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ABSTRACT 

Background: Antimicrobial Resistance is increasing globally. Carbapenems are one of the effective antibiotics against a broad 
range of pathogenic bacteria. The development of carbapenem resistance among gram-negative bacteria is one of the crucial 
concerns and threatening issues which could cause increased morbidity and mortality, especially in hospitalized patients. The 
development of carbapenem resistance among gram-negative bacteria occurs due to various mechanisms among which 
carbapenemase production (carbapenem hydrolyzing enzymes) is the major mechanism. Carbapenemase-producing genes can be 
easily transferred from one bacterium to another, they have the potential to cause major outbreaks and contribute to high 
fatality. Therefore, it is essential to identify carbapenemase-producing bacteria among all carbapenem-resistant bacterial isolates. 
This study aims to detect carbapenemase production among carbapenem-resistant gram-negative bacteria by Modified 
carbapenem inactivation method. 
Methods: Our study was a cross-sectional descriptive study. The bacterial isolates resistant to carbapenems from pus samples 
were subjected to the Modified carbapenam inactivation method (mCIM) test. 
 Result: Out of 70 isolates, the Modified Carbapenem Inactivation Method (mCIM) test was positive in 21(30%) isolates. Of the 
30%(n=21) mCIM-positive isolates, 5(23.80%) isolates were sensitive to Meropenam and resistant to Imipenam and the remaining 
isolates were resistant to both Imipenam and Meropenam. 
Conclusion: The modified Carbapenem Inactivation Method (mCIM) test can be used as a primary tool for early identification of 
carbapenemase producers among carbapenem-resistant bacteria. 
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Antimicrobial Resistance (AMR) occurs when 

microorganisms change over time and become resistant 

to drugs, making even the common infections harder, 

increasing the disease spread, severe illness and death. It 

is estimated that bacterial AMR was directly responsible 

for 1.27 million Global deaths and contributed to 

4.95 million deaths in a year [1]. In INDIA, there were 

2,97,000 deaths attributable to AMR and 10,42,500 

deaths associated with AMR [2]. WHO- Global 

Antimicrobial Resistance And Use Surveillance System 
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(GLASS) has estimated that in the year 2050, around 10 

million deaths due to AMR and the economic burden of 

up to 3.5% of global GDP [1].   

Carbapenems are one of the effective antibiotics against 

a broad range of pathogenic bacteria whose antibacterial 

activity is wide [3,4]. Carbapenems are potent against 

large groups of lactamase-producing bacteria [4]. 

Carbapenems are one of the preferred antibiotics in the 

treatment of infections caused by multidrug-resistant 

gram-negative bacteria (MDR–GNB) [5]. 

The development of carbapenem resistance among 

gram-negative bacteria is one of the major concerns and 

threatening issues. Carbapenem-resistant bacteria 

prevalence is on a rising trend worldwide [6]. In a study 

done in ASIA, the prevalence of Carbapenem-resistant 

isolates ranges from 0.6-0.9% and its prevalence in India 

is around 18-31% among culture-positive infections [6]. 

Development of resistance to carbapenems among 

gram-negative bacteria occurs due to various 

mechanisms among which carbapenemase production 

(carbapenem hydrolyzing enzymes) is the major 

mechanism [7]. Carbapenemase-producing genes can be 

easily transferred from one bacterium to another, they 

have the potential to cause major outbreaks and 

contribute to high fatality [8,9].   

Therefore, it is essential to detect carbapenemase-

producing bacteria in all carbapenem-resistant bacterial 

isolates. WHO has also mentioned to consider 

carbapenemase-producing Gram-negative bacteria 

(GNB) as critical pathogens [10]. Rapid detection of 

Carbapenemase-producing bacteria would help us 

streamline the antibiotic treatment and spread of those 

bacteria in healthcare and the community. At present, 

CLSI advises the Carba NP test (CNPt) and mCIM as 

methods for rapid detection of carbapenemase. This 

study aims to detect carbapenemase production among 

carbapenem-resistant gram-negative bacteria by the 

Modified carbapenem inactivation method (mCIM). 
  

