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Background: Carbapenems are β-lactam antibiotics, which are regarded as one of the 

final options to treat severe infections resulting from multidrug-resistant organisms. 

Carbapenem resistance is mostly caused by carbapenemases, which are enzymes that 

break down this kind of β-lactam antibiotic. It can also occur through non-enzymatic 

processes such as efflux or changes in porin structure when AmpC or extended-spectrum 

β-lactamases (ESBL) are present. Carbapenemase-mediated resistance poses a far 

greater threat. Objectives: The aim of the study was to detect the underlying mechanisms 

of resistance of carbapenem resistant gram negative bacteria by phenotypic detection 

(lateral flow immunoassay) directly from positive blood cultures& genotypic detection 

(Conventional PCR). Methodology: This research was performed on clinical isolates of 

25 positive blood cultures of carbapenem resistant Gram -ve bacteria from pediatric 

cases at Beni-Suef University Hospital. The isolates underwent identification & 

antimicrobial susceptibility testing by means of VITEK 2 compact system. We assessed a 

rapid lateral flow immunoassay (LFIA) directly on positive blood culture bottles for 

carbapenemase genes (OXA-48, KPC, NDM, VIM,  and IMP)  & compared outcomes 

with those obtained utilizing conventional polymerase chain reaction (PCR) techniques. 

Results: PCR test presented that OXA-48 was the most predominant genotype (96%), 

and the least prevalent was IMP (56%). We evaluated the results of the lateral flow 

immunoassay and found that the sensitivity of each type was in the range of 71.4%–

100% and the specificity of each type was from 0%–90.9% in comparison with PCR as 

the gold standard. Conclusion: The lateral flow immunoassay is an effective & efficient 

phenotypic test for quickly identifying carbapenemase-generating isolates straight from 

blood culture bottles. It may also be utilized as a point-of-care test. 

 
INTRODUCTION 

 

Carbapenems belong to β-lactam group of 

antibiotics and have traditionally been regarded as the 

final option for treating Gram-ve infections that are 

resistant to several antibiotics 
1
. 

Carbapenemases synthesis is the primary factor 

contributing to carbapenem resistance in Carbapenem-

resistant Enterobacterales (CRE) strains 
2
. 

Carbapenemases are usually classified into 3 

categories of β-lactamases: classes A, B, & D.  

Klebsiella pneumoniae carbapenemases (KPCs) are the 

prevailing class A carbapenemases. NDM, IMP, & VIM 

are classified as class B metallo-β-lactamases & serve as 

representatives of this class. Oxacillinase, also known as 

OXA-48-like β-lactamases, is a predominant kind of 

Class D carbapenemase 
3
. 

Global health risks are posed by the spread of 

Enterobacterales that produce carbapenemase 
4
. Because 

carbapenemases can break down all b-lactam 

antibiotics, only a few drugs may effectively treat CPE-

induced infections. Consequently, these illnesses are 

often associated with high death rates and worse 

prognosis
5
. 

Treating infections caused by CRE strains is 

sometimes challenging. ceftazidime/avibactam (CZA) is 

a new combination of beta-lactam and beta-lactamase 

inhibitors that has a strong inhibitory impact on class A, 

C and certain D β-lactamases ( as OXA-48-like). 

However, it is not effective against class B metallo-β-

lactamases
 6
.  

https://081017h8o-1103-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/medicine-and-dentistry/immunoassay
https://081017h8o-1103-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/medicine-and-dentistry/multiplex-polymerase-chain-reaction
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If enterobacteriaceae isolates develop NDMs (or any 

other metallo-β-lactamase), the recommended antibiotic 

treatment is a combination of CZA & aztreonam
7
. 

Hence, the prompt and dependable differentiation of 

these carbapenemases would offer crucial insights for 

suitable therapy 
8
.  

