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Abstract

Background

Infections caused by Klebsiella pneumoniae have been difficult to control because of the

worldwide emergence of carbapenem-resistant isolates mainly due to carbapenemase pro-

duction. Information regarding carbapenemase-producing K. pneumoniae is still scarce in

Ethiopia. Therefore, the current study aimed to determine the prevalence of carbapene-

mase-producing K. pneumoniae and to assess the occurrence of blaNDM and blaKPC carba-

penemase genes.

Methods

A cross-sectional study was conducted from September 2018 to February 2019 at Tikur

Anbessa Specialized Hospital, Addis Ababa, Ethiopia. A total of 132 non-duplicate K. pneu-

moniae isolates were studied. Phenotypic confirmation of carbapenemase production was

done by modified Carbapenem Inactivation Method (mCIM). Multiplex PCR was performed

for the detection of carbapenemase-encoding genes blaKPC, and blaNDM.

Results

Out of the total 132 K. pneumoniae isolates, 39 (29.6%) were non-susceptible to one or

more carbapenems. The prevalence of carbapenemase-producing isolates from the total

was 28 (21.2%) with mCIM of which the most dominant gene was blaNDM 26 (92.9%) and

one isolate carried blaKPC concomitantly. Carbapenemase-producing K. pneumoniae iso-

lates were 100% non-susceptible to half of the antimicrobials used in the study, including

meropenem and ertapenem. Previous use of carbapenems was associated with carbapene-

mase production (P = 0.004).
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Conclusions

The prevalence of carbapenemase-producing K. pneumoniae isolates was worrying in the

study area. To our knowledge, the study described the emergence of blaNDM and blaKPC

gene carrying K. pneumoniae in Ethiopia for the first time. Further large-scale molecular-

based studies, including other carbapenemase genes and sequencing of K. pneumoniae,

are warranted to have a clear awareness about the presence of antimicrobial resistance

high-risk clones in Ethiopia.

Introduction

Carbapenems have a carbapenem together with the beta-lactam ring which makes them more sta-

ble against most β-lactamases [1]. They are the most effective against Gram-positive and Gram-

negative bacteria. According to the Clinical and Laboratory Standards Institute (CLSI) guidelines

meropenem, imipenem, ertapenem, and doripenem are recommended treatments for infections

caused by Enterobacteriaceae [2]. Their effectiveness, stability, and fewer adverse effects compared

to other last-line drugs such as polymyxins make them the most reliable last-resort treatments for

bacterial infections [1]. The prevalence of ESBL-producing K. pneumoniae such as CTX-M-15-pro-

ducers continues to impose a serious threat to human health [3], and carbapenems are widely con-

sidered as the drugs of choice for the treatment of severe infections caused by Extended-spectrum

β-lactamases (ESBL)-producing Enterobacteriaceae [4]. However, in recent years, carbapenem-

resistant Enterobacteriaceae particularly K. pneumoniae is rising alarmingly [5, 6].

Resistance to carbapenems is mainly through carbapenemase enzyme production. Produc-

tions of other enzymes that have weak carbapenemase activity such as ESBLs and AmpC β-lac-

tamases together with porin alteration, drug efflux pumps, as well as alterations in penicillin-

binding proteins are also mentioned as additional resistance mechanisms [1, 5–7]. Based on

their molecular structures (Ambler classification system) carbapenemases belong to class A, B,

and D of β-lactamases [5–8].

K. pneumoniae has caused hospital outbreaks in different countries [9], requiring early

detection of carbapenemases in infected patients and/or carriers to prevent the occurrence of

outbreaks. It has been indicated that house flies are potential vectors of antibiotic-resistant K.

pneumoniae [10]. Klebsiella pneumoniae carbapenemases (KPCs) are the most common trans-

missible class A carbapenemase circulating in Enterobacteriaceae predominantly in K. pneu-
moniae worldwide mainly due to clonal expansion of strains of K. pneumoniae [8]. Unlike

KPC the rapid and dramatic dissemination of New Delhi metallo-ß- lactamase (NDM)-pro-

ducing Enterobacteriaceae is mediated by promiscuous plasmid not associated with dominant

clonal strains [5].

