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Background: Infections by extended-spectrum beta-lactamase- (ESBL) and carbapenem-

resistant Enterobacteriaceae (CRE) are an emerging problem in children nowadays. Hence, 

the aim of this study was to determine the prevalence of ESBL- and carbapenemase-producing 

Enterobacteriaceae among children suspected of septicemia and urinary tract infections 

(UTIs).

Methods: A cross-sectional study was conducted from January to March 2014. A total of 322 

study participants suspected of septicemia and UTIs were recruited. All blood and urine samples 

were cultured on blood and MacConkey agar. All positive cultures were characterized by colony 

morphology, Gram stain, and standard biochemical tests. Antimicrobial susceptibility test was 

performed on Muller-Hinton agar using disk diffusion. ESBL was detected using combination 

disk and double-disk synergy methods, and the results were compared. Carbapenemase was 

detected by modified Hodge method using meropenem. Data were analyzed using SPSS ver-

sion 20.

Results: The overall prevalence of ESBL- and carbapenemase-producing Enterobacteria-

ceae was 78.57% (n=22/28) and 12.12%, respectively. Among the Enterobacteriaceae tested, 

Klebsiella pneumoniae (84.2%, n=16/19), Escherichia coli (100%, n=5/5), and Klebsiella 

oxytoca (100%, n=1/1) were positive for ESBL. Double-disk synergy method showed 90.9% 

sensitivity, 66.7% specificity, 95.2% positive predictive value, and 50% negative predictive 

value. Carbapenemase-producing Enterobacteriaceae were K. pneumoniae (9.09%, n=3/33) 

and Morganella morganii (3.03%, n=1/33).

Conclusion: Screening Enterobacteriaceae for ESBL production is essential for better anti-

biotics selection and preventing its further emergence and spread. In resource-limited settings, 

double-disk synergy method can be implemented for screening and confirming ESBL produc-

tion. Moreover, occurrence of CRE in countries where no carbapenems are sold is worrying 

microbiologists as well as clinicians. Hence, identifying factors that induce carbapenemase 

production in the absence of carbapenems prescription is essential for control of CRE dissemi-

nation within the community.

Keywords: ESBL, carbapenem resistance, Enterobacteriaceae, Tikur Anbessa Specialized 

Hospital, Addis Ababa, Ethiopia

Introduction
Resistance of Gram-negative bacteria to antibiotics has increased at an alarming pace 

over the last two decades, particularly the emergence of Enterobacteriaceae resistant to 

third-generation cephalosporins and aztreonam1 which is commonly associated with the 

expression of extended-spectrum beta-lactamases (ESBLs).2 These enzymes confer resis-
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tance to nearly all beta-lactam antibiotics such as ceftazidime, 

cefotaxime, ceftriaxone, monobactam – aztreonam, and related 

oxyimino beta-lactams.2,3 If Enterobacteriaceae are resistant 

to one of the extended-spectrum cephalosporins, it means they 

are therapeutically resistant to all the cephalosporins even 

though antimicrobial sensitivity is indicated in the laboratory 

test results.4 Moreover, many ESBL-producing Enterobacte-

riaceae are also resistant to other antimicrobial agents such 

as aminoglycosides, trimethoprim, and the quinolones which 

poses a serious antibiotic management problem as the genes 

for ESBL production are easily transferred through plasmids.5,6

ESBL-producing Enterobacteriaceae have worldwide 

distributions with varying degree of prevalence in com-

munity as well as hospitals.4–7 Nowadays, infections due to 

ESBL-producing Enterobacteriaceae are concerning for 

many reasons including increased hospital costs, length of 

stay, and mortality rates.4,6,7 For the pediatric population, 

blood stream infections and urinary tract infections (UTIs) 

