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1. INTRODUCTION 

 

Multidrug resistance caused by various bacterial 

species is increasing rapidly throughout the world and 

is now a major concern for community-acquired and 

nosocomial infections1. One of the most multidrug 

resistant bacteria is Enterobacteriaceae, which is consi-

dered to be the most common pathogens in community 

and hospital-acquired infections, including urinary and 

gastrointestinal tract infections and increases disease 

severity and mortality2. The use of antibiotics is the only 

curative intervention, while carbapenem is considered 

to be the last option and highly effective drug to treat 

multidrug resistant bacterial infections, especially 

Enterobacteriaceae3.  

Among multidrug resistant bacterial infections, 

the prevalence of carbapenem-resistant Enterobactericeae 

(CRE) is reportedly increasing. The resistance mecha-

nism to carbapenem has been mostly attributed to an 

ability to produce carbapenemase enzymes, rather than 

other mechanisms such as efflux pump and outer mem-

brane alterations4. Carbapenemases are classified as β-

lactamase enzymes, which are produced by gram-negative 

bacilli,   including   Enterobacteriaceae,   Pseudomonas 
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ABSTRACT 
 

There is an increasing worldwide prevalence of carbapenems resistance in Enterobacteriaceae (CRE). 

The production of carbapenemase is the most important drug resistance mechanism. Several phenotypic-based 

detecting carbapenemase enzyme methods have been developed, including the modified Hodge test (MHT), the 

Carba NP test, the modified carbapenem inactivation method (mCIM), and other combined disk tests. 

Unfortunately, these methods are unable to differentiate between types of carbapenemase. The purpose of this 

study was to develop and verify the modified Carba NP test for carbapenemase enzymes differentiation by 

supplementing the carbapenemase inhibitors (clavulanic acid and dipicolinic acid). The clinical isolates of 

carbapenemase-producing Enterobacteriaceae were collected from Wichianburi and Phetchabun hospitals in 

Phetchabun province, Thailand. These clinical isolates were then determined using phenotypic and genotypic 

methods. The results show that the novel modified Carba NP test showed 100% specificity. Non-susceptible 

carbapenem was detected in 28/173 isolates (16.2) of Enterobacteriaceae, and only 5 isolates (2.9%) of 

carbapenemase-producing Enterobacteriaceae were found. Genotypic analysis shows that these isolates habour 

the blaNDM of carbapenemase genes. Furthermore, the modified Carba NP test is considered to be an accessible 

method for identifying types of carbapenemase enzymes by using a microtiter plate, and the results can be 

interpreted within 15 and 90 minutes. 

 
Keywords:  
Carbapenem-resistant Enterobacteriaceae (CRE), Carbapenemase, Enterobacteriaceae, Carba NP test, Modified Carba NP test 
 

Research Article 



Pharmaceutical Sciences Asia 

 
577 

spp., and Acinetobacter spp4. 

The emergence of β-lactamases with direct 

carbapenem-hydrolyzing activity has contributed to the 

increasing prevalence of CRE. Carbapenemase, which 

is known as carbapenem-hydrolyzing enzyme, consist 

of three molecular classes, including classes A, B, and 

D. This enzyme has a hydrolysis ability to β-lactam 

antibiotics, including penicillin, cephalosporins, mono-

bactams, carbapenems, and β-lactamase inhibitors5. 

The most common class A carbapenemases are Kleb-

siella pneumoniae carbapenemase (KPC), which has its 

gene encoded on plasmid and are commonly found in 

Enterobacteriaceae. KPC is inhibited by phenlylboronic 

acid (PBA) or clavulanic acid (CVA)6. Class B carba-

penemases are metallo-β-lactamase enzymes (MBLs) 

which require zinc ions at their active site. Several 

MBLs have been reported, including New Delhi MBL 

(NDM), imipenem-resistant phenotype (IMP), and Verona 

integrin-encoded MBLs (VIM). These enzymes have 

been found in Enterobacteriaceae and non-fermentative 

gram-negative bacilli (Pseudomonas aeruginosa and 

Acinetobacter baumannii). Additionally, all the MBLs 

mentioned above can be inhibited by dipicolinic acid 

and chelating agents (EDTA)7. Class D carbapenemases 

include OXA-23-like, OXA-48-like, OXA-58-like. In 

particular, OXA-48-like is a common producing in 

Enterobacteriaceae, while OXA-23-like and OXA-58-

like are frequently detected in A. baumannii8.  