A novel immunochromatographic detection test 

called Carbapenem-Resistant K.N.I.V.O. Detection 

K-Set (Goldstream, Beijing Gold Mountainriver 

Tech Development Co., China). This lateral flow test 

is designed to detect the five primary forms of 

carbapenemases, specifically KPC-type, NDM-

type,IMP-type,VIM-type,&OXA-48-type 

carbapenemases, from both bacterial culture & blood 

culture bottle samples. The molecular identification of 

genes producing carbapenemase is a compelling option. 

However, it is expensive, time-consuming, and not 

easily feasible on a global scale 
9
. Our study aimed to 

assess phenotypically and genotypically carbapenem 

resistant gram negative bacilli. 

 

METHODOLOGY 
 

*Isolation and Identification of bacteria:    
From June 2022 to January 2023, samples sent to the 

microbiology laboratory of Beni-Suef University 

Hospital yielded clinical isolates of 25 positive blood 

cultures of carbapenem-resistant Gram-ve bacteria. 

The investigation received an approval from Beni-

Suef University's Faculty of Medicine Research Ethical 

Committee (Approval No. FMBSUREC/ 08052022/ 

Abdelwahed). 
Gram-negative isolates were obtained after culture 

of blood specimens on Bactec blood culture bottles and 

sometimes manual blood culture bottles, then 

subcultured on blood, chocolate and MacConkey agar 

(Oxoid Co., England), then all were incubated 

aerobically at 37ºC for 24 hours
10

. An automated 

antimicrobial susceptibility system (VITEK 2 

COMPACT) identified the isolates. 

*Detection of carbapenem-resistant Gram negative 

bacteria: 

If gram negative bacteria can either not react to at 

least single carbapenem antibiotic (ertapenem, 

meropenem, or imipenem) or if they produce 

carbapenemase enzyme that makes bacteria resistant to 

carbapenem antibiotics, they are considered carbapenem 

resistant 
11

. 

Antimicrobial susceptibility was done for isolated 

gram negative bacteria by an automated antimicrobial 

susceptibility system (VITEK 2 COMPACT).  During 

the study period, all strains of CR Gram-negative 

isolates were preserved on glycerol broth in two 

epindorph tubes and stored at -70 C for subsequent PCR 

analysis. 

 * Identification of carbapenemease-producing 

isolates directly from blood culture bottles using 

lateral flow immunoassay: 

(The Goldstream® Carbapenem-resistant 

K.N.I.V.O. Detection K-Set, China) kit, which is a 

sandwich immune chromatographic assay, was used for 

25 positive blood culture bottles. 

Detection Procedure: 

We conducted the procedure directly on the blood 

sample that tested positive from the vials. An aliquot of 

1.8 ml was obtained and subjected to centrifugation at 

14,000 rpm for 90 s. Following the liquid removal, we 

mixed the solid residue with 1 ml of DW for 1 minute to 

induce hemolysis, and then centrifuged using the same 

parameters 
12

.        

We added 5 drops of the sample treatment solution 

into a disposable microcentrifuge tube, then dipped and 

inserted a disposable inoculation loop into the container 

to add the supernatant. We mixed well. The cassettes A 

and B were placed horizontally, and fifty µL of mixture 

was added to the sample hole, respectively. We waited 

10–15 minutes, then read and recorded the results. 

Interpretation: 

- The presence of single or more red lines in test 

area, regardless of line intensity, indicated a 

positive finding for its corresponding gene type. 

- A single control line (C line) indicated a negative 

finding . 

- If control line was not visible, the outcome was 

deemed invalid, and the test was repeated. 

* Molecular identification of OXA 48, NDM, KPC, 

VIM, & IMP genes: 
      A PCR procedure was done for 25 carbapenem-

resistant Gram-ve isolates in the Microbiology 

Department for Research & Postgraduate Studies in 

Faculty of Pharmacy, Beni-Suef University. 

Extraction of DNA:  

      Extraction of DNA followed the protocol outlined in 

reference 
13

. 