due to Enterobacteriaceae resistant to ESBL are an emerging 

problem.1 This alerts clinical microbiologists to identify these 

ESBL-producing organisms parallel to antimicrobial suscep-

tibility testing even in resource-limited settings by applying 

simple screening and confirmatory methods. Data obtained 

from such methods are so valuable to develop appropriate 

institutional-based drug therapy guideline.7,8 Though various 

phenotypic ESBL detection methods have been described, 

implementation of highly sensitive and specific methods in 

resource-limited areas is challenging yet.8

Infections caused by ESBL- or plasmid-mediated 

AmpC-producing Enterobacteriaceae are often treated by 

carbapenems (e.g., ertapenem, imipenem, meropenem, and 

doripenem) which are antimicrobials of last resort and crucial 

for the management of life-threatening health care-associated 

infections.9 However, due to recent emergence and spread 

of imipenem/meropenem-resistant Enterobacteriaceae 

throughout the world, clinical utility of this group of antibiot-

ics is under threat.10 Production of carbapenemases that are 

capable of hydrolyzing the carbapenems and loss of outer 

membrane proteins are major mechanisms through which 

Enterobacteriaceae develop resistance against this group 

of drugs.9,10 The growing incidence of carbapenemase-pro-

ducing strains is therefore another major concern especially 

among countries where carbapenems are not prescribed at 

all like Ethiopia.10

Materials and methods
A cross-sectional study was conducted from January to 

March 2014 at Tikur Anbessa Specialized Hospital, located 

in the capital city Addis Ababa. It is the largest referral hos-

pital of Ethiopia. A total of 322 study participants (children 

<15 years) who were suspected of septicemia and UTIs were 

recruited using convenient sampling technique. The sample 

size was calculated based on single-population proportion 

using a previous study done in Ethiopia.11 Both inpatients 

and outpatients were included; however, patients who took 

antibiotics within the last 2 weeks and nonvolunteers were 

excluded. Demographic characteristics of the patients were 

recorded using predesigned sheets after obtaining informed 

consent. From septicemia-suspected children, 3–5 mL of 

blood was collected aseptically using antiseptics (70% alco-

hol and 2% tincture iodine) and transferred to blood culture 

bottle containing sterile brain heart infusion (Thermo Fisher 

Scientific, Waltham, MA, USA). A minimum blood-to-broth 

ratio of 1:10 was maintained. From the UTIs-suspected chil-

dren, first morning mid-stream urine samples were collected 

using sterile wide-mouth container. The study participants’ 

parents/guardians were given appropriate instructions before 

providing urine samples. Blood specimens within 30 min-

utes and urine specimens immediately after collection were 

brought to microbiology laboratory for bacterial analysis.

Culture and identification
Blood culture bottles were incubated at 37°C and inspected 

daily for the signs of bacterial growth for 7 days. Turbid 

blood samples before the seventh day and nonturbid blood 

samples on the seventh day were subcultured on blood agar 

(Oxoid) and MacConkey agar (BD, Franklin Lakes, NJ, 

USA), and incubated at 37°C for 24 hours aerobically. All 

urine samples were inoculated on blood agar (Oxoid) and 

MacConkey agar (BD), and incubated at 37°C for 24 hours. 

Significant bacteriuria was determined on MacConkey 

agar. All positive cultures were characterized by colony 

characteristics, Gram stain, and standard biochemical tests. 

Enterobacteriaceae were classified to species levels using 

triple sugar iron, indole, citrate, urea, lysine decarboxylase, 

and motility. After identification, each Enterobacteriaceae 

was subjected to ESBL and carbapenemase detections as 

per Clinical and Laboratory Standards Institute (CLSI) and 

European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) guidelines.11,12

Drug susceptibility patterns
The disk diffusion was performed, and after 16–18 hours 

of incubation at 37°C, zone of inhibition was measured and 

interpreted as recommended by the CLSI.11 Using a sterile 

wire loop, three to five pure colonies were picked from 
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MacConkey agar and emulsified in nutrient broth. Standard 

