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Abstract

Invasive infections caused by carbapenemase-producing bacteria are associated with excess mortality. We applied a rapid
diagnostic test (RDT) on clinical samples with an elevated likelihood of carbapenemase-producing bacteria and documented
its impact on antibiotic treatment decisions. Among 38 patients, twelve tested positive for infections caused by carbapenemase-
producing bacteria (31.6%), mainly in blood cultures. KPC (n = 10) was more frequent than OXA-48 (n=2). RDT-based
carbapenemase detection led to a treatment modification to ceftazidime/avibactam-containing regimens in all patients before
detailed antibiotic testing results became available. Eleven patients (92%) survived the acute infection, whereas one patient with a
ceftazidime/avibactam- and colistin-resistant OXA-48-positive isolate died.
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pneumoniae - Treatment

Introduction

Increasing antimicrobial resistance is among the biggest threats
to global health. Resistance in gram-negative bacteria is partic-
ularly worrying, e.g. Enterobacterales and non-fermentative
bacteria that produce carbapenemases, leading to non-
susceptibility to all carbapenem antibiotics. Carbapenemase-
carrying plasmids are easily transferred to other bacteria
through horizontal gene transfer. A significant increase in
carbapenemase-producing bacteria such as Klebsiella
pneumoniae in high-income countries is associated with an
excess mortality of up to 50% [1], with inadequate empirical
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treatment and delayed diagnosis of carbapenem resistance be-
ing major contributing factors [2, 3]. It is pivotal to reduce the
time to appropriate antimicrobial treatment by early detection of
multiresistant pathogens and to elucidate the underlying resis-
tance mechanism to switch treatment, e.g. to new beta-lactam/
beta-lactamase inhibitor combination antibiotics such as
ceftazidime/avibactam or the siderophore cephalosporin
cefiderocol with a broad activity against frequently isolated
carbapenemases in Europe, i.e. KPC and OXA-48 [4].

Recently, immunochromatographic rapid diagnostic tests
(RDTs) to detect different carbapenemases in culture-grown
bacteria within 10-20 min have been introduced. In the pres-
ent study, we investigated the diagnostic accuracy and subse-
quent impact on clinical decision-making of the RESIST-4
O.K.N.V. test, an RDT for carbapenemase detection in clini-
cal samples.

Methods
This study was conducted at the Saarland University Medical

Center, a tertiary care centre in Homburg, Germany. We eval-
uated the microbiological characteristics and clinical impact of
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the RESIST-4 O.K.N.V. RDT (Coris BioConcept; Gembloux,
Belgium) for rapid carbapenemase detection and compared it
to a commercially available multiplex PCR test (RDB2290
Carbapenemase, Autoimmun Diagnostika GmBH;
Straberg, Germany). The RDT was previously validated for
application on culture-grown bacterial colonies and uses spe-
cific monoclonal antibodies directed against OXA-48, NDM,
KPC and VIM-1 carbapenemases. The test was performed
according to the manufacturer’s instructions [5].

In the first phase of this study (30 April 2018-30 April
2019), the RDT was applied on clinical samples with growth
of gram-negative bacteria and decreased susceptibility to
ertapenem, imipenem and/or meropenem, as detected by au-
tomated resistance testing using the VITEK2 system
(BioM¢érieux; Marcy-L’Etoile, France).

In the second study phase (1 July 2019-30 April 2020), the
RDT was directly applied on the pellet from blood cultures
within 2 h after they became positive for Escherichia coli,
K. pneumoniae or Pseudomonas aeruginosa, as identified
by the MALDI Sepsityper (Bruker Daltonics; Bremen,
Germany). To this end, 1 ml of blood culture fluid was trans-
ferred to a microcentrifuge tube, 200 pl lysis buffer (MBT
Sepsityper®, Bruker Daltonics; Bremen, Germany) was
added, and the sample was thoroughly mixed. After centrifu-
gation for 2 min, the supernatant was discarded, and 1 ml of
wash buffer was added. The solution was mixed again and
centrifuged for 1 min. Then, the pellet was mixed with 12
drops of the RDT’s LY-A buffer, and 3 drops were added to
the sample wells of both RDT cassettes, as recommended in
the manufacturer’s instructions.

Samples were included in this study when the patients had
previously documented intestinal carriage of carbapenemase-
producing bacteria or when there was an elevated likelihood
for these pathogens (e.g. septic patient non-responsive to car-
bapenem treatment). Of note, the RDT results became avail-
able before comprehensive resistance testing results were
reported.

During both phases of the study, RDT results were imme-
diately communicated to the treating clinician and were jointly
discussed, and alterations of the antibiotic treatment were
documented.