Several phenotypic-based detection techniques 

of carbapenemase enzymes have been used, such as the 

Carba NP test, the modified Hodge test (MHT), the 

modified carbapenem inactivation method (mCIM) and 

other combined disk tests2. These methods have both 

advantages and disadvantages. For instance, the Carba 

NP test has several benefits such as low cost, speedy, 

reproducible, and it is highly sensitive and specific2. 

However, the Carba NP test is also known for its inability 

to differentiate between classes of carbapenemase 

enzymes. The modified Hodge test is an inexpensive, 

easy, and simple test with highly sensitive results for 

class A and D carbapenemase enzymes9, but this test 

was removed from the CLSI M100-S28 in 2018 due to 

its limitations in detecting class B carbapenemase, which 

is known to have a high production of carbapenem-

resistant Enterobactericeae10. It is therefore necessary 

to develop a new method which is easier, simpler, and 

sufficiently reliable for detection and classification of 

carbapenemase enzymes. 

In this study, a novel phenotypic method called 

“Modified Carba NP test” was developed to detect carba-

penemase enzymes in both standard and clinical isolated 

Enterobacteriaceae. The newly developed method was 

compare with the existing methods. Furthermore, the 

test’s ability to classify carbapenemase production in 

Enterobacteriaceae was also evaluated. 

 

2. MATERIALS AND METHODS 

 

2.1. Population and Sample 

 

For control bacterial isolates, three positive 

control bacterial strains harboring carbapenemase gene 

including K. pneumoniae ATCC BAA 1705 (blaKPC), E. 

coli ATCC BAA 2452 (blaNDM-1) and E. coli ATCC BAA 

2523 (blaOXA-48) were used. Whereas, non-carbapene-

mase-producing Enterobacteriaceae isolates including 

E. cloacae ATCC BAA 1143 carrying AmpC gene 

(blaAmpC), K. pneumoniae ATCC 700603 carrying ESBL 

gene (blaSHV-18), E. coli ATCC 25922 (negative control) 

and K. pneumoniae ATCC BAA 1706 (no carbapenemase- 
encoding gene) were used as negative control bacterial 

strains. 

Total of 173 bacterial clinical isolates of Ente-

robacteriaceae were collected between October 2016 

and September 2017. There were 123 clinical isolated of 

Enterobacteriaceae from the Phetchabun hospital and 

50 isolates from the Wichianburi hospital, Phetchabun 

province. All clinical isolates were collected from 

various clinical samples, such as urine, hemoculture, 

pus, sputum and ascetic fluid. They had been confirmed 

again by culturing on MacConkey agar and incubated at 

35±2oC for 18-24 hours. After that, the colonies were 

identified by the conventional biochemical tests, such as 

triple sugar iron (TSI), motility-indole-lysine medium 

(MIL), citrate, malonate and urease test. 

 

2.2. Antimicrobial susceptibility test 

 

Antimicrobial susceptibility test was performed 

by disk diffusion. A 0.5 McFarland standard of bacterial 

suspension was applied on Mueller-Hinton agar and 

place imipenem, meropenem, ertapenem and doripenem 

disks (10 mg each) on medium, then incubated at 35± 

2oC for 16-18 hours. Interpretation was a reading zone 

diameter according to CLSI guideline M100-S2711. 

