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Abstract
Background: Carbapenem-Resistant Enterobacteriaceae is a major health concern that needs a fast 
response by rapid detection and management. The Polymerase chain reaction is the gold standard method 
for the detection of this infection, but it is expensive and needs special laboratory facilities, so there is 
an urgent demand for an alternative method characterized by cheap, rapid, and accurate. CARPA NP test 
has been proposed as a rapid method for the detection of Carbapenemase-Producing Enterobacteriaceae, 
but its overall accuracy has not been systematically estimated. We performed a systematic review and 
meta-analysis to evaluate the accuracy of CARPA NP test for the detection of Carbapenemase-Producing 
Enterobacteriaceae.

 Methods:  We searched Pubmed and Embase databases and eighteen studies met our inclusion criteria. 
We utilized summary receiver operating characteristic (SROC) to summarize the accuracy. Results: The 
sensitivity and specificity of CARPA NP test were 0.96 (95% CI, 0.92 to 0.98) and 1.00 (95% CI, 0.97 to 
1.00) respectively, the positive likelihood ratio was 33.1 (95% CI, 24.3 to 45.1), the negative likelihood ratio 
was 0.06 (95% CI, 0.05 to 0.07), and the diagnostic odds ratio was 573.46 (95% CI, 397.4 to 827.49). 

Conclusion: CARPA NP test has a high level of accuracy for the rapid detection of Carbapenemase-
Producing Enterobacteriaceae. Additional studies are required to estimate the accuracy of Carba NP test 
when applied directly to clinical samples, especially in areas with high rates of carbapenemase-producing 
Enterobacteriaceae

Keywords: Carbapenemase-Producing Enterobacteriaceae; Carbapenem-Resistant Enterobacteriaceae; 
Carba NP test; Diagnostic Accuracy. 

Introduction

Carbapenemase-Producing Enterobacteriaceae 
(CPE) is a major worldwide health concern, as this term 
referring to strains of Enterobacteriaceae that produce 
transmissible carbapenemase, making theses strains 
resistant to all β-lactams antibiotics (all antibiotics 
sometimes), which leads to a very difficult treatment 

and an increase in mortality 1. The mortality of 
carbapenemase-producing Klebsiella pneumonia, as for 
instance, is about 41% 2.

 Since 2013, The Centers for Disease Control and 
Prevention (CDC) reported Carbapenem-resistant 
Enterobacteriaceae as the most serious category of 
antibiotic resistance threats – urgent threat – which 
requires fast and effective response 3-4.

Carbapenemase enzyme includes many classes A, 
B, and D based on the molecular structure. Class A and 
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D carbapenemase have a hydrolytic mechanism depends 
on serine, whereas class B carbapenemase contains zinc 
in its active site 5.

There are many mobile genetic elements such as 
plasmids that carry carbapenemase genes and transmit 
them quickly between gram-negative bacteria, so the fast 
detection of all gram-negative carbapenemase producers 
is very important to prevent this transmission and its 
consequences 6, 7. This fact makes the identification 
of rapid, easy, and cheap method for the detection of 
carbapenemase-producing bacteria has been an urgent 
demand for microbiologists.

Carba NP test is a biochemical method were 
suggested to tackle this challenge 8, this test depends 
on the direct detection of Carbapenemase-producing 
bacteria by Carbapenem hydrolysis, it is applied 
successfully for Enterobacteriaceae 9-11, Pseudomonas 
aeruginosa and Acinetobacter baumannii 12-15. Carba 
NP test can detect all classes of carbapenemase (without 
distinction) in less than two hours, making it a rapid test 
for the detection of CPE 8.

As a number of studies have evaluated the diagnostic 
accuracy of CARBA NP for detecting Carbapenemase-
Producing bacteria, we conducted a systematic review 
and meta-analysis to evaluate the overall accuracy of 
this assay and to investigate whether CARBA NP test is 
sufficiently specific and sensitive in order to enable early 
detection of CPE.

Methods

Search strategy

Pubmed and Embase databases were the main sources 
for a search of articles and abstracts. The search was done 
from inception to 18 June 2020, using the keywords: 
“carbapenemase-producing”, “Enterobacteriaceae” 
“rapid test”, “β-lactamases”, “carbapenemase-resistant”,  
“Carba NP test”, “ diagnostic accuracy “, ‘‘sensitivity”, 
and “specificity”. The references of all articles and 
abstracts were searched for more studies.

