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Abstract

Introduction: The increasing frequency of extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae is becoming a serious
public health concern. This study sought to determine ESBL frequency in Enterobacteriaceae isolated from patients’ blood cultures in two
university teaching hospitals of Bamako, Mali.

Methodology: During a three-month period, the presence of Enterobacteriaceae from blood cultures of patients admitted to the university
teaching hospitals of Bamako was evaluated. The microbial identifications were initially performed with an API 20E gallery and VITEK2
locally in Mali, and then confirmation in France was performed with a mass spectrometry MALDI-TOF in the bacteriology laboratory of the
university teaching hospital of Bichat. Antibiotic susceptibility profiles were determined by the diffusion method as recommended by the
European Committee on Antimicrobial Susceptibility Testing (EUCAST).

Results: The isolated species were K. pneumoniae (14/40; 35.0%), E. coli (11/40; 27.5%), and E. cloacae (9/40; 22.5%). Of the strains isolated,
21/34 (61.8%) had an ESBL phenotype, including 10/14 (71.4%) K. pneumoniae, 8/11 (72.7%) E. coli, and 3/9 (33.3%) E. cloacae.
Resistances associated with ESBL strains of K. pneumoniae, E. coli, and E. cloacae were as follows: gentamicin (10/10, 100%; 6/8, 75%; 2/3,
67%, respectively), amikacin (2/10, 20%; 0/8, 0%; 0/3, 0%, respectively), ofloxacin (8/10, 80%; 7/8, 87%; 3/3, 100%, respectively), and
cotrimoxazole (10/10, 100%; 6/8, 75%; 3/3, 100%, respectively).

Conclusion: Almost two-thirds (61.8%) of Enterobacteriaceae isolated from our blood cultures were ESBL producers. Only susceptibilities to
carbapenems and to amikacin were fully conserved within the strains.
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Introduction transmission between the strains [3]; however, in other

The production of extended-spectrum beta-
lactamases (ESBLs) is the main mechanism of
Enterobacteriaceae resistance to broad-spectrum
cephalosporins [1]. Although ESBL is usually known to
be associated with resistance in Klebsiella spp. and
Escherichia  coli, in recent reports, other
Enterobacteriaceae such as Citrobacter, Serratia,
Proteus, Salmonella, and Enterobacter have also been
found to have ESBLs [2]. In E. coli, the increase of
ESBL-associated resistance is attributed to plasmid

Enterobacteriaceae such as K. pneumoniae, the spread
of clonal strains is most frequent [4]. According to the
SMART study conducted between 2009 and 2010 in
Europe, ESBL prevalence among K. pneumoniae and
E. coli was 38.9% and 17.6%, respectively. In China,
the prevalence of ESBLs among K. pneumoniae and E.
coli varied from 61% to 67%, and in New Zealand, from
0% to 5% [5]. The ESBL prevalence among clinical
strains varies between geographical regions. For
instance, low prevalence rates (between 3% and 8%)
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have been found in Sweden, Japan, and Singapore;
much higher rates have been reported for Portugal
(34%), Turkey (58%), and Latin America (from 30% to
60%) [2,6,7]. In Africa, Enterobacteriaceac held an
important place in bacteremia cases. They are
responsible for 41% of bacteremia cases from
community, followed by non-Salmonella
Enterobacteriaceae (12% of cases) [8]. In Gambia
(2003-2005), 10.7% (93/871) of blood cultures were
positive for pathogenic bacteria, of which 10% were E.
coli [9]. In Tanzania (2011), 7.4% (17/231) of febrile
children in a health center had bacteremia, and E. coli
was isolated from 40% of blood cultures [10]. In
Nigeria (2006-2007), 16.6% (174/1050) of children
admitted to hospitals had positive blood cultures,
including more than 30% of K. pneumoniae and E. coli
cases [11]. In Ethiopia (2009), E. coli was isolated from
18.7% of the cases (67/359) in clinical samples of both
hospitalized and non-hospitalized patients, of which
35.8% (24/67) were ESBL producers [12]. In Tanzania
(2009-2010), 50.3% (92/183) of K. pneumoniae strains
isolated from blood cultures were ESBL producers;
5.5% (5/92) of them were from the community and
94.5% (87/92) from hospitals [13]. In Ghana (2007) and
Mali (2003), ESBLs were produced, respectively, by
49.4% and 63.4% of Enterobacteriaceae isolated in
community and hospital samples [14,15]. Another
study conducted later in Mali (2004-2006) on a total of
1,193 non-repetitive isolates of Enterobacteriaceae
found 256 (21.5%) producers of an ESBL, 20.9%
(156/747) in E. coli, 37.8% (82/217) in K. pneumoniae,
18.5% (15/81) in E. cloacae, 16.7% (2/12) in M.
morganii, and 2.8% (1/36) in P. mirabilis [16].

