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Abstract  

Objective:  We evaluate the performance of the Blue-Carba Test (BCT) and Mast ISOPLEX ®CRE-ART-LAMP 

assay as quick and affordable assays for the detection of carbapenemase-producing Enterobacteriaceae clinical 

isolates, Khartoum State-Sudan. Methods: A total of 384 Enterobacteriaceae (122 CPE and 262 non-CPE) clinical 

isolates were tested for a rapid biochemical method for detection of carbapenemase activity using Blue-Carba Test 

(BCT), and the Loop-mediated isothermal amplification (LAMP) for carbapenemase target genes detection by 

MAST ISOPLEX®CRE-ART (19 CPE and 1 non-CPE). Results: The overall sensitivity, specificity and accuracy 

for carbapenemase detection were 100% (95% CI, 97.0%–100%), 93.9% (95% CI, 90.3%-96.5%) and 95.8 % 

(95% CI, 93.3%-97.6%) for BCT with 80.3% present positive blue color was appeared after 15 min of test. 

Interestingly, the Mast ISOPLEX CRE-ART showed specificity 100%, accuracy 96.7% (95% CI, 90.6%-99.9%), 

and sensitivity 94.7% (95% CI, 90.3 -98.7%) for LAMP assay for detection of the target genes and it provides 

rapid results with a 45-minute. Considering PCR as a standard test for CPE genes detection, the kappa value of 

BCT and LAMP assays were calculated to be 0.907 and 0.900 respectively, suggesting good agreement between 

the PCR assay and both selected tests. Conclusion: The promptness and simplicity of both assays make them 

suitable for inexperienced operators to readily identify carbapenemase production and characterization of major 

carbapenemase blagenes. Besides exhibits an almost good agreement (Kappa>0.600) emphasizing their high 

sensitivities and specificities with a rapid and reliable epidemiological screening of carbapenemase production in 

resource-limited settings.  
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1. Introduction  

During the last decade, dissemination of carbapenem 

resistance-carbapenemase-producing organisms 

including Enterobacteriaceae, Pseudomonas spp. and 

Acinetobacter spp infections has become one of the 

most significant threats to public health globally (1). In 

Sudan, increasing carbapenemase-producing 

Enterobacteriaceae (CPE) infections associated with 

hospitalized or community patients posing great 

challenges to accurate and rapid detection of CPE is 

imperative to enable specific antibiotic therapy and 

rapid implementation of infection prevention and 

control measures and represents a frontier line to 

prevent the dissemination of resistance determinants (6, 

7). As a consequence, the treatment options for CPE 

infections are often limited, since these organisms 

usually co-carry resistant determinants to other classes 

of antibiotics (4, 5). The heterogeneity of 

carbapenemase classes and types leads to a multiplicity 

of diverse carbapenem hydrolytic efficiencies and 

resistance phenotypes (5).  

In 2017 the World Health Organization (WHO) 

published its first list of antibiotic ‘priority pathogens’ 

that pose the greatest threat to human health, 

emphasizing the need for laboratories and hospitals to 

have access to rapid, easy-to-use technologies (8). 

Besides, The polymerase chain reaction (PCR) 

combined with sequencing is used as the gold standard 

for the detection of carbapenemases, its limitations, are 

required such as expensive equipment, skilled staff, and 

long detection times, have motivated various scholars 

and companies to develop new diagnostic methods for 

the detection of carbapenemases(7). The phenotypic 

tests detect only carbapenem hydrolysis activity but not 

the specific gene involved, and most of the developed 

techniques are target to certain enzymes, with a high 

possibility of missing non-target or new enzymes (5, 6). 