Studies selection

We documented results from all studies that evaluate 

the diagnostic accuracy (sensitivity and specificity) 
of the Carba NP test for the detection of CPE in both 
clinical specimens and bacterial isolates.

We determined the following criteria to include 
the study in this systematic review and meta-analysis: 
1- studies that compared the Carba NP test with PCR; 2- 
studies that reported on the detection of Carbapenemase-
Producing Enterobacteriaceae; 3- and studies that 
reported data separately for carbapenemase-producing 
and non-producing isolates.

Moreover, all articles which are not available in 
English were excluded from this study.

Data extraction and assessment of quality

All articles were screened by two reviewers 
independently to confirm that they match the criteria of 
this study and any discrepancies were handled by team 
discussion. The data of each study were extracted into 
a 2X2 table to calculate the results of the diagnostic 
accuracy of Carba NP test. The information of the studies 
were classified to the following parameters: author, year 
of publication, the specimen type, the sample size, and 
the number of (true positive, false positive, true negative, 
and false negative samples) 

The risk of bias of the included studies were 
presented by assessment of the quality of studies by 
using the Quality Assessment of Diagnostic-Accuracy 
Studies (QUADAS) 2 tool 16. 

Data synthesis and statistical analysis

All articles were screened by two reviewers 
independently to confirm that they match the criteria of 
this study and any discrepancies were handled by team 
discussion. The data of each study were extracted into 
a 2X2 table to calculate the results of the diagnostic 
accuracy of Carba NP test. The information of the studies 
were classified to the following parameters: author, year 
of publication, the specimen type, the sample size, and 
the number of (true positive, false positive, true negative, 
and false negative samples) 
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The risk of bias of the included studies were 
presented by assessment of the quality of studies by 
using the Quality Assessment of Diagnostic-Accuracy 
Studies (QUADAS) 2 tool 16.

Results 

Our primary searches identified 1405 articles, 
and from these studies, eighteen articles 8-11, 19-32 met 

eligibility criteria and are accepted in this study. The 
main reasons for exclusion are : did not include original 
data, a reference test other than PCR was used, and the 
study was not reported in English.

The most common reasons for exclusion were that 
the reference test other than PCR was used, the study did 
not review full data, or the study was not published in 
the English language.

(Table 1) presents the main characteristics and results of the 18 included studies.

TABLE 1 Characteristics of 18 individual studies included in the systematic review

Total no of

specimens

Authors, publication yr 
[reference] Specimen type (carpa+/carpa-)a TPb FPc TNd FNe

Bayraktar et al, 2019 31 Bacterial 
isolate 110/15 109 0 15 1

Bayramoğlu et al, 2016 30 Bacterial 
isolate 65/78 61 0 78 4

Bernabeu et al, 2017 24 Bacterial 
isolate 121/55 117 0 5 4

Bir et al, 2019 10 Bacterial 
isolate 33/7 31 2 5 2

Bogaerts et al, 2016 21 Bacterial 
isolate 178/146 158 0 146 20

Dortet et al, 20014 22 blood culture 193/74 189 0 74 4

Dortet et al, 2015 11 Bacterial 
isolate 95/55 92 0 55 3

García-Fernández et al, 2016 28 Bacterial 
isolate 159/70 159 0 70 0

Gauthier et al, 2017 23 Bacterial 
isolate 163/93 158 0 93 5

Huang et al, 2014 19 Bacterial 
isolate 72/63 69 0 63 3

Lifshitz et al, 2016 26 Bacterial 
isolate 69/29 56 4 29 13

Literacka et al, 2017 27 Bacterial 
isolate 451/464 432 31 433 19

Muntean et al, 2018 25 Bacterial 
isolate 85/28 79 0 28 6

Nordmann et al, 2012 8 Bacterial 
isolate 162/46 162 0 46 0
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Pancotto et al, 2018 9 Bacterial 
isolate 43/40 27 1 39 16

Pires et al, 2016 29 Bacterial 
isolate 30/33 30 1 32 0

Tamma et al, 2017 32 Bacterial 
isolate 122/69 103 0 69 19

Yusuf et al, 2014 20 Bacterial 
isolate 45/47 41 0 47 4

a carpa+/carpa-, carbapenemase producer / non carbapenemase producer

b TP, true positive samples detected by CARBA NP test in comparison with PCR

C FP, false positive samples detected by CARBA NP test in comparison with PCR

d TN, true negative samples detected by CARBA NP test in comparison with PCR

e FN, false negative samples detected by CARBA NP test in comparison with PCR

Quality of Included Studies

The included studies were free of a high level of bias, because of the inclusion and exclusion criteria. Though, 
the risk of bias related to patient selection was complicated to estimate. However, only 55% of the included studies 
reported that CARBA NP test results were interpreted without knowledge of the PCR results, a serious source of bias. 
The overall risk of bias and the concerns regarding applicability is presented in (Graph. 1) using the QUADAS-2 
criteria. The concerns regarding applicability were generally low.