In Mali, the rare data available on the prevalence of
ESBL-producing Enterobacteriaceae isolated from
blood cultures are frightening. Access to antibiotic
susceptibility testing currently remains very limited in
the country. Most people in the capital city, in most
cases, get care in the primary health centers such as the
referral health centers or in the community health
centers, which are more accessible to them, but drug
susceptibility testing is not available. Likewise, outside
the capital city in the rest of the country, none of the
eight regions of the country has continuously
maintained drug susceptibility testing capacity. It has
therefore become important to determine the prevalence
of ESBL-producing strains among patients who require
urgent appropriate treatment such as patients with
bacteremia. Indeed, empirical treatments usually
administered to these kinds of patients may not be
effective if the patients happen to have an ESBL-
producing Enterobacteriaceae. In this study, we sought
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to investigate the prevalence of ESBL phenotype
among Enterobacteriaceae isolated from patients with
positive blood cultures at the university teaching
hospitals of Bamako in Mali.

Methodology
Type and place of the study

This was a prospective study conducted at the
university teaching hospitals of Bamako (CHU Point G
and CHU Gabriel Touré) from January to March 2014.
The university teaching hospitals of Bamako are the
structures of third reference level, representing the top
of the pyramid of health care in Mali. In general, these
are centers that receive patients with complicated
diseases from other health care centers.

Patient recruitment

The study was open to any patients referred from
another health center where they had been previously
hospitalized, who had a body temperature > 39°C with
suspected invasive bacterial infection.

Sample collection

For each blood culture, venous blood (8 to 10 mL
from adults and 1 to 5 mL from infants) was collected
and injected directly into a BD Bactec Plus Aérobie/F
blood culture bottle (Becton Dickinson, Franklin Lakes,
USA) or BD Bactec Peds Plus/F blood culture bottle
(Becton Dickinson, Franklin Lakes, USA), which was
then introduced into a Bactec 9050 (Becton Dickinson,
Franklin Lakes, USA). Only one blood culture per
patient was performed. The aseptic blood sample
collection was performed following the manufacturer’s
instructions.

Bacterial identification

In Bamako, Mali, Drigalski lactose agar
(bioMérieux, Marcy 1'Etoile, France) was used for the
selective isolation of Enterobacteriaceae. The primary
identification was done by the API 20E system
(bioMérieux, Marcy 1'Etoile, France), with the galleries
inoculated with calibrated bacterial suspensions. The
confirmation was done using the automated phenotypic
identification system VITEK2 (bioMérieux, Marcy
'Etoile, France).

Enterobacteriaceae strains were kept in cryovials in
10% of glycerol and stored in a -80°C freezer before
getting shipped to Paris for further testing.

Drug susceptibility testing and ESBL determination

Antimicrobial susceptibility testing was performed
by the Kirby-Bauer method, a diffusion method, as
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recommended by the European Committee on
Antimicrobial Susceptibility Testing (EUCAST) [17].
The following antibiotics were tested: amoxicillin (25
ug), amoxicillin + clavulanic acid (20 pug + 10 pg),
ticarcillin (75 pg), cefotaxime (30 pg), ceftazidime (10
ng), cefepime (30 pg), cefoxitin (30 pg), ertapenem (10
ng), imipenem (10 pg), gentamicin (10 mg), amikacin
(30 pg), trimethoprim + sulfamethoxazole (25 ug),
nalidixic acid (30 pg), ofloxacin (5 pg), tetracycline (30
png), and fosfomycin (50 pg). The diameters of
inhibition allowed the results to be categorized as
susceptible or resistant. Phenotypic detection of ESBL
production was done by a synergy test that involves the
use of a third-generation cephalosporin and clavulanic
acid, as described by the Clinical and Laboratory
Standards Institute (CLSI) [18].