Three blaNDM-1-positive Acinetobacter baumannii isolates were reported from Jimma, Ethi-

opia [11]. However, to the best of our knowledge, no blaNDM- and blaKPC-carrying K. pneumo-
niae have been described in Ethiopia so far. Therefore, the current study aimed to determine

the prevalence of carbapenemase-producing K. pneumoniae and to assess the occurrence of

blaNDM and blaKPC carbapenemase genes.

Materials and methods

Study population

A total of 132 study participants who were visited Tikur Anbessa Specialized Hospital (TASH),

Addis Ababa, Ethiopia and became culture-positive for K. pneumoniae over six months (from

PLOS ONE blaKPC and blaNDM carbapenemase genes in Klebsiella pneumoniae in Ethiopia

PLOS ONE | https://doi.org/10.1371/journal.pone.0267657 April 27, 2022 2 / 13

https://doi.org/10.1371/journal.pone.0267657


September 2018 to February 2019) were enrolled conveniently. Preliminary identification of

K. pneumoniae was done by inoculating the specimens on MacConkey agar (Oxoid, UK) and

5% sheep blood agar (Oxoid, UK). Further identification was done through Gram stain, and a

series of biochemical tests including indole, triple sugar iron agar, citrate utilization, mannitol,

malonate, lysine decarboxylase, urea agar, and motility medium. K. pneumoniae is Gram-nega-

tive and rod-shaped, lactose fermenter, indole negative, gas and acid producer, hydrogen sul-

fide negative, citrate positive, mannitol fermenter, malonate positive, lysine decarboxylase

positive, urea slow producer, and non-motile [12, 13]. Socio-demographic characteristics and

clinical information of the study participants were obtained using a well-designed question-

naire and from their medical records by health care workers.

Antimicrobial susceptibility testing

Using a sterile wire loop, 3–5 single colonies were picked from blood agar and emulsified in

3–4 ml normal saline to prepare a 0.5 McFarland standard using McFarland Densitometer.

From the standard, cells were spread onto Muller-Hinton agar (Oxoid, UK) using a sterile

swab for the Antimicrobial Susceptibility Testing (AST) [12]. The AST was performed based

on the Kirby–Bauer disc diffusion method using the following antimicrobials; Tetracycline

(30 μg), Gentamicin (10 μg), Amikacin (30 μg), Ciprofloxacin (5 μg), Chloramphenicol

(30 μg), Aztreonam (30 μg), Trimethoprim/sulfamethoxazole (1.25/23.75 μg), Amoxicillin-cla-

vulanate (20/10 μg), Piperacillin/tazobactam (100/10 μg), Cefoxitin (30 μg), Ceftriaxone

(30 μg), Imipenem (10 μg), Ertapenem (10 μg) and Meropenem (10 μg) (Oxoid, UK) and (BD,

USA). After 16–18 hours of incubation at 35± 2˚C, the diameter of the zone of inhibition

around antibiotic discs was measured by caliper and interpreted as sensitive, intermediate, or

resistant following CLSI (2018) guidelines [2].

Phenotypic confirmatory test for carbapenemase

K. pneumoniae isolates that showed no sensitivity to at least one carbapenems were checked

for carbapenemase production using the modified Carbapenem Inactivation Method (mCIM).

According to CLSI (2018) guidelines the method has > 99% sensitivity and specificity for

detection of carbapenemase among Enterobacteriaceae isolates [2]. Briefly, a suspension was

made by taking 1μl loopful of bacteria from an overnight grown culture on a Blood agar plate

and then added into 2 ml trypticase soya broth. Subsequently, Meropenem (10 μg) disc was

immersed in the suspension and incubated for 4 hours ± 15 minutes at 35˚C ± 2˚C. After incu-

bation, the disc was removed from the suspension using a 10 μl inoculation loop and placed

on a Mueller-Hinton agar plate inoculated with a susceptible E. coli indicator strain (ATCC

29522). Then, the results were read after 18–24 hours of incubation at 35˚C ± 2˚C. When the

bacterial isolate produced carbapenemase, the meropenem disc was inactivated allowing unin-

hibited growth of the susceptible indicator strain. Discs incubated in suspensions that do not

contain carbapenemases yielded a clear inhibition zone. An inhibition zone diameter of 6–15

mm or colonies within a 16–18 mm zone was considered to be a positive result, and a zone of

inhibition�19 mm was considered to be a negative result [2].

