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Abstract 

Introduction: Carbapenems  are  a  class  of  β–lactam  antibiotics  with  a  broad  spectrum  of activity and greatest 

potency against Gram positive and Gram negative bacteria  and their use  has markedly increased in the past few decades. 

The development of carbapenem resistance has now become a grave concern in the treatment of diseases.  

Materials and Methods: The study was a laboratory based cross sectional study done with the main aim to detect the 

presence of carbapenem resistance among E. coli and K. pneumoniae isolates. A total of 550 samples (pus, urine, sputum, 

etc) were subjected to culture. The antibiotic susceptibility for various antibiotics was studied by Kirby Bauer’s Disk 

Diffusion Test. Carbapenem resistance and Metallo-betalacatamase (MBL) production was detected using Modified Hodge 

Test and EDTA Disk Synergy Test respectively. 

Result: A total of 129 isolates (43%) were meropenem resistant out of which 42 isolates (14%) were MBL producing. 

Carbapenase production was noted in 42.1% of E.coliand45.8% of K. pneumoniae. Twelve percent of the E. coli and 20.8% 

of the K. pneumoniae were found to have prevalence of MBL producers respectively.  

Conclusion: High incidence of carbapenem resistance and MBL producers was noted in the isolates. Given the emerging 

pattern of resistance to these third line antimicrobials and limited new molecules it is imperative to frame a new antibiotic 

policy and its strict implementation. 

Keywords: Antimicrobial resistance, Carbapenem resistance, MBL Producers, E. coli and K. pneumonia. 

1. Introduction 

Antimicrobial resistance today poses a serious 

problem in the management of infectious diseases from 

both community and hospitals. It not results in adverse out 

comes but also adds to the cost of treatment directly and 

indirectly. Emerging resistance to these third line 

antimicrobials (carbapenems) [1-3] and limited availability 

of new molecules today, virtually has the health care system 

with its back to the walls. It is therefore pertinent to study 

the incidence of carbapenem resistance in our region and 

hospital setting to be able to frame a rational antibiotic 

policy based on sound knowledge of the locally prevalent 

resistance pattern. Hence we studied the antibiotic 

susceptibility pattern of various isolates to look for the 

incidence of carbapenem resistance and metallo-

betalactamase (MBL) producers among the isolates of E. 

coli and K. pneumoniae from various samples at our tertiary 

care centre. 

 

2. Materials and methods 

The study was carried out at Department of 

Microbiology, Sri Manakula Vinayagar Medical College & 

Hospital as a cross sectional laboratory based study from 

Dec 2014 to May 2015. A total of 550 samples of sputum, 
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pus, urine, swabs and blood were subjected to culture. All 

the samples were processed and cultured on Blood agar, 

MacConkey agar and all the isolates of E. coli and K. 

pneumoniae were identified by the standard biochemical 

reactions as per CLSI guidelines.[4] Duplications of isolate 

from a same patient were excluded. Patient’s demographic 

data, ward in which the patient stayed, duration of stay and 

clinical diagnosis were noted. 

2.1 Antimicrobial susceptibility testing 

      The inoculums of testing strain of E. coli and K. 

pneumoniae was prepared in sterile Nutrient broth up to 

0.5McFarland standard by standard techniques for 

antibiotic susceptibility test. Antimicrobial susceptibility of 

all the isolates was performed on Mueller Hinton agar 

(MHA) plates by the standard Kirby Bauer disk diffusion 

method. The diameter of the zones of inhibition of growth 

were interpretated as per as CLSI guidelines. Escherichia 

coli ATCC 25922 was used as control organism. 

  The antibiotics disks used were: Ampicillin 

(10mcg), Ampicillin sulbactum (10/10mcg), Amikacin 

(30mcg), Amoxycillin clavulanic acid (50/10mcg), 

Cefuroxime (30mcg), Cefotaxime (30mcg), Cefotaxime 

clavulanic acid (30/10mcg) Cefoxitin (30mcg), Cefoxitin-

cloxacillin (30/200mcg), Ceftazidime (30mcg), Ceftazidime 

Clavulanic Acid (30/10mcg), Cefotetan (30mcg), 

Cefepime(30mcg), Gentamicin (10mcg), 

Netilmicin(30mcg), Ciprofloxacin(5mcg), Piperacillin (10 

units),  Piperacillin + Tazobactum  (100/10mcg)  and  

Meropenem  (10mcg). 

2.2 Modified Hodge Test: [5] 

This is a phenotypic test, used to determine if 

reduced susceptibility to carbapenems is mediated by 

carbapenemase production. An  overnight  culture  

suspension  of  E. coli adjusted  to  McFarland  standard  

was  inoculated  using  a  sterile  cotton  swab  on  the  

surface  of  MHA plate. After  drying, 10  mcg meropenem  

disks  was  placed  at  the  centre  of  the  plate  and  the  

test  strain  was streaked  from  the  disk  to  the  periphery  

of  the  plate  in  four  different  directions.  The plate was 

incubated overnight at 37
o
C. The results were observed and 

compared with the standards. 