Quality control
All identifications were confirmed in France by
mass spectrometry MALDI-TOF (Bruker,

Wissenbourg, France) in the bacteriology laboratory of
Bichat University Teaching Hospital. The mass
spectrometer allows identification of bacteria by
analysis of their total proteins (ribosomal proteins and
membrane-associated proteins).

Ethical considerations

This study was approved by the ethics committee of
the  Faculty of Medicine and  Odonto-
Stomatology/Faculty of Pharmacy, University of
Sciences, Techniques and Technologies of Bamako
(USTTB). Written consent was obtained from all
patients included in the study.

Results
Patients’ characteristics

From a total of 843 blood cultures collected from
patients  hospitalized at CHU  Point G,
Enterobacteriaceae were isolated from 14 blood
cultures. Similarly, of 1,262 blood cultures taken from
children hospitalized in the pediatric department of
CHU Gabriel Touré, Enterobacteriaceae were isolated
from 25 blood cultures. The patients’ ages ranged from
31 to 40 years (42.9%) at CHU Point G, and from 1 to
S years (48.0%) at CHU Gabriel Touré (Table 1). Of all
participants, 57.1% and 64.0% from CHU Point G and
CHU Gabriel Touré, respectively, were males; 28.6%
and 28.0% of patients, respectively, were living in the
urban area of the Commune I of Bamako City (the most
populated neighborhood of Bamako) (Table 1).

K. pneumoniae was the predominant species on
both sites, representing 42.9% and 30.8% of
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Table 1. Distribution of patients according to sex, age range, and
location

Characteristic CHU Point G CHU Gabriel Touré
s (n=14) (n=25)
Gender
Male 8 (57.1%) 16 (64.0%)
Female 6 (42.9%) 9 (36.0%)
Age range (in years)
<1 / 7 (28.0%)
1-5 / 12 (48.0%)
6-10 / 4 (16.0%)
>10 / 2 (8.0%)
10-20 2 (14.3%) /
21-30 5 (35.7%) /
31-40 6 (42.9%) /
> 40 1 (7.1%) /
Location
Commune I/ o o
Bamako 4 (28.6%) 7 (28.0%)
Commune II/ N o
Bamako 1(7.1%) 3 (12.0%)
Commune IIT/ o o
Bamako 3 (21.4%) 3 (12.0%)
Commune IV / o o
Bamako 2 (14.3%) 4 (16.0%)
Commune V / o o
Bamako 0 (0.0%) 3 (12.0%)
Commune VI/ o o
Bamako 0 (0.0%) 2 (8.0%)
Other* 4 (28.6%) 3 (12.0%)

* Other: Kati/Koulikoro, Bougouni/Sikasso, Baraouli/Ségou,
Ouelessebougou/Koulikoro, Wayerma/Sikasso

Enterobacteriaceae isolated at CHU Point G and CHU
Gabriel Touré, respectively (Table 2). E. coli was the
second-most common at CHU Point G (28.6%). At
CHU Gabriel Touré, E. coli and E. cloacae shared the
same  second  position, with  26.9%  of
Enterobacteriaceae isolated (Table 2). One patient had
two strains of E. coli and E. cloacae at CHU Gabriel
Tourg.

ESBL phenotype

In total, 21/34 strains had an ESBL phenotype
(61.8%), of which 8/12 (66.7%) were from CHU Point
G and 13/22 (59.1%) from CHU Gabriel Touré
(Table2). These ESBL-producing Enterobacteriaceae
were distributed as follows: 10/34 (29.4%) of K
pneumoniae, 8/34 (23.6%) of E. coli, and 3/34 (8.8%)
of E. cloacae (Table 2).

Combining both sites (CHU Point G and CHU
Gabriel Touré), K. pneumoniae, E. coli, and E. cloacae
were the only ESBL-producing Enterobacteriaceae
found, and among these, 10/14 (71.4%) were K.
pneumoniae, 8/11 (72.7%) were E. coli, and 3/9
(33.3%) were E. cloacae (Table 3).

