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ABSTRACT

OBJECTIVES: The objective of this study was to evaluate the accuracy of the CIM test in
the detection of carbapenemase activity in 124 strains of Enterobacteriaceae.

METHODS: A panel of 124 previously characterized Enterobacteriaceae was tested: 77
strains producing the following carbapenemase families: KPC (n=14), GES (n=22), NDM
(n=19), VIM (n=4), IMP (n=4) and OXA-48 (n=14) and 47 non-carbapenemase producers.
For the CIM method, an active susceptibility meropenem disc was exposed to a bacterial
suspension of a test strain; when a carbapenemase is produced, the antibiotic is inactivated
allowing uninhibited growth of an indicator strain after overnight incubation. A clear
inhibition zone (>20 mm) was considered indicative of no-carbapenemase activity.
RESULTS: All KPC, NDM, VIM, IMP or OXA-48 producing strains were unequivocally
detected with the CIM test. CIM false negative results were obtained with eleven
Enterobacter cloacae producing GES-6. Two other E. cloacae not producing carbapenemase
(one with SHV-12, one hyperproducing AmpC) were positive by the test. The sensitivity and
specificity of the assay compared to those of molecular methods were 85.7% and 95.7%,
respectively.

CONCLUSIONS: The CIM method proved to be inexpensive and easy to interpret. It

provided less than optimal results in the detection of GES-6 activity.
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INTRODUCTION

Resistance to carbapenems is mainly due to the production of beta-lactamases inactivating
carbapenems (carbapenemases), included in classes A, B, C or D of the Ambler classification.
Whereas class A, C and D beta-lactamases share a serine residue in the active site, class B
enzymes (also referred to as metallo-beta-lactamases) require the presence of zinc for their

activity [1-4].

In Enterobacteria, carbapenemase-encoding genes are often located on plasmids which
contributes to a rapid spread among clinically relevant Gram-negative bacteria all over the
world [5-7]. The most frequent types of enzymes among carbapenemase-producing
Enterobacteriaceae (CPE) include KPC, NDM, OXA-48 and related enzymes, and to a lesser
extent, VIM type or IMP carbapenemase types. A large variety of less frequent enzymes

(including some GES-type and other carbapenemases) have also been described [1, 8, 9].

Rapid and reliable detection of carbapenemase production among clinical isolates is needed
for therapeutic and control reasons. Potential carbapenemase production is usually screened
first by conventional susceptibility testing; however, this screening is hampered since
susceptibility to carbapenems may vary significantly among carbapenemase producers. Some
enzymes exhibit weak activity against carbapenems, and can determine MIC values of
carbapenems below the clinical susceptibility breakpoint and even below the screening
breakpoint proposed by the EUCAST for detection of carbapenemase producers [10-14].
Over the last years, an increasing number of non-molecular assays for rapid detection of
carbapenemase activity have been described. These tests are designed to provide preliminary
information before confirmatory assays are performed either by molecular or by UV

spectrophotometry methods. In the modified Hodge test (MHT) the carbapenemase activity is



detected when the clinical isolate producing carbapenemase allows growth of a full
susceptible strain towards an imipenem disc [15]. Although this method has been extensively
used, its interpretation is not always easy and both false positive and false negative results
have been reported [15-17]. Other methods of carbapenemase detection include colorimetric
assays based on the enzymatic hydrolysis of the beta-lactam ring of a carbapenem leading to a
pH decrease and consequent colour shift of the pH indicator (phenol red or bromothymol
blue) in the presence of carbapenemase activity [18, 19]. These tests have recently been
commercially launched into the market as RAPIDEC® CARBA-NP (bioMérieux, France)
[20-23] or Rapid CARB Blue kit (Rosco Diagnostica A/S, Denmark) [24, 25] and have both
shown promising results [20-25]. Moreover, combined-disc tests containing a carbapenem
plus specific inhibitors, such as EDTA or boronic acid have also been commercialized for the
detection of class B and class A carbapenemases, respectively [26-28]. Lately, mass
spectrometric assays are being developed for detection of carbapenem degradation products

due to carbapenemase activity [29-34].

The recently described carbapenem inactivation method (CIM) [35] has shown promising
results in previously published reports [35, 36]. CIM is based on the enzymatic hydrolysis of
a meropenem disc after its exposure to a carbapenemase producing strain and its consequent
inactivation which allows uninhibited growth of a full susceptible indicator strain. This new
phenotypic test can detect carbapenemase activity irrespective of the coding genes in Gram-
negative bacteria; according to the authors who described it, the method can provide results

within eight hours, is easy to interpret and inexpensive.