inoculums adjusted to 0.5 McFarland using McFarland Densi-

tometer were swabbed onto Muller-Hinton agar (dispensed on 

100 mm plate). Drug susceptibility testing of all Enterobac-

teriaceae was performed using disk diffusion method against 

amoxicillin (30 µg, BD), amoxicillin-clavulanic acid (30 µg, 

BD), chloramphenicol (30 µg, BD), gentamicin (10 µg, BD), 

sulfamethoxazole-trimethoprim (1.25 µg, BD), cefotaxime 

(30 µg, BD), cefoxitin (30 µg, Oxoid), tetracycline (30 µg, 

BD), nitrofurantoin (300 µg, BD), norfloxacin (5 µg, BD), 

imipenem (10 µg, Oxoid), and meropenem (10 µg, Oxoid). 

In this study, multidrug resistance was defined as simultane-

ous resistance to two or more drugs of different classes of 

antimicrobial agents.

esBl detection
Initial screening of Enterobacteriaceae for ESBL was 

done based on diameters of zone of inhibitions produced 

by ceftazidime (30 µg, BD), ceftriaxone (30 µg, BD), and 

cefotaxime (30 µg, BD) according to the CLSI screening 

criteria. The breakpoints indicative of suspicion for ESBL 

production were ≤22 mm for ceftazidime, ≤25 mm for ceftri-

axone, and ≤27 mm for cefotaxime. A combined disk method 

was used as a confirmatory phenotypic method for ESBLs 

detection according to CLSI. Ceftazidime (30 µg, BD) and 

cefotaxime (30 µg, BD) disks alone and their combinations 

with clavulanic acid (30 µg/10 µg) were used for phenotypic 

confirmations of ESBLs presence. A ≥5 mm increase in 

zone diameters for either of the cephalosporin disks or their 

respective cephalosporin/clavulanate disks was interpreted 

as ESBL producer.

Double-disk synergy method was compared against 

combination disk method for detection of ESBL to know if it 

was the best suitable phenotypic method in resource-limited 

routine bacteriology laboratory. Hence, all ESBL-positive 

Enterobacteriaceae detected by combination disk method 

were tested again by double-disk synergy method for ESBL 

production. The antibiotic disks used were ceftriaxone 

(30 µg, BD), cefotaxime (30 µg, BD), ceftazidime (30 µg, 

BD), aztreonam (30 µg, BD), and amoxicillin/clavulanic 

acid (20/10 µg, BD) according to EUCAST.12 The four 

antibiotics were placed at distances of 20 mm edge to edge 

from the amoxicillin/clavulanic acid disk that was placed in 

the middle of the plate. After 24 hours of incubation, if an 

enhanced zone of inhibition between either of the cephalo-

sporin antibiotics and the amoxicillin/clavulanic acid disk 

occurred, the test was considered as ESBL positive. Finally, 

sensitivity, specificity, and positive and negative predictive 

values of double-disk synergy method were calculated against 

combination disk method.

carbapenemase detection
All carbapenem (imipenem and/or meropenem)-resistant or 

carbapenem-intermediate Enterobacteriaceae were checked 

for the production of carbapenemase using modified Hodge test 

(MHT; cloverleaf test) according to CLSI. When Escherichia 

coli American Type Culture Collection (ATCC) 25922 grew 

around the streak organism and showed indentation, the isolate 

was recorded as a carbapenemase producer, while no growth of 

the ATCC E. coli 25922 along the streak organism indicated a 

negative test and the isolate was not a carbapenemase producer.

