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Abstract  
Background: The injudicious use of carbapenems has led to the emergence of 

resistance in Enterobacteriaceae against these antibiotics. However, some 

isolates of carbapenem-resistant Enterobacteriaceae (CRE) are susceptible to 

older antibiotics and these antibiotics can be effectively used for the treatment 

of CREs. The aim of the study was to determine the antibiotic susceptibility 

profile of carbapenem-resistant Escherichia coli and Klebsiella pneumoniae 

isolates. Materials and Methods: Antibiotic susceptibility testing of 

carbapenem-resistant isolates of E.coli and K. pneumoniae was done according 

to CLSI guidelines. Result: A total of 156 carbapenem-resistant isolates were 

included in the study of which 96 were E.coli and 60 were K. pneumoniae. Of 

all the antibiotics used, only levofloxacin and amikacin had a susceptibility 

percentage of more than 50% for all the two isolates tested. Cephalosporins and 

β-lactam-β-lactamse inhibitor combinations had poor susceptibility for these 

isolates. Conclusion: Many isolates of E. coli and K. pneumoniae show good 

susceptibility to levofloxacin and amikacin, and the clinician should keep this 

in mind before starting empiric broad spectrum antibiotic therapy for these 

isolates. This could not only reduce the cost of treatment but also reduce the 

emergence of carbapenem-resistant strains. 

 
 

 

INTRODUCTION 
 

Carbapenems include beta-lactam antibiotics like 

imepenem, meropenem, ertapenem, and doripenem. 

They are usually considered as the last line of 

treatment for multidrug resistant (MDR) Gram 

negative bacteria.[1,2] However, lately, due to the 

injudicious use of carbapenems, the incidence of 

carbapenem resistant Gram negative bacteria is on 

the rise.[3] Moreover, antibiotic resistance can pass 

between bacteria through various genetic methods 

like horizontal gene transfer and has hence become a 

global threat.[4] Carbapenem-resistant 

Enterobacteriaceae (CRE) is defined as an isolate that 

has resistance to at least one of the carbapenems 

(ertapenem/meropenem/imipenem/doripenem) or 

there is documentation that the isolate possesses 

carbapenemase enzyme. For Enterobacteriaceae that 

have intrinsically elevated minimum inhibitory 

concentrations (MICs) to imipenem, resistance to 

carbapenems other than imipenem is required. This is 

a phenotypic definition given by the Centers of 

Disease Control (CDC), Atlanta in 2019.[5] CRE are 

broadly divided into two groups, namely CP-CRE 

and non-CP-CRE. CP-CRE stands for 

carbapenemase-producing CRE. These isolates 

produce the carbapenemase enzyme that is capable of 

hydrolyzing carbapenems. On the other hand, non-

CP-CRE do not produce the carbapenemase enzyme 

but have other mechanisms of carbapenem resistance 

(like the possession of other β-lactamases with porin 

loss). CP-CRE has multiple carbapenemase genes 

that can be transferred horizontally to other bacteria. 

Thus, they have the highest potential to add to the 

global burden of antibiotic resistance.[6] These 

enzymes have emerged in practically all parts of the 

world. The commonly encountered organisms 

possessing carbapenemases include K. pneumoniae, 

E. coli, Pseudomonas spp., Acinetobacter sp., 

Citrobacter spp., and Enterobacter spp.[7] 

Carbapenemases are classified molecularly into three 

classes (A, B, and D). K. pneumonia carbapenemase 

(KPC) belonging to class A, New Delhi metallo β-

lactamase (class B), and OXA48 (class D) are the 

most common carbapenemases produced by the 

Enterobacteriaceae family.[8,9] Many carbapenemase 
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enzymes confer resistance to almost all beta-lactam 

agents, including penicillins, cephalosporins, 

monobactams, and carbapenems.[7,8] Most are also 

resistant to beta-lactamase inhibitors. However, some 

carbapenemases are less active and require additional 

mechanisms to exhibit resistance.[7] A brief summary 

of the different carbapenemases is given in table 1.[10] 

