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Abstract

Carbapenemase-producing Enterobacterales (CPE) have emerged and spread in Romania since 2010. According
to the reports of the EuSPACE (European survey of carbapenemase-producing Enterobacteriaceae) the epidemio-
logical stage of the CPE expansion in Romania has shifted from sporadic occurrence in 2013 directly to inter-re-
gional spread in 2014-2015. In this study we aimed to provide data from the timeframe when the dissemination of
the carbapenemase genes in Romania began, by retrospectively analyzing CPE strains in a tertiary care university
hospital. During the period of November 2012 — October 2013 we found 107 CPE (8.78%) out of 1219 non-du-
83 Klebsiella

The increased incidence of

plicate Enterobacterales strains. 26 isolates of various Enterobacterales species carried bla
oxaasie A1 2 of these co-harboured bla

OXA-48 producing K. pneumoniae was linked to a two-peaked hospital outbreak during February and May 2013.

NDM-I’

pneumoniae strains were positive for bla DML

The percentage of 24.3% of NDM-1 producers was alarming due to the diversity of involved species and the high-

er resistance levels to carbapenems compared with bla gene carriers. Plasmid replicon typing revealed a

OXA-48-like
great diversity of plasmids in NDM-1-positive strains, belonging to incompatibility groups A/C, FII, Filk, HI2, L
and M. The strong connection between certain plasmid groups and host species suggests that the transfer of broad

host-range plasmids through conjugation does not play the main role in the successful spread of bla among

NDM-1
Enterobacterales species.
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Introduction

Over the last decade, the spread of carbapene-
mase-producing Enterobacterales (CPE) has
been recognized as a major threat to healthcare
worldwide (1, 2, 3). Romania participated in the
“European survey of carbapenemase-produc-
ing Enterobacteriaceae (EuSCAPE)” project
launched by the European Centre for Disease
Prevention and Control (ECDC) in 2012 and
also several studies have been published con-
cerning the CPE (4, 5, 6), nevertheless, there
are still insufficient data available for a compre-
hensive description of the molecular epidemiol-
ogy and characterization of these strains in our
country.

The emergence of CPE in Tirgu-Mures Emer-
gency Clinical County Hospital dates back to
2010. The first nine isolates recovered during
the period between January 2010 and September
2012 harboured bla,,  or bla,,, ... genes or
both (7). This research aims to follow on from
that previous study by testing for CPE isolates
and the presence of bla ., bla, ., ... bla, ..,
as well as bla,, , bla,,, bla,, and blag,  genes
for the following one year period between No-
vember 2012 and October 2013. It investigated
whether or not there was a significant change in
the prevalence of NDM-1 or OXA-48 producing
Enterobacterales or an emergence of other types
of carbapenemases. It also evaluated the resis-
tance level to carbapenems of each CPE strain,
correlating the minimal inhibitory concentration
(MIC) values with the types of the carbapene-
mase genes identified. Moreover, it analyzed the
plasmid profile of the bla, -positive strains
in order to identify possible pathways through
which this resistance gene managed to spread
between different bacterial species.

We consider that the CPE strains isolated in this
specific period of time are of a great importance
since the occurrence of CPE was only sporad-
ic and the dissemination of the carbapenemase

genes in Romania, especially of bla ., had
just begun.

Materials and methods

Between November 2012 and October 2013, all
Enterobacterales strains isolated from any type
of clinical or screening sample referred to the
Microbiology Laboratory of the Tirgu-Mures
Emergency Clinical County Hospital and found
non-susceptible to any of the three tested carbap-
enems: ertapenem, meropenem and imipenem
by routine antibiotic susceptibility testing were
screened for carbapenemase production. For this
purpose the modified Hodge test (8) was used.
All tested strains were conserved by freezing at
-70°C in 20% glycerol. Molecular analysis of
the strains was performed according to proto-
cols adapted after others (9) via two multiplex
PCR (polymerase chain reaction) assays target-
ing bla, ., bla ., ... bla,. respectively
bla,,, bla,,., bla,, and blag, genes. All strains
were further investigated to determine the MIC
of imipenem, meropenem and ertapenem by the
broth microdilution method. The results were
interpreted according to the EUCAST Clinical
Breakpoint Table v. 7.0. The statistical analysis
was performed with GraphPad software.
Plasmid detection was performed on NDM-1
positive strains. Molecular identification of plas-
mids was carried out with a PCR based replicon
typing method (PBRT 2.0 kit, Diatheva, Italy)
according to the manufacturer’s instructions.