Herein we chose rapid, inexpensive, and reliable 

methods to identify CPE which is affordable in our 

region. The Blue-Carba Test (BCT) is a type of 

biochemical test for rapid (<2 h) carbapenemase 

detection. The principle of the test is based on the 

hydrolysis of imipenem by bacterial colonies which can 

be detected by changes in pH. (9, 10). Mast ISOPLEX 

CRE-ART is an in vitro diagnostic that uses loop-

mediated isothermal amplification (LAMP) technology 

to provide rapid molecular identification and 

differentiation of the seven most prevalent 

carbapenemase-producing organisms 

(Enterobacteriaceae, Pseudomonas spp. and 

Acinetobacter spp) families. For each carbapenemase 

family targeted by the assay, multiple family members 

can be detected, as follows: (OXA-48: 31, OXA-23:39, 

OXA-24/40: 10, KPC: 45, VIM: 64, NDM: 26, IMP: 

16) members detected for each gene. (11). The present 

study was to evaluate the performance of the BCT 

biochemical method for detection of carbapenemase 

activity and the LAMP-ISOPLEX®CRE-ART (Mast 

diagnostica GmbH, Reinfeld, Germany) for the 

identification of carbapenemases beta-lactam genes 

(blagenes). Based on these results, a proposed approach 

was developed for their accurate use for carbapenemase 

identification. 

2. Materials and Methods 

Bacterial Isolates. We studied a total of non-duplicate 

384 Enterobacteriaceae clinical isolates previously 

isolated from hospitalized patients across three 

Khartoum state teaching hospitals, Sudan. between 

April 2018 and October 2019, from sputum, urine, 

wound exudate, blood, stool, and other body fluids: At 

each hospital, Enterobacteriaceae were subjected to 

antimicrobial susceptibility tests by a common 

protocol, antimicrobial disc diffusion, and classified as 

resistant or sensitive based on CLSI guidelines M100 

27th (12) at UMST-research laboratory. The molecular 

conformation of carbapenemase production was 

performed by the Poirel et al.(13) protocol for a 

multiplex polymerase chain reaction (PCR) assay for 
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the detection and differentiation of the carbapenemases 

blagenes. The PCR primers were used to target the 

following groups of carbapenemases; KPC, GES, 

NDM, VIM, IMP, GIM-1, SIM-1, and OXA-48(13) at 

the National University Biomedical Research Institute 

(NUBRI).  

Blue-Carba Test. For rapid biochemical detection of 

CP directly from bacterial culture, we applied the J. 

Pires, Â. Novais, L. Peixe (10) protocol; the isolates 

were cultivated on Luria-Bertani (LB) agar for 18-24 

hours. A loopful (about 5μl) of pure bacterial culture 

was added to both test and negative control solution in 

a 96 well microtiter plate. Incubation of BCT was 30 

minutes to two hours at 37°C. Reading was performed 

by visually comparing colors between tests well and 

control well. Change of color of the test well from 

yellow versus blue, yellow versus green, and green 

versus blue. In case of a positive result, incubation was 

stopped after 30 minutes otherwise continued to two 

hours before a negative result was interpreted. Non-

CPs failed to change the color of the indicator and both 

solutions remained either blue (8, 14, 15). Blue carba 

test was done in duplicate on the promising CPs isolates 

after DNA extraction. For a test solution of 0.04% 

bromothymol blue adjusted to pH = 6, 0.1 mmol/liter 

ZnSo4 and 3mg/ml of imipenem (immediately added 

before using test) with a final pH adjusted to 7 was 

prepared. Negative control of 0.04% bromothymol blue 

adjusted to pH = 7 was prepared to check the influence 

of bacterial components on the pH of the solution (14, 

15).  

Mast ISOPLEX®CRE-ART assay. Bacterial strains 

were used for establishing the LAMP; the following 

two positive control isolates were used (1) Klebsiella 

Spp. strain coproduce: NDM, KPC, OXA-48 and GES 

(2) E. coli strain coproduce: VIM and IMP, one strain 

of E.coli non-carbapenemase producer as negative 

control and 17 CPE strains were used to evaluate the 

commercial Mast ISOPLEX ®CRE-ART- kit. The 

assay comprises an eight-tube strip, whereby each of 

the seven specific carbapenemases (OXA-48, OXA-23, 

OXA-24/40, KPC, NDM, VIM, and IMP) targets 

occupies its tube, and tube number eight include an 

inhibition control for each sample(11). We followed 

the manufacturer’s protocol; DNA was extracted from 

the bacterial colony cultured Luria-Bertani (LB) agar 

for overnight incubation at 37˚C medium by a simple 

‘boil and spin’ step in the buffer provided (provided in 

Kits). For each tube LAMP pellets in the eight-tube 

strip, 10µl of the extracted DNA was added directly to 

run the assay and to determine if the sample being 

tested is a carbapenemase-producing organism. The 

LAMP assay was performed as follows; amplification 

at thermal cycler 65 °C for 30 mins (cycle time: 1min), 

and the amplification was detected via the FAM filter 

(11). A positive result was indicated by a clear 

difference in intensity output at a given point in time 

when compared to a no template control (a positive 

Ct<30 and a negative no Ct value) (11). 

