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1. INTRODUCTION 

 

Carbapenem-resistant Enterobacterales (CRE), espe-

cially carbapenemase-producing Enterobacterales (CPE) 

have recently emerged and spread rapidly all over the 

world, precipitating the need for the development of rapid 

and reliable methods for antimicrobial susceptibility testing 

(AST). Both phenotypic and genotypic methods have been 

used for carbapenemase detection1-2, with these molecular 

methods still the gold standard and more reliable for 

detecting CPE. These techniques include polymerase chain 

reaction (PCR), hybridization and whole genome sequen-

cing (WGS)3-5. Carbapenemase encoding genes; blaNDM, 

blaVIM blaIPM and blaOXA-48-like are examples of the most 

common resistant genes widely distributed among Ente-

robacterales clinical isolates6. A phenotypic method for 

screening carbapenemase producers as the modified car-

bapenem inactivation method (mCIM) is suggested by the 

Clinical Laboratory Standard Institute (CLSI)7 as a refe-

rence standard but has limitations with results delayed by 

at least 18 h. 

Matrix Assisted Laser Desorption Ionization-Time 

of Flight Mass Spectrometry (MALDI-TOF MS) analysis 

has recently been introduced in clinical microbiology for 

species identification8. This method is based on the micro-

bial identification of characteristic protein fingerprints of 
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ABSTRACT 

 

A rapid phenotypic carbapenemase-producing Enterobacterales (CPE) detection method was established 

using Matrix Assisted Laser Desorption Ionization-Time of Flight Mass Spectrometry (MALDI-TOF MS). Sixty-

four carbapenem-resistant Enterobacterales (CRE) strains from Samutprakan Hospital were examined using 

MALDI-TOF MS by the ertapenem hydrolysis method and the susceptibility was compared with a modified 

carbapenem inactivation method (mCIM). Drug resistance genes were detected by polymerase chain reaction 

(PCR). The ertapenem drug and bacterial strains were mixed and drug hydrolysis owing to CPE activity was con-

firmed by specific molecular masses of ertapenem [M+H]+ at 476.5 m/z (±500 ppm), with peak disappearance 

judged as carbapenemase-positive. The most common CRE species were Klebsiella pneumoniae, Escherichia coli, 

and Enterobacter cloacae. From 58 CPE strains, 17 strains of K. pneumoniae (29.3%) harbored blaNDM and blaOXA-

48- like genes together, while 33 strains of K. pneumoniae (56.9%), 6 strains of E. coli (10.3%) and 1 strain of Ent. 

cloacae (1.75%) carried blaNDM or blaOXA-48- like genes alone and 1 strain of K. pneumoniae (1.75%) contained 

blaKPC. After 3 h of incubation with ertapenem, all 58 drug-resistant strains revealed disappearance of the 

ertapenem-specific waveform peak at 476.5 m/z, whereas 6 strains of CRE (non-CPE) revealed the ertapenem-

specific waveform peak. The MALDI-TOF MS and mCIM data were 100% consistent. The MALDI-TOF MS 

based ertapenem hydrolysis assay was demonstrated as a rapid and accurate method to detect carbapenemase 

activity of Enterobacterales strains that can be routinely performed in clinical microbiology laboratories. 
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bacteria to quickly distinguish closely related microbial 

strains. The analysis of unique protein peaks in the mass 

spectrum allows discrimination of bacteria at the strain 

level. This rapid and reliable method for AST and the 

potential of MALDI-TOF MS to achieve the gold standard 

have been explored. All published MALDI-TOF MS assays 

are based on the same principle that aims to detect the 

disappearance of the native carbapenem and/or produc-

tion of the carbapenem hydrolysis product after incubation 

of the tested strain with a carbapenem molecule9. This 

study focused on the detection of carbapenemase activity 

in Enterobacterales using MALDI-TOF MS analysis. 

 

2. MATERIALS AND METHODS 

 

2.1. Strain collection 

 

Sixty-four Enterobacterales strains were collected 

between April and October 2019 at the Clinical Micro-

biology Laboratory of Samutprakan Hospital, Thailand 

with species identification and antimicrobial susceptibility 

testing carried out using MicroScan WalkAway 96 plus 

(Beckman Coulter, USA). The MIC was interpreted 

according to the CLSI criteria7. All strains were resistant 

to at least one type in the carbapenem group (ertapenem, 

meropenem, imipenem and doripenem). These CRE 

strains were isolated from urine, pus, blood and sputum. 