DNA extraction and detection of blaKPC and blaNDM carbapenemase genes

The bacterial DNA was extracted by the boiling lysis method as previously described by El-

Badawy et al [14]. Briefly, three to six fresh colonies of the bacteria were suspended in 100μl of

DNase-free water in a sterile 1.5ml Eppendorf tube. The bacterial suspension was vortexed for

15 seconds and placed in a boiling Water-bath at 94˚C for 10 minutes to lyse the bacterial cells.

The lysed bacterial suspension was centrifuged at maximum speed (13,000 ×g) for 5 min. The
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supernatant, which contains total genomic DNA, was transferred to a new sterile tube using

DNase-free tips. The quality and quantity of the extracted DNA were measured using Nano-

drop (Thermo Scientific, US) and stored at -20�C.

Multiplex PCR was performed to detect blaKPC and blaNDM carbapenemase genes using

specific primers (Table 1). Briefly, the PCR was performed with approximately 300ng template

DNA, 0.2μM of each primer, and 7.5 μl of 2 x QIAGEN Multiplex PCR Master Mix (QIAGEN,

Germany) in a final volume of 15μl. Amplification was performed in a thermocycler (Biome-

tra, Germany) with cycling parameters including initial denaturation at 95˚C for 15 minutes

followed by 35 cycles each of denaturation at 94˚C for 30 s, annealing at 58˚C for 90 s, exten-

sion at 72˚C for 90 s, and a final extension at 72˚C for 10 minutes. The PCR products were

visualized by electrophoresis in 1.5% agarose gel after staining with ethidium bromide. A

100bp ladder molecular weight marker (Promega, US) was used to measure the molecular

weight of amplified products. The amplicon was visualized and its size was determined under

UV trans-illuminator (Bio-Rad, US).

Data quality assurance

The reliability of the study findings was guaranteed by implementing quality control measures

throughout the whole process of the laboratory work. Quality control strains of Escherichia coli
ATCC1 25922 and Pseudomonas aeruginosa ATCC1 27853 were used for controlling the

potency of the drugs. K. pneumoniae ATCC1 BAA-1705™ and K. pneumoniae ATCC1 BAA-

1706 were used as positive and negative controls respectively during mCIM. Laboratory refer-

ence blaKPC and blaNDM genes were used as positive controls and Escherichia coli ATCC1

25922 as a negative control during PCR analysis. Each primer pair was checked in monoplex

PCR before multiplexing.

Data analysis

Data were checked, cleaned, and double entered into Epidata software version 3.1 (The Epi-

Data Association, Denmark), and then it was exported to Statistical Package for Social Sci-

ences (SPSS version 25.0, IBM Corp., USA) software for analysis. The chi-square test or

Fisher’s exact test was used as appropriate. Bivariate logistic regression was carried out and

variables with a P-value of less than 0.2 were entered into multivariate logistic regression

analysis. A P-value < 0.05 at 95% confidence interval was considered as statistically

significant.

Ethical approval

This study was approved by the Ethics Review Committee of Department of Microbiology,

Immunology, and Parasitology, School of Medicine, College of Health Sciences, Addis Ababa

University (Reference number: DERC/17/18/02-N) and AHRI/ALERT ethical review

Table 1. Primers used for detection of blaKPC and blaNDM carbapenemase genes in K. pneumoniae isolates.

Gene Primer Nucleotide sequence Annealing Temp ˚C Amplicon size (bp) Reference

5‘————————-3‘

blaKPC KPC F CGTCTAGTTCTGCTGTCTTG 57.8 798 [15]

R CTTGTCATCCTTGTTAGGCG 62.2

blaNDM NDM F GGTTTGGCGATCTGGTTTTC 65.5 621

R CGGAATGGCTCATCACGATC 67.8

https://doi.org/10.1371/journal.pone.0267657.t001
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committee (Protocol number: PO12/18). A permission letter was obtained from TASH. More-

over, before commencing the study, written informed consent/assent was obtained from each

study participant. Confidentiality was maintained for all data collected.

