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Abstract: Klebsiella pneumoniae, Escherichia coli, and Enterobacter cloacae are associated with most noso-
comial infections worldwide. Although gaps remain in the knowledge of their susceptibility patterns,
these are in antimicrobial stewardship. This study aimed to describe antimicrobial susceptibility
profiles of the above organisms isolated from postmortem blood from stillbirths and under-five
children enrolled in the Child Health and Mortality Prevention Surveillance (CHAMPS) program in
Sierra Leone. This was a surveillance study of bacteria isolates from postmortem blood cultures taken
within 24 h of death from stillbirths and children aged 0-59 months between March 2019 and February
2022. This was followed by identification and antibiotic sensitivity testing using Becton Dickinson
Phoenix M50 (USA). Descriptive analysis was used to characterize the isolates and their antimicrobial
susceptibility patterns. Of 367 isolates, K. pneumoniae was the most frequently isolated organism
(n =152; 41.4%), followed by E. coli (n = 40; 10.9%) and E. cloacae (n = 35; 9.5%). Using BACTEC™ FX
40 (Franklin Lakes, NJ, USA), 367 isolates were identified from blood using bacteriological methods.
Extended spectrum beta-lactamase (ESBL) was observed in 143 (94.1%) of K. pneumoniae isolates
and 27 (65.5%) of E. coli isolates. Carbapenem-resistant organisms (CRO) were seen in 31 (20.4%)
of K. pneumoniae and 5 (12.5%) of E. coli isolates. A multidrug resistance (MDR) pattern was most
prevalent in E.cloacae (33/35; 94.3%), followed by K. pneumoniae (138/152; 90.8%). Our study showed
a high prevalence of multidrug resistance among bacterial isolates in the catchment areas under
surveillance by the CHAMPS sites in Sierra Leone.

Keywords: Klebsiella pneumoniae; Enterobacter cloacae; Escherichia coli; CHAMPS; extended spectrum
beta-lactamase; Sierra Leone

1. Introduction

Antimicrobial resistance (AMR) in Gram-positive and Gram-negative bacteria has
increased recently. Globally, AMR in a wide range of infectious agents is a growing public
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health threat [1]. The global proliferation of pathogens that cause common diseases and
are resistant to antimicrobial agents is particularly concerning [1]. One of the main drivers
behind the development of AMR is the misuse and overuse of antibacterial agents, which
render even the most effective drugs ineffective [2,3]. AMR is an increasing problem in both
hospital and community settings, associated with the successful penetration and spread of
MBDR strains from nosocomial settings [4].

Multidrug resistance (MDR) is a phenomenon where microorganisms become resistant
to at least one antimicrobial drug in three or more antimicrobial categories [5]. Infections
caused by MDR pathogens often need to be treated with more expensive and/or more toxic
antibiotics [6,7], which may also affect patient outcomes. The financial burden of AMR is
also considerable. One infection caused by an AMR pathogen (e.g., Methicillin-Resistant
Staphylococcus aureus bloodstream infection) can cost up to USD 20,000 [8].

In the management of sepsis, especially in neonatal intensive care units worldwide,
the recommended first-line treatment for both early and late onset neonatal sepsis is a
beta-lactam antibiotic (e.g., ampicillin and penicillin) combined with an aminoglycoside
(e.g., gentamicin). However, the local evidence in Sierra Leone on the clinical effects of the
commonly used antibiotic regimens for sepsis showed that these had limited effectiveness,
hence the widespread use of third generation cephalosporins and carbapenems [2,3].

First-line antibiotics (penicillin/ampicillin and gentamicin) have been the mainstay of
treatment for serious infections caused by Enterobacteriaceae, but efficacy has been eroded
by the widespread acquisition of resistance enzymes, such as extended-spectrum beta-
lactamases (ESBL) and carbapenemases, which mediate the respective resistance to these
critical drugs [9]. ESBL and carbapenem-resistant organisms (CRO) have emerged as an
important therapeutic challenge [10,11].

