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Ab s t r Ac t
Introduction and background: Rapid molecular diagnostics to predict carbapenem resistance well before the availability of routine drug 
sensitivity testing (DST) can serve as an antimicrobial stewardship tool in the context of high rates of Carbapenem-resistant Enterobacteriaceae 
(CRE). 
Materials and methods: A retrospective observational study of patients more than 18 years of age on whom Xpert Carba-R (FDA approved 
for rectal swab specimen) was done on gram-negative bacteria (GNB) flagged blood culture samples, in an Indian intensive care unit between 
January 2015 and November 2018. We analyzed the performance of Xpert Carba-R in comparison with routine DST. 
Results: A total of 164 GNBs were isolated from 160 patients. Klebsiella pneumoniae and Escherichia coli were the predominant isolates. 
Carba-R was positive in 35.36% of samples and 45.34% were carbapenem-resistant (CR) on routine DST. The distribution of the CR gene was: 
Oxacillinase (OXA) (50%), NDM (32.7%) followed by OXA and NDM co-expression (15.51%). The sensitivity, specificity, positive likelihood ratio, 
negative likelihood ratio, positive predictive value, and negative predictive value of Carba-R were 90.74, 93.15, 13.25, 0.10, 83.58 and 96.31% for 
Enterobacteriaceae. The median time to obtain the Carba-R report was 30 hours 34 minutes vs 74 hours and 20 minutes for routine DST. Based 
on the Carba-R report, 9.72% of patients had escalation and 27.08% had de-escalation of antibiotics.
Conclusion: Xpert Carba-R serves as a rapid diagnostic tool for predicting carbapenem resistance in intensive care unit patients with bacteremia 
caused by Enterobacteriaceae.
Keywords: Antimicrobial stewardship, Carbapenem-resistant enterobacteriaceae, Carbapenemase detection, Gram-negative resistance, Novel 
diagnostics for antimicrobial resistance, Rapid molecular diagnostics, Xpert Carba-R assay.
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Hi g H l i g H ts
Rapid diagnostic tests to detect antibiotic resistance are the need of 
the hour in the context of rising antimicrobial resistance. This study 
finds Xpert Carba-R assay to have good performance characteristics 
to identify carbapenem-resistant genes in Enterobacteriacea from 
blood samples of critically ill patients. 

in t r o d u c t i o n A n d bAc kg r o u n d
Rising antimicrobial resistance (AMR) over the past 2 decades has 
contributed to significant morbidity and mortality across the globe 
and is a serious threat to health care, particularly in the context of 
a dry antibiotic pipeline.1 The country-specific report (2017–2018) 
from the Global Antimicrobial Resistance Surveillance System 
(GLASS) by World Health Organization (WHO) has reported up to 
75% carbapenem-resistance (CR) in bacteremic isolates of Klebsiella 
pneumoniae (K. pneumoniae) and up to 40% CR in Escherichia coli 
(E.coli).2 The emergence and spread of CR in gram-negative bacteria 
(GNB) including Enterobacteriaceae forces the physician to choose 
empiric coverage for carbapenem-resistant GNB (CR-GNB) with 
drugs such as polymyxins, which in turn becomes an independent 
risk factor for polymyxin resistant infections.3–6 Rapid detection of 
CR in GNB sepsis, using novel molecular diagnostics well in advance 
of receipt of conventional culture and drug sensitivity testing (DST) 
would aid in antimicrobial stewardship.7 Jauréguy et al. studied 

the performance of Xpert Carba R [used for carbapenem-resistant 
Enterobacteriaceae (CRE) screening in rectal swabs] in flagged blood 
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culture samples spiked with carbapenemase producing isolates to 
detect CR genes (KPC, NDM, VIM, OXA-48, and IMP-1) and found 100 
percent agreement with genes already characterized.8 Knowledge 
of the specific carbapenemase-resistance gene could potentially 
enhance the rational use and stewardship of novel drugs such as 
ceftazidime-avibactam.9 We studied the performance of Xpert 
Carba-R directly on samples from flagged blood culture bottles, 
in comparison to standard DST, to assess its clinical utility in gram-
negative bacteremia in critically ill patients. 