The associated resistances in ESBL-producing
strains of K. pneumoniae, E. cloacae, and E. coli were
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Table 2. Distribution of patients based on isolated germs and
identified extended-spectrum beta-lactamases (ESBLs)

. CHU
Characteristics CHUGPomt Gabriel
Touré
Isolated bacterial _ _
agents (n=14) (n=26)
Klebsiella pneumoniae 6 (42.9%) 8 (30.8%)
Escherichia coli 4 (28.6%) 7 (26.9%)*
Enterobacter cloacae 2 (14.3%) 7 (26.9%)*
Morganella morganii 1(7.1%) 1(3.9%)
Proteus mirabilis 1(7.1%) 0 (0.0%)
Salmonella Enteritidis 0 (0.0%) 3 (11.5%)
ESBL research** (n=12) (n=22)
Klebsiella pneumoniae
! ES%L o 5 (41.7%) 5(22.7%)
Escherichia coli
s¢ ég’gﬁf_ cot 2 (16.7%) 6 (27.3%)
Enterobacter cloacae
ESBL+ 1(8.3%) 2 (9.1%)
Klebszelézé;];rieftmomae 1 (8.3%) 3 (13.6%)
Escherichia coli ESBL - 2 (16.7%) 1 (4.6%)
Enterobacter cloacae 1 (8.3%) 5.(22.7%)

ESBL -
* 1 Escherichia coli and 1 Enterobacter cloacae isolated from the same
patient; ** Morganella morganii, Proteus mirabilis and Salmonella
enteritidis were not ESBL-producing and therefore not counted.

86% for gentamicin (10/10, 100%; 6/8, 75%; 2/3, 67%,
respectively), 9.5% for amikacin (2/10, 20%; 0/8, 0%;
0/3, 0%, respectively), 86% for ofloxacin (8/10, 80%;
7/8, 87%; 3/3, 100%, respectively), and 90% for
cotrimoxazole (10/10, 100%; 6/8, 75%; 3/3, 100%,
respectively) (Table 3).

Table 3. Resistant to antibiotics at both sites
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Discussion

During this study, we investigated the prevalence of
ESBL-producing strains in our collection of patients’
blood samples. Our findings have important clinical
implications in patient management in Mali. Notably,
we found that 21 out of our 34 isolated strains (61.8%)
were ESBL producers, of which 10 (29.4%) were
identified as K. pneumoniae, 8 (23.6%) as E. coli, and
3 (8.8%) as E. cloacae. These results are similar to a
study conducted in Kabul, which reported 110 (51.9%)
ESBL-producing Enterobacteriaceae [19], and to a
study conducted in China, where about 109
Enterobacteriaceae were found, including 57 (52.3%)
ESBL producers (38 E. coli and 19 K. pneumoniae)
[20]. Also in Tanzania, in a study on neonatal sepsis,
50.3% of the K. pneumoniae were found to be ESBL
producers [13]. Importantly, a much more recent study
in India (2014) in a nephrourology teaching institute
showed that among Enterobacteriaceae isolated from
blood cultures, 39.6% were ESBL producers [21].
Meanwhile, in a university teaching hospital in South
Korea, only 27.7% Enterobacteriaceae [22] were ESBL
producers, which is relatively lower compared to that
reported in other hospitals.

Studies in other geographical areas have shown
lower rates of ESBL  production among
Enterobacteriaceae isolated from blood cultures. In
Peru for instance, among 85 isolates of
Enterobacteriaceae, 30 (35.2%) were ESBL producers,
of which 16 (18.8%) were E. coli and 14 (16.4%) K.

Bacterial germs

K.

Antibiotics . E. coli E. cloacae M. morganii  P. mirabilis S. enteritidis
presmontd— p=11 n=9 n=2 n=1 n=3
n=14
Amoxicillin 14 (100) 11 (100) 9 (100) 2 (100) 1 (100) 3 (100)
Amoxicillin/clavulanic acid 11 (78.6) 11 (100) 9 (100) 2 (100) 0(0.0) 3 (100)
Ticarcillin 14 (100) 11 (100) 4(44.4) 0 (0.0) 1 (100) 3 (100)
Cefotaxime 10 (71.4) 10 (90.9) 4(44.4) 0 (0.0) 0(0.0) 0(0.0)
Ceftazidime 10 (71.4) 10 (90.9) 4(444) 0 (0.0) 0 (0.0) 0 (0.0)
Cefepime 10 (71.4) 8 (72.7) 4 (44.4) 0 (0.0) 0(0.0) 0 (0.0)
Cefoxitin 0(0.0) 3(27.3) 9 (100) 0 (0.0) 0(0.0) 0(0.0)
Ertapenem 0(0.0) 0(0.0) 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)
Imipenem 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Gentamicin 11 (78.6) 7 (63.6) 2(22.2) 0(0.0) 0(0.0) 0(0.0)
Amikacin 2 (14.3) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Trimethoprim/sulfamethoxazole 13 (92.8) 9 (81.8) 3(28.9) 1 (50) 0(0.0) 2 (66.6)
Nalidixic acid 8 (57.1) 10 (90.9) 3(33.3) 1 (50) 0(0.0) 0(0.0)
Ofloxacin 8 (57.1) 10 (90.9) 3(33.3) 1 (50) 0(0.0) 0(0.0)
Tetracycline 9 (64.3) 11 (100) 3(33.3) 2 (100) 1 (100) 3 (100)
Fosfomycin 10 (71.4) 2(18.2) 9 (100) 2 (100) 1 (100) 0 (0.0)
ESBL 10 (71.4) 8 (72.7) 3(33.3) 0 (0.0) 0(0.0) 0(0.0)

