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Background. The emergence and spread of multi-drug resistant (MDR) bacteria have become a public health problem in recent
years. For the last many years, carbapenem antibiotics have been used successfully to treat infections caused by MDR
Enterobacteriaceae. However, recently, Enterobacteriaceae producing carbapenemases have emerged, which confer broad
resistance to most β-lactam antibiotics including carbapenems. Therefore, this study is aimed at determining the magnitude of
MDR and carbapenemase-producing Enterobacteriaceae (CPE) isolated from various clinical specimens in Addis Ababa,
Ethiopia. Methods. A cross-sectional study was conducted from January to April 2018. A total of 312 Enterobacteriaceae isolates
were identified from various clinical specimens. The Phoenix automated system (BD Phoenix100) was used for bacterial
identification and antimicrobial susceptibility testing. Potential carbapenemase producers were confirmed by the modified
carbapenem inactivation test, and KPC, MBL, and OXA-48 were phenotypically characterized by the disk diffusion method. The
data obtained were entered and analyzed using SPSS version 20 software. Descriptive statistics, chi square, bivariate and
multivariable logistic regression analyses were performed. P value ≤ 0.05 with corresponding 95% confidence interval was
considered for statistical significance. Results. A total of 312 Enterobacteriaceae were recovered. Of these isolates, 68.6% were
MDR and 2.6% were CPE with different classes including OXA-48 1.6% (5/312), MBL 0.6% (2/312), and KPC and OXA-48
0.3% (1/312). The predominant bacterial isolates were E. coli 72.4% (226/312) followed by K. pneumoniae 13.8% (43/312). The
antibiotic resistance rates of CPE isolates were significantly higher than other MDRE including ampicillin (100% versus 77.6%),
cefoxitin (75% versus 20.6%), and piperacillin/tazobactam (50% versus 13.1%). Conclusion. In this study, a relatively higher
prevalence of MDR was observed, and the highest resistance was recorded against ampicillin, amoxicillin with clavulanic acid,
and sulfamethoxazole-trimethoprim. Detection of CPE is important for implementing appropriate antimicrobial therapy and in
controlling the spread of the infection. Furthermore, continuous screening and investigations, including genotypic
characterization of CPE, are required for the prevention and control of the spread of antimicrobial-resistant pathogens.

1. Background

The emergence and spread of multi-drug resistant (MDR)
bacteria have become a public health problem in recent years
[1]. Of particular concern are infections caused by resistant
Enterobacteriaceae, which are common pathogens causing
different types of community- and hospital-acquired infec-

tions, and antimicrobial resistance in these bacteria has sig-
nificant impacts on patient outcomes [2].

For the last many years, carbapenem antibiotics have
been used successfully to treat infections caused by multi-
drug resistant Enterobacteriaceae, including those producing
extended spectrum β-lactamases (ESBL). However, recently,
Enterobacteriaceae producing carbapenemases have
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emerged, which confer broad resistance to most β-lactam
antibiotics including “last-line” carbapenems [1].

Even though there are several mechanisms for the resis-
tance of carbapenem such as a decrease in permeability of
bacterial outer membrane with overexpression of Amp-
C/ESBL or efflux pump, the main mechanism of carbapenem
resistance is the production of carbapenemase [3]. The most
common carbapenemases include veronica integron metallo-
β-lactamase types (VIM), imipenemase (IMP), K. pneumo-
niae carbapenemase (KPC), oxacillinase-48 (OXA-48), and
New Delhi metallo-β-lactamase-1 (NDM-1) [4]. These car-
bapenemase genotypes differed geographically. For instance,
OXA-48 enzymes particularly recovered within the Mediter-
ranean area, including Northern Africa and Middle East [5].

According to the World Health Organization (WHO)
recent report, CPE has listed among the antibiotic-resistant
bacteria with a level one (critical) priority for research and
development of new antibiotics [6].

