervals (CI). A p-value threshold < 0.05
was considered significant.

2.4. Ethical Approval

Ethical approval was obtained from the “Comité
National d'Ethique pour les Sciences de la Vie et de la

Santé (n° 223-21/MSHPCMU/CNESVS-Km)” for the
implementation of a research project on the circulation of
multidrug-resistant enterobacteria in humans, animals, and
the environment in rural, peri-urban, and urban areas of
developing countries. Each study participant was informed
of the objectives, collection methods, benefits, and risks of
the study and informed consent was obtained from each
study participant.

Table 1. Socio-Demographic and Clinical Characteristics of Participants in Association with Intestinal Carriage of Enterobacteriaceae

ESBL carriage
Characteristics Modality No (n=76) Yes (n=34) p-value
n(%) n(%)
16-24 years old 11(14.47) 7(20.59)
25-30 years old 12(15.79) 3(8.82)
Age 0.7
31-40 years old 17(22.37) 8(23.53)
>40 years old 36(47.37) 16(47.06)
Female 35(46.05) 15(44.12)
Sex 0.9
Male 41(53.95) 19(55.88)
Administration 9(11.84) 9(26.47)
Retailer 20(26.32) 6(17.65)
Student 14(18.42) 3(8.82)
Farmer 4(5.26) 1(2.94)
Profession Housekeeper 22(28.95) 10(29.41) 0.5
Public transport personnel 2(2.63) 1(2.94)
Healthcare professionnel 2(2.63) 2(5.88)
Food industry 1(1.32) 0(0.00)
Sanitation worker 2(2.63) 2(5.88)
College 26(34.21) 9(26.47)
Secondary school 15(19.74) 9(26.47)
Level of education Illetrate 6(7.89) 2(5.88) 0.9
Primary 11(14.47) 6(17.65)
University 18(23.68) 8(23.53)
Less than 2 1(1.32) 0(0.00)
Household size in a room Between 2 and 5 45(59.21) 11(32.35) 0.015*
More than 5 30(39.47) 23(67.65)
Presence of children (<15 No 28(36.84) 6(17.65) 0.044*
years) Yes 48(63.16) 28(82.35) '
Presence of elderly people (>65 No 42(55.26) 12(35.29) 0.053
years) Yes 34(44.74) 22(64.71) '
Living environment (proximity No 47(61.84) 15(44.12) 0,083
to livestuck farm, field) Yes 29(38.16) 19(55.88) '
Presence of pets in the living No 48(63.16) 16(47.06) 011
space Yes 28(36.84) 18(52.94)
Previous hospitalization in the No 26(34.21) 5(14.71) 0.036*
last 6 month Yes 50(65.79) 29(85.29) '
Chronic medical history No 84(44.74) 7(20.59) 0.015*
Yes 42(55.26) 27(79.41)
Positive for COVID-19 this No 70(92.11) 27(79.41) 011
years Yes 6(7.89) 7(20.59)
Recent use of antibiotics (less No 50(65.79) 14(41.18) 0.016*
than 3 month) Yes 26(34.21) 20(58.82) '

3. Results

3.1. Demographics and Clinical
Characteristics of Study Participants

This study included 110 participants and analyzed their

demographic profiles, living conditions, and medical
history. Demographic and clinical characteristics of the
participants are presented in Table 1. In this study, the
mean age was 45.82% years, with a sex ratio of 1.2. The
participants came from various professions, predominantly
traders and homemakers. Regarding household
composition, most had two to five members, with frequent
presence of children under 15 years of age (69.09%) and
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individuals over 65 years of age (50.90%). Approximately
43.63% of the participants lived near farms or fields and
42.00% owned pets. Regarding COVID-19, 11.81% of the
participants were infected. Concerning medical history,
62.72% had chronic illnesses and 71.81% had been
hospitalized in the last 6 months. With regard to
antibiotics, 29.09% were undergoing treatment, and
41.81% had recently used antibiotics, primarily under
medical prescription, with most adhering to the
recommended dosages Table 1.

3.2. Intestinal Carriage Rate of Resistant
Enterobacteriaceae Isolates

All suspect colonies isolated were Enterobacteriaceae
after identification. The intestinal carriage rate of 3rd
generation  cephalosporin-resistant  Enterobacteriaceae
isolates was 54.55%. Among these, the intestinal carriage
rate of ESBL-PE was 30.90%.

Table 2 shows the different bacterial species identified
and intestinal carriage rate of Enterobacteriaceae isolates.

