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Abstract

Introduction and Objectives. Multidrug resistant bacteria are a threat to healthcare both because of increased mor-
bidity and mortality. Local epidemiology is important because it may guide interventions aimed at reducing the
frequency of such infections.

Materials and Methods. A prospective study was done over the course of one month, evaluating all strains isolated
that had a decreased susceptibility to at least one carbapenem. Strains were evaluated for the presence of a carbap-
enemase through the rapid Carbapenem Inactivation Method (rCIM). Strains that tested positive and controls were
then evaluated through a broad spectrum commercial PCR system.

In the time period 50 Gram negative bacilli were isolated. After MALDI-TOF-MS identification, the 10 strains tested rCIM
positive - showing the presence of a carbapenemase. Molecular characterisation showed the presence of blaNDM in 5
isolates, blaOXA-48-like in 2 isolates and blaOXA-24 in 1 isolate. One isolate did not yield a readable result.

Results and Concluions. Thus, we show that blaNDM is the dominant gene present in this pilot study. These prelim-
inary results, which require confirmation through a larger study, shows that different medical institutions may have
different genetic subtrates for carbapenem resistance, which may be due to an outbreak or the evolving landscape
of resistance.
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Introduction

Multidrug resistant bacteria lead to increased hos-
pital stay and healthcare costs". While resistance rates
to antibiotics are generally considered to be high, in
Romania, there is still little known about the epidemi-
ology of individual medical facilities >34,

The aim of this pilot study was to investigate the
molecular profile of the carbapenemase genes which
lead to carbapenem resistance in clinical isolates ob-
tained from a tertiary urology hospital in Romania.

Materials and Methods

Bacterial isolates

We performed a study of all Gram negative bacilli
isolated in March 2018 from a tertiary urology hospi-
tal in Bucharest. Primary identification was done using
routine biochemical tests. Standardized antibiogram
was carried out using Clinical and Laboratory Stan-
dards Institute (CLSI) recommendations and all strains
fitting the carbapenemase screening criteria were in-
cluded in the study.

Bacterial identification

All strains were sent for identification through Ma-
trix Assisted Laser Desorption/lonization Time of Flight
Mass Spectrometry (MALDI-TOF-MS, autoflex, Bruker).
Briefly, this requires depositing a small amount of an
isolated colony on the MALDI-TOF-MS target plate,
after which, alpha-cyano-4-hydroxycinnamic acid
(HCCA) is added and left to dry at room temperature.
The target plate is then placed within the MALDI-TOF-
MS system and bacterial identification is done using
MALDI BioTyper (MBT) software package.

Carbapenemase activity

Strains meeting the carbapenemase screening cri-
teria were tested for carbapenemase activity using the
rapid Carbapenem Inactivation Method (rCIM). Briefly,
this consists of homogenizing two 10 pL loop full of an
overnight culture taken from solid media into an Ep-
pendorf tube containing 1 mL of sterile water. For en-
terobacteria, two meropenem disks were added into
the suspension and vortexed for 1 minute. For non-fer-
menters, this is substituted for one imipenem disk.
The Eppendorf tube was incubated for half an hour at
37° C. After centrifugation, the supernatant is used to
challenge a susceptible Escherichia coli indicator strain
(ATCC 25922). If the antibiotic was hydrolysed by car-
bapenemases, growth of the indicator strains will be
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unaltered. A nephelometer is used to monitor bacte-
rial growth. Carbapenemase production is confirmed
when a growth of 0.5 McFarland units is reached within
1.5-2 hours ™,

Molecular characterisation

Molecular characterisation was performed using a
commercial multiplex PCR kit with reverse-hybridiza-
tion caption and identification (using a comercial kit)
.This kit includes primers specific for the amplification
of genes conferring resistance to B-lactam antibiotics
(blaSHV and extended-spectrum blaCTX-M) and fifteen
carbapenem resistance genes (KPC, SME, NMC/IMI,
GES, VIM, GIM, SPM, NDM, SIM, IMP, OXA23-iike, OXA24-
like, OXA48-like, OXA51-like, AND OXA58-like). It also
seeks out resistance genes pertinent to Staphylococcus
aureus, a gene associated with resistance to methicillin
(mecA) and two genes conferring resistance to vanco-
mycin (vanA and vanB), which were non relevant to the
current study .,

Results

Bacterial isolation and identification

Within the study timespan, 50 Gram negative bacilli
were isolated and evaluated. Classic laboratory diagno-
sis has identified the following genre: Escherichia, Kleb-
siella, Pseudomonas and Acinetobacter. Non-ferment-
ing bacilli were firstly characterised as oxidase positive
or negative.