Statistical Analysis. The results of the molecular 

characterization of the CPE by PCR served as a 

standard and were compared with the results of the 

different assays to calculate the sensitivity, specificity, 

positive and, negative predictive values, and associated 

confidence intervals (CI) were calculated for each test 

using MedCalc, an internet-based statistical software 

(Available from: 

https://www.medcalc.org/calc/diagnostic_test.php). 

The accuracy is the proportion of true-positive and 

true-negative results of the evaluated assays and 

indicates the overall probability that a gene was 

correctly identified. Whilst, Cross tabulation was 

analyzed to find Kappa value to calculate the test of an 

agreement by Cohen’s Kappa value ≥0.6 were 

considered statistically significant. 

3. Results 

Performance of the Tested Assays for Detection of 

CPE 

https://www.medcalc.org/calc/diagnostic_test.php
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We have evaluated a BCT against a total 384 

Enterobacteriaceae consisting of (n=122) 

carbapenemase producers and (n=262) non-

carbapenemase producers. The distribution of genera 

was as follows: E. coli (n=144), K. pneumoniae (n=66), 

E. aerogenes (n=34), C. freundii (n=27) E. cloacae 

(n=22), P. mirabilis (n=21), P. stuartii (n=19), (n=17) 

for each M. morganii and Klebsiella Spp and others (8 

K. oxytoca, 5 Salmonella Spp and 4 Providencia Spp). 

Of the 122 (31.8 %)  CPE isolates were positive for one 

or more carbapenem resistance genes: the frequency of 

single carbapenemase genes harbour were IMP (n = 

37), NDM (n = 28), OXA-48-like (n = 21), GES (n=6), 

KPC (n=5), GIM-1(n=3), VIM (n=2) and SIM-1(n=1). 

Whilst strain coproducing two or more carbapenemase 

gens NDM+OXA-48(n=5), (n=3) for each IMP+VIM 

and OXA-48+GES, NDM+KPC+OXA-48+GES (n=2) 

and (n=1) for each NDM+OXA-48+GES, 

NDM+GES+OXA-48+IMP, VIM+OXA-48+GES, 

GES+GIM-1, IMP+KPC and IMP+OXA-48. 

Blue-Carba Test: Total of 122 isolates (31.8%) were 

correctly identified as CPE using BCT assay, whilst 

246 (64.0%) were confirmed negative isolates and 16 

(4.2%) of false-positive isolates those previously 

carbapenemases negative (non-CPE). Base on 

detection time 80.3% (n=98) of CPE strains develop 

yellow color (positive) with 15 mins, 9.0% (n=11) after 

30 mins, 6.6% (n=8) strains of (6 strains harbor GES 

only, and 2 strains co-producer VIM+OXA-48+GES, 

and GES+GIM-1) after 1 hour and only 4.1% (n=5) 

strains of co-producer (GES and other types of 

carbapenemase blagenes) turn to yellow after 2 hrs of 

incubation (Table.1). Overall sensitivity of the Blue 

CARBA test was 100.0% (95%CI; 97.0%-100.0%) and 

specificity was 93.9 % (95% CI; 90.3%-96.5%) (Table 

3) with accuracy 95.8 % (95%CI; 93.3%-97.6%). 

Interestingly, when comparing the agreement between 

the BCT and gold standard multiplex PCR tests 

considering only positive vs. negative results, the tests 

exhibit an almost good agreement (Kappa=0.907) 

emphasizing that CBT can be used to detect CPE given 

their high sensitivities and specificities.  