MAt e r i A l s A n d Me t H o d s
We conducted a retrospective observational study between 
January 2015 and November 2018 in a Tertiary Care ICU in India, 
among intensive care patients aged above 18, whose blood culture 
flagged GNB and in whom a Carba-R test was ordered from the 
blood culture sample. Only one bacteremic episode was included 
in each patient. Case records were analyzed for demographic, 
clinical, and microbiological details. Performance of the test in terms 
of sensitivity, specificity, positive likelihood ratio (LR+), negative 
likelihood ratio (LR-), positive predictive value (PPV), and negative 
predictive value (NPV) with regards to different groups of bacteria 
in comparison with standard phenotypic DST were analyzed. The 
baseline ICU CR rates in bacteremic isolates during the study period 
were 27.77% in Enterobacteriaceae (57.99% in K. pneumoniae and 
13.18% in E. coli) and 61.68% in pseudomonas and acinetobacter 
together and these values were used as prevalence in calculating 
PPV and NPV. 

Blood Culture Protocol 
Blood culture was done using BacT/ALERT (Biomerieux) system. 
Once flagged, Gram staining of the sample was done, and the report 
was intimated to the physician via telephone call. After subculture, 
colonies were subjected to Matrix-assisted laser desorption/
ionization time-of-flight mass spectrometry (MALDI TOF MS) for 
identification, conventional DST by the combination of methods 
using VITEK (Biomerieux) and Kirby Bauer disk diffusion method 
as recommended by Clinical Laboratory Standards Institute (CLSI) 
and interpreted according to CLSI guidelines for the respective 
years. The physician is informed of the identification (ID) of the 
organism on the day of the flag by MALDI-TOF MS if the flag was 
before 12:00 p.m. on working days. ATCC Escherichia coli 26922, ATCC 
Klebsiella pneumoniae 700603 were used as reference strains.10,11

DST for colistin was done using VITEK during the years 2015–
2017 and by micro broth dilution from 2018. European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) interpretive criteria 
(<2 mcg/L–sensitive) were used for reporting colistin sensitivity in 
Enterobacteriaceae, pseudomonas, and acinetobacter.12

Carba-R Protocol 
The Carba-R test was done in a dedicated molecular lab with 
samples in the cartridge loaded on a Gene Xpert platform, which 
works on the principle of real-time PCR. The Carba R test has 
primers that could pick up the following genes – KPC, NDM, OXA-48 
like (including OXA-181 and OXA-232), VIM, and IMP-1. When blood 
cultures flagged GNB in patients included in the study population, 
a Carba-R test was requested. The decision to order a Carba-R test 
in any ICU patient was based on the treating physician’s discretion. 
The Carba-R report was informed telephonically or accessed with 
a turnaround time of two hours on the same day for all samples 
received before 3:00 p.m., except on Sundays. Based on the Carba-R 
test report, i.e., the presence or absence of CR genes in the assay, 
the physician decided on fine-tuning the antibiotic choice in 
conjunction with clinical judgment before the end of working hours 
the same day. Final adjustments in antibiotic regimen if necessary 
were made once routine DST reports are available.

Decision-making Flow 
We tried to analyze the decision taken by the physician based upon 
the Carba-R (Table 1) and termed them as:

• “escalation”: when CR gene is detected, the addition of an 
antibiotic that is usually expected to cover CR GNB (e.g., 
polymyxin). 

• “de-escalation”: when CR gene is not detected, continue/ start 
only carbapenem or stop coverage for CRGNB if already started. 

• “no action”: in patients with negative CR gene, the decision to 
continue the empiric carbapenem without any escalation, and 
in patients with positive CR gene, continuing the empiric CR 
cover without any de-escalation. 