MALDI-TOF-MS identification shows a larger spec-
trum of bacterial genera than what could be identified
by classic techniques (Figure 1). Thus, we have a greater
diversity underpinning Enterobacter, Citrobacter, Mor-
ganella, Providencia and Serratia species.

Carbapenemase activity and identification

After eliminating chromosomal carbapenemase
producers (Stenotrophomonas spp) and Myroides spp.,
44 strains were analysed. Nine isolates were identified
as carbapenemase producers: 7 Klebsiella pneumoni-
ae strains, 1 Enterobacter cloacae and 1 Acinetobacter
baumannii strain. Six control strains were chosen in or-
der to evaluate the presence of carbapenemases which
would be negative in the phenotypic carbapenem in-
activation test: 3 Escherichia coli, 1 Enterobacter hor-
machei, 1 Enterobacter cloacae and 1 Pseudomonas
aeruginosa strain (Figure 2).

The molecular diagnosis showed the presence of
blaNDM in 5 isolates, blaOXA-48-like in 2 isolates and
blaOXA-24 in 1 isolate. Thus, 4 Klebsiella pneumoniae
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Figure 1.

MALDI-TOF-MS identification of clinical isolates

as well as the Enterobacter cloacae strain were positive
for blaNDM, 2 K. pneumoniae strains were blaOXA-48-
like positive. The Acinetobacter baumannii strain was
positive for blaOXA-24 and blaOXA-51, the latter being
a naturally occurring carbapenemase. One hyper-mu-
coid Klebsiella pneumoniae strain did not yield a read-
able result
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Figure 2. Strains belonging to each genera that were included in the
molecular analysis

Discussion

This pilot study investigates the resistance to car-
bapenems identified in clinical strains isolated from a
tertiary urology clinic in Bucharest, Romania. While a
small number of strains were evaluated, it shows the
presence of blaNDM in a number of clinical isolates
from both Klebsiella and Enterobacter genera. This
may be due to clonal spread in the com-
munity or local transmission. Klebsiella
pneumoniae isolates also harboured bla-
OXA48-like which is the dominant car-
bapenemase found in recent epidemio-
logic studies in Romania.

Of note, we identified blaOXA24 in an
Acinetobacter baumannii isolate.

The molecular profile underpinning
carbapenem resistance is becoming
e more important in both enterobacteria
R and non-fermenters, due to the targeted
Negative activity of new antibiotics or new combi-
NA nations of antibiotics and beta lactamase

inhibitors. The spectrum of activity is
shown in Table 1 (adapted from [7]).

The study carries a number of lim-
itations. The most important are the
small number of isolates tested and the

Molecular
Diagnostic

blaNDM

Figure 3. Carbapenemase genes identified in
rCIM positive strains and accompanying nega-
tive controls. One hyper-mucoid Klebsiella pneu-
moniae strain did not yield a readable result.

nr.4/2019-vol 18



Table 1. Activity of novel antibiotics or combination antibiotic - beta lactamase inhibitors against carbapenemases in
Enterobacteria and non-fermenters. Adapted from [7]

absence of a result for one of the isolates. Taking into
account that this is a pilot study which is aimed at gen-
erating preliminary data, it needs to be followed up
with a much larger study which should include a larg-
er number of isolates and different methodologies to
evaluate the strains.

The study also has a number of strengths: the use
of a broad spectrum multiplex PCR, targeting both
very widespread carbapenemases (the big five: blakK-
CP, blaNDM, blaVIM, blalMP and blaOXA-48) as well as
less encountered carbapenemases (minor carbapene-
mases, like blaGES, blaGIM, etc.) ®. This is also a proof
of concept that the rCIM is a feasible method that may
be used in a medium-low resource setting, to comple-
ment the study of resistance mechanisms.