Mast ISOPLEX®CRE-ART- LAMP assay. As the 

evaluation panel, 20 Enterobacteriaceae clinical 

isolates consisting of (n=19) carbapenemase producers 

and (n=1) non-carbapenemase producers. A total of 17 

Enterobacteriaceae clinical isolates (89.5.0%) were 

correctly identified as carbapenemases producers. 

Regarding the false-negative results (compared to the 

known genotypes), the Mast ISOPLEX®CRE-ART- 

LAMP assay failed to detect two E.coli isolates each 

with IMP and KPC, producing. Overall, compared to 

the known genotypes, the Mast ISOPLEX®CRE-ART 

kit detected 89.5% of the genes that they were selected 

to detect (Table.2, Figures 1 and 2) and confirmed 1 

(100.0%) negative isolate (as control negative) was 

previously carbapenemases negative. The sensitivity of 

this assay was 94.7% and specificity was 100.0%, with 

an accuracy of 96.7% (95%CI; 90.6%-99.9%) for 

detecting different carbapenemase types in different 

Enterobacteriaceae species are shown (Table 2). 

However, comparing the agreement between the Mast 

ISOPLEX®CRE-ART by LAMP assay and gold 

standard multiplex PCR tests considering only positive 

vs. negative results, the tests exhibit an almost good 

agreement (Kappa=0.900). The positive result for 

single carbapenemase genes production was presented 

in (Figure 1) and Co-producers was identified by the 

presence of multiple targets (Figure 2)  
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Table 1: Performance of the Blue-Carba Test with PCR assay for detection of CPE blagenes with time to 

positivity: 

Results of the Blue CARBA test  Negative Positive 

Time (min) for carbapenemase 

detection 

 Non-carbapenemase producers (n =262)  246 16 - 

 Carbapenemase producers (n = 122)  0 122 - 

KPC (n =5)  0 5 Up to 15 min 

GES (n=6) 0 6 Up to 60 min 

NDM (n = 28)  0 28 Up to 15 min 

VIM (n = 2)  0 2 Up to 15 min 

IMP (n = 37)  0 37 Up to 15 min 

GIM-1(n=3) 0 3 Up to 15 min 

SIM-1(n=1) 0 1 Up to 60 min 

OXA-48 (n = 21)  0 21 Up to 15 min 

NDM-1/OXA-48 (n=5) 0 5 Upto 30 min 

OXA-48/GES (n=3) 0 3 Up to 120 min 

IMP/VIM (n=3) 0 3 Up to 30 min 

NDM-1/KPC/OXA-48/GES (n=2) 0 2 Up to 120 min 

NDM-1/GES/OXA-48/IMP (n=1) 0 1 Up to 30 min 

NDM-1/OXA-48/GES (n=1) 0 1 Up to 30 min 

VIM/OXA-48/GES (n=1) 0 1 Up to 60 min 

GES/GIM (n=1) 0 1 Up to 60 min 

IMP/KPC (n=1) 0 1 Up to 15 min 

IMP/OXA-48 (n=1)  0 1 Up to 15 min 

 

Table 2: Assessment of the ISOPLEX CRE-ART @MAST kit LAMP assay with PCR assay for detection of CPE blagenes: 

Isolates ID blagenes types CRE-ART kit-

LAMP Result 

Agreement 

L18-OTH-3- E. aerogenes NDM NDM Agree 

L18-IMTH-88-K.pneumoniae IMP/KPC KPC Agree 

L18-IMTH-97- E. aerogenes IMP/VIM IMP/VIM Agree 

L18-IMTH-99- E.coli IMP - Disagree 
L18-OTH-102- K.pneumoniae IMP IMP Agree 

L18-IMTH-120- M. morganii VIM VIM Agree 

L18-IMTH-130- Salmonella. Spp VIM VIM Agree 
L19-IMTH-154- C. freundii IMP/VIM IMP/VIM Agree 

L18-KNTH-193- E.coli CNP-blagenes Non  Agree 

L18-KNTH-219- E. cloacae VIM/OXA-48/GES VIM/OXA-48 Agree*missed GES 

L19-KNTH-221- E.coli IMP/OXA-48 IMP/OXA-48 Agree 

L19-KNTH-273- K.pneumoniae OXA-48 OXA-48 Agree 

L18-OTH-293- Klebsiella. Spp 
 (Positive C) 