 

2.3. Phenotypic methods for detection of carbapene-

mase enzymes 

 

2.3.1. Modified Hodge test 

 

E. coli ATCC 25922 was an indicator and the 

suspension was adjusted to 0.5 McFarland standard in 

0.85% normal saline solution (NSS) and then dilute to 

1:10 in NSS for swabbing on MHA according to CLSI 

M100-S27 guideline11. After 3-10 minutes, 10 mg mero-

penem disk was placed on central of plate. Then, tested 

isolates, positive control, and negative control isolates 

were streaked in a straight line from disk to peripheral 

plate. The plate was incubated at 35±2oC for 16-20 

hours. Interpretation was performed by reading the 

enhancing growth of indicator organism into inhibition 
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zone (cloverleaf). If there were an enhancing effect, the 

results were interpreted as a positive. If there were no 

enhancing growth of indicator organism into inhibition 

zone, the results were interpreted as a negative. 

 

2.3.2. Carba NP test 

 

According to CLSI M100-S2711, two solutions 

(solution A and B) were prepared by adding 2 ml of 

0.5% (w/v) phenol red in 16.6 ml distilled water, 180 µl 

of 10 mM zinc sulfate and adjust pH to 7.8±0.1. The 

solution B was a solution A supplemented with 6 mg/mL 

of imipenem powder. One loopful of bacterial colonies 

was added in 100 µl micro-tube of lysis buffer. Then, 

solution A and solution B were mixed into two different 

micro-tubes and incubate at 35±2oC for 2 hours. The 

positive was readout when the red color of phenol red in 

solution B changed to yellow. 

 

2.3.3. Modified Carbapenem Inactivation Method 

(mCIM) 

 

The modified carbapenem inactivation method 

(mCIM), developed by CLSI M100-S27 guideline11, is a 

phenotypic method for detecting the carbapenemase 

enzymes, with the sensitivity and specificity greater 

than 99%.  

Firstly, emulsified one loopful of bacteria in 2 

ml of tryptic soy broth (TSB) and vortex for 10-15 

seconds. Then, immersed the 10 mg-meropenem disk in 

suspension of TSB broth and incubated at 35±2oC for    

4 hours ±15 minutes. Secondly, an indicator organism, 

E. coli ATCC 25922 was adjusted to 0.5 McFarland 

standard in NSS and then swabbed on MHA. After 4 

hours ±15 minutes, meropenem disk would be dragged 

from TSB broth by using loop and placed on MHA with 

indicator. Incubation was at 35±2oC for 16-18 hours. 

The result would be read according to CLSI M100S27 

guideline11. 

 

2.3.4. Modified Carba NP test 

 

The principle of modified Carba NP test is the 

addition of inhibitors, such as dipicolinic acid (DPA) 

or/and clavulanic acid (CVA), in Carba NP solutions to 

block the activity of carbapenemase enzymes, which 

hydrolyze carbapenem drug (imipenem). 

All isolates, which were positive either in MHT 

or Carba NP test, were examined by the modified Carba 

NP test. In sample preparation, 100 µl lysis buffer was 

added to the 10 µl of loop-full bacterial suspension, 

originally from colonies growth on MHA, and then 

centrifuged at 15,500 rpm for 10 minutes at room tempe-

rature. The amount of bacteria inoculation was adjusted 

to 3 McFarland standard (equal to 9×108 CFU/ml) or 

over 3 McFarland standards.  

Five wells per sample on 96-well plate were 

supplied with different reagents. The first well (labeled as 

P well) was positive control that contains 10 µl of tested 

sample and solution P (imipenem and no inhibitor). The 

second well (A well) contained 10 µl of tested sample 

and 70 µl of solution A (imipenem plus dipicolinic acid), 

for class A carbapenemase identification. The third well 

(B well) contained 10 µl of tested sample and 70 µl of 

solution B (imipenem plus clavulanic acid) for class B 

carbapenemase identification. The fourth well (D well) 

was contained 10 µl of tested sample and 70 µl of 

solution D (imipenem plus both of dipicolinic acid and 

clavulanic acid) for class D carbapenemase identifi-

cation. The fifth well (N well) was negative control and 

solution N (no imipenem and no inhibitor). (Figure 1). 