All strains were characterized for their carbapenemase 

producing ability at the phenotypic and molecular level. 

K. pneumoniae ATCC BAA-1706 (carbapenemase nega-

tive), K. pneumoniae ATCC BAA-1705 (blaKPC positive), 

and K. pneumoniae ATCC BAA-2146 (blaNDM positive) 

were used as internal controls for PCR, mCIM and 

MALDI-TOF MS testing. 

 

2.2. Molecular characterization of carbapenemase genes 

 

DNA was extracted from all strains using the 

modified boiling lysis method10. Briefly, each strain was 

cultured on a blood agar plate and incubated at 35C for 

16-24 h. One to five colonies of bacterial growth were 

suspended in nuclease-free water and the turbidity was 

adjusted to 0.5 McFarland standard. Then, 0.5 mL of the 

suspension was boiled at 100C for 10 min in a thermal 

block (Polystat 5, Bioblock Scientific, Illkirch, France), 

followed by centrifuging at 19,000×g for 5 min. An 

aliquot of DNA supernatant (1.25 ng/µL) was used directly 

as a template for PCR assay. The 20 µL PCR master mix 

consisted of 1x buffer, 2.5 mM MgCl2, 2 mM dNTPs, 

carbapenemase encoding gene primers: blaKPC, blaNDM, 

blaVIM, blaIMP, blaOXA-23- like, blaOXA-48- like
11, 5U Taq DNA 

polymerase, and nuclease-free water with 2.5 ng of DNA 

template. The amplification conditions were 94C for a 

3 min initial strand separation, 33 cycles at 94C for 20 

sec, 61C for 15 sec, 72C for 45 sec, and a 3 min final 

elongation step at 72C. The amplification products were 

separated by electrophoresis on 2% agarose gel stained 

with nucleic acid staining solution (RedSafe™). The 

expected product sizes for carbapenemase genes were 

310, 640, 470, 246, 390 and 755 bp. 

 

2.3. Phenotypic detection of carbapenemase-producing 

Enterobacterales 

 

The modified carbapenem inactivation method 

(mCIM) was performed on all strains according to the 

CLSI guidelines7. In brief, a 1 µL loopful of bacteria was 

resuspended in a 2 mL tube of trypticase soy broth (TSB). 

A meropenem disk was placed in each tube and incubated 

at 35C for 4 h±15 min. The disk was then removed and 

applied on Mueller-Hinton agar (MHA) plates freshly 

plated with 0.5 McFarland suspension of E. coli ATCC 

25922 strain and incubated at 35C for 16-20 h. The 

mCIM was considered negative if the zone size was ≥19 

mm, positive if the zone size was 6-15 mm, or interme-

diate (defined as positive) if pinpoint colonies were pre-

sent within a 16-18 mm zone. 

 

2.4. MALDI-TOF MS based ertapenem hydrolysis assay 

 

The ertapenem hydrolysis assay followed the modi-

fied method of Haijun et al.12. The strains were grown 

for 18-24 h on MHA (Francisco Soria Melguizo. S.L. 

Madrid.). A 4 McFarland concentration suspension of the 

organism was prepared in microtubes with 50 μL of an 

ertapenem 0.5 mg/mL solution (Invanz, Merck Sharp & 

Dohme, NJ) and incubated 2, 3 and 4 h at 35C. At each 

incubation period, 100 μL of the bacterial suspension was 

removed and centrifuged at 14,000 rpm for 2 min. Then, 

1.5 μL of supernatant was taken to target plate, dried, and 

covered with 1.5 μL of substrate. After drying in a block 

heater at 50C, the target plate was examined using Autof 

ms 1,000 (Autof ms 1,000, Zhengzhou Autobio). The 

blank control was the same level of antimicrobial solu-

tion. Finally, the spectra were analyzed by Autof Analyzer 

software with parameter settings: 60 Hz laser 40 shots, 

Detector 2.57 kV, Repulsion 20.00 kV, Elicitation 2.00 

kV, Focus 7.00 kV; Relative molecular mass tested: 0-

1,000. To interpret the MALDI-TOF MS results, peaks 

were automatically selected with the following parameter 

settings: peak detection algorithm: centroid; signal-to-

noise threshold, 2; relative intensity threshold, 0%; mini-

mum intensity threshold, 100; peak width, 02 m/z; height, 

80% and compared with the molecular masses of ertape-

nem [M+H]+at 476.5 m/z (±500 ppm). The disappearance 

of the waveform peak was judged as carbapenemase-

positive while showing the waveform peak was interpreted 

as carbapenemase-negative12-13. 