NDM/KPC/OXA-48/GES 
 

NDM/KPC/OXA-48 Agree*missed GES 

L19-OTH-301- E.coli KPC - Disagree  

L19-OTH-307- K.pneumoniae KPC KPC Agree 
L19-OTH-308- M. morganii NDM/OXA-48/GES NDM/OXA-48 Agree*missed GES 

L19-OTH-312- E. cloacae OXA-48 OXA-48 Agree 

L19-OTH-315-E. aerogenes  KPC KPC Agree 
L19-OTH-336- E.coli 

 (positive C) 

IMP/VIM 

 

IMP/VIM Agree 

L19-OTH-381- K.pneumoniae KPC KPC Agree 
L19-KNTH-385- K.pneumoniae NDM NDM Agree 

Total of LAMP agreement  90.0% 

*missed GES; as blaGES was not included with the kits. 
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Table 3: Evaluation of the BCT and Mast ISOPLEX®CRE-ART- LAMP assay with PCR assay for 

detection of CPE:  

Method Sensitivity % 

(95% CI) 

Specificity % 

(95% CI) 

PPV % 

 (95% CI) 

NPV %  

(95% CI) 

Accuracy % 

(95% CI) 

kappa value 

(95% CI) 

Blue CARBA test 100.0% 

(97.0%-100.0%) 

93.9% 

(90.3%-96.5%) 

88.4% 

(82.6%-92.5%) 

100.0% 95.8 % 

(93.3%-97.6%) 

0.907 

(0.86-0.95) 

LAMP ISOPLEX CRE-

ART kit test 

94.7% 

(90.3 -98.7%) 

100.0% 100.0% 95.3% 

(92.6%-98.5%) 

96.7% 

(90.6%-99.9%) 

0.900 

(0.87-0.94) 

(*) These values are dependent on disease prevalence; PPV: positive productive value; NPV: negative 

productive value; Cohen’s Kappa value ≥0.6 is significant. 

 

 

 

 

 

 

Figure 1: Shows a positive amplification profile for L19-OTH-381- K.pneumoniae producing KPC and the 

inhibition control DNA (ICDNA) using commercial MAST ISOPLEX CRE-ART kit- LAMP assay. 
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Figure 2: Shows a positive amplification profile for L18-OTH-293- Klebsiella. Spp co-producing OXA-48, NDM, 

and KPC and the inhibition control DNA (ICDNA), using commercial MAST ISOPLEX CRE-ART kit –LAMP 

assay. 

 

 

Discussion 

The accurate and rapid detection of CPE is critical due 

to the associated therapeutic problems and infection 

control measures as early identification may optimize 

antibiotic therapy and minimize unnecessary 

prescription of medicines (16). In which CPE has 

already been detected in our region (17) and all over the 

world (2), with a marked endemicity according to 

enzyme type introduces resistance to all available 

antibiotics and makes the choice of antibiotic treatment 

very limited. Accordingly, the present study aimed to 

evaluate carbapenemase activity by Blue-Carba Test 

and characteristics of major carbapenemase blagenes 

by a commercial Mast ISOPLEX®CRE-ART- LAMP-

based assay using Sudanese clinical isolates from 

hospitalized patients during 2018-2019.  

We have evaluated a Blue-Carba Test is a rapid 

biochemical method that detects carbapenemase 

activity when the enzyme breaks imipenem's β-lactam 

ring, leading to a pH decrease and consequent color 

shift of the pH-indicator in solution (10). We found that 

this test was highly sensitive (100.0%) and specific 

(93.9%). The BCT proved to be fast (detection 

observed ≤2 hours), highly sensitive, specific with 

accuracy up to 95.8%, and very cheap. These findings 

are in agreement with previous reports (9, 10, 14). The 

percentages of agreement between the BCT and 

multiplex PCR for carbapenemase genes methods for 

each species were comparatively good, the lowest one 

recorded for, 86.28%, and the highest for 95.15% as 

mentioned before emphasizing that BCT was able to 

characterize the CPE in a simple, rapidly and accessible 

way, and it can be implemented in clinical laboratories 

and hospitals with the advantage of having the 

affordability, accuracy and mainly speed to obtain 

results when compared traditional methods and 

molecular techniques for the detection of 
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carbapenemase genes are costly, slow and are limited 

by the targets included(18). 

