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Background

Multidrug resistant (MDR) Gram negative bacteria are among the greatest therapeutic challenges
facing world health. Methods for screening patients for MDR GNB include culture of perianal swab
samples on selective agar plates followed by antimicrobial susceptibility testing.

Screening for carbapenemase producing Enterobacteriaceae (CPE) is usually done by
supplementing MacConkey Agar with imipenem before inoculation of the test strainl. The CDC
recommends an ertapenem-enriching step on ertapenem-containing trypticase-soy broth followed by
inoculation into MacConkey Agar?. Different media have been developed to try to optimize detection
while obtaining results in a shorter time span.

Other media used to detect CPE include SUPERCARBA agar and chromogenic media. The
SUPERCARBA agar is a Drigalski-lactose media supplemented with cloxacillin (250 ug/mL), zinc (70
ug/mL), and ertapenem (0.5 mg/L)3. These media have been compared regarding their limit of
detection of CRE at different inocula and when used for stool screening!4-8. Some of these agar
media have improved ability to detect KPC and have decreased sensitivity for mechanisms based
on other enzymes, particularly OXA-48>.

Method
ChromID KPC 84.9 88.7
MacConkey/Imipenem 84.9 94.3
CDC Protocol 98.8 80
chromID CARBA 92-100 91-98
Brilliance CRE 59 34

Screening molecular techniques such as Real Time PCR have been used with the advantage of
more rapid results, increased sensitivity, and increased specificity®11. Sensitivity and specificity are
higher than for culture-based methods.

Limit of detection
Target Methodology Sensitivity Specificity N
(CFU/mL)

VIM, IMP, KPC, PCR (Hyplex SuperBug
98.0% 98.6% Not calculated 236

OXA-48, NDM-1 12 ID)

KPC: 10%-10° CFU/mL
KPC, NDM-1 13 gPCR 100% 100% 46/80*
NDM: 103 CFU/mL

VIM, OXA-48, gqPCR(Check-MDR

100% 100% 103-105 CFU/mL 25
NDM, KPC 14 Carba)
gPCR(Xpert MDRO) 100% 99% <3 X 102 CFU/mL 328

Objectives

1. Evaluate a PCR-based multiplex assay (Acuitas® CR Elite Test) of perianal swabs for
detecting bla genes that confer carbapenem resistance

2. Compare PCR-based methods to culture based methods

3. Determine the feasability for a larger study comparing culture-based screening to a
commercial real-time PCR-based strategy

Comparing Culture Based Methods To A Novel PCR-based Multiplex Assay To Detect
Carbapenemase Genes In Perirectal Swabs

Methods

The Acuitas® CR Elite Test (OpGen, Gaithersburg, MD) is a test that combines culture, identification,
and antibiotic susceptibility testing (ID/AST) with the PCR-based multiplex assay gene test results of
the Acuitas® MDRO Gene Test. The gene test results of CR Elite were used to detect bla KPC,

NDM, VIM, IMP, OXA, and CTX-M gene families.

Acuitas CR Elite Test

v

MDRO Gene Test CRE Selective IDIAST
Highly Sensitive + Culture — Identify Microbe &
Carbapenemase Phenotypic Screen & Confirm
Gene Detection Isolate Selection Antimicrobial

Susceptibility
<24 hrs <48 hrs

<72 hrs

Perianal swab (Eswab, Copan Diagnostics, Brescia, Italy) samples were obtained from 12 patients
admitted to the Detroit Medical Center who at time of enroliment did not have positive clinical cultures
for CREs. Each sample was spiked with a single positive control at one of three concentrations. (See
table). Bacterial isolates were clinical isolates from different geographical locations.