After that these well were incubated at 35±2oC for 90 

mins. The type of inhibitors and volume of reagents 

were demonstrated in Table 1. 

 

2.4. Genotypic Method 

 

Genotypic identification of carbapenemase gene 

of clinical isolates was performed by the fully-integrated, 

automated platform of BD MAX™ CRE assay (Becton, 

Dickinson and Company, US) at microbiology labora-

tory, Department of Pathology, Faculty of Medicine 

Ramathibodi hospital, Mahidol University in Bangkok, 

Thailand. The primers used were those as previously 

described by Poirel et al. (2011)12. 

 

3. RESULTS 

 

3.1. Identification and antimicrobial susceptibility 

test of bacterial clinical isolate 

 

A total of non-duplicated 173 obtained clinical 

Enterobacteriaceae isolates, from Wichianburi hospital 

and Phetchabun hospital, were cultured and identified 

by conventional methods. The results showed that there 

were 50 Enterobacteriaceae isolates from Wichianburi 

hospital including, E. coli 27 isolates (54%), K. Pneu-

moniae 15 isolates (30%), Enterobacter spp. 4 isolates 

(8%), P. mirabilis 2 isolates (4%), C. diversus 1 isolate 

(2%) and S. marcescens 1 isolate (2%).  

There were 123 isolates of Enterobacteriaceae 

from Phetchabun hospital, including E. coli 71 isolates 

(57.72%), K. pneumoniae 32 isolates (26.02%), E. 

cloaceae 12 isolates (9.76%), P. mirabilis 3 isolates 

(2.44%), C. freundii 2 isolates (1.63%), S. marcescens 2 

isolates (1.63%) and Salmonella spp. 1 isolate (0.78%) 

as shown in Table 2. 

The antimicrobial susceptibility test was 

examined by disk diffusion to all identified Enterobac-

teriaceae, 50 isolates from Wichianburi hospital and 

123 isolates from Phetchabun hospital. Only 11 isolates 

and  17  isolates,  respectively,  were  non-susceptible  to 
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Figure 1. Modified Carba NP test. (A. Schematic of Modified Carba NP test, B. Color changing pattern of Modified Carba NP test) 

 
Table 1. Inhibitors and volume of reagents for Modified Carba NP test. 
 

Solution N P A B D Per well (70 µl) 

CLRW 16.6 ml 16.6 ml 16.6 ml 16.6 ml 16.6 ml 58.1 µl 

0.5% Phenol red 2 ml 2 ml 2 ml 2 ml 2 ml 7 µl 

10 mM Zinc sulfate 180 µl 180 µl 180 µl 180 µl 180 µl 0.0063 µl 

0.1 N NaOH or 10% HCl As needed 

Dipicolinic acid No No 8.356 g/L No 8.356 g/L 0.584 mg 

Clavulanic acid No No No 1.187 g/L 1.187 g/L 0.83 mg 

Imipenem No 6 mg/ml 6 mg/ml 6 mg/ml 6 mg/ml 0.42 mg 
 

CLRW: Clinical Laboratory Reagent Water 

 

Table 2. A total of bacterial clinical isolates from Wichianburi and Phetchabun hospitals, Phetchabun province located in The Lower North 

region of Thailand. 
 

Organisms Hospitals 

 Wichianburi (%) Phetchabun (%) Total (%) 

E. coli 27(54) 71(57.72) 98(79.67) 

K. pneumoniae 15(30) 32(26.02) 47(38.21) 

E. cloacae      - 12(9.76) 12(9.76) 

Enterobacter spp.   4(8)       -   4(3.25) 

P. mirabilis   2(4)   3(2.44)   5(4.07) 

S. marcescens   1(2)   2(1.63)   3(2.44) 

C. freundii      -   2(1.63)   2(1.63) 

C. koseri   1(2)       -   1(0.81) 

Salmonella spp.      -   1(0.81)   1(0.81) 

Total 50(100) 123(100) 173(100) 
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carbapenem disk drugs. Therefore, the 28 isolates would 

be continually detected for carbapenemase enzymes. 