Carbapenemase enzyme detection can be done 

phenotypically or genotypically using molecular 

techniques.[11,12] Phenotypic tests to identify CP CRE 

include the modified Hodge test (MHT), the Carba 

NP test and its variants, and the carbapenem 

inactivation method (CIM). All these phenotypic 

tests can detect carbapenemase production but the 

specific carbapenemase type produced cannot be 

identified.[13] Specific carbapenemase enzyme genes 

can be detected by molecular methods like the 

polymerase chain reaction (PCR).[14] Some strains of 

carbapenem resistant Gram negative bacteria may be 

susceptible to older non-carbapenem agents like 

gentamicin, amikacin, ciprofloxacin, cotrimoxazole, 

ampicillin-sulbactam, cefepime, minocycline,  

etc.[15-20] However, the susceptibility profiles are not 

predictable for most carbapenem-resistant Gram-

negative bacteria, and therefore antibiotic 

susceptibility testing results should be used to guide 

the selection of any of these older agents. The aim of 

this study was to determine the antimicrobial 

susceptibility pattern of carbapenem resistant E.coli 

and Klebsiella pneumoniae. Isolates at our tertiary 

care hospital so as to guide the clinicians to make 

better treatment decisions for their patients. 
 

MATERIALS AND METHODS 

 

Study Design: Prospective laboratory-based 

observational study.  

Study Setting: Department of Microbiology at a 

tertiary care hospital in Indore, India.  

Study Period: December 2020 to December 2022 

Ethical Consideration: Before the commencement 

of the study, clearance from the institutional ethics 

committee (IEC) was taken (IEC approval letter No: 

MU/Research/EC/Ph.D./2020/57). The study 

subjects were explained in detail the purpose of the 

study and were assured confidentiality of their 

identity. Written informed consent was taken from all 

the patients before collecting their samples.  

Study population: All patients admitted in the 

hospital wards and ICUs or visiting the outpatient 

department of the hospital. 

Sampling: All consecutive, non-duplicate samples 

were included till the sample size was met.  

Inclusion criteria 
Isolates of Escherichia coli, and Klebsiella 

pneumoniae isolates that were resistant to either 

ertapenem or meropenem. The breakpoint for 

determining resistance was equal to or less than 18 

mm and 19 mm for ertapenem (10 μg) and 

meropenem (10 μg), respectively. 

Exclusion Criteria 
Isolates of Escherichia coli, Klebsiella pneumoniae 

isolates that were intermediate or susceptible to 

ertapenem and meropenem, and other Gram negative 

bacteria 

Methodology 
Clinical samples such as urine, pus, sputum, 

endotracheal aspirate (ETA), bronchoalveolar lavage 

(BAL), and blood were collected aseptically as per 

the standard operating procedure (SOP). Patients of 

all age groups were included in the study. Various 

non-selective and selective media were used for the 

isolation of organisms. Escherichia coli Klebsiella 

pneumoniae were identified based on conventional 

biochemical testing. The isolates that were resistant 

to either meropenem or ertapenem both were 

subjected to antibiotic susceptibility testing by the 

Kirby-Bauer disk diffusion method as per CLSI 

guidelines prevalent at the time. The antibiotics used 

for susceptibility testing were ampicillin 

(AMP):10μg, cefuroxime (CXM): 30μg, cefotaxime 

(CTX):30μg, ceftriaxone (CTR):30μg, cefepime 

(CPM): 30μg, piperacillin-tazobactam (PIT): 

100/10μg, ciprofloxacin (CIP):5μg, levofloxacin 

(LE): 5μg, gentamicin (GE): 10μg, tobramycin 

(TOB): 10μg, amikacin (AK): 30μg, tetracycline 

(TE):30μg, doxycycline (DO): 30μg, nitrofurantoin 

(NIT):300μg, fosfomycin (FOS): 200μg, and 

cotrimoxazole (COT): 25μg. 