The prevalence of carbapenem-resistant Enterobacteria-
ceae (CRE) infections has increased over the last decade, espe-
cially in healthcare settings, and the Centers for Disease
Control and Prevention (CDC) estimates that more than
9000 healthcare-associated infections are caused by CRE each
year in the United States [7, 8]. Moreover, CRE can cause a
number of serious infections such as intra-abdominal infec-
tions, pneumonia, urinary tract infections, and device-
associated infections [9–11]. The mortality rates are also high
and range from 18% to 48% depending on therapy [12].

Currently in Ethiopia, different studies showed that there
is increasing use of carbapenem in health facilities or physi-
cians use carbapenem for empirical treatment. Due to this,
treatment options for serious CRE infections remain limited.
Optimization of dosing of currently available agents and
combination therapy may be the most appropriate treatment
strategies at this time. However, continued research is des-
perately needed, in particular randomized controlled trials,
to determine the most appropriate treatment for serious
CRE infections. Therefore, this study is aimed at determining
the magnitude of MDR and carbapenemase-producing
Enterobacteriaceae isolated from various clinical specimens
in Addis Ababa, Ethiopia.

2. Methods

A cross-sectional study was conducted at International Clini-
cal Laboratories (ICL) in Addis Ababa, Ethiopia, from January
1 to April 30, 2018. A total of 312 Enterobacteriaceae isolates
were recovered from different clinical specimens and included
using a convenient sampling technique for carbapenemase
characterization and antimicrobial susceptibility testing. A
predeveloped worksheet was used to collect information
related to sociodemographic characteristics of the patients.
The identified Enterobacteriaceae isolates, the antibiotic sus-
ceptibility pattern of the isolate, and classes of carbapenemases
were also recorded using a separate data collection sheet.

2.1. Cultivation and Identification of Isolates. Different clini-
cal specimens were inoculated onto appropriate culture
media (sheep blood agar, XLD agar, and MacConkey agar

plates (Oxoid Ltd, UK)) and incubated overnight under the
aerobic condition at 37°C for 18-24 hours. Identification of
Enterobacteriaceae was done using colony characteristics,
Gram staining reaction, and ability to ferment lactose. In
addition, the Phoenix system (BD Diagnostic Systems,
Oxford, UK) was used for the identification of the bacteria
to species level. The combination panel includes identifica-
tion (ID) side with dried substrates for bacterial identifica-
tion, and the instrument tests panels every 20 minutes.
After three hours, the identified bacteria were displayed on
the screen of the Phoenix system [13].

2.2. Antimicrobial Susceptibility Testing. Antimicrobial sus-
ceptibility testing was performed using the Phoenix AST
panel (AST-N94). The following antimicrobials were
included: ceftazidime, cefuroxime, ciprofloxacin, ceftriaxone,
cefepime, amoxicillin with clavulanic acid, amikacin, aztreo-
nam, ertapenem, cefoxitin, gentamicin, imipenem, merope-
nem, ampicillin, sulfamethoxazole-trimethoprim, and
piperacillin/tazobactam [13]. Results were interpreted
according to CLSI recommendations [14]. Multi-drug resis-
tant isolates were determined using the definition of Magior-
akos et al. [15].

2.3. Carbapenemase Detection. Potential carbapenemase-
producing isolates, which showed resistance to at least one
of the tested carbapenems (ertapenem, imipenem, and mero-
penem) were selected whenMIC ≥ 2μg/ml for imipenem, ≥1
μg/ml for ertapenem, and/or ≥2μg/ml for meropenem [13].

Suspected carbapenemase-producing isolates were con-
firmed by the modified carbapenem inactivation methods
(mCIM) which are recommended by CLSI [14]. After prepa-
ration of bacterial suspension of tested isolates in 2ml Trypti-
case soya broth, meropenem disk (10μg) was added and
incubated at 35°C ± 2°C in ambient air for 4 hours ± 15
minutes. When the time was completed, meropenem disk
(10μg) was placed on a Muller Hinton agar plate inoculated
with E. coli ATCC 25922 suspension of 0.5-McFarland tur-
bidity standards and incubated overnight (18–24 hrs.) at
37°C. Bacterial isolates having a zone of inhibition 6–15
mm or presence of pinpoint colonies within a 16–18mm
zone and no inhibition of the meropenem-susceptible E. coli
ATCC 25922 were confirmed as carbapenemase-producing
isolates.