Results

A total of 1219 non-duplicate Enterobacterales
strains were isolated and tested during the rou-
tine workup of all clinical and screening sam-
ples. Of these strains, 119 (9.8%) were resistant
to at least one carbapenem. The species distribu-
tion was as follows: 96 Klebsiella pneumoniae, 9
Serratia marcescens, 9 Enterobacter cloacae, 1
Escherichia coli, 1 Serratia liquefaciens, 1 Pro-
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teus mirabilis, 1 Providencia stuartii and 1 Ser-
ratia plymuthica. 118 tested as Hodge positive,
of which 107 harboured carbapenemase genes
while in 12 strains none of the tested genes were
detected.

The distribution of the 107 samples according
to their type: 54 respiratory tract specimens, 15
specimens from skin and soft tissue infections,
14 urine, 9 blood, 7 stool, and 8 other specimens
(indwelling catheter tips, bile, cerebrospinal
fluid, pleural fluid, peritoneal fluid). Of these 8
were screening samples: 7 stool specimens and
1 pharyngeal swab.

Twenty-six isolates carried bla,, : 9 E. cloa-
cae, 7 K. pneumoniae, 8 S. marcescens, 1 P. mi-
rabilis and 1 §. liquefaciens. Eighty-three Kleb-
siella pneumoniae strains were positive for bla-
oxass.ike aNd 2 of these co-harboured bla,, . No
other Enterobacterales species were harbouring
bla and none of the CPE had bla

OXA-48-like KPC?
bla

bla_ , bla_. . orbla
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The yearly distribution of the CPEs recovered

18

from clinically significant samples is presented
in Fig. 1.

In 11 strains with positive Hodge test none of the
tested carbapenemase genes were detected and
from all the carbapenem-resistant strains only
one was Hodge-negative. This latter strain did
not harbour any carbapenemase genes either.
All 119 strains were highly resistant to ertapen-
em, the MIC, value being 256ug/ml. One non-
CPE strain was susceptible to both meropenem
and imipenem, 2 non-CPE strains were suscepti-
ble to imipenem and intermediate susceptible to
meropenem. Further 48 strains were interpreted
as being susceptible or intermediate susceptible
to imipenem only, 46 of them harboured bla
ssike ad 2 were non-CPE strains.

The MIC values of the bla,, . . -positive, re-
spectively the bla, -positive CPE isolates
were statistically compared. The resistance lev-
els of the strains harbouring the bla, gene
were significantly higher (p<0.0001). The MIC

distributions of the bla , . . -positive and the
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Fig. 1. Yearly distribution of CPE strains during one year period between November 2012 and October

2013 isolated from clinically significant samples
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bla,, -positive strains are presented in Fig. 2,
the MIC, and MIC,, values are presented in Ta-
ble 1.

The two strains harbouring both resistance genes
showed high-level resistance to imipenem (128
pg/ml) and meropenem (256 pg/ml) and a rel-
atively lower resistance level to ertapenem (64
ug/ml), MIC values of the two strains being
identical.

Plasmid replicon typing was performed on
23 out of the 26 NDM-1 producing strains (3
strains were lost during storage: one P. mira-
bilis and two E. cloacae strains). One out of 8
E. cloacae strains was positive for the replicon
FII denoting the presence of a plasmid belong-
ing to IncF family, the other 7 strains harboured
replicon HI2 belonging to IncHI family and 6
of them were positive for IncM as well. Besides
HI2 and M, one strain was positive also for A/C
and R replicons. In one K. pneumoniae strain
no plasmid replicon was detected, the other five
strains harboured an R replicon, unassigned to
any known incompatibility group. Four strains
of these co-harboured one or two replicons asso-
ciated specifically to Klebsiella spp., belonging
to plasmids from the IncF complex: FII, Fllk - a
divergent FII replicon, and FIB KN — the repli-
con identifying the most common plasmid found
in Klebsiella spp., the pPKpN3. One strain was
positive for the L replicon as well. All 9 strains
of Serratia spp. were positive for the L replicon
and one stain of S. marcescens co-harboured the
replicons HI2 and A/C.