2.3 EDTA Disk Synergy (EDS Test) [6] 

EDTA  disk  synergy   test  was  done  with  

simultaneous  testing   of  two  different β  lactams  for  

detection  of  metallo  β  lactamases. A 0.5M  EDTA  

solution  was  prepared  by  dissolving  186.1gm  of  

disodium  EDTA  in   1000  ml  of  distilled  water. The pH 

was adjusted to 8.0 by using NaOH. An  overnight  liquid  

culture  of  test  isolate  was  adjusted  to  a  turbidity  of  

0.5 McFarland  standard  and  spread  on  the  surface  of  

MHA  plate. A  10mcg  Meropenem  disk  or  30mcg  

ceftazidime  disk  was  placed  on  the  agar. A  blank  disc  

was  kept  on  the  inner  surface  of  the  lid  of  the  MHA  

plate  and  10µl of  0.5M  EDTA was added. This  EDTA  

disc  was  transferred  to  the  surface  of  the  agar  and  

was  kept  10mm  edge  to  edge  apart  from  Meropenem  

or  ceftazidime  disc. The culture was incubated overnight 

at 37
o
C . The results was observed and compared with the 

standards. 

 

3. Results 

Among the 332 isolates tested, 228 isolates were 

E. coli and 72 isolates were K. pneumoniae adding to 300. 

(Table 1) The maximum numbers of samples were from 

urine and least from blood. Out of the 300 isolates, E. coli 

was isolated in 182 and 33 samples while K. pneumoniae 

was isolated in 24 and 17 samples of urine and swabs 

respectively. 

 

Table 1:  Distribution of E. coli and K. pneumoniae in 

isolates from various samples 

Samples (N= 300) 
E. coli(228) 

n (%) 

K. pneumoniae(72) 

n (%) 

Urine (206) 182 (80.1%) 24 (10.5%) 

Swab (50) 33 (60.0%) 17 (30.9%) 

Blood (15) 6 (30%) 9 (45%) 

Sputum (14) 0 (-) 14 (63.3%) 

Pus (15) 7 (26.9%) 8 (30.7%) 

 

A total of 129 isolates (43%) were meropenem 

resistant by Modified Hodge test (Table 4) out of which 42 

isolates (14%) were MBL producing (Table 2). E coli and K 

pneumoniae contributed to 32% and 11% of carbapenem 

resistance respectively while 9% and 5% of the E coli and 

K pneumoniae were MBL producers respectively, among 

the total isolates. Carbapenase production was noted in 

96/228 (42.1%) of E. coli and 33/72 (45.8%) of K. 

pneumoniae. Twelve percent of the E. coli and 20.8% of the 

K. pneumoniae were found to have prevalence of MBL 

producers respectively. 

 

Table 2: Incidence of carbapenem resistance and MBL 

producers among the isolates of E. coli and K. 

pneumoniae 

Isolates (N= 300) n % 

Carbapenem resistance 

(129) (43%) 

E. coli 96 (32%) 

K. pneumoniae 33 (11%) 

MBL Producers (42) 

(14%) 

E. coli 27 (9%) 

K. pneumoniae 15 (5%) 

 

4. Discussion 

            Based on the results obtained from the previous 

studies regarding carbapenemases producing 

Enterobacteriaceae, there is clear indication of increasing 

number in the last few years. The incidence of carbapenem 

resistance reported in the index study is 43% in the 
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Enterobacteriaceae isolates of which E. coli and K. 

pneumoniae account for 32% and 11% respectively. 

Carbapenase production was noted in 96/228 (42.1%) of 

E.coliand33/72 (45.8%) of K. pneumoniae. Twelve percent 

of the E coli and 20.8% of the K pneumoniae were found to 

have prevalence of MBL producers respectively. Nagaraj et 

al reported NDM-1 positivity in 75% of K. pneumoniae and 

66% in E. coli in a tertiary care hospital in South India. [7] 

In addition Deshpande et al reported that all isolates 

showed carbapenem resistance by Modified Hodge Test 

and 22 out of 24 isolates were MBL producing out of 

which10 were Klebsiella, 9 were E. coli, 2 were 

Enterobacter spp and 1 was Morganella morganii. [8] In 

contrast in a study done by Mohamudha Parveen et al 

reported a similar finding at JIPMER in which out of 134 

isolates of K. pneumoniae, 6 were Modified Hodge Test 

positive and none were MBL producing[9]. Similar study 

was done by Gupta et al in a tertiary care hospital in North 

India showed that out of 569 isolates of E. coli, 32 were 

carbapenem resistant and out of 343 isolates of Klebsiella 

spp., 39 were carbapenem resistant. [10] Another study 

done by Drew RJ et al tertiary referral children's hospital in 

the UK found carbapenem-resistant Enterobacteriaceae 

which were recovered from 24 patients. Of the 24 isolates, 

seven (all Klebsiella spp.) harboured carbapenemases: three 

had blaKPC and four blaNDM, whereas 17 had resistance 

due to combinations of Amp C or extended-spectrum β-

lactamase activity plus impermeability. [11] In the United 

States, a recent study by Pannaraj PS et al in the pediatric 

population included 11 CRE isolates from 10 patients, of 

which 4 had clinical infection with CRE in Los Angeles, 

California. Carbapenemases were identified in 5 isolates, 

including two NDM-1 type carbapenemases and three 

KPCs. 

The difference in incidence of carbapenem 

resistance and MBL producers may be explained on the 

basis of the regional variation in the prevailing flora and its 

susceptibility pattern as well as the clonal selection pressure 

exerted by use of antimicrobials at various centres. 

Formulation and strict adherence to a rational antibiotic 

policy is likely to bring down the incidence of the latter. 

 

5. Conclusion 

The carbapenem resistant organisms are emerging 

as a major cause of nosocomial  infections  resulting  in 

new challenges faced by the physicians and also increased  

morbidity,  mortality  and  health  care  costs. The 

prevention of spread of carbapenemase producers relies on 

early detection of the isolates and rational use of 

antimicrobials. 
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