2.4. Phenotypic Characterization of Carbapenemases. Carba-
penemases were characterized phenotypically by a disk diffu-
sion method using Neo-Sensitabs disks. The organism to be
tested was spread onto a Mueller Hinton agar plate using
similar procedures as for drug susceptibility testing. A mero-
penem (10μg) disk alone and in combination with inhibitors
of different beta-lactamases such as phenylboronic acid (KPC
and AmpC inhibitor), dipicolinic acid (MBL inhibitor), clox-
acillin (AmpC inhibitor), and temocillin disks (30μg)
(Rosco, Taastrupgaardsvej, Denmark) was used; then, the
organism was incubated at 37°C for 24 hours. An increase
in the inhibition zone diameter for a combination disk versus
meropenem disk alone was interpreted as a carbapenemase
producer [16].
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2.5. Quality Assurance. To maintain the quality of the work
from isolate collection up to final bacterium identification
and data management, the standard operating procedure of
isolate collection and laboratory analysis was strictly followed.
The expiry date of the media, reagents, and antibiotic disks
was checked before use. The prepared culture media was
checked for sterility. Abilities of the prepared media support-
ing the growth of organisms were checked by inoculating
ATCC control strain including S. aureus (ATCC 25923), E.
coli (ATCC 25922), E. faecalis (ATCC 29212), and P. aerugi-
nosa (ATCC 27853) [14]. Quality control testing for the Phoe-
nix machine was done for each lot of panels [13]. For
carbapenemase detection, BAA1705 control strains as positive
control and BAA1706 as negative control were used [16].

2.6. Data Analysis and Interpretation. Data was collected
using a worksheet and analysed using SPSS version 20 soft-
ware. Descriptive statistics, chi square, and bivariate and
multivariable logistic regression analyses were performed. P
value ≤ 0.05 with corresponding 95% confidence interval
was considered for statistical significance.

Frequency as well as percentages of MDR and
carbapenemase-producing Enterobacteriaceae was calcu-
lated. Moreover, data was presented using tables and graphs.

3. Results

3.1. Magnitude of Enterobacteriaceae. A total of 312 Entero-
bacteriaceae isolates were isolated from various clinical spec-
imens sent to the microbiology laboratory. Of these isolates,
58.0% (n = 181/312) were from females, while 42.0%
(n = 131/312) were from males with a mean (standard devia-
tion) age of 44.2 (21.8) years, and 67.3% (n = 210/312) of
them were inpatients. About 77.2% (241/312) of Enterobacte-
riaceae were isolated from urine, and 16.7% (52/312) were
from pus. Among Enterobacteriaceae isolates, E. coli was
the dominant isolate accounting for 72.4% (226/312), and
K. pneumoniae was the second predominant species repre-
senting 13.8% (43/312) of the total isolates. About 84.9%
(192/226) of E. coli was isolated from urine, and 11.1%
(25/226) were from pus specimens (Table 1).

3.2. Multi-drug Resistance Patterns of Enterobacteriaceae.
Out of the total 312 Enterobacteriaceae isolate enrolled in this

study, 68.6% (214/312) were MDR. The principal MDR iso-
lates were Enterobacter spp. (90.9), Citrobacter spp. (81.8),
K. pneumoniae (79.1), and E. coli (68.8) (Table 2).

3.3. Carbapenemase-Producing Enterobacteriaceae. From the
total isolates, 17 isolates were potential carbapenemase pro-
ducers. Of these isolates, 23.5% (8/17) was confirmed as a
carbapenemase producer by mCIM. The overall magnitude
of carbapenemase-producing Enterobacteriaceae was 2.6%
(8/312) which includes K. pneumoniae 1.3% (4/312), E. coli
0.9% (3/312), and Enterobacter spp. 0.3% (1/312).