Additional clinical data were analysed using patient chart
review and documented notes from infectious disease consul-
tations. No ethics approval was required for this study.

Results

During the first study phase (12 months), the RDT was per-
formed on a total of 29 clinical samples from 27 patients that
were carbapenem-resistant on antimicrobial susceptibility
testing. The test was most frequently used on isolates from
urine samples (n = 11) and blood cultures (n = 8), followed by
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wound swabs (n=15), catheter tips (n = 1), bronchoalveolar
lavage (n = 1), cerebrospinal fluid (n = 1), abdominal drainage
fluid (n = 1) and bile (n = 1). Bacterial species subjected to the
RDT included K. pneumoniae (n =19), Klebsiella aerogenes
(n=4), Enterobacter cloacae complex (n=3), Escherichia
coli (n=1), Serratia ureilytica (n=1) and Serratia
marcescens (n=1).

The RDT yielded a positive result in 6/27 tested patients
(22%) and identified four KPC- and two OXA-48-producing
K. pneumoniae strains, whereas no carbapenemases were de-
tected in other bacterial species. All RDT results were con-
firmed by multiplex PCR, leading to a perfect diagnostic agree-
ment between both tests. Details on the patient characteristics,
clinical cases and the impact of RDT results on clinical man-
agement are provided in Table 1. In brief, carbapenemase de-
tection led to an antibiotic treatment modification in all six
patients, with a switch from meropenem-based regimens to
ceftazidime/avibactam-containing regimens being most fre-
quently performed. Microbiological cure and survival of the
acute infection were achieved in five of these patients. One
patient died, whose K. pneumoniae isolate was resistant to car-
bapenems, ceftazidime/avibactam, tigecycline, colistin and
aminoglycosides.

In the second study phase (10 months), the RDT was applied
on eleven positive blood culture samples stemming from eleven
patients with an increased likelihood of carbapenemase-
producing bacteria. The RDT was positive in 6/11 (55%) cases,
all of which were identified as KPC-producing K. pneumoniae
strains. Of note, RDT test band intensities were strong, and we
did not observe faint or borderline test bands (Fig. 1). There was
a 100% diagnostic agreement between the RDT carried out on
blood culture pellets and multiplex PCR, which was performed
the next day on culture-grown colonies. While three KPC-
positive patients had previously documented intestinal carriage,
the RDT was the first test being positive for carbapenemases in
the other three patients. Treatment was modified in all patients
from carbapenem-based to ceftazidime/avibactam-containing
regimens, and all patients survived the bacteremia episode
(Table 2).

Discussion

The main findings of the present study are as follows: (i) in a
clinical setting with a relatively low incidence of
carbapenemases, the RESIST-4 O.K.N.V. test has excellent
diagnostic accuracy, with reliable results obtained from
culture-grown colonies and blood culture pellets, and (ii) im-
mediate result communication to the treating clinician most
frequently led to an early treatment modification, which likely
resulted in an improved outcome. To our knowledge, our
study is the first to report data on the test’s performance and
clinical impact if applied to blood cultures from routine
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multidrug-resistant gram-negative bacteria, used the RDT to
analyse 100 clinical carbapenemase isolates and showed a
100% agreement between the RDT results and molecular ref-
erence testing [11]. Of note, more recent investigations ob-
served a slightly reduced test sensitivity for detection of
NDM carbapenemases [12], which were absent in our study,
and decreased accuracy if the RDT was performed on bacte-
rial colonies from Mueller-Hinton agar as compared with
sheep blood agar [13].

A rapid diagnosis of carbapenemase-producing bacteria is
essential to guide clinical decision-making. The RDT used in
this study was designed to be performed on culture-grown
colonies on agar plates. However, previous studies employed
different versions of this RDT as a screening method for faecal
carriage of multiresistant bacteria directly on rectal swabs [4],
with comparable diagnostic accuracy if compared with culture
[14]. With regard to positive blood culture bottles, a proof-of-
principle study conducted on the previous version of this RDT
(RESIST-3) showed a sensitivity and specificity of 100%,
respectively, for carbapenemase detection if blood cultures
were spiked in the laboratory with carbapenemase-producing
bacteria and the test applied on a centrifuged lysate of positive
blood cultures [15]. Of note, an additional evaluation from
Italy on spiked blood cultures elucidated that a newer version
of the RDT (RESIST-5) failed to detect KPC variants with a
D179Y point mutation and observed a lower sensitivity for
detection of VIM and NDM on blood culture pellets [9],
which is in line with findings from a previous study [16].
The D179Y point mutation may confer resistance to
ceftazidime-avibactam [17].