The above is expected, or possible actions based on the Carba-R 
result alone; however, the physician may choose differing options 
based on other factors e.g., suspicion of modes of resistance other 
than carbapenemase production, presence of an intrinsically 
carbapenem-resistant organism (known by direct MALDI ID), 
presence of a polymicrobial bacteremia, etc. The decision was 

Table 1: Decision taken by the physician based on Carba-R

Empiric choice Carba-R
Expected or possible  
actions Termed DST – CR DST – CS

Carbapenem +ve Escalation to CR cover Escalation Appropriate action Inappropriate action 
(but still can cover the 
organism)

CR cover +/–  
carbapenem

+ve Continue CR cover +/–  
carbapenem

No action Appropriate action Inappropriate action 
(but can still cover the 
organism)

Carbapenem –ve Continue same No action Inappropriate action 
(will not cover the 
organism)

Appropriate action

CR cover +/–  
carbapenem

–ve De-escalation De-escalation
Done

Inappropriate (will not 
cover the organism)

Appropriate action

CR cover +/–  
carbapenem

–ve De-escalation not done De-escalation not 
done

Appropriate action Inappropriate action 
(still may cover the 
organism)
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termed appropriate when it correlated with the phenotypic DST 
and vice versa. The time duration between receipt of the blood 
sample in the lab to the release of Carba-R report, in comparison 
with the release of phenotypic DST was also studied. 

re s u lts
A total of 160 patients were studied, of whom 36 patients (22.5%) 
were solid organ transplant recipients. Of the 160 patients, 164 GNB 
were isolated. Baseline characteristics are shown in Table 2. Out of 
160 patients, 100 (62.5%) developed index bacteremia more than 
48 hours after being admitted to the hospital. This pattern aligns 
with the acquisition of the infection within the hospital setting 
rather than in the community. Xpert Carba-R was positive in 58/164 
(35.36%) isolates in whom it was ordered. 

The comparison between Xpert Carba-R and routine DST 
among different species is depicted in Table 3 and Figure 1. Out 
of 161 isolates, 73 isolates (45.34%) were CR by routine DST (two 
patients with Stenotrophomonas and one with Elizabethkingia were 
excluded from the study due to intrinsic CR). Carba-R test detected 
CR genes in 89.58% (43/48) of CR K. pneumoniae, 100% (4/4) of 
CR E. coli, 50% (2/4) of CR pseudomonas species, and only 9.09% 
(1/11) of CR A. baumanii. Three isolates of E. coli and one isolate of 
K. pneumoniae had a CR gene but were phenotypically sensitive. 
None of the carbapenem-sensitive isolates in A. baumannii and 
pseudomonas species had a positive Carba-R test. The performance 
of the test in Enterobacteriaceae and individual isolates are also 
shown in Figure 1.

The distribution of carbapenem-resistant genes is described in 
Table 4 and in Figure 2. Oxacillinase was the predominant CR gene 
in the overall study group (38/58–65.51%), followed by NDM (29/58–
50%), which includes NDM and OXA co-expression (9/58–15.51%). 
In K. pneumoniae, OXA-48 like was predominant (37/44–84.09%), 
followed by NDM (16/44–36.36%) with (9/44–20.45%) co-expression. 
In E. coli, NDM (6/7–85.71%) was predominant followed by OXA-48 
(1/7–14.28%). 

The performance of the test in terms of sensitivity, specificity, 
LR+/–, PPV and NPV are shown in Table 5 and Figure 3. Overall, 
for Enterobacteriaceae, the sensitivity, specificity, PPV, and NPV 
were 90.74, 93.15, 83.58, and 96.31% respectively. Pseudomonas 
and Acinetobacter were considered together for analysis and the 
sensitivity, specificity, PPV, and NVP.

After excluding colistin-resistant isolates (Table 6), 144 actions 
were observed, of which 126 (86.80%) were appropriate and 19 
(13.19%) were inappropriate. Of 2 patients who had inappropriate 
de-escalation based on a negative CR gene, 1 was K. pneumoniae 
and 1 was A. baumannii. Of 6 patients in whom empiric carbapenem 
alone was continued inappropriately after negative Carba-R (no 
action), 2 were CR pseudomonas and 4 were CR A. baumannii with 
one poly microbial CR K. pneumoniae. 