Similarly, those confirmed carbapenemase-producing
Enterobacteriaceae were phenotypically characterized by a
combination disk test using Neo-Sensitabs™ (Rosco, Den-
mark), and OXA-48 1.6% (5/312), MBL 0.6% (2/312), and
KPC and OXA-48 0.3% (1/312) were identified classes of car-
bapenemases (Table 3).

3.4. Antibiotic Resistance Pattern of MDRE and CPE. The
majority of isolated MDR Enterobacteriaceae showed a resis-
tance level of 92.5% for amoxicillin with clavulanic acid
followed by 77.6% for ampicillin and 75.7% for
sulfamethoxazole-trimethoprim. Among the isolates, E. coli
showed the highest resistance to ampicillin (98.0%) followed
by amoxicillin with clavulanic acid (93.4%). The second most
common isolate K. pneumoniae showed 82.4% to amoxicillin
with clavulanic acid, 85.3% to sulfamethoxazole-trimetho-
prim, and 76.5% to ceftriaxone. However, all isolates showed
a relatively low level of resistance against amikacin (1.4%),
meropenem (3.3%), and imipenem (4.7%) (Table 4).

The antibiotic resistance rates of CPE isolates were signif-
icantly higher than other MDRE including ampicillin (100%
versus 77.6%), cefoxitin (75% versus 20.6%), and piperacil-
lin/tazobactam (50% versus 13.1%). As shown in Figure 1,
100% resistance was observed to ampicillin and
amoxicillin-clavulanic acid. Moreover, only 25% of strains
were resistant to ciprofloxacin, and no resistance was
observed to amikacin.

3.5. Carbapenemase-Producing Enterobacteriaceae and MDR
Level among Different Specimens. Among specimens investi-
gated, MDR-producing Enterobacteriaceae were found pre-
dominantly in body fluid 100% (10/10) whereas majority of
carbapenemase-producing Enterobacteriaceae were isolated

Table 1: Distribution of Enterobacteriaceae isolate among various specimen types at ICL, Addis Ababa, Ethiopia.

Urine Pus Body fluid Ear discharge Eye discharge Stool Total

E. coli 192 (84.9) 25 (11.1) 7 (3.1) 1 (0.4) 2 (0.9) 0 (0.0) 226

K. pneumoniae 26 (60.5) 12 (27.9) 2 (4.7) 1 (2.3) 1 (2.3) 0 (0.0) 43

Enterobacter spp. 5 (45.5) 6 (54.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11

Citrobacter spp. 9 (81.8) 2 (18.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 11

P. mirabilis 2 (33.3) 2 (33.3) 0 (0.0) 2 (33.3) 0 (0.0) 0 (0.0) 6

Shigella spp. 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (100) 2

Other isolates 7 (53.8) 5 (38.5) 1 (7.7) 0 (0.0) 0 (0.0) 0 (0.0) 13

Total 241 52 10 4 3 2 312

Note: ∗other isolates are Salmonella spp, Providencia spps, M. morganii, and Serratia spp.
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from urine 2.1% (5/241) (Figure 2). All carbapenemase pro-
ducing Enterobacteriaceae were MDR.

3.6. Association of Independent Variables with MDRE. In
multivariable analysis, the odds of having MDRE were 8.82
times (AOR = 8:824, 95% CI: (3.769, 20.654), P < 0:001)
more likely among inpatients than outpatients. Moreover,
the remaining variables such as age, sex, and specimen types
do not have statistically significant association with MDRE.

4. Discussion

Beta-lactamase-producing Enterobacteriaceae have become a
global threat. Production of carbapenemase with the emer-
gence of antibacterial resistance is the most important cause
of empirical treatment failures. Moreover, current knowledge
of the prevalence of MDR Gram-negative bacteria is impor-
tant to understand their epidemiology and the disease bur-
den and also to strengthen hospital infection control
strategy [3].