Table 2. Rate of carriage of resistant Enterobacteriaceae isolates

Number of isolates Number of ESBL-PE isolates

Culture n Isolates n(%) n(%)
E. coli 37 (61.67) 26 (43.33)
Positive 60 K. pneumoniae 17 (28.33) 7 (11.67)
E. cloacae 6 (10.00) 1(1.66)
Negative 50 -

Table 3. Levels of antibiotic resistance in isolated strains

Significant associations (p<0.05) were found for the
following factors: size of household living in a single

__ Bacteria room, presence of children under 15 years old, previous
Lo Escherichia | Klebsiella | Enterobacter | pogpjtalization in the last six months, chronic medical
Antibiotics | Dosage (1g) coli pneumoniae cloacae . S
(n=37) (n=17) (n=6) history and recent use of antibiotics.
AMO 20 37 (100.00) - - The significant factors identified by the univariate
TIC 75 37 (100.00) a 6 (100.00) _arr;]alyms Iwer(]ec Ir?CIUd?d' m_the Iogllst!c regression mo((jje_l.
AMC 30 12 37.84) - . thee_l_rae;:Jetzs1 of the multivariate analysis are summarized in
CXM 30 37(100.00) | 17 (100.00) - '
FOX 30 7(18.92) 7(41.18) - Table 4. Logistic Regression of Factors Associated with Intestinal
CAZ 10 37(100.00) | 17 (100.00) | 6 (100.00) Carriage of ESBL-PE
CRO 30 37 (100.00) | 17 (100.00) 6 (100.00) Characteristics Modality Od(_js- IC 95% pl_
CTX 30 37(100.00) | 17 (100.00) | 6 (100.00) ratio value
Less than 2
FIX 5 37(100.00) | 17 (100.00) | 6 (100.00) o
Household size in one Between 2 [1,36-
FEP 30 34(91.89) | 17 (100.00) | 6 (100.00) room and 5 3,14 7.50] 0,009
IMP 10 2 (5.41) 0 (0.00) 0 (0.00) More than 5
MEM 10 2(5.41) 0 (0.00) 0(0.00) Presence of children No 304 [L19- | (008
ATM 30 34(91.89) | 16(94.12) | 6(100.00) (<15years) Yes ’ 8,92] '
Cip 27 (72.97) | 10(58.82) [ 6 (100.00) Previous hospitalization No 378 [L41- | (o013
NAL 35(94.59) | 16(94.12) | 6 (100.00) (< 6 month) Yes ' 12,1] '
No -
GMN 10 12 (32.43) 8 (47.06) 2 (3333) Chronic medical history 3,12 [815286 0018
TET 15 31(83.78) | 15(88.24) 5(83.33) Yes 58] '
SXT 1.25-23.75 | 30(81.08) | 14 (82.35) 5 (83.33) Recent use of antibiotics No 275 [121- | (017
(>3 month) Yes ' 6,42] '

3.3. Antimicrobial Resistance Profiles

A total of 18 antibiotics belonging to 8 classes of

antimicrobial agents were used to assess the rate of
resistance in the isolated strains. Significantly high rates
of resistance were observed for amoxicillin, ticarcillin,
cefuroxime, 3rd generation cephalosporins, cefepime,
nalidixic acid, aztreonam, tetracycline, sulfamethoxazole-
trimethoprim, and ciprofloxacin. In contrast, amoxicillin-
clavulanic acid, gentamicin, cefoxitin, imipenem, and
meropenem showed relatively low levels of resistance
Table 3.

3.4. Risk Factors Associated with ESBL-PE
Carriage
The results of the chi-square (y?) or Fisher's exact test to

determine the association between patient characteristics
and ESBL-PE carriage are presented first in Table 1.

3.5. Resistance Pattern of Isolates and
Resistance Profile of ESBL
Producing Strains

The resistance patterns of these isolates are presented in
Table 5. Multidrug-resistant (MDR) bacteria are defined
as isolates that are resistant to at least one agent in three or
more antimicrobial categories. Extensively drug-resistant
(XDR) bacteria are those that are resistant to at least one
agent in all but two or fewer antimicrobial categories.
Pandrug-resistant (PDR) bacteria are resistant to all agents
in all antimicrobial categories. Based on the observed
resistance patterns and predefined multidrug resistance
classes, 94.60% of Escherichia coli strains and 100.00%
of Klebsiella pneumoniae and Enterobacter cloacae
strains were classified as MDR. Only 5.40% of
Escherichia coli strains were classified as XDR. No
isolates were classified as PDR.
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Table 5. Resistance pattern of isolates