di s c u s s i o n
Carbapenem resistance in bacteremic isolates of Enterobacteriaceae 
has risen steadily over the last decade and the prevalence varies 
in different geographic areas as evidenced by up to 70% CR in 
isolates of K. pneumoniae from Egypt and up to 40% CR in E. coli 
from India (GLASS WHO 2017–2018).2 A multicenter study from 
India by Veeraraghavan et al., shows that E. coli followed by  
K. pneumoniae are the most common etiologies of gram-negative 
infections and describes CR rates in K. pneumoniae and E. coli as 39 

and 12% respectively.13 The prevalence of CR in bacteremic isolates 
from our hospital intensive care unit during the study period was 
27.77% in Enterobacteriaceae (57.99 % in K. pneumoniae, 13.18% 

Table 2: Characteristics of the study population

Characteristics N = 160

Median age (years) 58 (18–86)

Male
Female

120 (75%)
40 (25%)

Charlson comorbidity index (mean) 4

PITT bacteremia score (mean) 6

SOFA score (mean) 16

Prior exposure to a carbapenem 58 (36.25%)

Source of sepsis
Line related
Unclear 
Intra-abdominal
Pneumonia
Urinary
SSTI–Skin and soft tissue infection
Meningitis 

38 (23.75%)
36 (22.5%)
36 (22.5%)
22 (13.75%)
20 (12.5%)

7 (4.37%)
1 (0.62%)

Organisms (n = 164)
Klebsiella pneumoniae
Escherichia coli
Enterobacter cloacae
Citrobacter koseri
Serratia marcescens
Morganella morganii
Acinetobacter baumannii
Pseudomonas aeruginosa
Pseudomonas stutzeri
Pseudomonas putida
Burkholderia pseudomallei
Burkholderia cepacia
Aeromonas hydrophila
Ralstonia mannitolilytica
Stenotrophomonas maltophilia
Elizabethkingia meningoseptica

77 (46.95%)
39 (23.78%)

6 (3.65%)
2 (1.22%)
2 (1.22%)
1 (0.61%)

16 (9.75%)
7 (4.26%)
1 (0.61%)
2 (1.22%)
2 (1.22%)
2 (1.22%)
3 (1.65%)
1 (0.61%)
2 (1.22%)
1 (0.61%)

Status on day 14
Alive
Dead
Not known

109 (68.13%)
44 (27.5%)

7 (4.37%)

Status on day 30
Alive 
Dead
Not known

72 (45.00%)
63 (39.37%)
25 (15.62%)

No. of patients died 67 (41.87%)

Median time to death from index bacteremia 
(days)

9

Median time to Carba-R (hours:min) 30:34

Median time to routine DST (hours:min) 74:20
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in E. coli) and 61.68% in Pseudomonas species and Acinetobacter 
combined. The antimicrobial resistance (AMR) surveillance data 
from India in 2017 shows that 59% of bacteremic K. pneumoniae 
were resistant to meropenem and 32% of bacteremic E. coli were 
resistant to ertapenem.14 

Our study group consisted of patients who were critically ill and 
62% had blood cultures drawn 48 hours after hospital admission, 
consistent with hospital rather than community acquisition of 
infection. The microbiologic profile in our study was dominated by 
K. pneumoniae (46.95%), followed by E. coli (23.78%), A. baumannii 
(9.75%), and pseudomonas spp (6.25%). The commonest source 
of bacteremia in our study was line related (23.75%), followed by 
intra-abdominal source and undetermined source (22.5% each). 
Pneumonia and UTI contributed only to 13.75 and 12.5 % of patients. 

Table 3: Comparison of Carba-R and conventional drug susceptibility testing (DST)
DST CR gene +ve CR gene –ve