Conclusion

This pilot study shows the landscape of carbapen-
emase production in clinical isolates obtained from a
tertiary care center. The results need to be confirmed
by a larger study, including more samples, over a wider
period of time and different methodology to investi-
gate the resistance.

References

1. Otter JA, Burgess P, Davies F, Mookerjee S, Singleton J,
Gilchrist M, Parsons D, Brannigan ET, Robotham J, Holmes
AH. Counting the cost of an outbreak of carbapenemase-pro-
ducing Enterobacteriaceae: an economic evaluation from a
hospital perspective. Clin Microbiol Infect. 2017;23(3):188-
96.

2. Grundmann H, Glasner C, Albiger B, Aanensen DM, Tom-
linson CT, Andrasevi¢ AT, Cantén R, Carmeli Y, Friedrich

nr.4/2019-vol 18

AW, Giske CG, Glupczynski Y, Gniadkowski M, Livermore
DM, Nordmann P, Poirel L, Rossolini GM, Seifert H, Va-
topoulos A, Walsh T, Woodford N, European Survey of Car-
(EuSCAPE)
Working Group. Occurrence of carbapenemase-producing

bapenemase-Producing  Enterobacteriaceae
Klebsiella pneumoniae and Escherichia coli in the European
survey of carbapenemase-producing Enterobacteriaceae (Eu-
SCAPE): a prospective, multinational study. Lancet Infect Dis.
2017;17(2):153-63.

Penes NO, Muntean AA, Moisoiu A, Muntean MM, Chirca A,
Bogdan MA, Popa MI. An overview of resistance profiles ES-
KAPE pathogens from 2010-2015 in a tertiary respiratory cen-
ter in Romania. Rom J Morphol Embryol. 2017;58(3):909-22.
Zaha DC, Bungau S, Aleya S, Tit DM, Vesa CM, Popa AR, Pantis
C, Maghiar OA, Bratu OG, Furau C, Moleriu RD, Petre |, Aleya
L. What antibiotics for what pathogens? The sensitivity spec-
trum of isolated strains in an intensive care unit. Sci Total Envi-
ron.2019;687:118-27.

Muntean M-M, Muntean A-A, Gauthier L, Creton E, Cotellon
G, Popa MI, Bonnin RA, Naas T. Evaluation of the rapid carbap-
enem inactivation method (rCIM): a phenotypic screening test
for carbapenemase-producing Enterobacteriaceae. J Antimi-
crob Chemother. 2018;73(4):900-8.

Torres Fink I, Tormo Palop N, Borras Salvador R, Buesa Gé-
mez J, Gimeno Cardona C, Navarro Ortega D. Evaluation of
the DNA microarray “AMR Direct Flow Chip Kit” for detection
of antimicrobial resistance genes from Gram-positive and
Gram-negative bacterial isolated colonies. Enferm Infecc Mi-
crobiol Clin. 2019;37(7):454-7.

Taneja N, Kaur H. Insights into Newer Antimicrobial Agents
Against Gram-negative Bacteria. Microbiol Insights.
2016;9:9-19.

Nordmann P, Dortet L, Poirel L. Carbapenem resistance
in Enterobacteriaceae: here is the storm! Trends Mol Med.
2012;18(5):263-72.

Romanian Journal of Urology

or—
Enterobacteria @
Name of antibiotic Pseudomonas spp. | Acinetobacter spp.
OXA-48
KPC MBL AmpC . 5
like EE@)
Ceftazidim-avibactam + - + +/- - -
—
Ceftolozan-tazobactam - - - - + - @
Imipenem-relebactam ++ - ++ - + - og
Meropenem-varbobactam ++ - ++ - +/- - @
o
Cefepim-zidebactam ++ ++ ++ ++ ++ - ‘—‘Q E
Aztreonam-avibactam ++ ++ ++ + + -
Cefiderocol ++ ++ ++ ++ ++ +

25