. No-
Bacterial MDR MDR XDR PDR Total
L . 0 35 2 0
Escherichia coli (0.00) (94.60) (5.40) (0.00) 37 (100.00)
Klebsiella 0 17 0
pneumoniae  (0.00) (100.00) (0.00) (0.00) 7 (100-00)
2
Enterobacter 0 0 6
cloacae (333)'3 4(6667)  000) (0.00) (100.00)

Figure 1 shows a significant level of resistance to most
of the antibiotics tested among the commonly isolated
ESBL producers. Variable levels of resistance were
observed for commonly used antibiotics such as
amoxicillin/clavulanic acid (AMC), with 26.92%
resistance in Escherichia coli. Cefoxitin (FOX) showed
resistance rates of 7.69% and 42.86% in Escherichia coli
and Klebsiella pneumoniae, respectively. Ciprofloxacin
(CIP) showed resistance rates of 76.92% and 42.86%
against Escherichia coli and Klebsiella pneumoniae,
respectively. With regard to carbapenems (Imipenem,
Meropenem), only 5.41% of ESBL-producing Escherichia
coli strains were resistant, and no resistance was observed
in ESBL-producing Klebsiella pneumoniae strains for
these antibiotics.
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Figure 1. Resistance profiles of ESBL-producing strains

4. Discussion

The extensive use of antibiotics during the COVID-19
pandemic has accelerated the selection of multidrug-
resistant bacteria [23,24]. Microorganisms exposed to
antibiotics may develop survival techniques like resistance
mechanisms that can be transferred to other bacteria and
propagate quickly. The process of intestinal carriage
mediated by ESBL-PE is a significant factor in the global
dissemination of bacteria in healthcare and community
settings across the world [8]. In fact, selection pressure
due to antimicrobial treatment in hospitals and
communities has created a major problem, leading to
increased morbidity, mortality, and healthcare costs [25].
In our investigation, we assessed the ESBL-PE carriage
rate, analyzed the ESBL-PE profile of outpatients
attending consultation services at Treichville University
Hospital, and identified associated risk factors.

The global prevalence of intestinal carriage by ESBL-
PE in outpatients at Treichville University Hospital was

30.90%. This prevalence is higher than the rate observed
(14.6%) before the COVID-19 pandemic reported in Cote
d'lvoire among outpatients by Ouattara et al. [26] but is
close to those reported in Botswana (31%) and in Nepal
(30.92%) on individuals attending routine control clinics
[27,28]. In addition, our results were lower than those in
West Africa, such as Nigeria (58%), Ghana (50.4%), and
Burkina Faso (54.5%) [29,30,31]. The prevalence reported
in this study was somewhat higher than that reported in
recent studies, including a systematic review of sub-
Saharan African data published by Lewis et al. in 2020,
which reported a prevalence of 23% in outpatients [32].
This suggests the possibility of a local outbreak, most
probably due to the inappropriate use of antibiotics, the
lack of strict infection control measures and poor
hygiene practices. In addition, selection pressure may
have been intensified during the COVID-19 outbreak
because of the use of antibiotics in self-medication, and
it is possible that individuals are consuming antibiotics
in the absence of knowledge due to their presence in the
meat of farm animals.

The fact that ESBL-PE carriage is a significant risk
factor for subsequent infections suggests that patients with
these bacteria are at high risk of contracting ESBL-PE
infections [5,9]. Moreover, their presence poses a threat to
other individuals by increasing the likelihood of human-
to-human  transmission of resistant bacteria or
environmental contamination [33,34].

Escherichia coli (43.33%) was the most commonly
identified ESBL producer, followed by Klebsiella
pneumoniae (11.67%), and Enterobacter cloacae (1.66%).
These results are similar to those of previous studies that
reported E. coli as the predominant ESBL producer in
Cote d'lvoire [26,35], Burkina Faso [36], Chad [37], and
Ghana [29]. The predominance of Escherichia coli as the
main producer of ESBL can be attributed to several
factors. It is a common commensal bacteria among aero-
anaerobic bacteria in the human gut, which gives it many
opportunities to acquire and disseminate resistance genes
through horizontal gene transfer [4]. Moreover, the high
prevalence of Escherichia coli could be linked to its
ability to survive and proliferate in various environments,
including hospitals, which are hot spots for antibiotic
resistance [8,11].