40
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Discussion

In 2013 we characterized the first emerging
CPE strains in Romania isolated from clinical
samples collected between January 2010 and
September 2012 (7). The incidence of CPE in
that time period was less than 1% of the total
Enterobacterales isolates. Similar incidence
was reported by others (10) for the same time
interval and the same geographical area, namely
the central part of Romania. A more recent study
conducted in the eastern region of the country
revealed a still relatively low incidence of CPE
about 2% (11), however, Rafila et al. (5) reported
an incidence of more than 7.5% from the south-
ern region of Romania. In our present study we
found an incidence of carbapenem resistant En-
terobacterales of 9.8%, of which 8.78% carried
carbapenemase genes. The increased overall
incidence was linked to a two-peaked hospital
outbreak of OXA-48 producing K. pneumoniae
during February and May 2013. After infection
control measures being applied, the incidence
dropped in the following months.

No clustering was observed in the incidence of
NDM producing Enterobacterales during this
period. The predominance of the OXA-48-pos-
itive strains was consistent with data reported
by others (4,5), this type of carbapenemase be-
ing the most rapidly spreading carbapenemase
throughout Europe (12). Still, the percentage
of 24.3 of NDM-1 producers from all the CPE
was alarming due to the diversity of the spe-
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Table 1. The MIC, and MIC,, values for imipenem, meropenem and ertapenem in case of bla

OXA-48-like

positive (N=81) and the bla,  -positive strains (N=24)

S Carbapenemase Range MIC MIC
. zenes (ugn) (ng/m) (ug/mi)
lmipenem blaﬂYA-AS{.]ilm 2-256 4 )

blay,,, 8 - >256 64 >256
Meropenem blayy s 4s e 8 ->256 30 4

blayp,,, 32->256 128 256
Ertapenem blagys sgise 32 ->256 128 ~256

bla 64- >256 256 256

NDM.1

cies harbouring the bla,  gene, which under-
lines the high interspecies transferability of this
gene (13). Moreover, the high resistance level
to all carbapenems limits the efficacy of car-
bapenem-based combination therapy, which is
MIC-dependent (14). Due to the small number
of isolates of only 26 NDM-positive strains the
MIC,  and MIC,, values may not be fully repre-
sentative, but they were clearly higher than the
MIC of the OXA-48-positive strains. KPC-posi-
tive strains were not detected among our strains.
In Romania, the first K. pneumoniae strains
harbouring bla, . were described by Lixandru et
al. (4) during a survey conducted in a later pe-
riod, between November 2013 and April 2014.
Since then, only a few studies have reported
KPC-positive CPE in Romania (4,15).

In 2016 Timofte et al. (6) analyzed a collection of
strains isolated from our hospital and described
the probable transfer of the bla gene via
IncFlIlIs plasmid between S. marcescens and K.
pneumoniae strains, while bla , , . was detected
only in K. pneumoniae strains associated with
an IncL type plasmid. The countrywide dissem-
ination of P. stuartii strains harbouring bla
genes on IncA/C plasmids, described recently
(16), raised the question whether this broad host-
range conjugative plasmid played a role in the
spread of carbapenemase genes already in the
first years of occurrence of CPE in Romania or
it emerged later. Surprisingly, we detected the
A/C replicon in just one E. cloacae and one S.

marcescens strain and in contrast to the findings
of Timofte et al. (6) one of the 2 double-positive
(NDM-1 and OXA-48) K. pneumoniae strains