Our study has some limitations. First, the sample size in our
exploratory single-centre study was small, and there is a need
for larger, prospective studies to confirm the clinical utility of
our approach. Second, we did not consistently use a specific
grading system to document the RDT’s test band intensity,
which is reported to vary across clinical samples [18] and
‘trace’ results might pose a diagnostic challenge. Third, we only
evaluated one RDT, the RESIST-4 O.K.N.V., on samples pos-
itive for OXA-48 and KPC, whereas other RDTs have shown
comparable diagnostic accuracy [19]. Fourth, the emerging re-
sistance to ceftazidime/avibactam, which was frequently used
in our study for the treatment of carbapenemase-producing bac-
teria, might limit the utility of our approach [20]. Indeed, we
observed one K. pneumoniae strain resistant to ceftazidime/
avibactam, but did not further specify the underlying resistance
mechanism. This should be addressed in future investigations.
However, this development might be counterbalanced by the
introduction of new antibiotics such as cefiderocol or
meropenem/vaborbactam, which might be suitable alternatives
for infections caused by bacteria with OXA-48 or KPC
carbapenemases.

In conclusion, the RDT used in this study showed excellent
diagnostic accuracy to detect KPC and OXA-48 carbapenemases

in clinical samples. The RDT provided reliable results in less
than 30 min, both on culture-grown colonies as well as on pellets
from positive blood cultures. Most importantly, carbapenemase
detection always led to a treatment modification—frequently be-
fore additional antibiotic testing results became available—and
might have improved patient outcome. Further studies are war-
ranted to investigate the effects of such rapid diagnostics and
close collaboration between clinical and diagnostic infectious
disease disciplines to improve patient management.

Funding Open Access funding provided by Projekt DEAL.

Compliance with ethical standards

Conflict of interest  S. L. Becker has received travel grants and speaker
fees from Astellas Pharmaceuticals, Becton Dickinson, Novartis and
Pfizer and participated at a Pfizer Advisory Board on ceftazidime/
avibactam. In a previous research consortium on tropical infections
(NIDIAG, funded by the European Commission), S. L. Becker has col-
laborated with Coris BioConcept, the manufacturer of the RESIST-4
O.K.N.V. RDT used in the current study, pertaining to diagnostic test
development for parasitic diseases. All other authors have nothing to
disclose.

Ethics approval Not applicable.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long as
you give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article are included
in the article's Creative Commons licence, unless indicated otherwise in a
credit line to the material. If material is not included in the article's
Creative Commons licence and your intended use is not permitted by
statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ben-David D, Kordevani R, Keller N, Tal I, Marzel A, Gal-Mor O,
Maor Y, Rahav G (2012) Outcome of carbapenem resistant
Klebsiella pneumoniae bloodstream infections. Clin Microbiol
Infect 18(1):54-60

2. Zilberberg MD, Nathanson BH, Sulham K, Fan W, Shorr AF
(2017) Carbapenem resistance, inappropriate empiric treatment
and outcomes among patients hospitalized with
Enterobacteriaceae urinary tract infection, pneumonia and sepsis.
BMC Infect Dis 17(1):279

3. Sabino S, Soares S, Ramos F, Moretti M, Zavascki AP, Rigatto MH
(2019) A cohort study of the impact of carbapenem-resistant
Enterobacteriaceae infections on mortality of patients presenting
with sepsis. mSphere 4(2):¢00052-19

4. David S, Reuter S, Harris SR, Glasner C, Feltwell T, Argimon S,
Abudahab K, Goater R, Giani T, Errico G, Aspbury M, Sjunnebo S,
Feil EJ, Rossolini GM, Aanensen DM, Grundmann H (2019)
Epidemic of carbapenem-resistant Klebsiella pneumoniae in

@ Springer


https://doi.org/

428

Eur J Clin Microbiol Infect Dis (2021) 40:423-428

10.

11.

12.

Europe is driven by nosocomial spread. Nat Microbiol 4(11):1919—
1929

Glupcezynski Y, Evrard S, Huang TD, Bogaerts P (2019) Evaluation
of the RESIST-4 K-SeT assay, a multiplex
immunochromatographic assay for the rapid detection of OXA-
48-like, KPC, VIM and NDM carbapenemases. J Antimicrob
Chemother 74(5):1284-1287

Olalekan A, Onwugamba F, Iwalokun B, Mellmann A, Becker K,
Schaumburg F (2019) High proportion of carbapenemase-
producing Escherichia coli and Klebsiella pneumoniae among
extended-spectrum beta-lactamase-producers in Nigerian hospitals.
J Glob Antimicrob Resist 21:8-12