 

3.2. Detection of carbapenemase-producing bacterial 

clinical isolate by phenotypic and genotypic methods 

 

3.2.1. Bacterial control strains 

 

Table 3 showed the verification of the modified 

Carba NP test by using the bacterial control strains 

compared with the existing phenotypic methods; MHT, 

Carba NP test, and mCIM.  

The MHT test showed that K. pneumoniae ATCC 

BAA 1705 (blaKPC), E. coli ATCC BAA 2452 (blaNDM-1) 

and E. coli ATCC BAA 2523 (blaOXA-48) were positive. 

For negative control strains of carbapenemase gene, 

including K. pneumoniae ATCC BAA 1706, K. pneu-

moniae ATCC BAA 700603 (blaSHV-18) and E. cloacae 

ATCC BAA 1143 (blaAmpC) were negative by MHT.  

The Carba NP test demonstrated a slightly 

different results from MHT in the positive control 

strains. Only K. pneumoniae ATCC BAA 1705 (blaKPC) 

and E. coli ATCC BAA 2452 (blaNDM-1) showed positive 

results whereas E. coli ATCC BAA 2523 (blaOXA-48) 

became negative. However, all negative control strains, 

including K. pneumoniae ATCC BAA 1706, K. pneumo-

niae ATCC BAA 700603 (blaSHV-18) and E. cloacae 

ATCC BAA 1143 (blaAmpC) were negative by Carba NP 

test.  

The results from modified Carbapenem Inacti-

vation Method (mCIM), the positive and negative results 

were similar to the findings from MHT test, in which K. 

pneumoniae ATCC BAA 1705 (blaKPC), E. coli ATCC 

BAA 2452 (blaNDM-1) and E. coli ATCC BAA 2523 

(blaOXA-48) were positive with inhibition zone 6 mm, 6 

mm and 13 mm, respectively.  

The modified Carba NP test showed positive 

results for only two positive control strains, K. pneuno-

miae ATCC BAA 1705 (blaKPC) and E. coli ATCC BAA 

2452 (blaNDM-1). Whereas, E. coli ATCC BAA 2523 

(blaOXA-48) showed no change of color in Carba NP test 

and also in the modified Carba NP test, which could 

possibly be a false-negative result in both Carba NP test 

and the modified Carba NP test. Beside carbapenemase-

producing isolates, all non-carbapenemase-producing 

isolates including E. cloacae ATCC BAA 1143 (blaAmpC), 

K. pneumoniae ATCC BAA 700603 (blaSHV-18) and K. 

pneumoniae ATCC BAA 1706 gave a negative readout 

by the modified Carba NP test. Therefore, the modified 

Carba NP test showed 66.66% sensitivity and 100% 

specificity as shown in Table 3. 

 

3.2.2. Bacterial clinical isolates 

 

From 28 bacterial clinical isolates of carbapenem- 
resistant Enterobacteriaceae, only one isolate of 11 

carbapenem-resistant isolates from Wichianburi hospital 

gave a positive result by MHT test, which was identified 

as E. cloacae. However, it was negative by Carba NP 

test. So, this isolate was not included for the modified 

Carba NP test. In Phetchabun hospital, 5 isolates among 

17 carbapenem-resistant isolates gave a positive result 

by MHT test, Carba NP test and mCIM test including P-

032 (C. freundii), P-095 (E. cloacae), P-102 (E. cloacae), 

P-104 (E. cloacae), P-106 (K. pneumoniae) and P-115 

(E. coli). Therefore, these 5 isolates were selected for 

classification of carbapenemase enzymes by the modi-

fied Carba NP test  

The results showed that 5 isolates (from original 

173 isolated in this study) (2.9%) were positive for class 

B of carbapenemase enzyme, (Figure 2). Genotypic 

method demonstrated that all of them were found to 

carry blaNDM carbapenemase gene (Table 4). 