Results

Prevalence of carbapenemase-producing K. pneumoniae isolates

In this study, a total of 132 non-duplicate K. pneumoniae isolates were collected from patients

who admitted or attended different departments of TASH. As shown in Fig 1 from the total

isolates, 39 (29.6%) showed no sensitivity to one or more carbapenems. Out of these isolates,

28/39 (71.8%) were carbapenemase positive using the modified Carbapenem Inactivation

Method (mCIM). The overall prevalence of carbapenemase production from the total isolates

was 28/132 (21.2%). Fig 2 indicates the positive and negative results of mCIM.

Fig 1. Frequency of carbapenemase-producing K. pneumoniae isolates.

https://doi.org/10.1371/journal.pone.0267657.g001

Fig 2. Carbapenemase positive and negative K. pneumoniae isolates with modified Carbapenem Inactivation Method (mCIM). MEM:

Meropenem.

https://doi.org/10.1371/journal.pone.0267657.g002
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Distribution of carbapenemase-producing and non-producing isolates

among age, sex, and ward type

Among the total K. pneumoniae isolates, 83/132 (62.9%) were recovered from males, of which

18 (21.7%) were carbapenemase positive. Regarding the age of study participants, the majority

74 (56.1%) were below 5 years. The majority of 120 (90.9%) K. pneumoniae isolates were recov-

ered from hospitalized patients, of them, 27 (22.5%) were positive for carbapenemase

(Table 2).

Specimen-wise distribution of carbapenemase-producing K. pneumoniae
isolates

As displayed in Fig 3, urine was the major source of carbapenemase-producing K. pneumoniae
isolates with 10/28 (35.7%), while only 1/28 (3.6%) of carbapenemase-producing K. pneumo-
niae was isolated from sputum.

Antimicrobial susceptibility patterns of carbapenemase-producing and

non-producing K. pneumoniae isolates

Resistance of carbapenemase-producing isolates was high to β-lactams as well as other classes

of antimicrobials except to amikacin. They were completely non-susceptible to aztreonam,

piperacillin-tazobactam, amoxicillin-clavulanate, cefoxitin, ceftriaxone, meropenem, and erta-

penem. The susceptibility of carbapenemase producers was 20/28 (7l.4%) to amikacin and

from carbapenems least resistance was noted to imipenem 13/28 (46.4%). Carbapenemase pos-

itive isolates showed significantly higher resistance to most of the antimicrobials tested includ-

ing ciprofloxacin (P<0.001), aztreonam (P = 0.016), piperacillin-tazobactam (P<0.001),

chloramphenicol (p = 0.018), ceftriaxone (P<0.001), and carbapenems (P<0.001) compared

to carbapenemase negative isolates with chi-square test as shown in Table 3. Almost all 130/

132 (98.5) K. pneumoniae isolates were multidrug resistance (MDR). The details of susceptibil-

ity patterns of each K. pneumoniae isolate are presented in the S1 Table.

Table 2. Distribution of carbapenemase-producing and non-producing isolates among age, sex, and ward type.

Variables Total Carbapenemase

Positive n (%) Negative n (%)

Sex Male 83 18(21.7) 65(78.3)

Female 49 10(20.4) 39(79.6)

Age in years <5 74 7(9.5) 67(90.5)

5 to <18 20 7(35.0) 13(65.0)

18 to <45 25 11(44.0) 14(56.0)

�45 13 3(23.1) 10(76.9)

Patient setting Inpatients 120 27(22.5) 93(77.5)

Outpatient 12 1(8.3) 11(91.7)

Ward type ICUs 46 8(17.4) 38(82.6)

Pediatric ward 53 9(17.0) 44(83.0)

Medical ward 9 6(66.7) 3(33.3)

Surgical ward 8 4(50.0) 4(50.0)

Others 4 0(0.0) 4(100.0)

n: number of K. pneumoniae isolates, ICUs: Intensive Care Units.

https://doi.org/10.1371/journal.pone.0267657.t002
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Association of antimicrobial use with carbapenemase production