Table 2. Plasmid replicons identified in NDM-1-
positive CPE strains

Isolate Plasmid replicon  Genotype
K. pneumoniae Negative NDM
K. pneumoniae R NDM
K. pneumoniae R, FIIK, FII NDM
K. pneumoniae R, FIIK, FII NDM+OXA
K. pneumoniae R, FIB KN NDM
K. pneumoniae R, L, FIIK, FIB KN NDM+OXA
E. cloacae FII NDM
E. cloacae HI2 NDM
E. cloacae HI2, M NDM
E. cloacae HI2, M NDM
E. cloacae HI2, M NDM
E. cloacae HI2, M NDM
E. cloacae HI2, M NDM
E. cloacae HI2, M, A/C, R NDM
S. liguefaciens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L NDM
S. marcescens L, HI2, A/C NDM
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did not contain the IncL. plasmid. A close rela-
tionship between the plasmid groups and the
host species can be observed, the host-specific-
ity of plasmids being well known (17), howev-
er, there is a discrete overlapping of the replicon
types detected in different species: HI2 and A/C
in E. cloacae and Serratia spp., L replicon in K.
pneumonia and Serratia spp. and the R replicon
detected both in K. pneumoniae and E. cloacae.
The detection of broad host-range plasmids (IncL
and IncA/C) and intermediate host-range plasmid
(IncH) might suggest the possibility of interspe-
cies transfer of the bla, gene but it does not
explain the success rate of its dissemination. The
IncA/C plasmid can reside in virtually any En-
terobacterales species and it is the most common
plasmid associated with the bla  gene (18),
but our findings suggest that bacteria rather show
a preference toward certain plasmid types. It
seems that the transfer of plasmids through con-
jugation does not play the main role in the dis-
semination of this resistance gene, but rather the
transposition of the gene from one plasmid type
to another, as proposed by Wailan et al. (18)

The interim results of the EuSPACE project (19),
based on the self-assessment by national experts
in February - March 2013, showed that, in Ro-
mania, the occurrence of the CPE was only spo-
radic (corresponding to epidemiological stage 1).
This stage remained unchanged between 2010-
2013, however, according to the final report of
the EuSPACE project (20), the epidemiological
stage of CPE spread in Romania shifted direct-
ly to stage 4 (corresponding to inter-regional
spread) in 2014-2015. The increase of carbape-
nem non-susceptibility rate in our hospital from
under 1% to almost 10% within one year, along
with the increased incidence of CPE-s up to al-
most 90% of the total carbapenem non-suscepti-
ble isolates, the large hospital outbreak of OXA-
48 producing K. pneumoniae and the diversity of
the species harbouring bla, . strongly suggests
that there was an underestimation of the epidemi-

ological stage in Romania in 2013. Similar con-
clusion was reached by Lixandru et al. (4) based
on the results of their survey conducted between
November 2013 — April 2014 in the southern,
south-eastern, and north-eastern part of Roma-
nia allowing the updating of the epidemiological
stages of several types of carbapenemases from 1
to 4. Both studies highlighted the shortcomings
of the surveillance programme based on volun-
tary participation of a few laboratories only and
drew attention to the necessity of more controlled
and mandatory surveys. The findings of an active
surveillance scheme conducted in three hospitals
from different regions of Romania revealed great
differences between the circulating carbapene-
mase-producer Gram-negative bacteria showing
diversity both in the detected carbapenemase
genes and the bacterial species which harboured
them. Based on the published data about the CPE
in Romania it becomes clear that isolated stud-
ies performed in different geographical areas of
the country in different timeframes cannot pro-
vide a comprehensive overview of the situation,
hence, the measures to be taken against the fur-
ther spread of the CPE at national level cannot be
established.

Our study has some limitations: being a retro-
spective study, some strains were lost during
storage and data from a single hospital were an-
alyzed. We described the molecular background
of the resistance at the level of plasmids, but
further tests, like genotyping, would be needed
to fully characterize the genetic environment of
CPE strains. Transconjugation and gene mobili-
zation studies could provide useful information
regarding the probable routes of dissemination
of carbapenemase genes between different bacte-
rial species and between different plasmid types.

Conclusions

Our study provided an insight into the diversi-
ty of plasmidic profiles of the emerging CPE
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strains. The interspecies transfer of bla , could
not be linked to one specific plasmid. Sharing of
several plasmids by different species has been
documented. However, it is obvious that the in-
teractions between hosts-plasmids-genes need to
be analyzed more in detail in order to fully un-
derstand the mechanisms behind the successful

spread of these feared bacteria, the CPE.