Quality control and data quality 
assurance
Standard operating procedures (SOPs) were strictly followed 

verifying that media meet expiration date and quality control 

parameters per CLSI. Visual inspections of cracks in media or 

plastic petridishes, unequal fill, hemolysis, evidence of freez-

ing, bubbles, and contaminations were done. Quality control 

was performed to check the quality of medium. Each new lot 

was quality-controlled before use by testing the E. coli ATCC 

25922 and/or Staphylococcus aureus ATCC 25923 standard 

control strains. During ESBLs detection, ESBL-positive 

Klebsiella pneumoniae ATCC 700603 and ESBL-negative E. 

coli ATCC 25922 control strains were used in this study. For 

carbapenemase detection, E. coli ATCC 25922 strain was used 

as a negative control. Blood and urine specimens were col-

lected in accordance with SOPs and brought to bacteriology 

laboratory immediately for bacteriological analysis. Culture 

results were recorded carefully before data entry, and the data 

were double-checked by a different person before analysis.

statistical analysis and interpretation
The data were analyzed using SPSS version 20 (IBM Cor-

poration, Armonk, NY, USA), and descriptive statistics 

(mean, percentages, or frequency) was calculated. Sensitiv-

ity, specificity, and positive and negative predictive values 

were calculated for comparing double-disk synergy method 

against combination disk method.

ethical clearance
The study was approved by Department Research and Ethical 

Review Committee (DRERC) of the Department of Medi-

cal Laboratory Science, School of Allied Health Sciences, 

College of Health Sciences, Addis Ababa University. After 

explaining the purpose and procedures of the study to the 
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study participants’ parents or guardians, a written informed 

consent was obtained. Permission letter was also obtained 

from the study site. Those children whose parents or guard-

ians gave written informed consent were selected and enrolled 

as study participants in this study.

Results
Enterobacteriaceae from blood and urine 
culture
Three hundred and twenty-two study participants (children 

<15 years) who were suspected of septicemia and UTIs were 

included in this study. Of these patients, 53.4% (n=172/322) 

were males, while 46.6% (n=150/322) were females with a 

mean (standard deviation) age of 3.22 (1.229) years, and 

61.5% (n=198/322) of them were inpatients. Thirty-three 

Enterobacteriaceae were isolated from 322 blood and 

urine specimens (Table 1). Majority of Enterobacteriaceae 

(72.7%, n=24/33) were isolated from urine cultures, and 

63.6% (n=21/33) of them were identified from male patients. 

The most frequent isolates were K. pneumoniae (57.57%, 

n=19/33) and E. coli (18.2%, n=6/33). Other Enterobacte-

riaceae isolates were Morganella morganii (6.1%, n=2/33), 

Enterobacter aerogenes (3.0%, n=1/33), Enterobacter 

cloacae (3.0%, n=1/33), Citrobacter spp. (3.0%, n=1/33), 

Salmonella spp. (3.0%, n=1/33), Klebsiella oxytoca (3.0%, 

n=1/33), and Proteus mirabilis (3.0%, n=1/33). Most of these 

Enterobacteriaceae were isolated from patients who attended 

outpatient department.

antibiotic resistance patterns of isolated 
Enterobacteriaceae
All Enterobacteriaceae showed the highest resistance 

to amoxicillin (89.1%), sulfamethoxazole-trimethoprim 

(83.6%), and cefotaxime (85.5%), and least resistance to 

nitrofurantoin (36.9%), imipenem (12.2%), and meropenem 

(14.6%). The frequent isolates K. pneumoniae (57.57%, 

n=19/33) showed the highest resistance to cefotaxime 

(100%), amoxicillin (94.7%), amoxicillin-clavulanic acid 

(89.5%), sulfamethoxazole-trimethoprim (89.5%), and 

gentamicin (89.5%). They showed the lowest resistance to 

imipenem (10.5%), meropenem (15.8%), and norfloxacin 

(15.8%) compared to the other tested drugs (Table 2). In 

our study, cefotaxime was least effective (100% resistance) 

against K. pneumoniae (57.57%, n=19/33), M. morganii 

(6.1%, n=2/33), Citrobacter spp. (3%, n=1/33), E. aerogenes 

(3%, n=1/33), and E. cloacae (3%, n=1/33) (Table 2).