The possible association of history of antimicrobial consumption (within 3 months) with car-

bapenemase production was assessed by bivariate and multivariate logistic regression. Based

on the local availability, the following antimicrobials were taken by the study participants in

each class; 3rd or 4th generation cephalosporins (ceftriaxone, cefotaxime, ceftazidime, and cefe-

pime), carbapenems (meropenem), quinolones (ciprofloxacin), aminoglycosides (gentamicin),

and others such as trimethoprim-sulfamethoxazole, erythromycin, augmentin. As revealed in

Table 4, from the total study participants, 83/132 (62.9%) have taken 3rd or 4th generation

Fig 3. Specimen-wise distribution of carbapenemase-producing K. pneumoniae isolates.

https://doi.org/10.1371/journal.pone.0267657.g003

Table 3. Antimicrobial susceptibility patterns of carbapenemase-producing and non-producing K. pneumoniae isolates.

Antimicrobial agents Carbapenemase positive (n = 28) Carbapenemase negative (n = 104) P-value

S I R S I R

Tetracycline 5(17.9) 4(14.3) 19(67.9) 16(15.4) 11(10.6) 77(74.0) 0.791

Gentamicin 4(14.3) 0(0.0) 24(85.7) 25(24.0) 8(7.7) 71(68.3) 0.133

Amikacin 20(71.4) 4(14.3) 4(14.3) 103(99.0) 1(1.0) 0(0.0) <0.001�

Ciprofloxacin 1(3.6) 2(7.1) 25(89.3) 57(54.8) 23(22.1) 24(23.1) <0.001�

Aztreonam 0(0.0) 3(10.7) 25(89.3) 13(12.5) 27(26.0) 64(61.5) 0.016�

Piperacillin-tazobactam 0(0.0) 0(0.0) 28(100.0) 55(52.9) 27(26.0) 22(21.2) <0.001�

Amoxicillin-clavulanate 0(0.0) 1(3.6) 27(96.4) 18(17.3) 31(29.8) 55(52.9) <0.001�

SXT 3(10.7) 1(3.6) 24(85.7) 3(2.9) 1(1.0) 100(96.2) 0.121

Chloramphenicol 7(25.0) 10(35.7) 11(39.3) 52(50.0) 3(2.9) 49(47.1) 0.018�

Cefoxitin 0(0.0) 0(0.0) 28(100.0) 62(59.6) 12(11.5) 30(28.8) <0.001�

Ceftriaxone 0(0.0) 0(0.0) 28(100.0) 4(3.8) 0(0.0) 100(96.2) 0.578

Meropenem 0(0.0) 3(10.7) 25(89.3) 96(92.3) 1(1.0) 7(6.7) <0.001�

Imipenem 6(21.43) 9(32.1) 13(46.4) 101(97.1) 0(0.0) 3(2.9) <0.001�

Ertapenem 0(0.0) 2(7.1) 26(92.9) 93(89.4) 3(2.9) 8(7.7) <0.001�

S: Sensitive, I: Intermediate, R: Resistance, SXT: Trimethoprim-sulfamethoxazole

�P-value<0.05.

https://doi.org/10.1371/journal.pone.0267657.t003
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cephalosporins. Out of the total study participants, 20/132 (15.2%) have taken carbapenems of

them, 11/20 (55%) were positive for carbapenemase. There was a statistically significant associ-

ation between carbapenem use and carbapenemase production with multivariate logistic

regression (P = 0.004).

Detection of blaKPC and blaNDM carbapenemase genes

Of the 28 carbapenemase-producing K. pneumoniae isolates with mCIM, 26 (92.9%) were pos-

itive for one or both carbapenemase genes in the multiplex PCR. The blaNDM gene was

detected in 26 isolates while the blaKPC gene was detected in only one isolate concurrently with

blaNDM. More than two-thirds (65.4%) of blaNDM gene-positive isolates were from hospitalized

patients in the ICU and pediatric wards (S2 Table). Fig 4 shows the gel image of the blaKPC

(798 bp), and blaNDM (621 bp) genes.