DNA amplification: 

  * Willowfort, UK,   supplied the PCR master mix 

(COSMO PCR RED MASTER MIX (2X  .(  

* Primers: Willowfort, UK, synthesised them, as 

indicated in the following table: 
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Table 1: Gene primers for KPC,OXA-48,VIM, IMP 
14

, NDM
15

. Bp=base pair 

 

 

PCR thermal cycling conditions:  

    DNA thermal cycler (Biometra Analytic Jena Company, Germany & Sensquest labcycler, Germany.) were 

utilized. Thermal cycling conditions were summed up in table 2  

 

 

Table 2: PCR conditions for KPC,OXA-48,VIM, IMP 
14

, NDM
15

. 

 

 

Detection of PCR products:  
    Using a UV transilluminator and gel electrophoresis, 

amplified genes were detected. (Whatman, Biometra, 

Germany) 

Statistical Analysis 
    We used Statistical Package for Social Science 

(SPSS) version 22 for Windows 7 (SPSS Inc., Chicago, 

IL, USA) to analyze the data. Simple descriptive 

analysis of quantitative parametric data expressed as 

percentages & numbers for qualitative data & arithmetic 

means for calculating central tendency & SD for 

dispersion, respectively. 

For qualitative data 

- Chi-square test was utilized to compare among 2 of 

> 2 qualitative groups.  

- MC-Nemar test was utilized for paired dependent 

qualitative data. 

- Sensitivity and specificity test for testing new test 

with ROC curve "Receiver Operating 

Characteristic". 

- A P-value below 0.05 was considered as statistically 

significant 

 

RESULTS 
 

The 25 positive blood cultures of carbapenem-

resistant   Gram negative bacteria were examined 

directly by The Goldstream® Carbapenem-resistant 

K.N.I.V.O. Detection K-Set, and then carbapenem-

resistant Gram-negative isolates were examined by 

PCR to be compared by results of lateral flow 

immunoassay. 

The PCR test showed that 96% of cases were +ve 

for the OXA-48 gene, followed by 86% of cases were 

+ve for VIM gene, 80% were +ve for NDM gene, 64% 

were +ve for IMP gene, finally 56% were +ve for the 

KPC gene, as shown in Table 3 

 

Table 3: Frequency of five genes by PCR among 

study group. 

Genes 

Pcr results 

(Variables n=25) 

Negative Positive 

Oxa-48 gene 1(4%) 24(96%) 

NDM gene 5(20%) 20(80%) 

KPC gene 11(44%) 14(56%) 

VIM gene 8(32%) 17(86%) 

IMP gene 9(36%) 16(64%) 

 

No statistically significant variance was noted in 

identification of positive OXA-48, NDM, KPC, VIM, & 

IMP genes with p-values above 0.05 between PCR and 

lateral flow tests as shown in table 4. 

 

 

 

Gene Primer Reverse primer Molecular size 

KPC CATTCAAGGGCTTTCTTGCTGC ACGACGGCATAGTCATTTGC 498 bp 

OXA-48 GCTTGATCGCCCTCGATT GATTTGCTCCGTGGCCGAAA 238 bp 

NDM GGTTTGGCGATCTGGTTTTC CGGAATGGCTCATCACGATC 521 bp 

VIM GGTGTTTGGTCGCATATCGCAA ATTCAGCCAGATCGGCATCGG 502 bp 

IMP TCGTTTGAAGAAGTTAACG ATGTAAGTTTCAAGAGTGATGC 568 bp 

 OXA-48 KPC NDM VIM IMP 

initial 

denaturation 
95°C for 5 min 95°C for 5 min 95°C for 5 min 95°C for 5 min 95°C for 5 min 

Denaturation     94°C for 45 sec 

Annealing 54 °C for 45 sec 54 °C for 45 sec 54 °C for 45 sec 58 °C for 45 sec 46.5 °C for 45 sec 

Extension 72°C for 1 min 72°C for 1 min 72°C for 1 min 72°C for 1 min 72°C for 1 min 

previous steps were Repeated for thirty five cycles 

final extension 72°C for 10 min 72°C for 10 min 72°C for 10 min 72°C for 10 min 
72°C for 10 min 
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Table 4: Comparisons of the five genes PCR results and lateral flow results among study group. 