. Resistance A
Organism _ Dilutions tested
Determinant

Acuitas® MDRO Gene Test

Analytical Sensitivity

1.5x1073 MDRO Genes LOD (CFU/mL)
K. pneumoniae KPC-2 1.5x10"5,
1.5x10%6 KPC 84

1.5x10"3, NDM 93
K. pneumoniae OXA-48 1.5x10"5, VIM 37-154
1.5x10"6
1.5x10"3, IMP 13-66
P. aeruginosa VIM 1.5x10"5, OXA-48 79
A\,
1.5x10%6 OXA-23 109
1.5x10"73,
NDM-1 1.5x10%5, Oxgan i
1.5x10"6 CTX-M 79-151
VanA 250

All specimens were “blinded” to microbiologic testers and tested in parallel using the Acuitas CR Elite
Test, the CDC protocol, chromID CARBA agar, and SUPERCARBA agar. Cultures were interpreted as
positive or negative if the colonies growing were either the predominant colony or if the individual
colonies met the pre-defined criteria according to the manufacturer, the CDC, or the inventors for the
chromID Carba, CDC Method, and SUPERCARBA media respectively.

Sensitivity to detect known controls and percent total concordance with the culture-based strategies
were calculated.

Results

The genetic elements contained in the spiked isolates were identified by the Acuitas CR Elite Test
in 12/12 (100%) cases containing KPC-2, OXA-48, NDM-1 and VIM. (Minimum bacterial load
1.5x10"3 organisms).

The CDC protocol identified carbapenem resistance in 7/12 isolates (58%). Discordance between
the Acuitas CR Elite Test and the CDC protocol was due to susceptible determinations by the CDC
protocol for isolates containing OXA-48, VIM, and NDM-1.
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Results

The SUPERCARBA media identified carbapenem resistance in 9/12 isolates (75%). Discordance
between Acuitas CR Elite Test and SUPERCARBA was due to SUPERCARBA failing to detect
NDM in two specimens (low and high concentration), and failure to recover a VIM-producing
Pseudomonas after an initial positive screen.

The chromIiD CARBA media identified carbapenem resistance in 8/12 isolates (66.7%).
Discordance between Acuitas CR Elite Test and chromID CARBA was due chromID CARBA failing
to recover all three NDM producers.

CDC
Protocol

Acuitas chromID CARBA SUPERCARBA

66.70%

Sensitivity 100%

T

chromID Carba .

The Acuitas test identified additional OXA elements in a spiked sample from a patient; however
pre-existing colonization of the patient with an OXA-containing organism could not be ruled out.
This isolate was not detected with any of the screening media.

BA

Specificity was not calculated as a single negative specimen was included, which was properly
identified by all methods.

Conclusions

The Acuitas® CR Elite Test was found to be a more sensitive method for the identification of
pathogens containing clinically important carbapenemases.

|dentification of Pseudomonas carrying blaVIM was particularly difficult with specialized media as
published protocols call for the exclusion of non-lactose fermenters.

A rapid, sensitive, and accurate method for screening patients for colonization with MDR GNB could
identity patients who are colonized and improve the capability of infection control programs to prevent
the spread of MDR GNB pathogens.

References

1. Adler A, Navon-Venezia S, Moran-Gilad J, Marcos E, Schwartz D, Carmeli Y. 2011. Laboratory and Clinical Evaluation of Screening Agar Plates for Detection of Carbapenem-
Resistant Enterobacteriaceae from Surveillance Rectal Swabs. J Clin Microbiol 49:2239-2242.

2. CDC. 2008. Laboratory Protocol for Detection of Carbapenem-Resistant or Carbapenamase-Producing, Klebsiella spp. and E. coli from Rectal Swabs.
http://www.cdc.gov/HAl/pdfs/labSettings/Klebsiella_or_Ecoli.pdf.

3. Nordmann P, Girlich D, Poirel L. 2012. Detection of Carbapenemase Producers in Enterobacteriaceae by Use of a Novel Screening Medium. J Clin Microbiol 50:2761-2766.