The objective of this study is to evaluate the accuracy of the CIM test.

MATERIALS AND METHODS



Strain collection

The evaluation of the test was carried out with 124 Enterobacteriaceae strains obtained from
different centres and countries. One isolate per patient was included in this study. All isolates
had been previously characterized as carrying blakpc, blavim, blanom, blakec, blave, blaoxa-as
or blages; 77 strains produced the following carbapenemases: KPC-2 (n=14), GES-6 (n=22),
NDM-1 (n=18), NDM-5 (n=1), VIM-1 (n=4), IMP-13 (n=4) and OXA-48 (n=14). Forty-
seven strains proved to be genotypically carbapenemase-negative, among which 28 had
decreased susceptibility to at least one carbapenem (imipenem, meropenem, ertapenem)

(Table 1).

The species identification was confirmed for this study using MALDI-TOF Vitek-MS™ (v2
SARAMIS MS -ID, bioMérieux, France) and corresponded to Citrobacter freundii (n=3),
Enterobacter aerogenes (n=4), E. cloacae complex (n=44), Escherichia coli (n=15),
Klebsiella oxytoca (n=4), K. pneumoniae (n=51), Providencia stuartii (n=2) and Raoultella
ornithinolytica (n=1). In order to ensure genetic diversity of the studied organisms, pulse-field
gel electrophoresis (PFGE) was performed and interpreted as described elsewhere for

organisms producing GES.

Strains were stored frozen in trytic soy broth with 10% glycerol at -70°C. For the present
studies, strains were re-cultured on Columbia agar + 5% sheep blood (bioMérieux) and

incubated at 37°C for 24 hours prior to performing the CIM test.



Molecular testing for carbapenemase genes

For all strains, the presence of the following genes: blajve, blayviv, blanpwm, blasem, blaaim,
blapim, blagiv, blasiv, blakec, blagic and blagxa-sg Was studied as described Poirel et al. [37].
We also investigated the presence of blages using the following primers: GES-F: 5’-
ATGCGCTTCATTCACGCACT-3’ and GES-R: 5’-CTATTTGTCCGTGCTCAGGA-3’.
Bacterial DNA was extracted using InstaGene matrix kit (Bio-Rad) according to the
manufacturer’s recommendations and 1 ul was added to 1x ready mix PCR Kit KAPA2G fast
Hotstart (Kapa Biosystems) along with 0.5 puM each primer, in a final volume of 20 ul. The
amplification conditions were 95°C for 2 min, and then 35 cycles of 95°C for 15 s, 55°C for
15 s, and 72°C for 15 s. Amplicons were purified with NucleoSpin Gel and PCR Clean-up Kit
(Macherey-Nagel). Both strands were sequenced (Macrogen Europe, Amsterdam, The
Netherlaands) and the BLAST program was used to compare the nucleotide and protein
sequences to those available at the National Center for Biotechnology Information website

(www.nchi.nlm.nih.gov).

Phenotypic testing by CIM test

The CIM method was performed as stated by Van der Zwaluw K. et al. [35]: an active
susceptibility meropenem disc (10 pg) was immersed in a suspension composed by a full 10
ML inoculation loop of culture homogenised in 400 pL of water. After two hours of
incubation at 35°C the disc was removed from the suspension and placed on a Mueller-Hinton
agar plate previously streaked with a susceptible E. coli indicator strain (ATCC 25922) and
subsequently incubated at 35°C. Results were read after overnight incubation: the bacterial
suspension of strains harbouring a carbapenemase resulted in an inactivation of the antibiotic

allowing uninhibited growth of the susceptible indicator strain; conversely, a clear inhibition



zone appeared in strains without carbapenemase activity. Tijet N et al. [36] defined the

inhibition zone diameter defining non-carbapenemase producers in > 20 mm.

Sensitivity and specificity
PCR analysis detecting genes encoding carbapenemases (blayvp, blayiv, blanom, blasewm,
bIaA|M, b|aD||\/|, b|ag||v|, blas||\/|, b|aKpc, bIaB|C, blaox/_\-48 and blaGEs) was considered as the

reference method for carbapenemase characterization.