The World Health Organization has listed the following among the priority pathogens
against which new antimicrobial agents are urgently needed [10,11]: Acinetobacter bau-
mannii, carbapenem-resistant; Enterobacterales, third-generation cephalosporin-resistant;
Enterobacterales, carbapenem-resistant and Mycobacterium tuberculosis, rifampicin-resistant.
The bulk of hospital-acquired infections are caused by K. pneumoniae, E. coli, and Enterobac-
ter cloacae bacteria, which have the ability to “escape” the biocidal effects of antibiotics [10].
Therefore, these three organisms are in the spotlight of antibiotic stewardship programs
and are the most commonly isolated at the Special Baby Care Unit in Makeni Regional
Hospital, Sierra Leone (unpublished report). According to a 2015 WHO report [12], they
were also the most common to exhibit MDR. Furthermore, E. coli and K. pneumoniae are
the most common and emerging bacteria reported as etiologic agents of premature and
neonatal sepsis and pneumonia [12-14].

Numerous studies have shown a link between infections by AMR bacteria and unfa-
vorable patient outcomes, including lengthier hospital admissions, increased morbidity,
and mortality [15-17]. Antibiotic treatments initiated in the emergency departments are
often empirical. Comprehensive knowledge of the burden and associated outcomes of infec-
tions caused by MDR pathogens is still lacking, especially in West Africa. The knowledge of
the local susceptibility patterns of these bacteria is lacking as shown by indiscriminate use
of antibiotics and empirical prescriptions by clinicians which are crucial for antimicrobial
stewardship programs. Therefore, this study aimed to describe the antimicrobial suscep-
tibility pattern of K. pneumoniae, E. coli, and E. cloacae in Sierra Leone. This knowledge
will support the Ministries of Health in similar countries to design targeted approaches
to improve antimicrobial stewardship and the impact of the empirical management of
childhood infections in LMICs.

2. Methods
2.1. Study Design

This is a surveillance study of bacteria isolates from postmortem blood cultures taken
within 24 h of death from two sites in the Bombali and Bo Districts of Sierra Leone.
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2.2. Study Site and Settings

The Child Health and Mortality Prevention Surveillance Network (CHAMPS) is a
global surveillance network that generates, collects, analyzes, and shares data to reduce
child mortality in regions where it is highest—Sierra Leone, Mali, Nigeria, Ethiopia, Kenya,
Mozambique, and South Africa in Sub-Saharan Africa; and Pakistan and Bangladesh in
Asia. The first CHAMPS site in Sierra Leone is located in Bombali Shebora and Siari
chiefdoms in the Bombali District (Northern Province) (Figure 1 below). The Makeni site
includes parts of Makeni City (population 125,970) as well as peri-urban and rural areas
(population 36,413), resulting in a total site population of 161,383 [18]. The CHAMPS
catchment area makes up approximately 25% of the total district population. The estimated
population of children under five years of age under surveillance in the catchment area
is approximately 24,000, with an approximate under-five mortality rate of 119/1000 live
births, a crude birth rate of 32.4 livebirths per 1000 population, and a fertility rate of
4.6/1000 women [18,19].
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Figure 1. The Bombali and Bo Districts showing CHAMPS study site catchment areas, Sierra Leone.

The second CHAMPS site in Sierra Leone is located in the Bo District in the chiefdoms
of Kakua and Tikonko (Southern Province) and including Bo City, with a catchment popula-
tion of 278,649, a crude birth rate of 32.4 livebirths per 1000 population, an under five years
of age mortality rate of 38/1000 live births, and a fertility rate of 4.2/1000 women [18,19].
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2.3. Study Population and Sample Collection

The isolates are from postmortem blood collected from stillbirths, neonates, and
children up to 59 months in two CHAMPS sites, as described elsewhere [20,21]. Blood
samples were obtained from the subclavian artery within 24 h of death.

2.4. Inclusion Criteria

The criteria for inclusion in the study were as follows: residence in the catchment
area within the last four months, a confirmed stillbirth or less than 60 months of age,
availability of the body for sample collection, and time between death and eligibility
screening/consent being less than or equal to 24 h for an unrefrigerated body or 72 h if the
body was refrigerated soon after death.

2.5. Exclusion Criteria

The criteria for exclusion in the study were as follows: the body was treated using
formalin, or death caused by trauma, drowning, or poisoning.

2.6. Culture and Susceptibility Testing

K. pneumoniae, E. coli, and E. cloacae were isolated between February 2019 and February
2022. Blood culture was completed using BACTEC™ FX 40 (Franklin Lakes, NJ, USA), and
isolates were identified using the classical bacteriology Gram staining method followed
by automated identification and antibiotic sensitivity testing using the Becton Dickinson
Phoenix M50 instrument (Franklin Lakes, NJ, USA). Antimicrobial susceptibility trends
were ascertained from minimum inhibitory concentrations and interpreted using Clinical
and Laboratory Standards Institute guidelines [22]. Any organism showing intermediate
resistance was taken as resistant.