Cont... TABLE 1 Characteristics of 18 individual studies included in the systematic review
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Graph. 1 Quality estimation of included studies using (QUADAS-2) criteria

Overall Accuracy of CARBA NP test for detection 
of Carbapenemase-Producing Enterobacteriaceae

(Graph. 2) shows forest plots of the sensitivities 
and specificities of the 18 CARBA NP test assays 
for the detection of Carbapenemase-Producing 
Enterobacteriaceae. The sensitivity and specificity 
ranged from 0.63 to 1.00 (mean, 0.96; 95% CI, 0.92 to 

0.98) and from 0.71 to 1.00 (mean, 1.00; 95% CI, 0.97 
to 1.00), respectively. PLR was 33.1 (95% CI, 24.3 to 
45.1), NLR was 0.06 (95% CI, 0.05 to 0.07), and DOR 
was 573.46 (95% CI, 397.4 to 827.49). The I-square 
tests for heterogeneity in the summary results suggested 
significant heterogeneity for sensitivity and specificity.
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Graph. 2 Forest plot for the estimate of sensitivity and specificity of carba NP test for the rapid detection 
of Carbapenemase-Producing Enterobacteriaceae. Red diamond shape indicates the pooled sensitivity and 

specificity
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The SROC is considered as an international 
summary of test accuracy, it shows true-positive rates 
versus false-positive rates from individual studies. The 
SROC for CARBA NP test showed it was positioned at 

the upper left corner of the curve, and the area under the 
curve (AUC) was 1.00, which means that CARBA NP 
test has a high level of accuracy (Graph. 3).
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Graph. 3 Summary receiver operating characteristic (SROC) for CARBA NP test. Each hollow circle 
represents each study in the meta-analysis. The summary operating point is shown as a red diamond (with 
surrounding 95% confidence and prediction contours). AUC: area under the curve was 1.00 indicating a 

high level of overall accuracy.

 Investigation of heterogeneity: Meta-regression 
has been used to explore between-study heterogeneity.  
There were no statistically significant differences in 

sensitivity and specificity of CARBA NP test between 
studies with or without a clear definition of CARBA 
NP test, and between studies according to the type of 
specimens, and the design of the study ( retrospective, 
prospective) (Table 2).

Table 2. Meta-regression of the effects of methodological issues and study design on diagnostic accuracy of 
CARBA NP test in 18 assays

Covariate Category (studies)
Pooled 

sensitivity
(95% CI)

Pooled specificity
(95% CI)

P value for the
joint model

Sample ( bacterial isolate)
Yes (17) 0.96 ( 0.93-0.98 ) 100 ( 0.98-100)

0.67
No (1) 0.98 (0.93-100) 100 (100-100)
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Study design ( prospective)
Yes (13) 0.94 ( 0.90-0.98 ) 100 ( 0.99-100)

0.1
No (5) 0.99 (0.97-100) 100 (100-100)

Definition of CARBA NP test
Yes (16) 0.95 ( 0.90-0.98 ) 100 ( 0.99-100)

0.23
No (2) 0.99 (0.97-100) 100 (100-100)

Discussion

Carbapenem-Resistant Enterobacteriaceae (CRE) 
can cause serious consequences in the health care setting, 
so the rapid and precise identification of carbapenemase 
producers is very important to improve public health 
procedures by control infection contact and avoiding 
unnecessary antibacterial use 7, 33.

Although molecular methods are considered the 
gold standard for CRE detection, they less commonly 
used because of their high cost and the need for special 
laboratory facilities 34-36, therefore, many phenotypic 
methods which are fast, accurate, and cheap have been 
suggested, the most common one is Carba NP test 7, 37-39. 

The present meta-analysis showed that the 
sensitivity and specificity of Carba NP test were 0.96 
and 1.00, respectively, the AUC was 1.00, and the mean 
DOR was 573.46 indicating a high level of overall 
accuracy. We also noted that one study [9] showed low 
sensitivity (0.63), and one study 10 demonstrated a low 
specificity (0.71) when they used Carba NP test for the 
rapid detection of carbapenemase production.