 

4. DISCUSSION 

 

A total of 173 Enterobacteriaceae clinical 

isolates from Phetchabun province in Thailand’s lower 

northern region were studied. Of these were 123 clinical 

isolates from Phetchabun hospital and 50 clinical isolates 

from Wichianburi hospital. There were 28 of 173 (16.2%) 

Enterobacteriaceae isolates found to be non-susceptible 

to carbapenem in both of the hospitals. These results 

show that the prevalence of carbapenem-resistant 

Enterobacteriaceae was higher than that found in  
other studies, such as Khon Kaen University’s 2012 

study which was only 2.2% among 4818 isolates13. 

Meanwhile, Yanglin Xu et al. reported less than 1% 

carbapenem-resistant Enterobacteriaceae in Thailand14. 

Recently, a study on the prevalence of carbapenemase-

producing carbapenem-resistant Enterobacteriaceae in 

Bangkok, Thailand used the Carba NP and mCIM tests 

to reveal that 223 of 287 isolates (77.70%) carried at 

least one carbapenemase gene. In addition, 160 isolates 

(71.75%) had an NDM gene, of which approximately 

95.63% were NDM-115. Nonetheless, these previous 

studies did not represent the prevalence of carbapene-

mase producing Enterobacteriaceae in Thailand overall, 

but rather showed the particular prevalence in local 

regions of Thailand. 

As mentioned in the results section, one clinical 

isolate bacteria (E. cloacae) from Wichianburi hospital 

could provide a false positive for MHT. This could 

potentially be due to expectedly AmpC production, 

which is more likely to have resistance to imipenem 

than other carbapenems16. Moreover, class D carbape-

nemase may result in a positive readout for MHT. Tijet 

Nathalie et al. (2013) reported a false negative for the 

Carba NP test which was found to have a specificity of 

only 80%, potentially due to the production of OXA-  

48-like enzymes in the organisms17. Both Nordmann 

Patrice et al. (2012) and Laolerd Warawut et al. (2018) 
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Figure 2. Patterns of Modified Carba NP test in bacterial clinical isolates. 

 
Table 3. Verification of the Modified Carba NP test with the bacterial control strains. 
 

Bacterial strains Gene Methods of carbapenemase detection 

  MHT Carba NP test mCIM (mm) Modified Carba NP test 

     P A B D N 

Positive bacterial control strains 

K. pneumoniae ATCC BAA 1705 blaKPC + + + + + - - - 

E. coli ATCC BAA 2452 blaNDM-1 + + + + - + - - 

E. coli ATCC BAA 2523 blaOXA-48 + - + + - - - - 

Negative bacterial control strains 

K. pneumoniae No carbapene- - - - - - - - - 

ATCC BAA 1706 mase gene         

K. pneumoniae blaSHV-18 - - - - - - - - 

ATCC BAA 700603          

E. cloacae ATCC BAA 1143 blaAmpC - - - - - - - - 

 

Table 4. Results of bacterial clinical isolates by Modified Carba NP test. 
 

Code Clinical Disk diffusion MHT Carba NP mCIM Modified Carba NP test Gene 

 isolate Zone of inhibition (mm)  test (mm)   

  MEM ETP DOR IPM    P A B D N  

P-032 C. freundii 14 12 13 13 + + + (6) + - + - - blaNDM 

 (Urine)              

P-095 E. cloacae  6  6  6  6 + + + (6) + - + - - blaNDM 

 (Urine)              

P-102 E. cloacae  6  6  6  6 + + + (6) + - + - - blaNDM 

 (Pus)              

P-105 E. cloacae  6  6  6  6 + + + (6) + - + - - blaNDM 

 (Urine)              

P-115 E. coli 10  6 14 13 + + + (6) + - + - - blaNDM 

 (Urine)              
 

MEM:  Meropenem, ETP:  Ertapenem, DOR:  Doripenem, IPM:  Imipenem, MHT:  modified Hodge test, mCIM:  modified Carbapenem 

Inactivation Method. 
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reported that the Carba NP test had a sensitivity of  

100% for Enterobacteriaceae2,15. 