Prevalence of esBl-positive 
Enterobacteriaceae
From the 33 Enterobacteriaceae, 28 of them were tested 

for ESBLs production, while M. morganii (6.1%, n=2/33), 

E. aerogenes (3.0%, n=1/33), E. cloacae (3.0%, n=1/33), 

and Citrobacter (3.0%, n=1/33) were excluded from ESBL 

testing because cefepime alone and with clavulanic acid 

combination was not available. The overall prevalence of 

ESBL-producing Enterobacteriaceae was 78.6% (n=22/28). 

Among Enterobacteriaceae tested for ESBL, K. pneumoniae 

(84.2%, n=16/19), E. coli (100%, n=5/5), and K. oxytoca 

(100%, n=1/1) were positive.

comparison of double-disk synergy 
method against combination disk method
All ESBL-positive Enterobacteriaceae (n=22) were further 

tested by the double-disk synergy method for ESBL pro-

duction. This method showed 90.9% (n=20/22) sensitivity, 

66.7% specificity, 95.2% positive predictive value, and 50% 

negative predictive value.

carbapenem-resistant Enterobacteriaceae
Regardless of their ESBL result, all Enterobacteriaceae 

were tested for carbapenemase production. Among the 

33 isolated Enterobacteriaceae, 18.2% (n=6/33) showed 

Table 1 Frequency of Enterobacteriaceae isolated from blood and urine cultures

Enterobacteriaceae

Klebsiella 
pneumoniae

Escherichia 
coli

Klebsiella 
oxytoca

Morganella 
morganii

Enterobacter 
aerogenes

Enterobacter 
cloacae

Citrobacter  
spp.

Salmonella  
spp.

Proteus 
mirabilis

Total

sample Blood 5 1 0 0 1 1 0 1 0 9

Urine 14 5 1 2 0 0 1 0 1 24

Total 19 6 1 2 1 1 1 1 1 33
Patient Outpatient 5 4 0 0 0 0 0 0 0 9

Inpatient 14 2 1 2 1 1 1 1 1 24
Total 19 6 1 2 1 1 1 1 1 33
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intermediate or high resistance to imipenem and/or merope-

nem, and they were suspected of carbapenemase produc-

tion. All carbapenemase-suspected organisms were isolated 

from urine cultures of inpatients. The overall prevalence of 

 carbapenem-resistant Enterobacteriaceae (CRE) was 12.12% 

(n=4/33). Carbapenemase-producing organisms in this study 

were K. pneumoniae (10.5%, n=2/19), K. oxytoca (100%, 

n=1/1), and M. morganii (50%, n=1/2).

Discussion
Prevalence of esBl-producing 
Enterobacteriaceae
The overall prevalence of ESBL-positive Enterobacteriaceae 

was 78.57% (n=22/28) which showed agreement with another 

study.13 Our result was better than other studies done in India 

where prevalence of ESBL-positive Enterobacteriaceae was 

32.14% and that of carbapenemase-positive Enterobacteria-

ceae was 58%.14,15 K. pneumoniae (84.2%, n=16/19) were the 

most frequent ESBL-positive Enterobacteriaceae in line with 

a study done in Ahmadabad where the prevalence of ESBL-

producing K. pneumoniae was 81.48%.13 However, our result 

was better compared to a previous study done in Ethiopia 

where prevalence of ESBL-producing K. pneumoniae was 

33.3%.16 This indicated that ESBL-producing Enterobacte-

riaceae are growing rapidly overtime. K. oxytoca (100%, 

n=1/1) was another Klebsiella sp. positive for ESBL in this 

study which agreed with a study done in Sudan.17 Among 

all Enterobacteriaceae tested, E. coli (100%, n=5/5) were 

ESBL-positive in line with a study done in Saudi Arabia 

where all the 31 E. coli tested were positive for ESBL.18 Thus, 

the emergence of ESBLs-producing Enterobacteriaceae is 

clinically important, yet it remains relatively unappreciated 

by most clinicians.