 

RESULTS 

 

Table 1: Classification of carbapenemases; KPC, K. pneumoniae carbapenemase; NDM: New Delhi 

Metallo‑ β‑ lactamase; OXA-48, Oxacillinase-48  

Class A common example in 

Enterobacteriaceae 

Hydrolysis profile Inhibition profile 

Serine carbapeneases (Class A) KPC Carbapenems, 

oxyimino‑ β‑ lactams, 

Aztreonam, Cephamycins 

Late cephalosporins, 

Clavulanate  

Metallo-β-lactamases (Class B) NDM Carbapenems, Penicillins, Cephalosporins Aztreonam, EDTA 

Oxacillin-active carbapenemases 

(Class D) 

OXA-48 Carbapenems, Penicillins, 

Oxacillin 

Clavulanate, 

Aztreonam, EDTA 

 

Table 2: Susceptibility percentage of E. coli, K. pneumonia isolates to antibiotics 

Antibiotics E. coli (n=96) K. pneumoniae (n=60) 

Ampicillin 54.39% 48.33% 

Cefuroxime 23.46% 28.33% 
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Cefotaxime 8.52% 6.66% 

Ceftriaxone 12.79% 30.00% 

Cefepime 25.59% 38.33% 

Piperacillin-tazobactum 20.26 6.66% 

Ciprofloxacin 55.45% 26.66% 

Levofloxacin 72.52% 68.33% 

Gentamicin 40.53% 71.66% 

Tobramycin 26.65% 53.33% 

Amikacin 50.13% 73.33% 

Tetracycline 25.59% 16.66% 

Doxycycline 41.59% 41.66% 

Nitrofurantoin 70.39% 21.66% 

Fosfomycin 44.79% 25% 

Cotrimoxazole 30.93% 46.66% 

 

Table 3: Comparison of susceptibility percentages of isolates of E. coli. 

Antibiotics E. coli 

 Present study (n=96) Hamze et al. (n=104) [21] 

Ampicillin (10 µg) 54.39% 0% 

Cefuroxime (30 µg) 23.46% 16.30% 

Cefotaxime (30 µg) 8.52% 19.2%* 

Ceftriaxone (30 µg) 12.79% not tested 

Cefepime (30 µg) 25.59% 30.80% 

Piperacillin-tazobactum (100/10 µg) 20.26 3.8%† 

Ciprofloxacin (5 µg) 55.45% 25% 

Levofloxacin (5 µg) 72.52% 43.30% 

Gentamicin (10 µg) 40.53% 62.50% 

Tobramycin (10 µg) 26.65% 52.90% 

Amikacin (30 µg) 50.13% 92.30% 

Tetracycline (30 µg) 25.59% 10%‡ 

Doxycycline (30 µg) 41.59% not tested 

Nitrofurantoin (300 µg) 70.39% 67.8%§ 

Fosfomycin (200 µg) 44.79% 92.30% 

Cotrimoxazole (25 µg) 30.93% 32.70% 

* cefotaxime (5 µg),  

†piperacillin-tazobactum (30/4 µg) 

‡ tetracycline (15 µg) 
§nitrofurantoin (100 µg) 

 

Table 4: Comparison of susceptibility percentages of isolates of Klebsiella pneumoniae. 

Antibiotics Klebsiella pneumoniae 

 Present study (n=60) Hamze et al. (n=25) [21] 

Ampicillin (10 µg) 48.33% 0% 

Cefuroxime (30 µg) 28.33% 12% 

Cefotaxime (30 µg) 6.66% 20%* 

Ceftriaxone (30 µg) 30.00% not tested 

Cefepime (30 µg) 38.33% 20% 

Piperacillin-tazobactum (100/10 µg) 6.66% 4%† 

Ciprofloxacin (5 µg) 26.66% 40% 

Levofloxacin (5 µg) 68.33% 44% 

Gentamicin (10 µg) 71.66% 48% 

Tobramycin (10 µg) 53.33% 56% 

Amikacin (30 µg) 73.33% 72% 

Tetracycline (30 µg) 16.66% 25%‡ 

Doxycycline (30 µg) 41.66% not tested 

Nitrofurantoin (300 µg) 21.66% 36%§ 

Fosfomycin (200 µg) 25% 52% 

Cotrimoxazole (25 µg) 46.66% 40% 

*cefotaxime (5 µg), 

†piperacillin-tazobactum (30/4 µg) 

