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Background  Spread of carbapenem-resistant Enterobacterales (CRE) is a  
significant concern in intensive care unit (ICU) settings. Approaches to routine screen-
ing for CRE colonization in all ICU patients vary depending on institutional epidemi-
ology and resources. The present study was aimed to evaluate the performance of 
HiCrome Klebsiella pneumoniae carbapenemase (KPC) agar for the detection of CRE 
colonization in ICU settings taking the Centers for Disease Control and Prevention 
(CDC) recommended method as reference.
Methods  Two-hundred and eighty rectal swabs (duplicate) from 140 patients were 
subjected to CRE detection in HiCrome KPC agar and MacConkey agar (CDC criteria).
Results  Using CDC method, total 41 CRE isolates were recovered comprising of 
29 Escherichia coli, 11 Klebsiella, and 1 Enterobacter spp. On the other hand, 49 isolates 
of CRE recovered from 140 rectal swabs using HiCrome KPC agar, out of which 33 were 
E. coli, 15 Klebsiella, and 1 Enterobacter sp.
Statistical Analysis  Sensitivity, specificity, negative, and positive predictive values 
of CRE screening by HiCrome KPC agar were found to be 100% (91.4–100), 91.9% 
(84.8–95.8), 83.6% (70.9–91.4), and 100% (95.9–100), respectively, taking the CDC 
recommended method as reference.
Conclusion  HiCrome KPC agar has high sensitivity in screening CRE colonization. 
Further studies are needed to establish its applicability for detecting the predominant 
circulating carbapenemases in the Indian setting.
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Introduction
The emergence of carbapenem-resistant Enterobacterales 
(CRE), ease of horizontal interspecies transfer, shrunken 
therapeutic armamentarium, and the consequent increase 
in morbidity and mortality has taken utmost precedence 

in the last decade in the global as well as Indian settings.1  
In a recent systematic review by Tischendorf et al, the risk 
of CRE infections following colonization has been reported 
to be 16.5%.2 The Centers for Disease Control and Prevention 
(CDC) advocates for routine surveillance of CRE infections 
in acute-care hospital settings and implementation of 
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contact isolation precautions.3 The benefit of routine CRE  
surveillance culture (from rectal swab) in all intensive care 
unit (ICU) patients on admission could not reach a clear con-
sensus in the India specific CRE document, Indian consensus 
on the management of CRE infection in critically ill patients 
(ICONIC).4

Fecal CRE carriage rate ranges from 18 to 73% in 
wards and ICUs in recently published Indian studies.5-7  
Initial enrichment of the rectal swab in trypticase soy broth 
with ertapenem disc (10µg) for a period of 18 hours followed 
by subculture on Mac Conkey agar is the recommended 
method by the CDC for primary screening of fecal CRE col-
onization.8 Though the enrichment step has been shown to 
improve the detection of Klebsiella pneumoniae carbapene-
mase (KPC),9 the overall turnaround time from sample col-
lection to confirmation or refutation of CRE usually takes as 
long as 72 hours by the CDC method.10 Chromogenic agars 
from different manufacturers are commercially available 
for the detection of CRE.11 Chromogenic agars can shorten 
the turnaround time of CRE detection by eliminating the 
enrichment step.11  HiCrome KPC agar is a new chromogenic 
medium, manufactured by Hi-Media Laboratories (HiMedia 
Laboratory Pvt Ltd, Mumbai, Maharashtra, India), designed 
for the detection and differentiation of KPC producing 
Gram-negative bacterial species without selective preen-
richment.12 In HiCrome KPC agar, carbapenem-resistant 
Escherichia coli produces small pink-to-magenta colored col-
onies, while carbapenem-resistant Klebsiella, Enterobacter, 
and Serratia species produce bluish-green colonies.12 We 
could not come across any study of evaluation of HiCrome 
KPC agar. The objective of the present study was to evaluate 
the performance of HiCrome KPC agar for the detection of 
CRE colonization in ICU settings taking CDC recommended 
method as the reference method.