MATERIALS AND METHODS 

Research Design- Our study was a cross-sectional 

descriptive study of carbapenem-resistant gram-negative 

bacteria isolated from pus samples received in the 

Microbiology department from January 2018 to July 

2018 at Mahatma Gandhi Medical College & Research 

Institute, Puducherry, India.  
 

Inclusion criteria- All gram-negative bacteria resistant to 

Carbapenems (i.e. Imipenam/ Meropenam) isolated from 

pus samples received in the Microbiology department 

during the study period were included in the study.  
 

Exclusion criteria – There were no exclusions.  
 

Methodology- Bacteria were identified by colony 

morphology, gram staining, standard biochemical test 

(IMViC) and sugar fermentation tests. Antibiotic 

susceptibility of bacteria was done in Muller Hinton agar 

by standard Kirby Bauer's disc diffusion test as per 

Clinical and Laboratory Standards Institute (CLSI) 

guidelines. Following antimicrobials were tested against 

all gram-negative bacteria: Ampicillin; Cephalosporins 

(Cefoxitin, Ceftazidime and Ceftriaxone); βlactam/β 

lactamase inhibitor (cefoperazone/ sulbactum and 

Piperacillin/tazobactum); fluoroquinolones 

(ciprofloxacin); aminoglycosides (Amikacin, gentamicin 

and tobramycin); carbapenems (imipenam and 

meropenam); cotrimoxazole, polymyxins (polymyxin B, 

colistin). Quality control: Batch-wise testing was done for 

all agar plates, biochemical tests and antibiotic discs as 

per CLSI 2018 Guidelines. Bacterial strains ATCC S. aureus 

25923 and ATCC E. coli 25922 were used for quality 

control purposes. 

Gram-negative bacteria which were found to be resistant 

to Carbapenams- Imipenam/ Meropenam as per CLSI 

guidelines [11] were subjected to the Modified 

Carbapenam Inactivation Method (mCIM) test. Bacterial 

Isolate to be tested is emulsified in Trypticase soy broth, 

10µg Meropenam disc is added to the broth and 

incubated 37© for 4 hours. Meropenam disc was placed 

on MHA plate inoculated with ATCC E. coli, incubated at 

37© overnight and zone sizes were recorded. mCIM test 

was interpreted as follows: Positive: Carbapenemase 

detected- zone size 6-15mm or presence of pinpoint 

colonies within 16-18mm zone; Negative: 

Carbapenamase not detected - Zone diameter >19mm as 

per CLSI guidelines [11]. 
 

Statistical Analysis- The results were entered into an 

Excel sheet and analyzed with frequency and ratio. 
 

RESULTS 

During the study period, a total of 70 gram-negative 

bacterial isolates were resistant to Carbapenem 

antibiotics. Among the 70 gram-negative isolates, 
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Pseudomonas sp. was found to be the majority with 43%, 

followed by E. coli, non-fermentive gram-negative Bacilli 

(NFGNB), Proteus sp. and   K. pneumoniae. Table 1 shows 

the distribution of Carbapenem-resistant Gram-negative 

bacteria. Among the total isolates, 25 isolates (35.7%) 

were resistant to both Imipenam and Meropenam 

(IRMR), whereas the remaining 45 isolates (64.2%) were 

resistant to Imipenam and Sensitive to Meropenam 

(IRMS). 
 

Table 1: Distribution Of Carbapenem-Resistant Gram-

Negative Bacteria 

GNB mCIM Positive n (%) 

Pseudomonas sp. 11(52.38) 

E. coli 05 (23.80) 

K. pneumoniae 03(14.28) 

Acinetobacter sp. 01(4.76) 

Enterobacter sp. 01 (4.76) 

 

Out of a total of 70 isolates, mCIM test was found to be 

positive in 21(30%) isolates and the remaining 49(70%) 

isolates were negative for the mCIM test. mCIM 

positivity was maximum among Pseudomonas sp. 

followed by E. coli, K. pneumoniae, Acinetobacter sp. and 

Enterobacter sp. as shown in Table 2.  