In this study, MDR (nonsusceptible to ≥1 agent in ≥3 anti-
microbial categories) was observed in 68.6%. This finding was
in line with studies conducted in Addis Ababa (68.3%) [17],
Gondar (68.0%) [18], Debre Markos (72.2%) [19], and Nepal
(64.0%) [20] while it was lower than studies done in Ethiopia
such as Addis Ababa (94.5%) [21], Gondar (87.4%) [22], and
Bahir Dar (93.1%) [23] and studies done in Mozambique
(88.2%) [24], Sierra Leone (85.7%) [25], Iran (91.5%) [26],
and Nepal (96.8%) [27]. The reason for the variation might
be due to differences in the AST method and the presence of
beta-lactamase-producing organisms which are resistant to
multiple classes of antibiotics. Compared with the present
study, MDR isolates were lower in Jimma (59.3%) [28], Italy
(62.0%) [29], Nepal (54.2%) [20], and USA (19.1%) [30].
The difference in the magnitude of MDR might be due to
the definition used to classify isolates into MDR, patient con-
dition, and presence of carbapenemase-producing isolates in
these studies. Repeated, inappropriate, and incorrect use of
antimicrobial agents in empirical treatment and poor infection
control strategies, in turn, raise the prevalence of resistant bac-
teria in the community.

The highest MDR strains were detected from Enterobac-
ter spp. (90.9%) and Citrobacter spp (81.8%) which is compa-
rable to other studies done in Jimma [28] and Nepal [31].

Different studies showed different pathogens as predominant
MDR isolates, K. pneumoniae and E. coli in Gondar [22],
Sierra Leone [24], Iran [32], and Nepal [20]. The difference
might be due to these bacteria being found in both hospital-
and community-acquired infections. In addition, these bacte-
ria are resistant to multiple groups of antimicrobial agents
which makes treatment difficult [20].

Although no nationwide study has been conducted so far
for the detection of carbapenemase-producing Enterobacteri-
aceae in Ethiopia, some studies have been done in some parts
of the country [19, 21, 22].

The present study showed that out of seventeen
carbapenemase-suspected Enterobacteriaceae, 8 (2.6%) were
carbapenemase producers which was in line with a study
done in Addis Ababa (2%) [21], Gondar (2.73%) [22],
Morocco (2.8%) [33], Taiwan (2.5%) [34], and Jordan
(2.8%) [35]. The magnitude of carbapenemase-producing
Enterobacteriaceae in the current study was lower when com-
pared with the finding in Addis Ababa 12.12% [36], Uganda
22.4% [37], India 23% [38], and Sudan 56% [39]. The differ-
ence in these findings might be due to method difference and
the patient condition (in which others only include inpatient
and isolates resistant to at least two 3GC (third-generation
cephalosporin)). Furthermore, the variation might be due
to the difference in local antibiotic prescribing habits and
infection control program in different health facilities [39].

In this study, OXA-48 enzyme was the most prevalent
carbapenemase in Addis Ababa which was supported by a
study done by Manenzhe et al. reporting that oxacillinases
especially OXA-48 were the most predominant type of carba-
penemase in Africa [40]. Studies in Egypt [41] and Spain [42]
also showed similar findings. Prevalence and types of carba-
penemases can be affected by the difference in phenotypic
methods, difference in the study area, and prevalence of car-
bapenemase genes in different countries [39]. However, sur-
veillance, hand hygiene, and appropriate antibiotic usage are
part of an effective approach in reducing the dissemination of
these pathogenic organisms [43].

Co-production of KPC and OXA-48 enzymes in the cur-
rent study was found in one carbapenem-resistant isolate. A
comparable result was reported in Uganda [37], but this find-
ing was not in agreement with the finding in Nigeria [44] and
Thailand [45] which showed coproduction of NDM and
KPC enzyme in one isolate, this is because NDMwas the pre-
dominant enzyme in these countries. Co-production of two
carbapenemase enzymes by one bacterium results in the
inactivation of beta-lactamase inhibitors and high-level resis-
tance to the carbapenems as well [42].