The average resistance rates to second-generation
cephalosporins  (FOX), third- and fourth-generation
cephalosporins (CAZ, CRO, FEP, and CTX), monobactam
(ATM), and penicillin with beta-lactamases’ inhibitors
(AMC) among all the strains ranged from 26% to 100%.

Several factors may contribute to this situation. For
exemple, the extensive use of broad spectrum antibiotics
may contribute significantly. Broad spectrum antibiotics
increase the possibility of selection of antibiotic resistant
strains not only within those antibiotics used, but also to
other classes of antibiotics, through co-selection
mechanisms [38]. In addition, enzymes such as beta-
lactamases, produced by bacteria to inactivate these
antibiotics, could also explain the large variety of
antibiotics affected. These enzymes, in particular extended
spectrum beta-lactamases (ESBLs), are capable of
hydrolysis of penicillins, cephalosporins and monobactams
[5]. Most ESBL-PE isolates were resistant to three or more
classes of antibiotics, mainly quinolones (ciprofloxacin and
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nalidixic acid), aminoglycosides (gentamicin), tetracyclines,
and sulfonamides (trimethoprim-sulfamethoxazole). We
noted high rates of resistance in E. coli isolates to
trimethoprim-sulfamethoxazole, tetracycline (84.62%), and
ciprofloxacin (76.92%) but low rates of resistance to
gentamicin (38.46%) and cefoxitin (7.69%). Co-resistance
of ESBL to other classes of drugs, such as aminoglycosides
and fluoroquinolones, has been documented in Céte d'lvoire
[35,39,40,41]. The results of our study are similar to those
of Chad [30], which reported a high level of co-resistance to
antibiotic classes in all isolates tested. This situation
explains the acquisition of resistance genes via the
horizontal transfer of mobile genetic elements such as
plasmids across different bacterial species [42]. This leads
to the rapid spread of resistance through different bacterial
populations, increasing the diversity of antibiotics affected
by resistance [43].

In this study, we observed a carbapenem resistance rate
of 5.41%, in contrast to the study by Ouattara et al. [26],
which did not report any carbapenem-resistant strains. The
emergence of this resistance among carriers could be
explained by the increased use of these last-resort
antimicrobials for the treatment of infections caused by
ESBL-PE, particularly in cases of therapeutic impasse
[44]. Indeed, the rise in resistance to third-generation
cephalosporins leads to more frequent use of carbapenems,
thereby exerting additional selective pressure that favors
the emergence of resistant strains [44].

Carbapenemase-producing Enterobacteriaceae (CPE)
infections are difficult to manage and are associated with
high mortality rates [45]. The results of our study
provide the necessary baseline data for future efforts to
better contain ESBL-PE in healthcare and to limit its
clinical impact.

With regard to associated risk factors, our study
revealed that several factors were significantly
associated with the carriage of ESBL-PE in the studied
population (p < 0.05). In particular, the size of the
household living in a single room, the presence of
children under the age of 15, a history of hospitalization
in the last six months, the recent use of antibiotics and a
chronic medical history were identified as factors
associated with the carriage of ESBL-PE.

These results are in accordance with many previous
studies that have demonstrated the impact of these factors
on ESBL-PE carriage. For example, two studies in
developing countries, where ESBL carriage is relatively
low in outpatients, have reported similar associations
between the presence of pre-school children, household
size and MDR bacteria carriage [46,47]. Similarly,
research in Africa [48,49,50] has highlighted the
importance of a history of hospitalization, antibiotic use
and the presence of pets in the home for the spread of
ESBL-PE. These results highlight the importance of
considering these risk factors in strategies to prevent and
control the spread of ESBL-PE. Actions to reduce
exposure to antibiotics, to improve environmental hygiene
and to intensify surveillance of hospital-acquired
infections could help to reduce the prevalence of ESBL-
PE in the studied population.

5. Conclusion

In summary, the COVID-19 pandemic's has notably
accelerated the spread of multidrug-resistant bacteria. Our
study at Treichville University Hospital revealed a high
prevalence of ESBL-PE (30.90%), surpassing the pre-
pandemic rates in Cote d'lvoire. ESBL-PE, mainly
Escherichia coli, exhibits resistance to multiple antibiotics,
including last-resort options such as carbapenems. This
highlights the urgent need for antimicrobial stewardship
and infection control. We identified various risk factors
associated with ESBL-PE carriage, emphasizing the need
for multifaceted interventions targeting antibiotic
prescription practices, environmental hygiene, and
hospital infection surveillance to control the spread and
clinical impact of ESBL-PE.