Discussion

There were few studies on carbapenemase-producing bacteria in Ethiopia and almost all of

them noted K. pneumoniae as the most common carbapenemase producer compared to other

bacterial isolates [16–18]. In the current study, 39 K. pneumoniae isolates were not sensitive to

carbapenems, of them, 71.8% were carbapenemase positive phenotypically. Likewise, a study

from Sudan showed that 78% of carbapenem-resistant K. pneumoniae isolates were carbapene-

mase positive [19]. In this study, the overall prevalence of carbapenemase-producing K. pneu-
moniae was 21.2%, which is comparable with another study conducted in Ethiopia from Bahir

Dar (16.5%) [18]. It is lower than a study by Kazemian et al from Iran at which 43.3% of K.

pneumoniae from hospitalized patients were carbapenemase producers [20]. Nevertheless, it is

higher than a study from Tunisian and Libyan hospitals (11.4%) [21]. Empirical prescription

of carbapenems particularly meropenem was very common in the hospital where we did the

current study [22] and also in another study by Gebretekle et al a significant amount (38.6%)

of meropenem was prescribed when it was not needed [23]. Additionally, in this study, previ-

ous carbapenem use has an association with carbapenemase production. This implies that the

higher carbapenemase production in the current study could be due to selective pressure cre-

ated by the indiscriminate use of carbapenems. Furthermore, it might be due to improper

infection control practices as the emergence of carbapenemase-producing K. pneumoniae was

Table 4. Association of antimicrobial use and carbapenemase production (N = 132).

Variable CP CN COR (95%CI) P-value AOR (95%CI) P-value�

Antimicrobial therapy Yes 27 89 4.55 (0.57–36.05) 0.151 1.82 (0.19–17.91) 0.607

No 1 15 1 1

Carbapenems Yes 11 9 6.83 (2.46–18.96) <0.001 6.03 (2.13–17.09) 0.004

No 17 95 1 1

3rd or 4th GCs Yes 21 62 2.03 (0.79–5.21) 0.140 1.67 (0.56–5.04) 0.478

No 7 42 1 1

Quinolones Yes 4 10 1.57 (0.45–5.43) 0.479 _

No 24 94 1

Aminoglycosides Yes 12 31 1.77 (0.75–4.17) 0.194 1.70 (0.66–4.38) 0.538

No 16 73 1 1

CP: Carbapenemase positive, CN: Carbapenemase negative, 3rd or 4th GCs: Third or fourth-generation cephalosporins, COR: Crude odds ratio, AOR: Adjusted odds

ratio, CI: Confidence interval

� FDR adjusted P-value.

https://doi.org/10.1371/journal.pone.0267657.t004
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previously noted in the hospital [17, 24]. A higher number of carbapenemase-producing K.

pneumoniae was isolated from urine specimens 10/28 (35.7%), which is similar to a study con-

ducted by Hashemizadeh et al [25].

In our study, almost all (98.5%) K. pneumoniae isolates were non-susceptible to at least

three antimicrobials belonging to different categories and, hence, defined as MDR according

to Magiorakos et al [26]. Concerning carbapenemase-producing isolates, relatively higher sen-

sitivity (71.4%) was noted to amikacin, which is comparable with a study in Taiwan (78.8%)

[27] suggesting the possible use of this drug against carbapenemase producers. Nonetheless,

complete non-susceptibility of carbapenemase-producing K. pneumoniae isolates was

observed to aztreonam, amoxicillin-clavulanate, piperacillin-tazobactam, cefoxitin, ceftriax-

one, cefotaxime, ceftazidime, cefepime, meropenem, and ertapenem, which is in line with a

report from Taiwan [27]. It is indicated that carbapenemase-producing Gram-negative bacte-

ria, in particular, are resistant to all or virtually all beta-lactams, fluoroquinolones, and/or ami-

noglycosides concomitantly [1]. This is mainly due to the simultaneous presence of several

resistance genes in these isolates. K. pneumoniae strains with a high prevalence of resistance

against many antimicrobials including imipenem, amoxicillin/clavulanic acid, ceftazidime,

piperacillin/tazobactam, tobramycin, ciprofloxacin, co-trimoxazole, and aztreonam, harboring

genes encoding multi-drug efflux pump (AcrAB-TolC) and porins (OmpK35 and OmpK36)

has been also reported [11, 28].