Oxa-48 gene 

PCR results 

P-value Sig. Negative (N=1) (4%) Positive (N=24) (96%) 

No. % No. % 

Lateral flow 

Negative 0 0% 4 16.7% 
0.37 NS 

Positive 1 100% 20 83.3% 

NDM gene 

PCR results 

P-value Sig Negative (N=5) Positive (N=20) 

No. % No. % 

Lateral flow 

Negative 2 40% 2 10% 
0.99 NS 

Positive 3 60% 18 90% 

KPC gene 

PCR results 

P-value Sig. Negative (N=11) Positive (N=14) 

No. % No. % 

Lateral flow 

Negative 10 90.9% 4 28.6% 
0.37 NS 

Positive 1 9.1% 10 71.4% 

VIM gene 

PCR results 

P-value Sig. 
Negative  

 (N=8) 
Positive  

 (N=17) 

No. % No. % 

Lateral flow 

Negative 5 62.5% 2 11.8% 
0.99 NS 

Positive 3 37.5% 15 88.2% 

IMP gene 

 

PCR results   

P-value Sig. 
Negative 

(N=9) 
Positive 

(N=16) 

No. % No. % 

Lateral flow 

Negative 5 55.6% 0 0% 
0.13 NS 

Positive  4 44.4% 16 100% 

 

 

A statistically significant sensitivity to lateral flow 

test in the diagnosis of the KPC gene with a sensitivity 

of 71.4 & specificity of 90.9 percent with a p-value of 

0.009. Furthermore, lateral flow tests showed a 

statistically significant sensitivity in the diagnosis of 

VIM and IMP genes with a with a sensitivity of 88.2% 

and 100% and a specificity of 62.5% and 55.6%) with 

p-values of 0.04 & 0.02, correspondingly, but OXA-48 

and NDM genes showed no statistically significant 

results, as sensitivity was 83.3% and 90% and 

specificity was 0% and 41.7%  with p-values of 0.78 & 

0.31, correspondingly, as shown in table 5. 

    

 

Table 5: Sensitivity and specificity of different genes in comparison to PCR among study group at baseline time:             

Variable Sensitivity Specificity AUC p-value (95% CI) 

OXA-48 gene 83.3% 0% 41.7% 0.78 

NDM gene 90% 40% 65% 0.31 

KPC gene 71.4% 90.9% 81.2% 0.009* 

VIM gene 88.2% 62.5% 75.4% 0.04* 

IMP gene 100% 55.6% 77.8% 0.02* 
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DISCUSSION 
 

Carbapenemases   are grouped into three β-

lactamase Ambler classes: class A, that has KPC as its 

most common type; class B, which has metallo β-

lactamases (MBLs) like NDM, VIM, & IMP; and class 

D, which has OXA-48-like
16

. Quickly detecting & 

identifying carbapenemases can aid in preventing the 

transmission & infection control of carbapenemase-

producing isolates within healthcare facilities
17,18

. 

Recently, there has been significant progress in rapid 

diagnostic testing using LFAs (lateral flow 

immunoassays) to detect enzymes linked to 

antimicrobial resistance. These LFAs have shown 

similar performance to the gold standard   polymerase 

chain reaction-based techniques & can be conveniently 

used in clinical microbiology labs without the need for 

specialized staff or excessive expenses 
19

. 