Material and Method
The present study was conducted in the Department of 
Microbiology from June to October 2019 as a part of the Indian 
Council of Medical Research (ICMR)-approved Short-Term 
Studentship Program (STS). All patients directly admitted 
to different medical and surgical ICUs (SICUs) on the same 
day/within 24 hours were included in the study after obtain-
ing informed consent. Patients who were transferred to 
our hospital ICUs from in-patient facilities or referred from 
other hospitals were excluded from the study. The study was 
ethically cleared by institute ethics committee [IEC/AIIMS 
BBSR/STS/2019–20/10].

Two rectal swabs were collected from each patient and 
transferred to the microbiology laboratory for further pro-
cessing without delay. One swab was directly inoculated 
on HiCrome KPC agar plate (prepared from dehydrated 
HiCrome KPC powder with selective supplement) and incu-
bated at 35°C aerobically. Plates were examined at 24 hours 
for the color of the colonies for species level identification 
of Enterobacterales as per the manufacturer’s instructions 
(►Fig.  1) and then subjected for further confirmation of 

identification as well as determination of carbapenem resis-
tance by standard methods.12,13 The other swab was processed 
as per CDC criteria for CRE screening with initial enrichment 
in trypticase soy broth containing ertapenem disc (10 µg) 
for 18 hours followed by subculture on MacConkey agar.8  
The colonies on MacConkey agar plate were further identified 
using standard biochemical tests. Carbapenem susceptibility 
of the Enterobacterales was determined using all four carbap-
enem disks (imipenem [10 μg], meropenem [10 μg], ertap-
enem [10 μg], and doripenem [10 μg]) (HiMedia, Mumbai). 
Enterobacterales isolate resistant to any of the carbapenem 
disks was defined as CRE.13 The sensitivity, specificity, neg-
ative, and positive predictive values of CRE screening by 
HiCrome agar were determined using CDC recommended 
method as the reference method. Modified carbapenemase 
inactivation method (mCIM) was performed in all CRE iso-
lates recovered by CDC method and HiCrome KPC agar for 
phenotypic detection of carbapenemase production among 
Enterobacterales. Klebsiella pneumoniae ATCC BAA-1705 and 
E. coli ATCC 25922 (Microbiologics) were used as positive and 
negative controls respectively.

Data Analysis
The sensitivity, specificity, and negative and positive pre-
dictive values of CRE screening by HiCrome KPC agar were 
calculated taking the CDC recommended method as the ref-
erence method.

Results
A total of 280 rectal swabs were collected from 140 patients 
(two swabs from each patient) admitted in different ICUs 
during the study period. A total of 69 patients were from 
medical ICU, 38 were from SICU, and 33 were from pediatric 
ICU (PICU). Out of 140 patients, 50 were females and 90 were 
males.

Fig. 1  HiCrome Klebsiella pneumoniae carbapenemase agar showing 
pink colonies (Escherichia coli) in one and blue colonies (Klebsiella) in 
two sections.
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Finding of the CDC Reference Method
Out of 140 rectal swabs, 130 (92.8%) showed growth on Mac 
Conkey agar, while 10 had no growth. Out of these 130 rectal 
swabs, E. coli was grown in 45, Klebsiella spp. in 18 swabs, and 
Enterobacter in 1 swab. Mixed growth of E. coli and Klebsiella 
was obtained in two swabs. Klebsiella spp. was grown in com-
bination with Pseudomonas spp. in one swab. A total of 41 CRE 
isolates were recovered from 140 rectal swabs. Distribution of 
CRE isolates was 29 E. coli (20.71%), 11 Klebsiella spp. (7.85%), 
and 1 Enterobacter spp. (0.71%). Maximum prevalence of CRE 
was observed in cardiovascular ICU patients (36.2%; 25/69), 
followed by SICU (23.6%; 09/38) and PICU (21.2%; 07/33). CRE 
colonization among male and female patients was 31.11% 
(28/90) and 26% (13/50), respectively.

Findings of the HiCrome KPC Agar
Out of 140 rectal swabs, CRE was recovered from 49 swabs. 
Out of 49 CRE isolates recovered, 33 were E. coli (33/140, 
23.57%), 15 were Klebsiella species (15/140, 10.71%), and one 
was Enterobacter spp. (1/140, 0.71%).