Karaiskos and Giamarellou (2014) described the worldwide emergence of carbapenemases

mediated carbapenem resistance in Klebsiella pneumoniae, Acinetobacter baumannii, and

Pseudomonas aeruginosa with a mortality exceeding 50%, is attributed mainly to the lack of

effective antimicrobial regimens [29]. Generally, although they have limitations concerning

accessibility, resistance, clinical efficacy, and adverse effects; colistin, tigecycline, fosfomycin,

temocillin, and newer underdevelopment antimicrobials including carbapenemase inhibitors

alone or in combination exhibit promising and/or effective antibacterial activity in vitro and

some in vivo against infections caused by carbapenemase-producing bacteria [6, 29].

Fig 4. Agarose gel electrophoresis of PCR products for carbapenemase genes. Lane M: 100bp DNA ladder, PC:

Positive control, Lanes 14–64: K. pneumoniae isolates, NC: Negative control.

https://doi.org/10.1371/journal.pone.0267657.g004
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Two isolates that were positive by mCIM, harbored neither blaKPC nor blaNDM gene. This

could be due to other carbapenemase genes, including blaVIM and blaIMP which belong to class

B β-lactamases based on the Ambler classification system and blaOXA-48, a class D β-lactamase

that are reported in K. pneumoniae increasingly [5, 8]. In this study, blaNDM was detected in 26

out of 28 carbapenemase positive isolates which is the dominant carbapenemase-encoding

gene compared to blaKPC noticed only in one isolate. Similarly, in a study from Sudan, (70.7%)

of K. pneumoniae isolates were positive for blaNDM with no blaKPC gene [30], and in a study

from Egypt, blaNDM-1 was the most predominant carbapenemase gene in K. pneumoniae
(74.4%) compared to blaKPC (48.8%) [31]. The first reported blaNDM-1 in Kenya was in K. pneu-
moniae and corresponds to the first report of NDM-1 producers in Africa [32]. There was also

a previous report of blaNDM-1 positive Acinetobacter baumannii in Jimma, Ethiopia [11]. It has

been described that K. pneumoniae is the most common species among Enterobacteriaceae
that harbors blaNDM and the rapid spread of the gene from its initial emergence in India to all

continents is significantly associated with global travel [33]. Since Ethiopians make travel to

India and other countries for medical purposes and other reasons there is a possibility to

acquire carbapenemase genes. However, it is difficult to conclude without taking a detailed his-

tory of patients. Although there are high-risk KPC-carrying K. pneumoniae clones such as
ST258 and ST11 as well as most common NDM positive K. pneumoniae lineages such as ST11

and ST14 [33], this study has limitations in that sequencing wasn’t done due to resource

constraint.

Conclusion and recommendations

In this study, the prevalence of carbapenemase-producing K. pneumoniae isolates was a matter

of great concern. Carbapenemase-producing isolates were highly resistant to many of the anti-

microbials used in this study. Only amikacin was relatively active against carbapenemase-pro-

ducing isolates. Moreover, previous use of carbapenems was associated with carbapenemase

production suggesting the need to implement effective antimicrobial stewardship practices in

the hospital. To our knowledge, the study described the emergence of blaNDM and blaKPC gene

carrying K. pneumoniae in Ethiopia for the first time. Further large-scale molecular-based

studies, including other carbapenemase genes and sequencing of K. pneumoniae are war-

ranted, to have a clear awareness about the presence of antimicrobial resistance high-risk

clones in Ethiopia.
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S1 Fig. Agarose gel electrophoresis of PCR products for carbapenemase genes. Lane M:

100bp DNA ladder; PC: Positive control, Lanes 67–114: K. pneumoniae isolates, NC: Negative

control.

(TIF)

S2 Fig. Agarose gel electrophoresis of PCR products for carbapenemase genes. Lane M:

100bp DNA ladder, PC1, PC2 & PC3: Positive control, Lanes 67–120: K. pneumoniae isolates,

NC: Negative control.

(TIF)
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