In addition, and because novel carbapenemases may not be detected since only specific genes
were examined, when discrepancies were observed between PCR-sequencing results and
CIM, the CMI test was repeated and the following additional assays were also performed: (i)
RAPIDEC® CARBA-NP (bioMérieux, France) and (ii) Rapid CARB Blue kit (Rosco

Diagnostica, Denmark).



RESULTS
A summary of the obtained data is presented in Table 1.
All blajye-, blanpm-, blakpc- and blapxa-4s- positive isolates were unequivocally positive

according to the CIM test with inhibition zone diameters of 6 mm.

Eight of the 22 (36.4%) isolates with the gene coding for GES-6 displayed an inhibition zone
diameter of 6 mm, while eleven strains exhibited inhibition zone diameters of > 20 mm,
considered negative according to Tijet et al. [36]. Among those strains with inhibition zone
diameters > 20mm, five featured a diameter of 20-24 mm and six presented an inhibition zone
of 25-30 mm. MICs of carbapenems for these 11 isolates are presented in Table 2.
Additionally, both CARBA-NP and Rapid CARB Blue assays yielded positive results for
these 11 isolates. Therefore, the overall sensitivity of the CIM test was 79.3%. These false
negative strains harboured ertapenem minimum inhibitory concentrations (MICs) values of >
0.12 (Table 2.) defined by the EUCAST as the screening cut-off and yielded positive results
with the RAPIDEC® CARBA-NP (bioMérieux, France) and Rapid CARB Blue kit (Rosco
Diagnostica, Denmark).

Considering all except GES-type carbapenemases the corresponding sensitivity would be
100%. The pulse-field gel electrophoresis (PFGE) analysis after digestion with Xbal of the E.
cloacae GES-6 isolates resulted in 4 pulsotypes (A-D), 73.8% (14/19) being clonally related
(pulsotype A) (Figure 1.1.). On the other hand, both K. oxytoca GES-6 isolates proved to be

subtypes within the same clone (Figure 1.2).

Regarding the 47 carbapenemase negative isolates, all gave negative results except from two
E. cloacae. Of these, one presented a phenotype of AmpC hyperproduction (and lacked both

an ESBL phenotype and genes coding for major ESBL) and another harboured SHV-12. The



inhibition zone diameter with the CIM assay for both isolates was of 6 mm. Both the
RAPIDEC® CARBA-NP (bioMérieux, France) and Rapid CARB Blue kit (Rosco

Diagnostica, Denmark) assays performed in these two strains displayed positive results.

In the remaining 45 non-carbapenemase producers the inhibition zone diameter was > 25 mm
(25 mm (n=2), 26 mm (n=1), 28 mm (n=1), 29 mm (n=2), 30 mm (n= 39)), being 30 mm the
most frequent diameter observed among carbapenemase negative strains (80.9%). These

results gave a specificity, positive and negative predictive value of 95.7%, 97.8% and 83.0%,

respectively.

In view of the results, if the inhibition zone diameter defining non-carbapenemase producing
strains is changed from > 20 mm to > 25 mm, the sensitivity would increase from 85.7% to

92.2%.



DISCUSSION

In this study, the CIM test detected unequivocally all strains producing KPC, NDM, VIM,
IMP or OXA-48 even if they had low MIC of carbapenems. KPC enzymes usually confer
high levels of resistance to carbapenems and to most beta-lactams. In Europe, this type of
carbapenemase is almost ubiquitous [1, 6] and in the United States KPC is the predominant
enzyme conferring carbapenem resistance [3]. On the other hand, IMP variants have spread
worldwide although its frequency is much scarcer than that of KPC producers. Hence, the
CIM test proves to be highly accurate for discriminating between isolates with and without

these types of carbapenemases.

GES enzymes have been identified worldwide but its occurrence remains scarce. This family
currently includes 27 variants (http://lwww.lahey.org/studies/other.asp); all GES variants
possess the ability to hydrolyze broad-spectrum cephalosporins, but only a few of them have
been described to be able of hydrolyzing carbapenems (GES-2, GES-4, GES-5, GES-6, GES-
11, GES-14, GES-16 y GES-18) [38]. The GES-5 variant constitutes the main carbapenem-
hydrolyzing GES-type enzyme; it has identified in Enterobacteriaceae and been widely
reported in South America, particularly in Brazil [1, 39]. In terms of GES-6 detection, the
weak sensitivity (50.0%) we have observed with the CIM assay could be linked to the low
hydrolytic profile of GES-producers, but the actual cause is not clear at this moment;
additional studies with whole genome sequencing of these isolates would be helpful to
understand this observation. From a practical point of view, in scenarios with an increasing
prevalence of GES-6-producing Enterobacteriaceae, a negative result with the CIM could
require additional confirmation tests.

