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Real-Time PCR analysis for detection  
of carbapenemases type VIM KPC, NDM a IMP 

 
     

 
Description: 
Epidemiological most serious resistance to carbapenems in Enterobacteriaceae, Pseudomonas and 
Acinetobacter is caused by carbapenemases, enzymes capable of efficiently hydrolyze most of β-lactams, 
including carbapenems. Their genes are encoded on mobile genetic elements (such as plasmids and 
transposons) capable of horizontal transfer among bacteria. On these mobile genetic elements, more genes 
responsible for resistance to other classes of antibiotics (e.g., aminoglycoside acetyltransferase genes, 
genes responsible for resistance to quinolones, etc.) are usually carried. Bacterial strains expressing 
carbapenemases are thus usually resistant to most antibiotics used in clinical practice. Treatment of 
infections caused by these isolates is significantly reduced (only the colistin remains effective 
usually), but there are not exception isolates resistant to all available antibiotics. This can significantly 
limit the development of medicine, especially in surgery and intensive care. 
 
Carbapenemases are classified into several groups according to their molecular structure and inhibition 
possibility (see Table 1.) This type of so-called metallo-β-lactamases with two zinc cations in the active site 
belongs to the most common enzymes. The most commonly found enzymes belong to the group VIM 
(Enterobacteria, Pseudomonas) and IMP (Pseudomonas). Another prevalent type of carbapenemase 
enzymes are the groups 2f by K. Bush and col., respectively group A according to Ambler. These are the 
most often found carbapenemases in Enterobacteriaceae, particularly in Klebsiella pneumoniae. 
 
Table 1. Clinically significant carbapenemases. 
 

Group according the 
classification by 

Bush/Amblera, nomenclature 

Identified carbapenemases Bacterial species with 
carbapenemases 

Group 2f / A  KPC, 
GES, SME, IMI, NMC 

Enterobacteriaceae (Klebsiella 
pneumoniae, Enterobacter 
cloacae, Serratia 
marcescens), Pseudomonas 
aeruginosa, 
Acinetobacter baumannii 

Group 3 / B,  

metallo--laktamases 

VIM, IMP, GIM, SIM, NDM, 
SPM, AIM, KMH, DIM, TMB 

Enterobacteriaceae, 
Pseudomonas aeruginosa, 
Acinetobacter baumannii 

Group 2d / D 
OXA 

OXA-48 
 
 
Groups OXA-23, -58, -40 

Klebsiella pneumoniae, 
Enterobacter cloacae, 
Escherichia coli; 
Acinetobacter baumannii 

 
Carbapenemases epidemiology: 
Genes encoding carbapenemases are usually part of larger genetic elements encoding resistance to other 
classes of antibiotics (aminoglycosides, fluoroquinolones, sulfonamides, etc.). Use of antibiotics from any of 
these groups leads to the selection of resistance to other antibiotics. Resistance may also be spread by the 
interspecies horizontal gene transfer (see Figure 1). At the same time the successful spread out of epidemic 
clones (eg. Klebsiella pneumoniae ST258 producing KPC, Acinetobacter baumannii) happens. A serious 
problem brings travelling to the countries with a high prevalence of carbapenemase producers (such as 
Greece, Israel, USA, and India). Travelling leads to the spread of carbapenemases in other countries. 
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In vitro diagnostics 
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Prevention in the resistance spreading: 
The onset of carbapenems resistance can be slow down by the active implementation of surveillance in 
hospitals. Patients should be isolated and strict hygiene measures must be kept. In this area it is necessary 
to use fast search methods for carbapenemase presence. Optimal screening method is a PCR method. In 
the point of view of the epidemiological situation in the Czech Republic it is necessary to focus primarily on 
PCR diagnostics of carbapenemases VIM, IMP and KPC. 
 
Purpose of the use: 
The product is designed to determine the presence of VIM, KPC, IMP and NDM in the sample. 
 
Recommended storage conditions: 
The recommended storage temperature is -20 °C or lower. 
 