According to CLSI guidelines, the incubation 

duration of the Carba NP test is 2 hours. Srisrattakarn 

Arpasiri et al. explained that the paper strip test could  

be performed within 1 to 5 minutes18, but in present 

study demonstrated that the good incubation period is 

between 15 and 90 minutes. The paper strip test may 

reduce the incubation time, unfortunately, it is unable 

to differentiate the class of carbapenemase enzymes. For 

inoculation, the amount of the cell compared with the 

McFarland standard would equal or be over 3 McFarland 

standard. Meanwhile, CLSI guideline and Pasteran 

Fernando et al. recommends 10 µl loop-full19. 

In this study, class A carbapenemase enzyme 

was not inhibited by 3-aminophenylboronic acid, a 

finding which differs from Girgis CG et al. (2015) which 

showed the application of boronic acid disk to detect 

class A carbapenemase production in K. pneumoniae. 

However, several reports reviewed that the activity of  

3-aminophenylboronic acid was inhibited by class A 

carbapenemase production in K. pneumoniae6,20-21 and 

could result in KPC-producing K. pneumoniae detection 

to have 100% sensitivity and 98% specificity22.  

Although the classification of carbapenemase 

enzymes by the modified Carba NP test demonstrates 

high specificity (100%), particularly for classes A and 

B, it may be the least sensitive method (sensitivity of 

66.66%)20,22. For the activity of OXA-48 enzyme, the 

modified Carba NP test was not different from the Carba 

NP test2. Both of these tests demonstrated a false 

negative to OXA-48 producing isolates, resulted in the 

less sensitivity of the modified Carba NP test. There are 

several phenotypic methods for carbapenemase enzyme 

detection, but only a few are able to differentiate the 

class of carbapenemase and they have limitations. 

Currently, there is no single phenotypic method that 

could be used to detect and differentiate carbapenemase 

enzymes23. The limitations of the present study are     
that the clinical isolates used were only collected from 

Phetchabun province, Thailand and all 5 carbapenemase- 
producing isolates produced NDM enzyme which is the 

most prevalent enzyme produced by Enterobacteriaceae 

in Thailand. It is necessary to evaluate and validate the 

various type of carbapenemase enzymes produced from 

bacterial control strains and clinical isolates, especially 

OXA-like in class D carbapenemase enzymes.  

In the present study, the modified Carba NP test 

resulted in only 5 of the 173 isolates having a positive 

readout as class B carbapenemase, which were later 

confirmed to harbour blaNDM. This finding is similar to 

Rimrang Benchamas et al. (2012) which demonstrated 

the emergence of blaNDM-1 and blaIMP-14a-carrying Ente-

robacteriaceae in Thailand13. Together with Srisratta-

karn Arpasiri et al. (2016) showed that there were 125 

of 137 carbapenemase-producing Enterobacteriaceae 

and Pseudomonas spp. in three different hospitals (Nan 

hospital, Srinagarind hospital and The Queen Sirikit 

National Institute of Child Health) which also carried 

blaNDM and blaOXA-like
18. Nonetheless, carbapenemase 

detection requires a genotypic assay to precisely identify 

carbapenamase genes. Further study is required into 

molecular techniques, which remain the gold standard 

for epidemiological investigations. 

 

5. CONCLUSION 

 

In conclusion, the modified Carba NP test is a 

new method that can detect and differentiate the class 

of carbapenemase enzymes. Although this method was 

found to have a low sensitivity compared to the com-

bined-disk test and double-disk synergy test, it is easy to 

perform by using 96-well plate and adding the inhibitors 

(clavulanic acid and/or dipicolinic acid). It is also simple 

to read and interpret the results within 15 to 90 minutes, 

whereas the combined-disk test or disk-synergy test 

require 16 to 18 hours. Therefore, the modified Carba NP 

test is a novel, easy, and fast method to differentiate the 

class of carbapenemase enzymes. 
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