‡ tetracycline (15 µg) 
§nitrofurantoin (100 µg) 

 

A total of 156 isolates were included in the study of 

which 96 were E. coli and 60 were Klebsiella 

pneumoniae. The antibiotic susceptibility pattern of 

various isolates is shown in [Table 2]. Of all the 

antibiotics used, only levofloxacin and amikacin had 

a susceptibility percentage of more than 50% for all 

these two isolates. Furthermore; susceptibility of 

amikacin was higher for Klebsiella pneumoniae, 

73.33% for K. pneumoniae and 52.22% for 

Escherichia. Coli. Gentamicin had a good 

susceptibility for carbapenem-resistant Klebsiella 

pneumoniae 71.66% but not for Escherichia coli 

(40.53%). On the other hand, ampicillin, 

ciprofloxacin and nitrofurantoin had a good 
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susceptibility for carbapenem-resistant Escherichia 

coli (54.39%, 55.45% and 70.39%, respectively) but 

not for Klebsiella pneumonia. Cephalosporins and β-

lactam-β lactamase inhibitor (BLBLI) combinations 

had poor susceptibility against carbapenem-resistant 

isolates. 

 

DISCUSSION 
 

The present study details the susceptibility pattern of 

carbapenem-resistant isolates of Escherichia coli and 

Klebsiella pneumoniae at a tertiary care hospital in 

Indore, India. We could come across only one similar 

study by Hamze et al,[21] that had a sufficient sample 

size for comparison with our study. The comparison 

is detailed in [Table 3] and [Table 4] for E. coli and 

Klebsiella pneumoniae., respectively. For 

Escherichia coli, amikacin and nitrofurantoin were 

the only antibiotics that had a susceptibility 

percentage of more than 50% in both studies. In our 

study, susceptibility for fluoroquinolones was much 

higher (55.45% for ciprofloxacin and 72.52% for 

levofloxacin) than in the study by Hamze et al. (25% 

for ciprofloxacin and 43.3% for levofloxacin). In 

both studies, levofloxacin was more effective than 

ciprofloxacin. The study by Hamze et al. had a higher 

susceptibility for aminoglycosides (62.5%, 52.9%, 

and 92.3% for gentamicin, tobramycin and amikacin, 

respectively) as compared to our study (40.53%, 

26.65% and 50.13% for gentamicin, tobramycin and 

amikacin, respectively). In both studies, amikacin 

was more effective than gentamicin and tobramycin. 

The susceptibility of cotrimoxazole was similar in 

both studies. 

For Klebsiella pneumoniae amikacin was the only 

antibiotic that had a susceptibility percentage of more 

than 50% in both the studies. In both studies, almost 

two-thirds of isolates of Klebsiella pneumoniae were 

susceptible to amikacin. Here again, amikacin was 

more effective than gentamicin and tobramycin. The 

susceptibility for levofloxacin was higher in our 

study (68.33%) as compared to the study by Hamze 

et al. (44%). Nitrofurantoin was not as effective in 

both studies for Klebsiella pneumoniae as it was for 

Escherichia coli. The susceptibility of cotrimoxazole 

was also similar for Klebsiella pneumoniae in both 

studies. 

Cephalosporins and beta-lactam-beta-lactamase 

inhibitor combinations had poor susceptibility for 

isolates of Escherichia coli and Klebsiella 

pneumoniae in both studies. 

 

CONCLUSION 
 

Many isolates of E. coli and Klebsiella pneumoniae. 

show good susceptibility to all older antibiotics, 

especially levofloxacin and amikacin, and the 

clinician should keep this in mind before starting 

empiric broad spectrum antibiotic therapy for these 

isolates. This could not only reduce the cost of 

treatment but reduce the emergence of carbapenem-

resistant strains. 
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