The resistance analysis of the K. pneumoniae, E. coli, and Enterobacter spp. isolates also in-
cluded assessments for extended spectrum beta-lactamase patterns (resistance to penicillins
and cephalosporins); carbapenemase resistance (resistance to carbapenems); and multidrug
resistance [MDR] (non-susceptibility to at least one agent from at least three antimicro-
bial categories) [5]. The following antibiotic classes were tested to assign MDR patterns:
penicillins (penicillin, amoxicillin—clavulanate); cephalosporins (cefepime, cefotaxime,
ceftazidime, cefuroxime, piperacillin-tazobactam); carbapenems (ertapenem, imipenem,
meropenem); fluoroquinolones (ciprofloxacin, levofloxacin); aminoglycosides (amikacin,
gentamicin, tobramycin); tetracyclines (tetracycline, doxycycline); and sulphonamides
(sulfamethoxazole-trimethoprim).

2.7. Data Analysis

Descriptive analysis was used to identify the antimicrobial susceptibility patterns
among the identified isolates. We assessed the prevalence of different patterns using
proportions. Intersection analysis was used to plot the resistance patterns of selected
relevant organisms as previously described [23]. Analysis was performed using R 4.2.1.

2.8. Ethics

Ethical approval was obtained from the Sierra Leone Ministry of Health and Sanitation.
Confidentiality and data security were maintained throughout the analysis and review of
the study results.

3. Results

From March 2019 to February 2022, 367 organisms were isolated from samples col-
lected from 426 deaths recorded in the CHAMPS study in Sierra Leone. Klebsiella pneumoniae
accounted for 152 (41.4%) of all isolates, Escherichia coli for 40 (10.9%), and Enterobacter
cloacae for 33 (9.5%) (Table 1).
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Table 1. Isolated organisms in CHAMPS sites, Sierra Leone 2019-2022.

Characteristic N =3671
Isolated organisms
Klebsiella pneumonia 152 (41.4%)
Escherichia coli 40 (10.9%)
Enterobacter cloacae 35 (9.5%)
Other * 140 (38.1%)

111 (%). * Burkholderia cepacia complex, Klebsiella aerogenes, Klebsiella oxytoca, Acinetobacter baumannii, Staphylococcus
haemolyticus, Staphylococcus epidermidis, Enterococcus faecalis, Staphylococcus aureus, Salmonella species, Pseudomonas
aeruginosa, Serratia marcescens, Aeromonas hydrophila.

ESBL was identified in 243 (66.2%) of all isolated organisms, of which K. pneumoniae
accounted for 58.8% (Table 2).

Table 2. ESBL organisms in CHAMPS sites, Sierra Leone 2019-2022.

2
Characteristic N (nE=8123;:3) 1 l(\ilo: 1]52?1;3}
Isolated organisms 367
Klebsiella pneumonia 143 (94.1%) 9 (5.9%)
Escherichia coli 27 (67.5%) 13 (32.5%)
Enterobacter cloacae 34 (97.1%) 1(2.9%)
Other * 39 (27.8%) 101 (72.1%)

111 (%); 2 Extended-spectrum beta-lactamases. Carbapenem-resistant organisms were identified in 71 (19.3%)
of all isolated organisms, of which K. pneumoniae accounted for 43.7% (Table 3). * Burkholderia cepacia complex,
Klebsiella aerogenes, Klebsiella oxytoca, Acinetobacter baumannii, Staphy-lococcus haemolyticus, Staphylococcus epider-
midis, Enterococcus faecalis, Staphylococcus aureus, Salmonella species, Pseudomonas aeruginosa, Serratia marcescens,
Aeromonas hydrophila.

Table 3. CRO organisms (CRO) in CHAMPS sites, Sierra Leone 2019-2022.