Of the 30%(n=21) mCIM positive isolates, 5(23.80%) 

isolates were sensitive to Meropenam and resistant to 

Imipenam and the remaining isolates were resistant to 

both Imipenam and Meropenam as depicted in Table 3.     
 

Table 2: Distribution of mCIM-positive isolates among 

Carbapenem-resistant gram-negative bacteria 

Bacteria Percentage (%) 

Pseudomonas sp. 43 

E. coli 26 

Acinetobacter sp. 16 

Proteus sp. 8 

K. pneumoniae 7 

 

Table 3: Distribution of mCIM Positive Gram-Negative 

Bacteria (GNB) 

Isolates  mCIM Test  n % 

IRMR Positive 16 76.19  

IRMS Positive 5 23.80 

IRMR-Bacterial isolates resistant to Imipenem and Meropenem  
IRMS-Bacterial isolates resistant to Imipenem and Sensitive to 
Meropenem 
 

DISCUSSION  

In our study, mCIM test was carried out on all 

carbapenem-resistant gram-negative bacteria isolated 

from pus samples. In our study, Pseudomonas sp. was 

the maximum among the carbapenem-resistant isolates 

with 43%, which coincides with the study conducted by 

Gandra et al. which showed 46.8% [12]. Next to 

Pseudomonas, Escherichia coli showed 26% resistance to 

carbapenems, the study conducted at Coimbatore [13] 

had similar results whereas studies done at Bangalore [6] 

and Jordan [4] showed very low Carbapenem-resistant E. 

coli. Acinetobacter sp. which is one of the important 

nosocomial pathogens, showed carbapenem resistance 

of about 16% which coincided with the results of a study 

done by Himanshi Khanchandani et al. and a study done 

at Coimbatore with carbapenem-resistant Acinetobacter 

of about 14.3% and 13.3% respectively [13,14]. Studies 

done at Mizoram and Bihar showed carbapenem 

resistance in Acinetobacter only 8.5% and 5.8% 

respectively [15,16]. Proteus sp. showed 8% resistance to 

carbapenem which coincided with the study done at 

Coimbatore [13]. Most of the studies showed Klebsiella sp. 

showed a high rate of carbapenem resistance at 92.64%, 

30.4%, and 42.7% in studies done at Bangalore, Mizoram 

and Jordan respectively [4,6,15]. But whereas in our study, 

carbapenem resistance among Klebsiella sp. was only 

about 7%. This difference can be due to the study period 

was only 6 months, a low sample size and GNB from pus 

samples were only included in the study.  

The majority of mCIM test-positive bacterial isolates 

(76.19%, n=16) were found to be resistant to both 

imipenem and meropenem. The mCIM test was also 

found to be positive in isolates (23.80%, n=5) that were 

sensitive to Meropenem and Resistant to imipenem. This 

kind of isolates having discordant carbapenem 

susceptibility was also found by  Harino et al. in Japan [17] 

and Ku et al. [18]. The mCIM test is a rapid, easy-to-

perform, cost-effective and reliable test to detect 

Carbapenemase production [19–21]. The mCIM test has a 

100% sensitivity and specificity when compared to other 

methods of detection of carbapenem detection such as 
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the Modified Hodge test, and Carba NP Test which is 

shown in a study done by Kumudunie WGM et al. [21].  

 

CONCLUSIONS 

The modified Carbapenem Inactivation Method (mCIM) 

test can be used as a primary tool for early identification 

of carbapenemase producers among carbapenem-

resistant bacteria which could help in planning the 

management of the infections and contain the spread of 

carbapenemase producers as they are easily 

transmissible so as to stop the outbreak. 
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