By using the CDC method, a total of 41 CRE isolates were 
recovered. On the other hand, 49 isolates of CRE were recov-
ered from 140 rectal swabs using HiCrome KPC agar. Growth 
of CRE was obtained in 41 swabs (41/140, 29.2%) in both 
the methods. Concordant results in both the methods were 
observed in 94.2% (132/140) swabs, while discordant results 
were seen in 5.71% (8/140). The sensitivity, specificity, and 
negative and positive predictive values of CRE screening by 
HiCrome KPC agar were found to be 100% (91.4–100), 91.9% 
(84.8–95.8), 83.6% (70.9–91.4), and 100% (95.9–100), respec-
tively, taking the CDC recommended method as reference 
(►Table 1). The diagnostic accuracy of HiCrome KPC agar for 
CRE detection was calculated to be 94.2% (89.1–97). In our 
study, out of 49 CRE-positive isolates, 39 were mCIM positive.

Discussion
The present study provided us with baseline information 
regarding the prevalence of CRE in new ICU admission cases 
at our institution. In our study, production of carbapenemase 
was the major mechanism for resistance to carbapenem that 
can be transferred from one patient to another. Given the 
high prevalence of CRE at our institution, routine screening 

for CRE carriage in all ICU patients may not be feasible due to 
resource constraints.

In the present study, CRE conization rate in various ICU 
patients on admission was (29.2%, 41/140) by CDC method, 
whereas eight extra CRE isolates (four each of Klebsiella and 
E. coli) were recovered using HiCrome KPC agar. Concordant 
results in both the methods were observed in 94.2% (132/140), 
while discordant results noticed in 5.71% (8/140). The cause of 
discordant results in our study may be attributed to low con-
centrations of CRE in those eight swabs that might have failed 
to grow in Mac Conkey agar, but they could be detected with 
HiCrome KPC agar. In an earlier study by Landman et al, CDC 
method has been evaluated to detect CRE in concentrations 
ranging between 1 × 105 and 1.7 × 106 CFU/mL.14 In a study 
by Errecalde et al, HiCrome KPC agar had two false-positive 
results and the authors had recommended phenotypic con-
firmation of CRE isolates growing on HiCrome KPC agar.15 In 
our study, eight extra CRE isolates (four each of Klebsiella and 
E. coli) recovered using HiCrome KPC agar were all positive by 
mCIM and hence were carbapenemase producing-CRE. In the 
study by Simner et al, CDC broth enrichment methods per-
formed poorly compared with direct inoculation methods, 
negating the need for the broth enrichment step.16 In general, 
the sensitivity of CDC broth enrichment method for detec-
tion of CRE has been shown to be in the ranges of 57.6 to 
98.5%, whereas sensitivity of HiCrome KPC agar from dif-
ferent manufacturers has been shown to be in the range of 
76 to 97.8%, depending upon the types of carbapenemase 
enzymes produced.17 Our study had several limitations. We 
could not determine the minimum inhibitory concentration 
(MIC) of the isolates that had not grown in CDC method that 
could have provided additional information about the lower 
limit of carbapenem MIC for growth on CDC method. Second, 
molecular determination of the types of carbapenemase 
could have added substantial value to the study that could 
not be performed due to financial constraints.

Conclusion
HiCrome KPC agar has high sensitivity in screening CRE 
colonization. It efficiently identifies CRE colonization in a 
much shorter time as compared to the CDC method. As our 
sample size was small, and the study was performed at one 

Table  1   Sensitivity, specificity, PPV, and NPV of HiCrome KPC agar taking the CDC recommended method as reference 

CRE positive by 
CDC method

CRE negative 
by CDC 
method

Total Sensitivity 
(95% CI)

Specificity
(95% CI)

PPV
(95% CI)

NPV
(95% CI)

CRE positive by 
HiCrome KPC 
agar

41 08 49 100% 
(91.4–100)

91.9% 
(84.8–95.8)

83.6% 
(70.9–91.4)

100% 
(95.9–100) 

CRE negative by 
HiCrome KPC 
agar

00 91 91

Total 41 99 140

Abbreviations: CI, confidence interval; CDC, Centers for Disease Control and Prevention; CRE, carbapenem-resistant Enterobacterales; KPC, Klebsiella 
pneumoniae carbapenemase; NPV, negative predictive value; PPV, positive predictive value.
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institution, further studies will be needed to establish the 
applicability of HiCrome KPC agar for detecting the predomi-
nant circulating carbapenemases in the Indian setting.
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