2
Characteristic N (rf:f?l) 1 1(\:10:-232{)?
Isolated organisms 367
Klebsiella pneumonia 31 (20.4%) 121 (79.6%)
Escherichia coli 5 (12.5%) 35 (87.5%)
Enterobacter cloacae 9 (25.7%) 26 (74.3%)
Other * 26 (18.6%) 114 (81.4%)

111 (%); > Carbapenem-resistant organisms. * Burkholderia cepacia complex, Klebsiella aerogenes, Klebsiella oxytoca,
Acinetobacter baumannii, Staphy-lococcus haemolyticus, Staphylococcus epidermidis, Enterococcus faecalis, Staphylococcus
aureus, Salmonella species, Pseudomonas aeruginosa, Serratia marcescens, Aeromonas hydrophila.

The MDR pattern was identified in 258 (70.3%) of all isolated organisms, of which
K. pneumoniae accounted for 138 (53.5%) (Table 4).

Table 4. MDR organisms in CHAMPS sites, Sierra Leone 2019-2022.

. MDR 2 Non-MDR
Characteristic N (1 = 258) (1 = 109) 1
Total isolated organisms 367
Klebsiella pneumonia 138 (90.8%) 14 (9.2%)
Escherichia coli 26 (65.0%) 14 (35.0%)
Enterobacter cloacae 33 (94.3%) 2 (5.7%)
Other * 61 (43.6%) 79 (56.4%)

111 (%), 2 Multidrug resistant. * Burkholderia cepacia complex, Klebsiella aerogenes, Klebsiella oxytoca, Acinetobacter
baumannii, Staphy-lococcus haemolyticus, Staphylococcus epidermidis, Enterococcus faecalis, Staphylococcus aureus,
Salmonella species, Pseudomonas aeruginosa, Serratia marcescens, Aeromonas hydrophila.
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Among K. pneumoniae isolates, 138/152 (90.8%) presented an MDR pattern. Overall,
resistance to penicillin—cephalosporins—aminoglycosides—fluoroquinolones was the most
common pattern (61.8%; 94/152), as shown in Figure 2.
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Figure 2. K. pneumoniae MDR resistance patterns in CHAMPS sites, Sierra Leone 2019-2022. Black
dots depict resistance and gray dots depict sensitivity.

Figure 3 summarizes the resistance patterns among E. coli isolates. The MDR pattern
was observed in 26/40 (65.0%) isolates, with the most common pattern of resistance as
follows: penicillins—cephalosporins—aminoglycosides—fluoroquinolones in 31.6% (12/38) of
the isolates.
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Figure 3. Escherichia coli resistance patterns in CHAMPS sites, Sierra Leone 2019-2022. Black dots
depict resistance and gray dots depict sensitivity.

The MDR pattern was observed in 33/35 (94.3%) E. cloacae isolates, and the most
common pattern of resistance was penicillins—cephalosporins—aminoglycosides—fluoroquin-—
olones—carbapenems (20/35; 51.7%), as shown in Figure 4.
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Figure 4. Enterobacter cloacae resistance patterns in CHAMPS sites, Sierra Leone 2019-2022. Black dots
depict resistance and gray dots depict sensitivity.

4. Discussion

Our study assessed the ESBL, CRO, and MDR patterns in isolates of K. pneumoniae,
E. coli, and E. cloacae among postmortem blood samples taken from stillbirths and under-
five children in Sierra Leone over a three-year period. Gram-negative bacteria were the
predominantly isolated organisms.

Overall, this study found a high MDR pattern, with E. cloacae showing the highest
rate (94.3%), followed by K. pneumoniae (90.8%). This is comparable to other studies in
Ethiopia, which reported MDR in urinary pathogens at 87.4% [24], and in Ghana, at 65% [25].
Multidrug resistance in Enterobacteriaceae is a growing public health concern in Sierra
Leone, as in many other parts of the world [2,3,26]. In addition to bloodstream infections,
these bacteria are responsible for a variety of other infections, including urinary tract
infections, pneumonia, and skin infections. In Sierra Leone, MDR in Enterobacteriaceae is
primarily driven by the overuse and misuse of antibiotics, which has led to the emergence
and spread of resistant strains [2]. Many healthcare facilities in Sierra Leone lack the
resources, personnel, and infrastructure to effectively monitor and control the use of
antibiotics, which has contributed to the problem [2,3].