In the present meta-analysis, the PLR and NLR 
values were 33.1 and 0.06, respectively, indicating 
that if the Carba NP test result is positive, the isolate 
of Enterobacteriaceae is about 33 times more likely of 
being carbapenemase producer, whereas if the Carba NP 
test result is negative, the probability that the isolate in 
the sample is carbapenemase producer is 0.06, which is 
low enough to rule out carbapenemase producer. These 
data suggest that the physicians can diagnose CPE with 
confidence on the basis of the Carba NP test result. 

Meta-analysis aims to interpret the heterogeneity 
between studies as it is a very important impact factor 

Cont... Table 2. Meta-regression of the effects of methodological issues and study design on diagnostic 
accuracy of

40. There was significant heterogeneity for sensitivity 
and specificity among the studies, but there were no 
statistically significant differences in sensitivity and 
specificity of CARBA NP test between studies with 
or without a clear definition of CARBA NP test, and 
according to the type of specimens, and the design of the 
study (retrospective, prospective). 

However, the blinded test which is an important 
factor of avoiding bias was missing in 45% of included 
studies, so it is a possible reason for heterogeneity. 
Principally; the results of CARBA NP test are interpreted 
by the naked eye, so the reading of these results are 
very subjective and different according to the observer, 
especially when the change in the color is weak 41-43.

On the other hand, the difference in the geographic 
and genetic distribution of carbapenemases might 
be another factor explains the heterogeneity in this 
study. The presence of OXA-48-like carbapenemases 
remarkably reduce the sensitivity of Carba NP test, 
because of its low hydrolysis activity 12, 39. This class of 
carbapenemase is rare in the USA. According to CDC 
data, OXA-48-like carbapenemases were detected just 
in 43 patients during a study that was carried in August 
2015 included 19 states [44]. On the contrary OXA-
48-like carbapenemases have high spread in Europe, 
especially in Mediterranean countries 1. Turkey detected 
OXA-48-like producers in 92% of CPE 45.

The present study has many strengths aspects. First 
of all, a standard strategy was applied for implementing 
the systematic review 46, 47. Furthermore, different 
reviewers independently perform the same stage of 
the systematic review, including study selection, data 
extraction, and the assessment of study quality to reduce 
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the risk of subjectivity as possible. Finally, precise 
methods were carried out for meta-analysis.

This systematic review was limited by insufficient 
data about the impact of CARBA NP test on the clinical 
outcomes, in addition to the lack of data on cost-
effectiveness and feasibility in routine management.

Carba NP test needs some equipment and freshly 
prepared reagents daily, making its use somewhat 
troubling, so some companies proposed a commercial 
version that is ready to- use (the Rapidec Carba NP) to be 
easier. Both version’s results are interpreted in less than 
2 hours by the naked eye (color change). Many studies 
evaluated the accuracy of the commercial version, the 
sensitivity and the specificity were varying between 90-
100% and 84-100% respectively 37, 48-50.

Carba NP test is cheap, each test costs (1$ to 4$), 
whereas the commercial versions are more expensive 
(2.50$ to 15.00$) per test  according to the quality of 
the material. Although this cost is close to the cost of 
Antibiotic susceptibility testing (AST), but the AST 
needs 24 hours which is very longer than Carba NP test 
(less than 2 hours). Anyway, the molecular methods that 
are the gold standard for carbapenemase producers are 
more expensive about 40$.

Furthermore, additional studies are required to 
determine the accuracy of Carba NP test when it is applied 
directly to clinical specimens. One study evaluated Carba 
NP test for rapid detection of carbapenemase-producing 
Enterobacteriaceae from blood cultures 22, the sensitivity 
and specificity were 97.9% and 100%, respectively, so 
by using Carba NP test, the time for identification of CPE 
that cause bacteremia can be shorter (3-5 h instead of 24-
48h). Sputum and cerebral spinal fluid samples should 
be included in more studies to assist in two situations: (i) 
detection of CPE in endemic countries (ii) in an outbreak 
situation when the CPE are strongly suspected.

 Conclusion

The present systematic review and meta-analysis 
concluded that Carba NP test has a high level of accuracy 
for the detection of CPE, with caution in countries where 
low hydrolytic activity carbapenemases spread largely. 

However, if further studies indicate that Carba NP test 
can detect CPE precisely when applied directly to clinical 
samples, it will be a very useful test as a rapid, cheap, 
and accurate screening test, especially in areas with high 
rates of carbapenemase-producing Enterobacteriaceae.
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