Declaration of Conflicting Interests

The authors declare no potential conflicts of interest in
the research, writing, and/or publication of this article.

Authors' Consent

After several readings and corrections of the manuscript,
the authors approved the publication of this article.

ACKNOWLEDGEMENTS

The authors would like to thank the Bacteriology-
Virology Unit of the Treichville University Hospital for
providing the platform available for carrying out the
microbiological analyses and all consultation services of
the University Hospital for their collaboration in recruiting
the participants. We would also like to thank the
Department of Biology and Fundamental Sciences at the
Université Félix Houphouet Boigny for providing
financial support, and the National Antibiotic Reference
Center for their technical support.

References

[1] O’Neill J., Review on antimicrobial resistance: tackling drug-
resistant infections globally: final report and recommendations,
Government of the United Kingdom Publisher, 2016.

[2] Shrivastava S. R., Shrivastava P. S., Ramasamy J., “World health
organization releases global priority list of antibiotic-resistant
bacteria to guide research, discovery, and development of new
antibiotics”, Journal of Medical Society, 32 (1). 76-77. April 2018.

[3] Rello J., Kalwaje E. V., Lagunes L., Alves J., Wunderink R. G.,
Conway-Morris A., Rojas J.N., Alp E., Zhang Z., “A global
priority list of the TOp TEn resistant Microorganisms (TOTEM)
study at intensive care: a prioritization exercise based on multi-
criteria decision analysis”, Eur J Clin Microbiol Infect Dis, 38 (2).
319-323. February 2019.

[4] Shaikh S., Fatima J., Shakil S., Rizvi S.M., Kamal M.A,,
“Antibiotic resistance and extended spectrum beta-lactamases:
Types, epidemiology and treatment”, Saudi J Biol Sci, 22 (1). 90-
101. January 2015.



104

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
[19]
[20]

[21]

American Journal of Microbiological Research

Pitout J. D. D., Laupland K. B., “Extended-spectrum B-lactamase-
producing Enterobacteriaceae: an emerging public-health concern”,
Lancet Infect Dis, 8 (3). 159-166. March 2008.

Bradford P. A., “Extended-spectrum B-lactamases in the 21st
century: characterization, epidemiology, and detection of this
important resistance threat”, Clin Microbiol Rev, 14 (4). 933-951.
October 2001.

Rai S., Das D., Niranjan D. K., Singh N. P., Kaur I. R., “Carriage
prevalence of carbapenem-resistant Enterobacteriaceae in stool
samples: A surveillance study”, Australas Med J, 7 (2). 64-67.
February 2014.

Woerther P.L., Burdet C., Chachaty E., Andremont A., “Trends in
human fecal carriage of extended-spectrum B-lactamases in the
community: toward the globalization of CTX-M”, Clin Microbiol
Rev, 26 (4). 744-758. October 2013.

Karanika S., Karantanos T., Arvanitis M., Grigoras C., Mylonakis
E., “Fecal colonization with extended-spectrum beta-lactamase—
producing Enterobacteriaceae and risk factors among healthy
individuals: a systematic review and metaanalysis”, Rev Infect Dis,
63 (3). 310-318. August 2016.

Bezabih Y.M., Sabiiti W., Alamneh E., Bezabih A., Peterson G.M.,
Bezabhe W.M., Roujeinikova A., “The global prevalence and
trend of human intestinal carriage of ESBL-producing Escherichia
coli in the community”, J Antimicrob Chemother, 76 (1). 22-29.
January 2021.

Sallem R. B., Slama K. B., Estepa V., Cheikhna E. O., Mohamed
A. M., Chairat S., Torres C., “Detection of CTX-M-15-producing
Escherichia coli isolates of lineages ST410-A, ST617-A and
ST354-D in faecal samples of hospitalized patients in a
Mauritanian hospital”, Journal of Chemotherapy, 27 (2). 114-116.
February 2015.

Djuikoue 1.C., Woerther P.L., Toukam M., Burdet C., Ruppé E.,
Gonsu K.H., Fokunang C., EI Mniai A., Larissa K., Pieme A.C.,
Mboupaing M.G., Kakam C.M., Fogang H.K., Andremont A.,
Ngogang J., “Intestinal carriage of Extended Spectrum Beta-
Lactamase producing E. coli in women with urinary tract
infections, Cameroon,”. J Infect Dev Ctries, 10 (10). 1135-1139.
October 2016.

