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Background: HardyCHROM™ CRE is a selective and differential chromogenic medium designed to 
screen for carbapenem-resistant Enterobacteriaceae (CRE) from fecal specimens. Based on the colony 
color, this medium differentiates Escherichia coli (pink) from members of the KES group, namely 
Klebsiella spp., Enterobacter spp., and Serratia spp., (blue). 
Methods: HardyCHROM™ CRE was compared to the CDC Reference culture method utilizing a TSB 
enrichment at three different hospital laboratories across the United States. Stool samples were 
inoculated onto HardyCHROM™ CRE plates and incubated for 18 hours. Simultaneously, as the 
reference method, the samples were also inoculated into 10mL TSB with 1µg/mL meropenem and 3µg/
mL vancomycin and incubated overnight followed by subculture to MacConkey agar. The organisms 
growing on the CRE medium and on the MacConkey plates were identified to the species level and 
tested for antimicrobial susceptibility using an FDA-cleared system. CLSI breakpoints were used for 
interpretation of results.  
Results: A total of 1,484 fecal specimens were tested on HardyCHROM™ CRE in parallel with the TSB 
enrichment. There were 91 target CRE organisms recovered by traditional culture. All of these were also 
recovered on HardyCHROM™ CRE after 18 hours of incubation. HardyCHROM™ CRE was 100.0% 
sensitive for the screening of carbapenem non-susceptible (NS) E. coli, Klebsiella spp., Enterobacter 
spp., Serratia spp, and 96.8% specific. There were 38 instances where HardyCHROM™ CRE recovered 
target organisms while the reference method did not. Of the strains recovered by HardyCHROM™ CRE 
but not the reference method, 6 were carbapenem NS E. coli strains and 32 were carbapenem NS 
KES strains. 
Conclusion: Overall, the data illustrates the reliability of HardyCHROM™ CRE for the selective screening 
of carbapenem non-susceptible microorganisms. 

Performance of HardyCHROM™ CRE was evaluated at three geographically diverse hospitals with 
fresh stool specimens. The recovery of carbapenem non-susceptible Escherichia coli and KES 
(Klebsiella spp., Enterobacter spp., and Serratia spp.)  on HardyCHROM™ CRE was compared to routine 
culture, defined as the selective enrichment of microorganisms in Tryptic Soy Broth (TSB) containing 
1µg/mL meropenem and 3µg/mL vancomycin, followed by subculture to MacConkey Agar. Organisms 
that grew on MacConkey Agar were identified using an FDA-cleared automated ID systems. 
Quality control was performed in parallel every day of testing. Results from days of QC failure were 
excluded from the analysis. Stool specimens were kept refrigerated for a maximum of 7 days if not 
immediately processed. 
Confirmation of carbapenem non-susceptibility was performed using traditional Kirby-Bauer AST or 
other FDA-cleared automated susceptibility devices, following the device manufacturer’s instructions. 
ID of organisms that grew on HardyCHROM™ CRE was confirmed using an FDA-cleared automated 
ID systems. 

A total of 1,484 fecal specimens were tested on HardyCHROM™ CRE in parallel with the TSB 
enrichment. There were 91 target carbapenem non-susceptible isolates recovered from the reference 
method and 129 isolates recovered by colony color on HardyCHROM™ CRE after 18 hours of incubation. 
Results were the same at 18 and 24 hours. All isolates recovered by the reference method were also 
recovered on HardyCHROM™ CRE. Three separate analyses are presented below. (1) The number of 
specimens that showed recovery of a non-susceptible E. coli or KES by the reference method 
compared to Pink or Blue colonies on HardyCHROM™ CRE at 18 and 24 hours. (2) The number of 
specimens that showed recovery of a non-susceptible E. coli by the reference method compared to 
Pink colonies on HardyCHROM™ CRE at 18 and 24 hours. (3) The number of specimens that showed 
recovery of a non-susceptible KES by the reference method compared to Blue colonies on 
HardyCHROM™ CRE at 18 and 24 hours.