Inappropriate and incorrect administration of antimi-

crobial agents in empirical therapies, lack of appropriate 

infection-control strategies which can cause a shift to increase 

in prevalence of resistant organisms in the community, and 

the selective pressure created for the use of third-generation 

cephalosporins have been described as most important factors 

in the appearance of ESBL-producing strains, though many 

reasons can be responsible and mentioned.15,16,19–23

All ESBL-positive Enterobacteriaceae showed the high-

est resistance to amoxicillin (89.1%), sulfamethoxazole-

trimethoprim (83.5%), and cefotaxime (85.5%). It means 

that the use of these antibiotics for the treatment of infection 

caused by ESBL-producing strains may result in failure in 

significant proportion of cases. The choice of antibiotic 

agents effective against ESBLs-producing species is currently 

limited, which may cause serious therapeutic problems in the 

future.24,25 In our study, the organisms were only susceptible to 

norfloxacin (63.9%) and cefoxitin (50%) compared to other 

commonly tested drugs.

Table 2 antimicrobial resistance levels of Enterobacteriaceae

Organism 
isolated

No Antimicrobial resistance level of Enterobacteriaceae isolates, n (%)

AML AMC SXT FOX C CTX GM NOR TE FN IMI MEM

Escherichia  
coli

6 6 (100) 6 (100) 6 (100) 3 (50) 4 (66.7) 4 (66.7) 4 (66.7) 4 (66.7) 5 (83.3) 0 (0) 0 (0) 0 (0)

Morganella 
morganii

2 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 2 (100) 0 (0)

Citrobacter 
spp.

1 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0)

Salmonella 
spp.

1 1 (100) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)

Enterobacter 
aerogenes

1 1 (100) 1 (100) 1 (100) 1 (100) 0 (100) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0)

Proteus 
mirabilis

1 1 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Klebsiella 
oxytoca

1 1 (100) 1 (100) 1 (100) 1 (100) 0 (00) 1 (100) 0 (0) 0 (0) 1 (100) 1 (100) 0 (0) 1 (100)

Klebsiella 
pneumoniae

19 18 (94.7) 17 (89.5) 16 (84.2) 7 (36.8) 11 (57.9) 19 (100) 17 (89.5) 3 (15.8) 14 (73.7) 9 (47.9) 2 (10.5) 3 (15.8)

Enterobacter 
cloacae

1 0 (0) 0 (0) 1 (100) 0 (0) 1 (100) 1 (100) 1 (100) 1 (100) 0 (0) 0 (0) 0 (0) 0 (0)

Total 33 31 (89.1) 28 (74.5) 29 (83.6) 15 (48.1) 19 (61.8) 29 (85.5) 26 (70.9) 12 (34.5) 25 (72.7) 12 (39.6) 4 (12.2) 4 (12.2)

Abbreviations: aMl, amoxicillin; aMc, amoxicillin-clavulanic acid; sXT, sulfamethoxazole-trimethoprim; FOX, cefoxitin; c, chloramphenicol; cTX, cefotaxime; gM, 
gentamicin; NOR, norfloxacin; TE, tetracycline; FN, nitrofurantoin; IMI, imipenem; MEM, meropenem.
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comparison of double-disk synergy test 
against combination disk test
Double-disk synergy method using any of the four disks with 

a disk spacing of 20 mm detected enhancement of zone in 

90.9% (n=20/22) from the 100% (n=22) of phenotypically 

confirmed ESBL-producing isolates detected by combination 

disk method. It showed similarity with another study which 

showed 95.0% sensitivity.24 However, it showed a higher 

sensitivity as compared to a study done in Ahmadabad;13 

the sensitivity of double-disk synergy test was 81.18%. This 

method showed significant sensitivity (90.9%) with 66.7% 

specificity, 95.2% positive predictive value, and 50% nega-

tive predictive value. For controlling further emergence and 

spread of ESBL-positive Enterobacteriaceae, this method 

can be applied as routine ESBL detection method in routine 

bacteriology laboratory for general hospitals where techni-

cal resources and expertise may not be in abundant supply.