Glupcezynski Y, Evrard S, Ote I, Mertens P, Huang TD, Leclipteux
T, Bogaerts P (2016) Evaluation of two new commercial
immunochromatographic assays for the rapid detection of OXA-
48 and KPC carbapenemases from cultured bacteria. J Antimicrob
Chemother 71(5):1217-1222

Glupcezynski Y, Jousset A, Evrard S, Bonnin RA, Huang TD,
Dortet L, Bogaerts P, Naas T (2017) Prospective evaluation of the
OKN K-SeT assay, a new multiplex immunochromatographic test
for the rapid detection of OXA-48-like, KPC and NDM
carbapenemases. J Antimicrob Chemother 72(7):1955-1960
Bianco G, Boattini M, van Asten SAV, lannaccone M, Zanotto E,
Zaccaria T, Bernards AT, Cavallo R, Costa C (2020) RESIST-5
0.0.K.N.V. and NG-Test Carba 5 assays for the rapid detection
of carbapenemase-producing Enterobacterales from positive blood
cultures: a comparative study. J Hosp Infect 105(2):162—166
Song W, Park MJ, Jeong S, Shin DH, Kim JS, Kim HS, Lee N,
Hong JS, Jeong SH (2020) Rapid identification of OXA-48-like,
KPC, NDM, and VIM carbapenemase-producing
Enterobacteriaceae from culture: evaluation of the RESIST-4
O.K.N.V. multiplex lateral flow assay. Ann Lab Med 40(3):259—
263

Rosner S, Kamalanabhaiah S, Kusters U, Kolbert M, Pfennigwerth
N, Mack D (2019) Evaluation of a novel immunochromatographic
lateral flow assay for rapid detection of OXA-48, NDM, KPC and
VIM carbapenemases in multidrug-resistant Enterobacteriaceae. J
Med Microbiol 68(3):379-381

Kolenda C, Benoit R, Carricajo A, Bonnet R, Dauwalder O,
Laurent F (2018) Evaluation of the new multiplex
immunochromatographic O.K.N.V. K-SeT assay for rapid

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

detection of OXA-48-like, KPC, NDM, and VIM carbapenemases.
J Clin Microbiol 56(11):¢01247-18

Greissl C, Saleh A, Hamprecht A (2019) Rapid detection of OXA-
48-like, KPC, NDM, and VIM carbapenemases in Enterobacterales
by a new multiplex immunochromatographic test. Eur J Clin
Microbiol Infect Dis 38(2):331-335

Fauconnier C, Dodemont M, Depouhon A, Anantharajah A,
Verroken A, Rodriguez-Villalobos H (2019) Lateral flow
immunochromatographic assay for rapid screening of faecal car-
riage of carbapenemase-producing Enterobacteriaceae. J
Antimicrob Chemother 74(2):357-359

Hamprecht A, Vehreschild JJ, Seifert H, Saleh A (2018) Rapid
detection of NDM, KPC and OXA-48 carbapenemases directly
from positive blood cultures using a new multiplex
immunochromatographic assay. PLoS One 13(9):0204157
Cointe A, Bonacorsi S, Truong J, Hobson C, Doit C, Monjault A,
Bidet P, Birgy A (2018) Detection of carbapenemase-producing
Enterobacteriaceae in positive blood culture using an
immunochromatographic RESIST-4 O.K.N.V. assay. Antimicrob
Agents Chemother 62(12):e01828-18

Wozniak A, Paillavil B, Legarraga P, Zumaran C, Prado S, Garcia P
(2019) Evaluation of a rapid immunochromatographic test for de-
tection of KPC in clinical isolates of Enterobacteriaceae and
Pseudomonas species. Diagn Microbiol Infect Dis 95(2):131-133
Bogaerts P, Berger AS, Evrard S, Huang TD (2020) Comparison of
two multiplex immunochromatographic assays for the rapid detec-
tion of major carbapenemases in Enterobacterales. J Antimicrob
Chemother 75(6):1491-1494

Baeza LL, Pfennigwerth N, Greissl C, Gottig S, Saleh A, Stelzer Y,
Gatermann SG, Hamprecht A (2019) Comparison of five methods
for detection of carbapenemases in Enterobacterales with proposal
of'a new algorithm. Clin Microbiol Infect 25(10):1286 ¢1289-1286
el215

Réisdnen K, Koivula I, Ilmavirta H, Puranen S, Kallonen T,
Lyytikdinen O, Jalava J (2019) Emergence of ceftazidime-
avibactam-resistant Klebsiella pneumoniae during treatment,
Finland, December 2018. Euro Surveill 24(19):1900256

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



	Application...
	Abstract
	Introduction
	Methods
	Results
	Discussion
	References