We observed that BCT was delayed to detect class A 

carbapenemase blaGES, in 13 strains of 

Enterobacteriaceae producing GES or co-producing 

GES with one or more carbapenemase genes as the 

color change to yellow or green to yellow was belated 

1-2 hours. A previous study also reported the 

postponement of color changes or give green to yellow 

in the detection of some OXA-48 isolates and GES 

isolates (9, 10). Also, we reported 16 out of 262 non-

carbapenemase producers as false positive; 7 E.coli, 3 

E.aerogenes, 2 for each K.pneumoniae and K.oxytoca, 

and one for each M.morgenii and P. mirabilis,  this 

might be indicating due to other carbapenems 

resistance mechanisms rather than the production of 

carbapenemases(19) like an expression of efflux pumps 

carbapenems from the bacterial cell or reduction of 

outer membrane permeability via production of beta-

lactamases (AmpC) in combination with alterations in 

the bacterial cell membrane (porin mutations in 

OmpK35 and OmpK36)(19, 20). Any other phenotypic 

carbapenemase detection methods were not tested in 

this study this could explain the misclassification. 

Commercial Mast ISOPLEX CRE-ART uses LAMP 

technology to provide rapid detection and 

characterization of the ‘big five’ carbapenemase 

families (KPC, NDM, OXA-48, VIM, IMP) in 

Enterobacteriaceae and Pseudomonas spp and OXA-23 

and OXA-24/OXA-40 in Acinetobacter spp. with a 15-

minute hands-on time and a 30-minute run time and 

convenient way.  The performance characteristics of 

the five carbapenemase genes were similar to those 

detected in the multiplex PCR assay. More specifically, 

the assays demonstrated diagnostic sensitivity 94.7% 

and specificity 100.0 % for all genes and identified a 

carbapenemase with accuracy 96.7% of the isolates, 

except two strains of E.coli produces IMP and KPC 

were not detected in commercial Mast ISOPLEX CRE-

ART- LAMP assay and reported as false-negative 

results. Moreover, when comparing the agreement with 

gold slandered assay for carbapenemase genes 

characterization considering only positive vs. negative 

results, the tests exhibit an almost perfect agreement 

[Kappa=0.900 (CI 95% 0.87-0.94)], emphasizing that 

both can be used to detect and characterize the CPE 

blagenes given their high sensitivities and specificities. 

The performance characteristics of the KPC, NDM, 

VIM, IMP, and OXA-48 commercial Mast ISOPLEX 

CRE-ART by LAMP assay described in this study 

support their application for diagnostic and 

surveillance purposes across resource settings as easy-

to-use technology. 

Limitations regarding Mast ISOPLEX CRE-ART kits; 

in our study that we studied only 20 Enterobacteriaceae 

isolates (19 CPE and 1 non-CPE) regarding kits 

affordability at 2019-2020 due to COVID-19 

lockdown. By design, Mast ISOPLEX CRE-ART kits 

detect only what has included just five major 

carbapenemase families as in each platform. As such, 

manufacturers may continuously be updating these 

platforms mainly with new distributed carbapenemase 

blagenes such as GES, SIM, and GIM. 

Conclusion: Overall, this study confirmed the high 

sensitivity, and specificity of all the evaluated assays 

for the detection of CPE and can offer a quicker and 

more accurate diagnosis than the traditional method. 

Both tests offer laboratories the opportunity to convey 

CPE detection by Blue-Carba Test and characterization 

by Mast ISOPLEX CRE-ART- LAMP assay of five 

major carbapenemase families in-house in a cost-

effective manner. We highly recommend applying 

those assays in clinical practice to reduce the delay in 

CPE detection and characterization of blagenes, thus 

providing physicians and infection control practitioners 

with better knowledge of the local epidemiology and to 

proper use of antimicrobial agents, besides improved 

patient outcome in our sitting regarding resources was 

limited.  
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