Kit includes: 

- Amplification reagents for the determination of 4 types of carbapenemases 
- Instructions of use 

 
For the test performance is further needed (kit does not contain): 

- Isolation kit for purifying DNA from the sample (recommended kit is DNA-Sorb-B Sacace REF K-1-
1/B or equivalent) 

- Consumables and small instruments for the DNA purification and PCR assay setup 
- Protective equipment (Disposable examination gloves, laboratory coat) 

 
Required material but not provided: 
 
Zone 1: sample preparation 

 Biological box 

 Microcentrifuge for tubes of the eppendorf type 

 Heated Dry Block 60 ° C ± 2 ° C 

 Vortex 

 Pipettes (capacity 5-40 ml, 40-200 ml, 200-1000 ml) with aerosol filter 

 1.5 ml sterile polypropylene tubes (Sarstedt, QSP, Eppendorf) 

 Disposal of hazardous waste 

 Refrigerator, freezer 
Zone 2: RT amplification 

 Real-Time Thermal cycler SmartCycler ® (Cepheid) 

 Reaction tubes SmartCycler (25μl) 

 Workstation (PCR box) 

 Pipettes (capacity 0.5-10 ml, 5-40 ml) and tips with aerosol filter 

 Test tube rack 

 Desktop centrifuge with rotor compatible for tubes with a volume of 1.5 ml and 2 ml, Smart 
Centrifuge 

  
Test principle: 
Real-Time PCR kit is an in vitro test for amplification and the qualitative detection of carbapenemases VIM, 
KPC, IMP and NDM in clinical material (bacterial cultures, swabs) and detection by means of hybridization 
with fluorescent probes of the TaqMan type. The test principle is based on three steps: First, the purification 
of DNA. Second, the amplification of specific sequences. And third, the Real-Time PCR hybridization and 
fluorescence detection. VIM, IMP, KPC and NDM specific sequences are detected in the first FAM channel; 
internal control is detected in second channel Cy3. 
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Warnings and recommendations: 

 
1. Diagnostics for in vitro applications. 
2. The components of the human origin should be handled as potentially infectious. 
3. Do not use reagents after the expiration date. 
4. When handling specimens and reagents, wear the protective gloves, lab coat and eye protection. 

After work, wash your hands thoroughly. 
5. Do not pipette by mouth. 
6. Do not eat, drink, smoke, do not apply any cosmetics or contact lenses in the lab. 
7. Remove all unused samples and reagents in accordance with local regulations. 
8. Biosafety Level2 should be used for materials containing infectious and chemical agents or materials 

that are suspected to contain infectious and chemical agents. 
9. Avoid the contact of samples or reagents with skin, eyes and membranes. When these compounds 

come into contact, immediately rinse with water and contact a doctor immediately. 
10. Use of this product should be limited to personnel who have been trained in particular field. 
11. Work in the laboratory must be organized in one direction, beginning in the extraction room/space 

and continue to the amplification of the room/space. Do not return samples, equipment or reagents 
into the room where you did the previous step. 

 
Recommended biological material: 
It is recommended to use a bacterial culture for the analysis.  Alternatively, swabs or scrapings may be used. 
Samples can be stored at +2 ° to +8 ° C for up to one week when stored so as to prevent evaporation or 
contamination. For long-term storage is recommended freezing of samples. Avoid repeated freezing and 
thawing. 
 
Isolation of biological material: 
For DNA purification is recommended kit DNA-sorb-B. Follow the manufacturer's instructions for purification. 
 
Preparation of reagents and samples: 
Samples and reagents should reach room temperature (hereinafter referred "RT") before use. All samples 
and reagents should be homogenized by vortexing before use. 
 
Mastermix preparation:  
The kit contains reagents for 80 assays (4 x 20 tests for each type of carbapenemases - VIM, IMP, KPC, 
NDM) 
 
Components identical for all types of carbapenemases: 

- MM1 (750µl), 7,5µl/rx 
- MM2 (500 µl), 5µl/rx 
-  

Components specific for each of carbapenemases 

- VIMoligo (188 µl), 7,5µl/rx 
- IMPoligo (188 µl), 7,5µl/rx 
- KPColigo (188 µl), 7,5µl/rx 
- NDMoligo  (188 µl), 7,5µl/rx 
- 4x positive control for each carbapenemase (50 µl), 5 µl/rx 

 
Tab. Mastermix preparation:  
 

Component 1reaction/µl 

MM1 7,5 

MM2 5 

VIM/IMP/KPC/NDMoligo 7,5 

Template/isolate 
DNA/NK/PK 5 

Total reaction volume 25 
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For each type of carbapenemase is necessary to prepare a separate mastermix from components MM1, 
MM2 and corresponding oligo mix (VIM/IMP/KPC/NDMoligo) according to the above table and the number of 
samples tested (N) plus the 2 controls (N+2, positive control and negative control). Mixture should be 
thoroughly vortex and subsequently pipetted in 20μl aliquots into labeled reaction tubes. Subsequently, pipet 
5 µl of the negative control, 5 µl of the corresponding positive control and 5 µl of the DNA sample into the 
appropriate labeled reaction tubes. The reaction tubes shortly centrifuge and insert into the device. 
 