ESBL: extended-spectrum beta-lactamase
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pneumoniae [23]. In the Kingdom of Saudi Arabia, of
601 isolates of Enterobacteriaceae from a military
hospital, 95 (15.8%) were ESBL producers, of which
46 (7.6%) were K. pneumoniae, 15 (2.5%) were E. colli,
15 (2.5%) were E. cloacae, and 19 (3.2%) were other
ESBL-producing Enterobacteriaceae [24]. In Turkey,
40 of 120 (33.3%) Enterobacteriaceae strains were
ESBL producers, of which 25 (20.8%) were E. coli, 13
(10.8%) were K. pneumoniae, and 2 (1.7%) were E.
cloacae [25].

In our study, none of our Salmonella enterica were
ESBL producers, while in Nepal, 72.0% of Salmonella
isolated from blood cultures were ESBL producers
[26]; however, in another study, only 0.5% of S.
enterica were found to be ESBL producers [27].
Moreover, we noted that the frequency of ESBL-
producing Enterobacteriaceae varies randomly between
countries. For example, 32.0% of K. pneumoniae were
reported in India [28], but only 8.1% of E. coli in the
United Kingdom [29]. Also, on 44 ESBL-producing
Enterobacteriaceae in New Zealand, 40.9% were K.
pneumoniae, 36.3% were E. coli, 20.5% were E.
cloacae, and 2.3% were E. aerogenes [30].

Another interesting finding on the distribution of
species in our study is the predominance of K.
prneumoniae in both sites: 42.9% and 30.8% at CHU
Point G and CHU Gabriel Touré, respectively. This
result confirms the predominance of K. pneumoniae
among Enterobacteriaceae from blood cultures in
hospitalized patients exposed to nosocomial infections.
E. coli and E. cloacae came in second position with,
respectively, 28.6% and 14.3% at CHU Point G, and
26.9% and 26.9% at CHU Gabriel Touré. This
predominance of K. pneumoniae was also reported in
Kabul, Afghanistan; of 212 Enterobacteriaceae isolated
from blood cultures, 66 sere K. pneumoniae, 42 (19.8%)
were E. cloacae, and 35 (16.5%) were E. coli [19]. That
study had a bigger sample size and the study period
covered two years (November 2009 to November
2011), while ours covered only a period of three months
in order to find preliminary data for Mali. Our results
were different from those of a tertiary care university
teaching hospital in South Korea, where 101
Enterobacteriaceae strains were isolated from blood
cultures, of which 80 (79.2%) were E. coli and 21
(20.8%) were K. pneumoniae [22]. This distribution has
been also observed in China in blood -cultures
performed in children having hematological
malignancy and undergoing chemotherapy; of 109
Enterobacteriaceae strains, 58 (53.2%) were E. coli and
51 (46.8%) were K. pneumoniae [20]. Therefore, it can
casily be concluded that in these South Korean and
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Chinese studies, E. coli was the predominant bacteria,
although those studies were conducted in a hospital
setting.

Conclusions

Among our isolates, K. pneumoniae was the
predominant species of the Enterobacteriaceae of our
study. About two-thirds (61.8%) of the isolates from
blood cultures were ESBL-producing
Enterobacteriaceae. Of the panel of antimicrobials we
tested, only carbapenems and amikacin were fully
effective on all the strains.
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