Organism CR CS CR CS CR CS
Klebsiella pneumoniae (n = 77) 48 (62.33%) 29 (37.66%) 43 (89.58%) 1 (3.4%) 5 (10.41%) 28 (96.5%)
Escherichia coli (n = 39) 4 (10.25%) 35 (89.74%) 4 (100%) 3 (8.57%) 0 32 (91.42%)
Enterobacter cloacae (n = 6) 2 (33.33%) 4 (66.66%) 2 (100%) 0 0 4 (100%)
Citrobacter koseri (n = 2) 0 2 – – 0 2
Serratia marcescens (n = 2) 0 2 – – 0 2
Morganella morganii (n = 1) 0 1 – 1 – –
Acinetobacter baumannii (n = 16) 11 (68.75%) 5 (31.25%) 1 (9.09%) 0 10 (90.9%) 5 (100%)
Pseudomonas aeruginosa (n = 7) 4 (57.14%) 3 (42.85%) 2 (50%) 0 2 (50%) 3 (100%)
Pseudomonas stutzeri (n = 1) 0 1 – – 0 1
Pseudomonas putida (n = 2) 0 2 – – 0 2
Burkholderia pseudomallei (n = 2) 0 2 – – 0 2
Burkholderia cepacia (n = 2) 2 – – 2 0
Aeromonas hydrophila (n = 3) 2 1 1 0 1 1
Ralstonia mannitolilytica (n = 1) 0 1 – – 0 1
Stenotrophomonas maltophilia (n = 2) – – – – – –
Elizabethkingia meningoseptica (n = 1) – – – – – –
*Note: Four patients who had a negative Carba-R report, had polymicrobial bacteremia from the same blood culture bottle each with two bacteria and 
were considered as separate isolates

TN, true negative; FN, false negative; FP, false positive; TP, true positive

Fig. 1: Comparison of Carba-R and routine drug susceptibility testing 

Table 4: Distribution of carbapenem-resistant genes
Organism Enzymes
Klebsiella pneumoniae (n = 44) NDM = 7 (15.90%)

OXA = 28 (63.63%)
NDM and OXA = 9 (20.45%)

Escherichia coli (n = 7) NDM = 6 (85.71%)
OXA = 1 (14.28%)

Enterobacter cloacae (n = 2) NDM = 2 (100%)
Pseudomonas aeruginosa (n = 2) NDM = 1 (50%)

NDM and VIM = 1 (50%)
Acinetobacter baumannii (n = 1) NDM = 1 (100%)
Aeromonas hydrophila (n = 1) NDM = 1 (100%)
Morganella morgani (n = 1) NDM = 1 (100%)
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Carbapenemase production is the major mechanism of 
resistance in CRE. Tamma et al. observed a fourfold rise in the 
odds of dying within 14 days in carbapenemase-producing  
(CP-CRE) vs non-CP-CRE bacteremia which furthermore signifies 
the detection of CPCRE.15 Tests such as the Film Array - Blood 
Culture Identification Panel (BioFire) and Verigene- Gram-negative 

blood culture test (Nanosphere) detect carbapenemase genes, 
the major mechanisms of resistance in Enterobacteriaceae directly 
from blood culture.16 Diagnostic stewardship, whereby the 
laboratory facilitates appropriate antibiotic decision-making, is an 
increasingly emphasized component of antimicrobial stewardship.17 
The epidemiology of the mechanism of carbapenem resistance 

Table 5: Performance of Carba-R test in comparison with routine drug susceptibility testing

Klebsiella pneumoniae Escherichia coli Enterobacteriaceae
Pseudomonas and 

Acinetobacter
Sensitivity%
(confidence interval)

89.58 (77.34–96.53) 100 (36.76–100) 90.74 (79.70–96.92) 20.00 (4.33–48.09)

Specificity%
(confidence interval)

96.55 (82.24–99.91) 91.43 (76.94–98.20) 93.15 (84.74–97.74) 100 (71.5–100)

LR+
(confidence interval)

25.98 (3.78–178.68) 11.67 (3.95–34.42) 13.25 (5.66–31.00) –

LR–
(confidence interval)

0.10 (0.05–0.25) 0.00 0.10 (0.04–0.23) 0.8 (0.62–1.03)

PPV% 97.28 63.91 83.58 100
NPV% 87.03 100 96.31 43.71

Fig. 2: Distribution of carbapenem-resistant genes in the study population

Fig. 3: Performance of Carba-R test in comparison with routine susceptibility testing
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has a varied geographical distribution, with KPC being the 
predominant mechanism in the USA, KPC followed by OXA-48 in 
Europe, and NDM followed by OXA-48 in India.18,19 It is essential to 
identify CP-CRE, including the exact enzyme produced, given the 
availability of newer drugs with varying activity against different 
carbapenemases, e.g. ceftazidime-avibactam has activity against 
KPC and OXA-48, but not against NDM.20,21