carbapenem-resistant Enterobacteriaceae
Resistance to carbapenems with varying prevalence has been 

reported in places worldwide, such as Argentina, India, Nige-

ria, and the Netherlands.21,23,26,27 In our study, the prevalence 

of carbapenemase-producing Enterobacteriaceae was 12.2% 

which was in line with a study done in India which showed 

12.26% prevalence of CRE28 and agreed with a study done in 

Nigeria which showed 14.0% prevalence of CRE.29 However, 

our finding showed a much lowered prevalence as compared 

to a study done in India23 which showed 59.1% prevalence of 

CRE. The lower prevalence in our study might be due to the 

fact that carbapenem is not commonly sold in our country. 

Occurrence of CRE is worrying microbiologists as well as 

clinicians, especially in areas where no carbapenems are pre-

scribed. These enzymes-encoding genes might be imported 

from abroad probably, or they emerge locally and spread by 

gene transfer.26 In addition, the indiscriminate use of anti-

biotics as empirical therapy to treat the multidrug-resistant 

pathogens might be responsible for the emergence of these 

carbapenemase-producing Enterobacteriaceae isolates in 

the hospital settings.9,26 However, we have to be aware of the 

fact that these pathogens can also be community-acquired 

as CREs have also been isolated from the common water 

sources.23

In our study, all CRE were isolated from urine samples 

of inpatients which was supported by other studies done 

in India where most of the CRE isolates were from urine 

sample.23,28 Carbapenemase-producing organisms in this 

study were K. pneumoniae (10.5%, n=2/19), K. oxytoca 

(100%, n=1/1), and M. morganii (50%, n=1/2). This showed 

disagreement in prevalence as well as type of carbapenem-

resistant bacteria isolated with the study done in Nigeria, in 

which CRE identified were E. coli (13.5%), K. pneumoniae 

(16.7%), and Proteus sp. (16.0%).30 However, a study done 

in Italy showed that the tested K. oxytoca (1, 100%) were 

positive for CRE by MHT.31 And this study also indicated 

a lower prevalence (15%, n=3/20) of carbapenem-resistant 

Klebsiella spp. as compared to other study where the preva-

lence of carbapenem-resistant Klebsiella spp. was 28.7%.32 

The prevalence of 10.5% (n=2/19) of carbapenem-resistant 

K. pneumoniae was a relatively lower finding as compared 

to a study done in Iran.9

Most of the carbapenemase-producing Enterobacte-

riaceae were resistant to the routinely used antimicrobial 

agents as seen in almost all the studies.21,26,28 The frequent 

coresistance to other classes of antibiotics seen in CRE 

isolates might be because of the simultaneous presence of 

other resistance determinants often carried on plasmids and 

insertion sequence.9,23 CRE isolates often exhibit an exten-

sively drug-resistant phenotype, resistance to most of the 

currently available antibiotics rendering them ineffective, 

and the clinical data on the antimicrobial agents available 

for the treatment of these isolates remains sparse.9,21 The 

multiple resistance capability of these bacteria may be due 

to multiple factors including uncontrolled antibiotic usage, 

inappropriate dosing regimens, widespread counterfeit and 

substandard antibiotics, and local hospital practices concern-

ing isolation of patients with multiresistant pathogens which 

is poorly managed.27

Conclusion
The increasing frequency of ESBL-producing Enterobacte-

riaceae (78.57%) among children is an important problem 

for both microbiologists and clinicians. In resource-limited 

settings, double-disk synergy method can be implemented 

for screening and confirming ESBL production that might 

give valuable information for appropriate antibiotics selection 

and controlling the spread of ESBL-positive Enterobacte-

riaceae. The increasing prevalence of CRE mainly due to 

carbapenemase production is alarming in clinical practice, 

specifically in areas where no carbapenems are sold. This 

study provides a clearer picture of the current CRE scenario in 

the hospital setup, and hence, identifying factors that induce 

carbapenemase production in the absence of carbapenems 

prescription is essential for control of CRE dissemination 

within the community.
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