The emergence of extended-spectrum beta-lactamase (ESBL)-producing strains of Kleb-
siella pneumoniae and Escherichia coli constitute another poorly understood example of MDR
in Enterobacteriaceae in Sierra Leone. ESBLs are enzymes that confer resistance to many
commonly used antibiotics, including beta-lactams such as penicillins and cephalosporins.
These strains have been associated with high mortality rates and are particularly concerning
in healthcare settings such as hospitals. In this study, we found a relatively high prevalence
of ESBL with Enterobacter spp., K. pneumonia, and E. coli showing prevalences of 97.1%,
94.1%, and 67.5% respectively. This is similar to studies in South Africa with 83% [27],
Nigeria with 83.9% [28], and Ethiopia with 100% [24].

Our estimates are, however, higher compared to recent studies in Portugal, which
found 64.4% of isolates [29], and in Iran (76.47%) [30].

ESBL producers are often resistant to the fourth generation cephalosporins in vivo,
despite displaying susceptibility in vitro. The presence of ESBL-producing pathogens
may result in the overuse of other broad-spectrum antibiotics, leading to inappropriate
antimicrobial administration. Antibiotics active against ESBL-producing pathogens in-
clude the carbapenems and beta-lactam-beta-lactamase inhibitor combinations, such as
piperacillin—tazobactam and cephamycins. In our study, the overall ESBL resistance among
the isolates was 66.2%, with E. cloacae at 97.1%, followed by K. pneumoniae at 94.1% (Table 2).
The meta-analysis of ESBL in Enterobacteriaceae among pregnant/postmortem women
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in Africa, Asia, and Europe showed a prevalence of 45%, 33%, and 2%, respectively [31].
Our study found higher estimates than these. This could be attributed to the ease with
which antibiotics are found, dispensed, and self-medicated in our study setting. Another
study in the southern region of Sierra Leone corroborates our findings, though the lim-
itation for that study was the small sample size compared to our study (64.3% of ESBL
Enterobacteriaceae) [31].

In addition to ESBLs, other mechanisms of resistance have also been identified in
Enterobacteriaceae in Sierra Leone, including carbapenemases and plasmid-mediated
resistance genes. Carbapenemases are enzymes that confer resistance to carbapenem
antibiotics, which are often considered “last resort” antibiotics for treating MDR infections.
Plasmid-mediated resistance genes can confer resistance to a wide range of antibiotics
and are particularly concerning because they can be easily transferred between different
bacterial species. In our study, we found that CRO accounted for 19.3% of the three isolates
tested, with the highest resistance shown in E. cloacae (25.7%). This finding is comparable
to the 25.8% reported in Nigeria [27]. However, our prevalence is much higher than what
was reported in Ethiopia, with 2.7% [24], and in Uganda, with 0%. [32].

Strengths and Limitations

An important strength of this study stems from the fact that access to microbiological
culture and sensitivity testing methods is very limited in our setting, so CHAMPS brought
novel automated culture and antimicrobial sensitivity testing for samples from sterile sites.
However, a limitation of our study is that postmortem blood isolates may not represent the
true population prevalence of AMR. In addition, most of the isolated microorganisms may
not have been clinically important, and “intermediate resistance” was taken as resistant. To
better understand the population prevalence of AMR, a population-wide prevalence study
for live cases will be required. Similarly, the isolates in our study may not be attributable as
the cause of death for all cases, as we assessed all isolates found in the blood irrespective of
their contribution as a cause of illness. However, the presence of these resistance organisms,
irrespective of whether they are part of the causal chain to death, remains worrisome.

5. Conclusions

This study demonstrated a high prevalence of MDR patterns in Klebsiella pneumoniae,
Escherichia coli, and Enterobacter cloacae in postmortem samples collected from stillbirths and
children under five years of age. The emergence of ESBL-producing bacteria causing deaths
in children under five years of age may be increasing and needs to be monitored. This may
reflect the lack of implementation of national antibiotic stewardship policies in Sierra Leone
and the widespread access to antimicrobials without prescription. Further prospective
studies are required to explore how strategies promoting prudent use of antibiotics and
antimicrobial stewardship programs can work hand in hand with the refined infection
prevention control.

To effectively address this issue, the government must continue to invest in public
health campaigns on the controlled use of antimicrobials; strengthen surveillance and
monitoring systems; and increase investment in healthcare infrastructure and resources. It
is also important that healthcare providers are educated on antibiotic stewardship and are
provided access to laboratory-guided prescription. These measures will help to reduce the
emergence and spread of additional resistant strains.
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