Lontsi N. G., Houcke S., Matheus S., Nkontcho F., Pujo J.M.,
Higel N., Ba A., Cook F., Gourjault C., Mounier R., “Impact of
Antibiotic Consumption on the Acquisition of Extended-Spectrum
B-Lactamase Producing Enterobacterales Carriage during the
COVID-19 Crisis in French Guiana”. Antibiotics, 12(1). 58-
65. December 2022.

Emeraud C., Figueiredo S., Bonnin R.A., Khecharem M., Ouzani
S., Leblanc P-E, Jousset A.B., Fortineau N., Duranteau J., Dortet
L., “Outbreak of CTX-M-15 Extended-Spectrum B-Lactamase-
Producing Klebsiella pneumoniae ST394 in a French Intensive
Care Unit Dedicated to COVID-19”, Pathogens, 10 (11). 1426-
1437. October 2021.

Mai H.T.T., Espinoza J.L., “The Impact of COVID-19 Pandemic
on ESBL-Producing Enterobacterales Infections: A Scoping
Review”, Antibiotics, 12 (6). 1064-1073. June 2023.

Livermore D.M., Mushtaq S., Doumith M., Jamrozy D., Nichols
W.W., Woodford N., “Selection of mutants with resistance or
diminished susceptibility to ceftazidime/avibactam from ESBL-
and AmpC-producing  Enterobacteriaceae”, J Antimicrob
Chemother, 73 (12). 3336-3345. Decembre 2018.

Ouattara M. B., Guessend K.N., Koffi N.R., Koffi S., Ouattara G.
D., Gbonon V., Tiekoura K.B., Fay-Kette H., Dosso M.,
“Evaluation of Drigalski agar supplemented with ceftazidime (2
mg/L) for selective isolation of extended-spectrum beta-lactamase
(ESBL) producing Enterobacteria”, African J Microbiol Res, 8
(29). 2758-2765. July 2014.

Lal A., Cheeptham N., “Eosin-methylene blue agar plates protocol”

American Society for Microbiology Publisher, 2007.

Harrigan W. F., McCance M. E., “Laboratory methods in
microbiology”, Sciences, June 2014.

Comité de [I’antibiogramme de la Société Francaise de
Microbiologie Recommandations 2022 V.1.0 Mai.

Magiorakos A.P., Srinivasan A., Carey R.B., Carmeli Y., Falagas
M.E., Giske C.G., Harbarth S., Hindler J.F., Kahlmeter G.,
Olsson-Liljequist B., Paterson D.L., Rice L.B., Stelling J.,
Struelens M.J., Vatopoulos A., Weber J.T., Monnet D.L.,
“Multidrug-resistant, extensively drug-resistant and pandrug-
resistant bacteria: an international expert proposal for interim
standard definitions for acquired resistance”, Clin Microbiol Infect,

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

18 (3). 268-281. March 2012.

Sahraoui H. L., Quasmaoui A., Charof R., Mennane Z., “Detection
methods of Enterobacteriaceae producing extended spectrum
betalactamase”, Int J Innov Appl Stud, 15 (2). 232-239. April
2016.

Jeon K., Jeong S., Lee N., Park M-J., Song W., Kim H-S., Kim
H.S., Kim J-S., “Impact of COVID-19 on Antimicrobial
Consumption and Spread of Multidrug-Resistance in Bacterial
Infections”, Antibiotics, 11 (4). 535-542. April 2022.

Livermore D. M., “Antibiotic resistance during and beyond
COVID-19”, JAC Antimicrob Resist, 3 (1). 5-16. June 2021.
Antimicrobial Resistance Collaborators., “Global burden of
bacterial antimicrobial resistance in 2019: a systematic analysis”,
Lancet. 12 (10325). 629-655. February 2022

Quattara M.B., Wognin A. S., Anatole T. A., Carole G. M. V.,
Gédeon K. K., Bertin G. K., Bertin T. K., Fernique K. K.,
Innocent K. K., Kpoda D. S., Ayayi A., Ali K., Kouadio G. N,
Alphonse K., Mireille D., “Role of Healthy Human Gut
Microbiota in the Emergence and Dissemination of Extended-
Spectrum B-lactamase-Producing Enterobacteriaceae and Genes
Associated with B-lactam Resistance in Community Settings in
Abidjan, Codte d’lvoire”. Microbiology Research  Journal
International, 33 (7). 27-37. September 2023.