 

3. RESULTS AND DISCUSSION 

 

CRE  strains have recently  emerged and become a 
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public health threat worldwide, including in Thailand. 

In this study, most sample types were urine (48.4%) and 

sputum (42.2%), with other samples pus (6.2%) and 

blood (3.2%). The most common CRE species were K. 

pneumoniae (55/64 (85.9%)), E. coli (6/64 (9.4%)) and 

Ent. cloacae (3/64 (4.7%)) concurring with previous 

reports14-15. Carbapenemase genes in 64 CRE strains 

were characterized by the PCR method. Results revealed 

that 58 strains were carbapenemase producers and 6 

strains were non-carbapenemase producers following 

non-enzymatic mechanisms and were also related to 

carbapenem resistance by other mechanisms such as 

porin alteration9. Among the 58 CPE strains, 17 strains 

of K. pneumoniae (29.3%) harbored blaNDM and blaOXA-

48- like genes together, while 33 strains of K. pneumoniae 

(56.9%), 6 strains of E. coli (10.3%), and 1 strain of Ent. 

cloacae (1.75%) carried blaNDM or blaOXA-48- like genes 

alone and 1 strain of K. pneumoniae (1.75%) contained 

blaKPC (Table 1). 

The prevalence of carbapenemase species such as 

KPC, NDM, IMP, and OXA-48 family enzymes is depen-

dent on geographic region. NDM is mostly found in 

Southeast Asian countries, while OXA-48-like enzymes 

are usually found in European countries, in the Middle 

East (Turkey) and in Mediterranean countries including 

North Africa, with KPC commonly prevalent in the 

Americas and European countries16-18. In Thailand, NDM, 

OXA-48-like and IMP enzymes are frequently detected 
 
Table 1. PCR, mCIM and MALDI-TOF MS test results for all 64 isolates. 
 

CRE (n) PCR method mCIM method MALDI-TOF MS 

   (peak at 476.5 m/z) 

 NDM OXA-48 like KPC NDM + ND* Pos Neg Pos Neg 

    OXA-48 like      

E. cloacae (3) 0 1 0 0 2   1 2   1 2 

E. coli (6) 6 0 0 0 0   6 0   6 0 

K. pneumoniae (55) 9 17 1 24 4 51 4 51 4 

Total (64) 15 18 1 24 6 58 6 58 6 
 

*ND = Not Detected 

 

 

Figure 1. Mass spectrum showing ertapenem-specific waveform peaked around 476.5 m/z (top), disappearance of ertapenem-specific waveform 

peaked of K. pneumoniae ATCC 1705 (positive control) (middle top) and appearance of ertapenem-specific waveform peaked of K. pneumoniae 

ATCC 1706 (negative control) (bottom) at 3 hr-incubation time. 
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in clinical Enterobacterales isolates10. Our results sup-

ported previous studies showing that NDM and OXA-48-

like encoding genes were the most common in Thailand. 

The blaKPC gene was first reported in Thailand in 2014, 

with dissemination at a very low prevalence19-20. This 

research revealed evidence of blaKPC detection in Thailand. 

Multiple mechanisms contribute to carbapenem 

resistance among CRE. It is well known that the detection 

of genes does not reflect the expression of enzymes. 

Therefore, phenotypic testing offers a good method to 

check for carbapenemase production. In this study, the 

mCIM was selected as the standard method accepted by 

CLSI for testing with the MALDI-TOF MS method. All 

58 strains were mCIM positive, whereas 6 strains of CRE 

(non-CPE) were mCIM negative. The genetic and mCIM 

results were 100% consistent. Both PCR and mCIM are 

widely used in carbapenemase detection. Molecular 

methods are now available for the verification of the genes 

responsible for carbapenemase production but these do 

not detect new mechanisms, while also not always cor-

relating with the phenotype. The mCIM uses inexpensive 

materials that are readily available in routine microbio-

logical laboratories but requires 18-24 h to report the  

resistance information.  