The present study showed that the most common
carbapenemase-producing EnterobacteriaceaewereK. pneumo-
nia which was agreed with a study done in Addis Ababa [36],
Thailand [45], and Jordan [35]. However, it was inconsistent
compared to the study done in Gondar [22], Sudan [39], and
Pakistan [46] indicating that the principal carbapenemase-
producing pathogen was E. coli than K. pneumonia.

Majority of carbapenemase-producing Enterobacteria-
ceae in the present study was isolated from urine specimens.
This agrees with the previous studies conducted in Ethiopia,
Sudan, and Kenya [36, 39, 47]. This might be due to the

Table 3: Distribution of carbapenemase-producing
Enterobacteriaceae at ICL, Addis Ababa, Ethiopia.

Isolates (number) mCIM OXA-48 MBL KPC+OXA-48

E. coli (226) 3 (1.3) 3 (1.3) 0 (0.0) 0 (0.0)

K. pneumoniae (43) 4 (9.8) 2 (4.9) 1 (2.4) 1 (2.4)

Enterobacter Spp. (11) 1 (9.1) 0 (0.0) 1 (9.1) 0 (0.0)

Citrobacter Spp. (11) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

P. mirabilis (6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Shigella Spp. (2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Other Spp. (13) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Total (n = 312) 8 (2.4) 5 (1.5) 2 (0.6) 1 (0.3)
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larger number of urine specimens included during the study
period and also majority of study participants were females
who are at high risk of infections especially urinary tract
infection.

In the present study, the overall antibiotic resistance rates
of carbapenemase-producing isolates were significantly
higher for more than half of tested antibiotics including
ampicillin (100%), amoxicillin with clavulanic acid (100%),
sulfamethoxazole-trimethoprim (87.5%), and ceftriaxone
and cefepime (75.0%). This finding was comparable with a
study in Gondar: ampicillin (100%), sulfamethoxazole-
trimethoprim (100%), amoxicillin with clavulanic acid

(100%), ceftazidime (80%), gentamycin (80%), cefepime
(60%), and ceftriaxone (60%) [22]; Jordan [35]; and Bangla-
desh [48] showing all carbapenemase-producing isolates
indicating the highest resistance to amoxicillin with clavula-
nic acid (100%), ampicillin (100%), and cefepime (100%).
These findings indicated that carbapenemase-producing
Enterobacteriaceae were the major cause of resistance to var-
ious antibiotic classes.

This study also showed that carbapenemase-producing
Enterobacteriaceae were 100% sensitive to amikacin and
75.0% to ciprofloxacin. This was fairly similar with a study
conducted in Nigeria: ciprofloxacin (57.0%) [49], Tanzania:
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Figure 1: Antimicrobial resistance pattern of MDRE and CPE among clinical specimens at ICL, Addis Ababa, Ethiopia.
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ciprofloxacin (66.5%) [50], and Nepal: amikacin (91.8%)
[20]. Antibiotic treatment options for carbapenem-resistant
bacteria are limited and are highly costly. However, combina-
tion therapy with active drugs such as colistin, tigecycline,
and fluoroquinolones can be alternative antibiotics [51].

5. Conclusion and Recommendation

In this study, a relatively higher prevalence of MDRE and sig-
nificant prevalence of CPE were observed, and the highest
resistance was recorded against ampicillin, amoxicillin with
clavulanic acid, and sulfamethoxazole-trimethoprim. On
the other hand, the better treatment option for CPE is amika-
cin and ciprofloxacin. The phenotypic confirmatory test indi-
cated that more oxacillinase-48- (OXA-48-) producing
Enterobacteriaceae was detected in this study. Detection of
carbapenemase-producing Enterobacteriaceae is important
for implementing appropriate antimicrobial therapy and in
controlling the spread of the infection. Furthermore, continu-
ous screening and investigations, including genotypic charac-
terization of carbapenemase-producing Enterobacteriaceae,
are required for the prevention and control of the spread of
antimicrobial-resistant pathogens.

6. Limitation of the Study

(i) Molecular technique was not used for the characteri-
zation of carbapenemase-producingEnterobacteria-
ceae due to financial constraints.
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