Lautenbach E., Mosepele M., Smith R.M., Styczynski A., Gross
R., Cressman L., Jaskowiak-Barr A., Alby K., Glaser L., Richard-
Greenblatt M., Cowden L., Sewawa K., Otukile D., Paganotti
G.M., Mokomane M., Bilker W.B., Mannathoko N., “Risk Factors
for Community Colonization With  Extended-Spectrum
Cephalosporin-Resistant Enterobacterales (ESCrE) in Botswana:
An Antibiotic Resistance in Communities and Hospitals (ARCH)
Study”, Clin Infect Dis, 77 (1). 89-96. July 2023.

Mandal D.K., Sah S.K., Mishra S.K., Sharma S., Kattel H.P.,
Pandit S., Yadav P.K., Laghu U., Lama R., Sah N.P., Sherchand
J.B., Parajuli K., Bastola A., Pun S.B., Rijal B.P., Pokharel B.M.,
“Carriage of Extended-Spectrum-p-Lactamase- and AmpC-f3-
Lactamase-Producing Enterobacteriaceae (ESBL-PE) in Healthy
Community and Outpatient Department (OPD) Patients in Nepal”,
Can J Infect Dis Med Microbiol, Article ID 5154217. 9 pages.
February 2020.

Obeng-Nkrumah N., Hansen D. S., Awuah-Mensah G., Blankson
N. K., Frimodt-Mgller N., Newman M. J., Krogfelt K., “High
level of colonization with third-generation cephalosporin-resistant
Enterobacterales in African community settings,
Ghana”, Diagnostic Microbiology and Infectious Disease, 106 (1).
Article ID 115918. 10 pages. May 2023.

Mahamat D. D., Sore S., “Faecal carriage of extended-spectrum
beta-lactamase-producing ~ Enterobacteriaceae  in  healthy
volunteers and hospitalized patients in Ouagadougou, Burkina
Faso: prevalence, resistance profile, and associated risk factors”,
International Journal of Infectious Diseases, 116 (1). 15-16, March
2022.

Mustapha A., Chidiebere O., Bata M., Ali Z. D., Victor F. I,
Yakubu M. N., David A. S., “Fecal carriage rates of extended-
spectrum B-lactamase-producing Escherichia coli of inpatients
and outpatients attending Yobe State Teaching Hospital,
Damaturu, Nigeria.” Microbes and Infectious Diseases, 4 (4).
1173-1177. November 2023.

Lewis J. M., Lester R., Garner P., Feasey N. A., “Gut mucosal
colonisation with extended-spectrum beta-lactamase producing
Enterobacteriaceae in sub-Saharan Africa: a systematic review and
meta-analysis”, Wellcome Open Res, 4 (1). 160-178. October
2020.

Herfst S., Bohringer M., Karo B., Lawrence P., Lewis N. S., Mina
M. J., Menge C., “Drivers of airborne human-to-human pathogen
transmission”, Current opinion in virology, 22 (1). 22-29.
February 2017.

Godijk N. G., Bootsma M. C. J., Bonten M. J. M., “Transmission
routes of antibiotic resistant bacteria: a systematic review,” BMC
Infect Dis, 22 (1). 482- 497. May 2022.

Guessennd N.K., Kacou-N’douba A., Ghonon V., Yapi D., Ekaza
E., Dosso M., Courvalin P., “Prévalence et profil de résistance des
Entérobactéries productrices de beta lactamases a spectre élargi
(BLSE) a Abidjan cdte d’ivoire de 2005 a 2006, J. sci. pharm.
Biol, 9 (1). 63-70, April 2008.

Quedraogo A.-S., Sanou M., Kissou A., Sanou S., Solaré H.,
Kaboré F., Poda A., Aberkane S., Bouzinbi N., Sano I., “High
prevalence of extended-spectrum R-lactamase producing



[37]

[38]
[39]

[40]

[41]

[42]
[43]

[44]

American Journal of Microbiological Research

enterobacteriaceae among clinical isolates in Burkina Faso”, BMC
Infect. Dis, 16 (1). 326-335. June 2016.

Mahamat O.0O., Tidjani A., Lounnas M., Hide M., Benavides J.,
Somasse C., Ouedraogo A.S., Sanou S., Carriere C., Bafiuls A.L.,
Jean-Pierre H., Dumont Y., Godreuil S., “Fecal carriage of
extended-spectrum  B-lactamase-producing Enterobacteriaceae in
hospital and community settings in Chad”. Antimicrob Resist
Infect Control, 8(1). 169-176. October 2019.