4. Papadimitriou-Olivgeris M, Bartzavali C, Christofidou M, Bereksi N, Hey J, Zambardi G, Spiliopoulou I. 2014. Performance of chromID® CARBA medium for
carbapenemases-producing Enterobacteriaceae detection during rectal screening. Eur J Clin Microbiol Infect Dis 33:35-40.

5. Girlich D, Poirel L, Nordmann P. 2013. Comparison of the SUPERCARBA, CHROMagar KPC, and Brilliance CRE screening media for detection of Enterobacteriaceae with
reduced susceptibility to carbapenems. Diagn Microbiol Infect Dis 75:214-217.

6. Wilkinson KM, Winstanley TG, Lanyon C, Cummings SP, Raza MW, Perry JD. 2012. Comparison of Four Chromogenic Culture Media for Carbapenemase-Producing
Enterobacteriaceae. J Clin Microbiol 50:3102-3104.

7. Moran Gilad J, Carmeli Y, Schwartz D, Navon-Venezia S. 2011. Laboratory evaluation of the CHROMagar KPC medium for identification of carbapenem-nonsusceptible
Enterobacteriaceae. Diagn Microbiol Infect Dis 70:565-567.

8. Stuart JC, Voets G, Rottier W, Voskuil S, Scharringa J, Dijk KV, Fluit AC, Hall ML-V. 2013. Evaluation of the Oxoid Brilliance™ CRE Agar for the detection of carbapenemase-
producing Enterobacteriaceae. Eur J Clin Microbiol Infect Dis 32:1445-1449.

9. Schechner V, Straus-Robinson K, Schwartz D, Pfeffer |, Tarabeia J, Moskovich R, Chmelnitsky I, Schwaber MJ, Carmeli Y, Navon-Venezia S. 2009. Evaluation of PCR-
Based Testing for Surveillance of KPC-Producing Carbapenem-Resistant Members of the Enterobacteriaceae Family. J Clin Microbiol 47:3261-3265.

10. Hindiyeh M, Smollen G, Grossman Z, Ram D, Davidson Y, Mileguir F, Vax M, Ben David D, Tal I, Rahav G, Shamiss A, Mendelson E, Keller N. 2008. Rapid Detection of
blaKPC Carbapenemase Genes by Real-Time PCR. J Clin Microbiol 46:2879—-2883.

11. Naas T, Cotellon G, Ergani A, Nordmann P. 2013. Real-time PCR for detection of blaOXA-48 genes from stools. J Antimicrob Chemother 68:101-104.

12. Avlami A, Bekris S, Ganteris G, Kraniotaki E, Malamou-Lada E, Orfanidou M, Paniara O, Pantazatou A, Papagiannitsis CC, Platsouka E, Stefanou I, Tzelepi E, Vagiakou
H, Miriagou V. 2010. Detection of metallo-B-lactamase genes in clinical specimens by a commercial multiplex PCR system. J Microbiol Methods 83:185-187.

13. Vasoo S, Cunningham SA, Kohner PC, Mandrekar JN, Lolans K, Hayden MK, Patel R. 2013. Rapid and direct real-time detection of blakPC and blaNDM from surveillance
samples. J Clin Microbiol 51:3609-3615.

14. Cuzon G, Naas T, Bogaerts P, Glupczynski Y, Nordmann P. 2013. Probe ligation and real-time detection of KPC, OXA-48, VIM, IMP, and NDM carbapenemase genes. Diagn
Microbiol Infect Dis 76:502-505.

15. Tenover FC, Canton R, Kop J, Chan R, Ryan J, Weir F, Ruiz-Garbajosa P, LaBombardi V, Persing DH. 2013. Detection of Colonization by Carbapenemase-Producing Gram-
Negative Bacilli in Patients by Use of the Xpert MDRO Assay. J Clin Microbiol 51:3780-3787.



http://vaww.portal.gla.med.va.gov/sites/Research/HSRD/Center Logos/RDonly.gif

	Slide Number 1