• 12.5% of specimens contained an isolate non-susceptible to a carbapenem across all sites. 
• HardyCHROM™ CRE showed an overall sensitivity of 100.0% (96.0% - 100.0%) and specificity of 
      96.8% (95.8% - 97.6%) for the detection of carbapenem non-susceptible Escherichia coli and KES 
      by Pink or Blue color development, when analyzed by specimen.
• HardyCHROM™ CRE showed an overall sensitivity of 100.0% (74.1% - 100.0%) and specificity of 
      99.2% (98.6% - 99.5%) for the detection of carbapenem non-susceptible Escherichia coli by Pink 
      color development, when analyzed by specimen.
• HardyCHROM™ CRE showed an overall sensitivity of 97.5% (91.3% - 99.3%) and specificity of 97.5% 
      (96.6% - 98.2%) for the detection of carbapenem non-susceptible KES by Blue color development, 
      when analyzed by specimen.
• Two Enterobacter cloacae isolates resulted in small colonies that had not developed full blue 
      pigmentation by 24 hours and instead appeared as dark pink. By 48 hours (after the recommended 
      incubation time), these isolates appeared blue.   
• HardyCHROM™ CRE has shown to recover significantly larger amount of non-susceptible strains in 
      comparison to the selective enrichment methods.
• All, except one, strains recovered as Pink or Blue colonies on HardyCHROM™ CRE presented some 
      degree of resistance to carbapenems.
• Based on the data from this study, HardyCHROM™ CRE can be reliably employed as initial screen 
      for patients harboring Enterobacteriaceae conferring resistance to carbapenems.

138 of the false positives were confirmed to be carbapenem non-susceptible E. coli or KES that were not 
recovered by the reference method. Four were carbapenem non-susceptible Citrobacter spp., one was a 
carbapenem susceptible Citrobacter spp. that was not saved and susceptibility could not be confirmed, and 
one was an Enterococcus species that resulted in very tiny blue precipitate spots in the media. 

16 false positives were in fact true Carbapenem non-susceptible E. coli that were not recovered by the reference 
method. Two were small colonies of Enterobacter cloacae that did not develop full blue pigmentation and 
instead appeared pink at 24 hours. Three were carbapenem non-susceptible Citrobacter spp. and one was a 
carbapenem susceptible Citrobacter spp. that was not saved and susceptibility could not be confirmed.

132 of the false positives were confirmed to be carbapenem non-susceptible KES that were not recovered by 
the reference method. One was a carbapenem non-susceptible Citrobacter spp. and two were Enterococcus 
species that resulted in very tiny blue precipitate spots in the media.
2The two false negatives were small colonies of Enterobacter cloacae spp. that did not develop full blue 
pigmentation and instead appeared pink at 24 hours on HardyCHROM™ CRE. 

Table 1. Recovery of Carbapenem Non-Susceptible E. coli and KES by Reference Method 
Compared to Recovery of Pink or Blue Colonies on HardyCHROM™: By Specimen

Table 4. Characteristics of isolates recovered on HardyCHROM™ CRE

Table 2. Recovery of Carbapenem Non-Susceptible E. coli by Reference Method 
Compared to Recovery of Pink Colonies on HardyCHROM™: By Specimen

Table 3. Recovery of Carbapenem Non-Susceptible and KES by Reference Method 
Compared to Recovery of Blue Colonies on HardyCHROM™: By Specimen

According to Centers for Disease Control and Prevention (CDC), e.g., Rasheed JK et al., J Clin Microbi-
ol. 46:2066-9 (2008), carbapenem-resistant Enterobacteriaceae (CRE) are widespread in the United 
States. The most frequently encountered CRE are carbapenemase-producing Enterobacteriaceae that 
produce Klebsiella pneumoniae carbapenemase (KPC). Most KPC in the U.S. is found among Klebsiel-
la pneumoniae and Escherichia coli, and has been detected in Serratia marcescens, Klebsiella oxytoca, 
Citrobacter freundii, Enterobacter spp., and Salmonella enterica, besides Pseudomonas aeruginosa. 
HardyCHROM™ CRE is a selective and differential chromogenic medium designed to screen for 
carbapenem non-susceptible Escherichia coli and KES (Klebsiella spp., Enterobacter spp., and 
Serratia spp.) from fecal specimens.  The selective components in HardyCHROM™ CRE inhibit the 
growth of yeast and Gram-positive bacteria. HardyCHROM™ CRE differentiates Escherichia coli (pink) 
from Klebsiella spp., Enterobacter spp., and Serratia spp. (blue). 
HardyCHROM™ CRE agar was compared to a broth-enrichment based screening method using the 
CLSI guidelines as a reference for the detection of Escherichia coli and KES that are non-susceptible 
to carbapenems in order to demonstrate that the product is both sufficiently safe and effective for the 
screening of these bacteria in a healthcare setting.
The CLSI guidelines recommend screening for CREs with an MIC greater than or equal to an 
established limit to one of several selected agents. Phenotypic non-susceptibility to carbapenems 
is confirmed by demonstrating non-susceptibility to one of the selected agents using MIC or disk 
diffusion. CLSI guidelines for carbapenem non-susceptible Enterobacteriaceae indicate that an MIC 
greater than or equal to 1µg/mL ertapenem, 2µg/mL imipenem, or 2µg/mL meropenem is considered 
non-susceptible. Further biochemical analysis is required to confirm the production of carbapenemase 
or any other mechanism of resistance.