Ventola C.L., “’The antibiotic resistance crisis: part 1: causes and
threats’’. Pharmacy and Therapeutics, 40 (8). 277-83. April 2015.
Fatoumata K.M., Anatole A.T., Victoire G., Valerie G.M.,,
Fernique K.K., Bertin K.G., Ouattara M.B., Tiekoura K., Nathalie
G., Mireille D., “Detection of qgnr Genes That Mediate
Fluoroquinolone Resistance in Gram-Negative Bacilli in Abidjan,
Cote d’lvoire” Am J Microbiol Res, 11 (3). 79-82, October 2023.
Guessennd N., Bremont S., Gbonon V., Kacou-Ndouba A., Ekaza
E., Lambert T., Dosso M., Courvalin P., “Qnr-type quinolone
resistance in extended-spectrum beta-lactamase producing
enterobacteria in Abidjan, Ivory Coast”, Pathol Biol, 56 (8). 439-
44. December 2008.

Tahoul. E., Guessennd N. K., Sokouri P. D., Gbonon V., Konan F.,
Kouadio J.,, Gba K. K., Ouattara B. M., N’guetta S.P. A,
“Antimicrobial Resistance of Klebsiella pneumoniae -ESBL
Producing Strains Isolated from Clinical Specimens in Abidjan
(Cote de Ivoire)”, Microbiology Research Journal International, 20
(2). 1-7. June 2017.

Carattoli A. “Plasmids and the spread of resistance”. Int J Med
Microbiol, 303(6-7). 298-304. August 2013.

Partridge S.R., Kwong S.M., Firth N., Jensen S.O., “Mobile
Genetic Elements Associated with Antimicrobial Resistance”, Clin
Microbiol Rev. 31(4). 17-88. August 2018.

Tzouvelekis L. S., Markogiannakis A., Piperaki E., Souli M.,
Daikos G. L., “Treating infections caused by carbapenemase-
producing Enterobacteriaceae”, Clinical Microbiology and
Infection, 20 (9). 862-872. September 2014.

[45]

[46]

[47]

(48]

[49]

[50]

105

Nordmann P., Naas T., Poirel L., “Global spread of
carbapenemase-producing Enterobacteriaceae”, Emerg Infect Dis,
17 (10). 1791-1799. October 2011.

Van den Bunt G., Liakopoulos A., Mevius D. J., Geurts Y., Fluit
A. C., Bonten M. J. M., Mughini-Gras L., Van Pelt W.,
“ESBL/AmpC-producing Enterobacteriaceae in households with
children of preschool age: prevalence, risk factors and co-
carriage”, Journal of Antimicrobial Chemotherapy, 72 (2). 589-
595. February 2017.

Otter J.A., Natale A., Batra R., Tosas Auguet O., Dyakova E.,
Goldenberg S.D., Edgeworth J.D.,”Individual- and community-
level risk factors for ESBL Enterobacteriaceae colonization
identified by universal admission screening in London”, Clinical
Microbiology and Infection, 25 (10). 1259-1265. March 2019.
Cocker D., Sammarro M., Chidziwisano K., “Drivers of
Resistance in Uganda and Malawi (DRUM): a protocol for the
evaluation of One-Health drivers of Extended Spectrum Beta
Lactamase (ESBL) resistance in Low-Middle Income Countries
(LMICs)”, Wellcome Open Res, 7 (1).55-69. 2022.

Farra A., Frank T., Tondeur L., Bata P., Gody J.C., Onambele M.,
Rafai C., Vray M., Breurec S., “High rate of faecal carriage of
extended-spectrum f-lactamase-producing Enterobacteriaceae in
healthy children in Bangui, Central African Republic”, Clin
Microbiol Infect. 22 (10). 891-895. October 2016.

Cocker D., Chidziwisano K., Mphasa M., Mwapasa T., Lewis J.M.,
Rowlingson B., Sammarro M., Bakali W., Salifu C., Zuza A.,
Charles M., Mandula T., Maiden V., Amos S., Jacob S.T.,
Kajumbula H., Mugisha L., Musoke D., Byrne R., Edwards T.,
Lester R., Elviss N., Roberts A.P., Singer A.C., Jewell C., Morse
T., Feasey N.A., “Investigating One Health risks for human
colonisation with extended spectrum B-lactamase-producing
Escherichia coli and Klebsiella pneumoniae in Malawian
households: a longitudinal cohort study”, Lancet Microbe. 4 (7).
534-543. July 2023.

© The Author(s) 2024. This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).