Mohanty S et al. screened 93 isolates of CR K. pneumoniae and 
CR E. coli from bloodstream infections (BSI) with PCR in a tertiary care 
hospital in India and observed that 76.3% were positive for at least 
one carbapenemase-producing gene.22 Molecular characterization 
of CR K. pneumoniae in BSI by Veeraraghavan et al. showed that 
40/115 phenotypically CR isolates did not have an enzyme detected 
by multiplex PCR.18 The rate of CPCRE amongst the CRE detected by 
Xpert Carba-R in this study was 49/54 (90.74%) in Enterobacteriaceae, 
43/48 (89.58%) in K. pneumoniae and 4/4 (100%) in E. coli. 

In our study, OXA-48 (50% as OXA-48 only and 65.51% 
including co-expression with NDM) was the most common 
carbapenemase gene detected followed by NDM (33% as NDM 
only and 50% including co-expression with OXA-48). NDM and 
OXA-48 were co-expressed in 15.51% of the isolates, all of which 
were K. pneumoniae. In K. pneumoniae, again, OXA (84.09%) was 
predominant followed by NDM (36.36%) including co-expressions. 
VIM gene was detected in only one P. aeruginosa isolate in 
co-expression with NDM. We did not find any IMP gene or KPC 
gene in the study isolates. The frequency of carbapenemase genes 
detected in the study by Mohanty et al. was NDM (65.6%), OXA 48 
(24.7%), OXA-181 (23.6%), VIM 6.4%, and KPC (2.1%).22 In the study 
by Veeraraghavan et al., among klebsiella isolates, NDM and OXA 
co-expression was seen in 28% (32/115), NDM in 19% (22/115), OXA-
48-like in 13% (15/115) and KPC was absent.17 Our study showed that 
OXA-48 is the predominant mechanism as seen in other studies 
done by Anandan S et al. and Sharma A et al.23,24

In the study by Anandan et al., Xpert Carba-R did not identify 
any of the OXA-48-like genes that the PCR picked up in 47/120 
isolates, probably because of the absence of the primer for the 
missed gene variant i.e., OXA-181. There has been a subsequent 
update on the kit with the addition of OXA 48-like primers (OXA 181 
and 232) to address this issue.23,25 Our study was able to identify 
OXA-48 as the predominant gene as the kit used was an updated 
version.

An additional utility of Carba-R is its role in predicting the 
activity of novel BL-BLIs such as ceftazidime-avibactam (with or 
without aztreonam), which may permit a “polymyxin-sparing” 
approach. The presence of an OXA-48 gene would predict 
the activity of ceftazidime-avibactam while the presence of a 
metalloenzyme would predict likely resistance (which may be 
overcome by the addition of aztreonam).9,26

The test performed well against routine DST in predicting CR 
with 90.74% sensitivity, 93.15% specificity, 83.58% PPV, 96.31% NPV, 
LR+ of 13.25, and LR- of 0.10 with regards to Enterobacteriaceae 
overall as well as when analyzed separately for K. pneumoniae 
and E. coli. Carba-R had performed well with 100% sensitivity, 
77% specificity, 96% PPV and 100% NPV (excluding OXA-48 like) 
when compared with multiplex PCR in blood culture isolates of 
Enterobacteriaceae.23 When tested against DNA sequencing, in 
GNB isolates grown on blood culture agar and McConkey agar, 
carba-R had shown 100% sensitivity for blood agar isolates, 
98.1% and 97.1% specificity for blood and McConkey agar 
respectively.27 In the study by Jauréguy et al., Xpert Carba-R 
detected carbapenemases including OXA-48 and OXA-181 in 
100% agreement in flagged samples directly from blood culture 
bottles spiked with carbapenemase-producing organisms (CPO) 
whose carbapenemase-genes were characterized earlier.8 There 
was no report of Carba-R being done directly from flagged blood 
culture samples. The clinical utility of this test in terms of deciding 
on treatment depends upon the baseline prevalence of CRE and 
rate of CPCRE amongst CRE which were 27.77 and 90.74% (detected 
only by Carba-R) respectively in our study population. It did not 
perform well in the non-Enterobacteriaceae group (pseudomonas 
and Acinetobacter) due to multiple other mechanisms of resistance 
in these non-fermenters.28 Carba-R should not be relied upon 
in making treatment decisions in bacteremia caused by non-
Enterobacteriaceae since a negative Carba-R test result does not 
predict carbapenem sensitivity in these organisms.