Patient Stool
Sample

HardyCHROM™
CRE

MacConkey Agar

Sub to BAP for ID and 
susceptibility

1µg/mL Meropenem 
and 

3µg/mL Vancomycin

Wake Forest Baptist Medical Center, Winston-Salem, NC 506 Total Specimens enrolled

Medical College of Wisconsin, Milwaukee, WI 527 Total specimens enrolled

New York-Presbyterian/Columbia University Medical Center,
New York, New York

451 Total specimens enrolled

Site TP FP1 FN TN Sensitivity Specificity
1 25 19 0 462 100.0 86.7 100.0 96.0 93.9 97.5

2 25 14 0 488 100.0 86.7 100.0 97.2 95.4 98.3

3 41 11 0 399 100.0 91.4 100.0 97.3 95.3 98.5

Overall 91 44 0 1349 100.0 96.0 100.0 96.8 95.8 97.6

TSB + MEM + 
Va

HC CRE # NS to ETP # NS to IPM # NS to MEM

E. coli 11 17 17 13 12
Site 1 1 (9.1%) 5 (29.4%) 5 (29.4%) 3 (23.1%) 4 (33.3%)

Site 2 4 (36.4%) 4 (23.5%) 4 (23.5%) 4 (30.8%) 4 (33.3%)

Site 3 6 (54.5%) 8 (47.1%) 8 (47.1%) 6 (46.1%) 4 (33.3%)

KES 80 112 112 90 93
Site 1 24 (30.0%) 37 (33.0%) 37 (33.0%) 31 (34.4%) 30 (32.3%)

Site 2 21 (26.3%) 33 (29.5%) 33 (29.5%) 22 (24.4%) 26 (27.9%)

Site 3 35 (43.7%) 42 (37.5%) 42 (37.5%) 37 (41.1%) 37 (39.8%)

Klebsiella spp. 47 64 64 54 60
Site 1 8 (17.0%) 16 (25.0%) 16 (25.0%) 15 (27.8%) 16 (26.7%)

Site 2 15 (31.9%) 18 (28.1%) 18 (28.1%) 13 (24.1%) 16 (26.7%)

Site 3 24 (51.1%) 30 (46.9%) 30 (46.9%) 26 (48.1%) 28 (46.6%)

Enterobacter spp. 29 42 42 31 28
Site 1 15 (51.7%) 19 (45.2%) 19 (45.2%) 14 (45.2%) 12 (42.9%)

Site 2 5 (17.3%) 13 (31.0%) 13 (31.0%) 8 (25.8%) 9 (32.1%)

Site 3 9 (31.0%) 10 (23.8%) 10 (23.8%) 9 (29.0%) 7 (25.0%)

Serratia spp. 4 6 6 5 5
Site 1 1 (25.0%) 2 (33.3%) 2 (33.3%) 2 (40.0%) 2 (40.0%)

Site 2 1 (25.0%) 2 (33.3%) 2 (33.3%) 1 (20.0%) 1 (20.0%)

Site 3 2 (50.0%) 2 (33.3%) 2 (33.3%) 2 (40.0%) 2 (40.0%)

Site TP FP1 FN TN Sensitivity Specificity
1 1 6 0 499 100.0 20.7 100.0 98.8 97.4 99.5

2 4 2 0 521 100.0 51.0 100.0 99.6 98.6 99.9

3 6 4 0 441 100.0 61.0 100.0 99.1 97.7 99.7

Overall 11 12 0 1461 100.0 74.1 100.0 99.2 98.6 99.5

Site TP FP1 FN TN Sensitivity Specificity
1 23 15 1 467 95.8 79.8 99.3 96.9 94.9 98.1

2 20 13 1 493 95.2 77.3 99.2 97.4 95.7 98.5

3 35 7 0 409 100.0 90.1 100.0 98.3 96.6 99.2

Overall 78 35 2 1369 97.5 91.3 99.3 97.5 96.6 98.2
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