Analysis: 
 
1. Start real-time PCR cycler and corresponding SW. 
2. Enter a new temperature-time profile in the "define protocol" window (only for the first setup) 

 
Define Protocol: 
 

 
 

3. Subsequently, over the "creat run" enter the parameters specific for the analysis: 
 

 
 
4. Select the appropriate number of positions and define the appropriate temperature-time profile and then 

define used samples a corresponding mastermixes. 
 

 
 

5. Describe the individual samples in the respective positions in the SW. 
6. Start the analysis – press "start run" button in the lower left corner. 
7. In the table „View Results“ evaluate the results of the analysis after completion. 
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Analysis results: 
 
1. Press "Analysis setting" and in the column „Manual Thresh Fluor Units" check the value of the 

threshold line 30 for Fam channel and 30 for Cy3 channel. Click on "Update Analysis". 
2. Click on the "Save Run" in the "Results Table" 
3. The sample is positive if the column FAM Std/Res is the result marked as POS (FAM Ct value > 0). 
4. The sample is negative if the column FAM Std/Res is the result indicated as NEG (FAM Ct value is 

equal to zero), and in column CY3 Std/Res result is identified as POS. Negative Ct values of samples 
Cy3 channel in the range of 40-42 cycles indicate the lack of DNA after extraction (if the Ct value is 
higher than 40, repeat the test). 

5. The result is invalid if the column FAM Std/Res and in the column CY3 Std/Res is result marked as 
NEG (Ct is equal to zero). Repeat the test, including sample preparation and amplification. 

6. The result is considered as valid only if the positive and negative controls, amplification and purification 
DNA are valid. 

 
Table 2: Results for controls 
 

Control Controled Step Ct Fam channel Ct Cy3 channel Interpretation 

Negative control Amplification NEG POS Valid result 

Positive control Amplification POS POS/NEG Valid result 

 
 
Troubleshootings: 
 
1. The occurrence of any Ct values in the table of results for the negative control in the channel Fam is an 

evidence of contamination. In this case, results of the analysis for all tested sample are considered as 
invalid. It is necessary to repeat the analysis of all tests and also take measures to detect and eliminate 
the source of contamination. 

2. No signal with a positive control in the Fam channel shows the incorrect programming of the Real-Time 
instrument or improper preparation of the mastermix: repeat the amplification. 
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Results example: 
Fam channel – detection of NDM DNA (NDM positive samples, various dilutions) 
Cy3 channel – detection of internal DNA control  
 

 
 
* PCR: polymerase chain reaction (PCR) is in some countries patented by Hoffmann - La Roche. Sacace does not recommend any 
unauthorized or unlicensed use of the PCR process. This kit is intended for persons who either own a license to perform PCR or for 
which a license is not required. SmartCycler is a registered trademark of Cepheid 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Producer: DYNEX LABORATORIES, s.r.o. 
Contact: Lidická 977, 273 43 Buštěhrad, Czech Republic, 

Tel: +420 220 303 600, Fax: +420 224 320 133,  
E-mail: office@dynex.cz, www.dynex.cz 
Headquartes: Vodičkova 791/41, 110 00 Prague 1, Czech Republic 
 

 

mailto:office@dynex.cz
mailto:dynex@isternet.sk
mailto:office@dynex.cz


                                                                             

 

     

 

 7 Rev_4.8.2016, ver.2 

 
 
DYNEX LABORATORIES, s.r.o. 

Headquarter: Praha 1, Nové Město, Vodičkova 791/41,110 00, IČ: 26682443, Registered 

in the Commercial Register at the Municipal Court in Prague, Section C, File 87028 

Place of business: Buštěhrad, Lidická 977, 273 43, Tel: +420 220 303 600, Fax: +420 

224 320 133, E-mail: office@dynex.cz 

 

 

 

 

 

 
 

 

Tel: +421 48 415 5045, Fax: +421 48 415 5056, E-mail: dynex@isternet.sk 

www.dynex.cz 

 

 

mailto:office@dynex.cz
mailto:dynex@isternet.sk