In our study, Carba-R influenced antibiotic selection on day 
one of the blood culture flag. The median time to receipt of the 
Carba-R report was 30 hours 34 minutes as against 74 hours and 
20 minutes for routine DST. This assisted in both appropriate early 
therapy and in early de-escalation from polymyxins which may 
translate into less toxic and better newer therapeutic options as well 
as in initiating infection control measures much earlier to prevent 
cross-transmission.29,30 A significant minority (9.72%) of patients had 
escalation to CR cover after Carba-R test. Up to 27.08% of patients 
had de-escalation from CR cover after Carba-R test. However, 7.63% 
(11/144) received CR cover despite growing CS organisms. When 
analyzing inappropriate coverage of organisms, excluding CCRE and 
intrinsically colistin-resistant organisms, 5.55 % (8/144) did not have 
an appropriate antibiotic cover before routine DST. We suggest a 
workflow on the appropriate usage of Carba-R in conjunction with 
MALDI TOF ID as described in Figure 4. 

The limitations of our study are:

• The inherent test limitation (will miss genes for which primers 
are not included in the assay and other modes of carbapenem 
resistance).

Table 6: Decision taken by physician based on Carba-R*
N = 144 Positive CR gene (n = 52) Negative CR gene (n = 92)
Action and appropriateness Appropriate (47) Inappropriate (5) Appropriate (78) Inappropriate (14)
Escalation done (16) 14 (9.72%) 2 (1.38%) ** – –
De-escalation done (41) – – 39 (27.08%)*** 2 (1.38%)$

De-escalation not done (13) – – 7 (4.86%) 6 (4.16%)**
No action 33 (22.91%) 3 (2.08%)** 32 (22.22%) 6 (4.16%)$

*16 patients were excluded from this analysis including 10 patients from CR gene –ve group, i.e., 3 isolates (DST known prior to Carba R), Burkholderia  
sp (n = 4), Stenotrophomonas (n = 2), Elizabethkingia (n = 1) and 6 from +ve CR gene group (carbapenem and colistin-resistant Klebsiella) were excluded; 
**patients received unnecessary CR over [2 + 3 + 6 = 11(7.63%)]; ***27.08% de-escalated from CR cover; $Indicates patients who did not get appropriate 
antibiotic cover before DST (8/144) – 5.55%
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• Carba-R is preferably used in conjunction with a rapid ID 
system such as MALDI-TOF as it is of limited usefulness in non-
Enterobacteriaceae bacteremia.

• Genomic sequencing was not done in the isolates which would 
identify the missed genes if any. 

• The test was done only during working hours and not around 
the clock.

• The distribution of carbapenemase genes may not represent 
the real scenario in Enterobacteriaceae as the study group was 
very selective and dominated by K. pneumoniae.

• Randomized control trials are needed further to analyze 
the impact of Carba-R with regard to treatment and patient 
outcomes.

co n c lu s i o n
Xpert Carba-R is much quicker than routine DST and reasonably 
accurate in identifying CP-CRE in the Indian setting. It serves as 
a rapid diagnostic tool in predicting carbapenem resistance in 
critically ill patients with bacteremia caused by Enterobacteriaceae 
and it should optimally be used in combination with a rapid same-
day ID system such as MALDI-TOF MS. In terms of antimicrobial 
stewardship, it assists both in the escalation of antibiotics if patients 
are not already on CR cover, as well as in de-escalating therapy 
already initiated well before receipt of DST. It therefore reduces 
injudicious empiric polymyxin usage and helps in the earlier 
initiation of infection control measures for patients with CP-CRE. We 
recommend that all intensive care units which encounter CP-CRE 
routinely incorporate the test in their antibiotic decision-making 
process.
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