Recently, several publications on the CIM assay have been published, reinforcing the

usefulness and improvements of this phenotypic method [40-42]. In order to improve the
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sensibility and specificity of the CIM an increase of the incubation period to four hours has
been proposed [40].

The CIM test proved to have multiple advantages: (i) it is very easy to perform; (ii) it is
inexpensive given that only water and a 10 pug meropenem susceptibility-testing disc per
isolate is needed and that no specific equipment is required; (iii) on the same Mueller- Hinton
agar plate up to four isolates can be tested at the same time; (iv) the results can be objectively
interpreted. Its main limitation is that, in our experience, it requires an overnight incubation of
the inoculated plates to the results to be read beyond any reasonable doubt, contrasting to the
eight hours stated by the authors of the original paper [35]. Not only are the inhibition zones
difficult to read after eight hours, but also this protocol might be impractical in some

laboratories in their daily routine workflow.

In conclusion, the CIM test can be efficiently used for screening of carbapenemase production
before PCR confirmation of the genes involved. The CIM test can play an important role in
the early detection of carbapenemase-producing Enterobacteriaceae and, consequently, in the
implementation of infection prevention and control measures, above all in low-income

countries.
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Figure 1.1. PFGE pulsotypes of GES-6-producing E. cloacae isolates.
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Figure 1.2. PFGE pulsotypes of GES-6-producing K. oxytoca isolates.
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Table 1. Carbapenemase-producing and noncarbapenemase-producing isolates subjected to

the CIM test.
ENZYME SPECIES' CIM®
=20 mm
Ambler class carbapenemase type (77)*
KPC-type (14) KPC-2 (14) K. pneumoniae (14) Positive (14)
GES-type (22) GES-6 (22) E. cloacae (19) Positive (8)
Negative (11)
. K. oxytoca (2) Positive (2)
g K. pneumoniae (1) Positive (1)
% Class B
'§ NDM-type (19) | NDM-1 (18) E. coli (2) Positive (2)
;‘; K. pneumoniae (16) Positive (16)
é NDM-5 (1) E. coli (1) Positive (1)
%_ VIM-type (4) VIM-1 (4) E. cloacae (3) Positive (3)
-§ R. ornithinolytica (1) Positive (1)
8 IMP-type (4) IMP-13 (4) E. cloacae (4) Positive (4)
Class D OXA-48 type E. cloacae (2) Positive (2)
(14) E. coli (1) Positive (1)
K. pneumoniae (11) Positive (11)
5 C. freundii (3) Negative (3)
% E. aerogenes (4) Negative (4)
% E. cloacae (16) Negative (14)
S Positive (2)
é E. coli (11) Negative (11)
% K. oxytoca (2) Negative (2)
Q.
_féﬁ K. pneumoniae (9) Negative (9)
8
Zg P. stuartii (2) Negative (2)

"Number of isolates.
2 CIM results: The negative results were interpreted using the inhibition zone diameter. of

>20mm. False-negative and false-positive results are shown in bold.



Table 2. Minimum inhibitory concentration (MIC) results determined with E-test strips for false

negative GES-6 producing Enterobacter cloacae strains:

NUMBER | PFGE' | 1zD* | CIM® | IMI* | ERT® | MER®
1 Al 23| NEG| 0,25 16 2
2 A2 30 | NEG 0,5 16 4
3 A4 30 | NEG 0,5 1 05
4 A7 21 | NEG 0,5 2 05
5 A8 21| NEG| 0.25 0.5 0.5
6 A9 21| NEG| 0,25 4 4
7 All 22 | NEG 0,5 >256 0,5
8 Al12 22 | NEG 0.5 2 0.5
9 Al5 24 | NEG 0,5 2 05

10 B 25 | NEG 0.5 2 0.25
11 D 28 | NEG 0.5 0.5 0.25

'PFGE pulsotype.

?Inhibition zone diameter when performed the CIM test.
3CIM test result.

*Imipenem.

*Ertapenem.

*Meropenem.