As the PCR is the gold standard  , we detected that 

OXA-48 was the most common gene detected among 

CRE by a percentage of 96%, which was similar to 

several studies in Egypt 
20

 that reported 72.5% of CRE 

isolates from cases in Al-Zahraa & Helwan University 

hospitals in Cairo, Egypt, harboured the blaOXA-48 

gene. Also, Osama et al
21

 stated that OXA-48 was the 

most common carbapenamase gene detected by real-

time PCR among 149 Gram-negative isolates obtained 

from paediatric cancer cases in Egypt, but Pingjuan 

Liu,.et al 
8
 reported that Klebsiella pneumoniae, which 

produces KPC carbapenemase, was the predominant 

form of CRE. This suggests that CPE exhibits distinct 

genetic and epidemiological traits across various 

geographical areas. Hence, it is crucial to closely 

observe & acquire expertise in the traits of enzyme 

synthesis in different strains within each region. 

The 2nd common carbapenemase gene was NDM 

(80%); Wassef et al, 
22

 identified NDM in only twenty 

four percent of isolates, and Ghaith et al , 
23

 identified 

NDM with  high percentage of 85% in diverse 

biological specimens collected from cases admitted to 

Beni-Suef University Hospital. 

In our study, for phenotypic detection of 

carbapenamases genes, we utilised the carbapenem-

resistant K.N.I.V.O. detection K-Set (Beijing Gold 

Mountainriver Tech Development Co., China) to be 

assessed for 1st time, with sensitivity in range of 71.4 

percent to 100 percent & specificity in the range of 0% 

to 90.9%, respectively. 

K-Set is a commercially available set of 

immunological enzyme detection kits specifically 

designed to detect five significant kinds of 

carbapenemases: KPC, NDM, VIM, IMP, & OXA-48. 

Our study indicates that K-Set is very suitable for the 

identification of the five major carbapenemases, in 

comparison to the PCR approach, with a sensitivity of 

100% for IMP, 90% for NDM, 83.3% for OXA-48, 

88.2% for VIM, and 71.4 for KPC directly from blood 

culture bottles, which was  almost in line with the 

outcomes of Pingjuan Liu et al.
8
 who reported that, 

compared with the polymerase chain reaction technique, 

K-Set is very suitable for detecting 5 major 

carbapenemases, with sensitivity of one hundred percent 

for IMP, 100% for NDM, 100% for OXA-48, 100% for 

KPC, and 100% for VIM. Aurélie Cointe et al., 
24

 

revealed that 100% of OXA-48-like isolates (30/30) & 

KPC-type isolates (17/17) were accurately identified by 

RESIST-4 O.K.N.V. test when applied directly to 

positive blood vials. 

Several investigations have assessed the efficacy of 

NG-test Carba 5, a type of lateral flow immunoassay, 

and have consistently shown high performance on 

bacterial colonies and positive blood cultures. The 

overall specificity & sensitivity of this test varied from 

97.3 percent to 100 percent & 95.3 percent to 100 

percent, correspondingly, as reported in previous studies 
25,26,27

. The RESIST-5 O.O.K.N.V. identified the 

presence of KPC-type & OXA-48-like carbapenemases 

in blood cultures with sensitivity of 100 percent for 

both. However, the sensitivity for detecting NDM-type 

& VIM-type carbapenemases was 50.0% & 52.2%, 

respectively 
28

. 

 

CONCLUSION 
 

The percentage of carbapenem-resistant Gram –ve 

bacteria amongst pediatrics is increasing in hospitals in 

our country due to inappropriate infection control 

measures. The OXA-48, NDM, KPC, VIM, & IMP are 

present amongst Gram -ve bacteria in our Beni-Suef 

University Hospital in different percentages. The lateral 

flow immunoassay is a good rapid phenotypic test for 

identifying carbapenamase-producing isolates directly 

from blood cultures, and it is in good agreement with 

PCR for identifying the most prevalent carbapenamase 

genes. 

 

Abbreviations: 
CPE: Carbapenemase-producing Enterobacterales  

CR: Carbapenem resistant 

CRE:  Carbapenem resistance Enterobacterales  

CZA: Ceftazidime/avibactam  

DW: Distelled water 

ESBL: Extended-spectrum β-lactamases  

KPCs: Klebsiella pneumoniae carbapenemases  

LFIA: Lateral flow immunoassay    

PCR: Polymerase chain reaction  
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