MALDI-TOF MS is widely used in routine laboratory 

practice as a rapid and accurate identification technique 

for bacteria and fungi9. Many studies have demonstrated 

the applicability of this methodology to detect CPE 

organisms9,21-23, while numerous sample preparation 

procedures, incubation times and conditions, and diffe-

rent detection methods have been utilized for different 

bacterial strains. This experiment followed the method of 

Haijin et al.12; however, an incubation time of 60 min 

could not detect all the carbapenemase activity, concurring 

with Carvalhaes et al. who used the VITEK MS platform 

and reported detection rates as 95% of class A and 87% of 

class B carbapenemase-producing isolates after 60 min of 

incubation with ertapenem as the indicator24. Therefore, 

we increased the incubation time to 2, 3 and 4 h. Optimal 

incubation time was determined as 3 h for microdroplets 

of the positive control with ertapenem, showing disap-

pearance of the ertapenem-specific waveform peak at 

476.5 m/z (±500 ppm) (Figure 1). In all 58 strains, the KPC, 

NDM, and OXA-48 family enzymes revealed disappea-

rance of the ertapenem-specific waveform peak at 476.5 

m/z (±500 ppm), whereas 6 strains of CRE (non-CPE) 

revealed the ertapenem-specific waveform peak (Figure 

2). The ertapenem-specific waveform peak in this study  
 

 

Figure 2. Mass spectrum showing ertapenem-specific waveform peaked around 476.5 m/z (top), appearance of ertapenem-specific waveform 

peaked of E. cloacae (test no. 76) which is CRE (non-CPE) (middle top) and disappearance of ertapenem-specific waveform peaked of K. 

pneumoniae (test no. 77) which is CPE (bottom). 
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was consistent with results recorded by Johansson et al. 

and Yu et al. who detected ertapenem by MALDI-TOF 

MS at 476.5 m/z25-26, repeating the test three times with 

the same results. In our study, the detection sensitivity 

and specificity for CPE using the mCIM and MALDI-

TOF MS were both 100%, while positive predictive value 

and negative predictive value were also 100%. The expe-

rimental results indicated agreement between genetic 

testing and MALDI-TOF MS at 100%. This finding was 

also supported by Burckardt et al. who revealed that 

ertapenem was hydrolyzed within 3 h by all carbapene-

mase activity27.  

Detection of carbapenem resistance using MALDI-

TOF MS has been extensively studied for different 

Gram-negative bacteria including E. coli, K. pneumoniae, 

Pseudomonas aeruginosa (P. aeruginosa), Acinetobacter 

baumannii (A. baumannii), Ent. cloacae and different β-

lactam antibiotics22-23,28. No false positive or false nega-

tive results were recorded from the Enterobacterales but 

two false positive results were reported by Johansson et 

al.25 who demonstrated the detection of 9/25 P. aeruginosa 

strains by MALDI-TOF MS. The non-hydrolysis of erta-

penem strains was possibly due to additional porin loss, 

resulting in a very low fraction of ertapenem (if any) 

reaching the periplasmatic site of action of the VIM-

enzyme29. In A. baumannii, Sharma et al.28 observed 

imipenem instead of ertapenem because this organism 

is intrinsically resistant to ertapenem7. They detected 

complete imipenem hydrolysis as 100% of the metallo-

β-lactamases (MBLs) within two hours but an extended 

incubation of up to 12 h was required for carbapenem-

hydrolyzing class D β-lactamases (CHDL) detection 

because either the oxacillinases from A. baumannii had 

weaker carbapenemase activity or A. baumannii grew 

more slowly than Enterobacterales species. This study 

demonstrated the MALDI-TOF MS based ertapenem 

hydrolysis assay as a good tool to rapidly detect carba-

penemase activity of Enterobacterales strains. 

 

4. CONCLUSION 

 

The MALDI-TOF MS technique reliably and quickly 

detected carbapenemase activity. However, future large-

scale testing is required to further evaluate the performance 

of this method as a suitable tool for rapid detection. This 

technique showed promise for early detection and control 

of CPE isolates in a hospital setting, thereby assisting 

patient therapy. 
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