Acknowledgment

This research received funding from the George
Emil Palade University of Medicine, Pharmacy,
Science, and Technology of Targu Mures.

Author contributions

SM: methodology, investigation, resources, data
curation, draft preparation, review and editing,
visualization, project administration. KEV:
methodology, investigation, review and editing.
ES: conceptualization, methodology, review and
editing, supervision.

Conflict of interest

None declared.

References

1. Nordmann P, Gniadkowski M, Giske CG, Poirel L,
Woodford N, Miriagou V and the European Network on
Carbapenemases. Identification and screening of car-
bapenemase-producing Enterobacteriaceae. Clin Mi-
crobiol Infect. 2012;18:432-438 DOI: 10.1111/j.1469-
0691.2012.03815.x

2. Cantéon R, Akéva M, Carmeli Y, Giske CG, Glup-
czynski Y, Gniadkowski M,et al. Rapid evolution and
spread of carbapenemases among Enterobacteriaceae
in Europe. Clin Microbiol Infect. 2012;18:413-31 DOI:
10.1111/5.1469-0691.2012.03821.x

3. Doi Y, Paterson D L. Carbapenemase-Producing
Enterobacteriaceae. Semin Respir Crit Care Med.
2015;36:74-84 DOI: 10.1055/s-0035-1544208

4. Lixandru BE, Cotar Al, Straut M, Usein CR, Cristea D,
Ciontea S, et al. Carbapenemase- Producing Klebsiella
pneumoniae in Romania: A Six-Month Survey. PLoS
ONE 2015;10(11):e0143214 DOI: 10.1371/journal.

10.

11.

12.

13.

15.

pone.0143214

Rafila A, Talapan D, Dorobat OM, Popescu GA,
Pitigoi D, Florea D et al. Emergence of Carbapene-
mase-producing Enterobacteriaceae, a Public Health
Threat: a Romanian Infectious Disease Hospital Based
Study. Rev Romana Med Lab. 2015;23:295-301 DOI:
10.1515/rrlm-2015-0024

Timofte D, Panzaru CV, Maciuca IE, Dan M, Mare
AD, Man A et al. Active surveillance scheme in three
Romanian hospitals reveals a high prevalence and va-
riety of carbapenamase-producing Gram-negative bac-
teria: a pilot study, December 2014 to May 2015. Euro
Surveill. 2016;21(25):pii=30262 DOI: 10.2807/1560-
7917.ES.2016.21.25.30262

Székely E, Damjanova I, Janvari L, Vas KE, Molnar
S, Bilca DV et al. First description of blaNDM-1, bla-
OXA-48, blaOXA-181 producing Enterobacteriaceae
strains in Romania. Int ] Med Microbiol. 2013;303:697-
700 DOI: 10.1016/5.ijmm.2013.10.001

Lee K, Chong Y, Shin HB, Kim YA, Yong D, Yum
JH. Modified Hodge test and EDTA-disk synergy
tests to screen metallo-B-lactamase-producing strains
of Pseudomonas and Acinetobacter species. Clin Mi-
crobiol Infect.2001;7:88-91 DOI: 10.1046/j.1469-
0691.2001.00204.x

Poirel L, Walsh TR, Cuvillier V, Nordmann P. Multi-
plex PCR for detection of acquired carbapenemase
genes. Diagn Microbiol Infect Dis.2011;70:119-23
DOI: 10.1016/j.diagmicrobio.2010.12.002

Dortet L, Flonta M, Boudehen YM, Creton E, Ber-
nabeu S, Vogel A et al. Dissemination of carbapene-
mase-producing Enterobacteriaceae and Pseudomonas
aeruginosa in Romania. Antimicrob Agents Chemoth-
er.2015;59:7100-7103 DOI: 10.1128/AAC.01512-15
Braun SD, Dorneanu OS, Vremera T, ReiBig A,
Monecke S, Ehricht R. Carbapenemase-producing
Enterobacteriaceae: a 2-year surveillance in a hospital
in lasi, Romania. Future Microbiol.2016;11:391-401
DOI: 10.2217/fmb.15.148

Tangden T, Giske CG. Global dissemination of ex-
tensively  drug-resistant carbapenemase-producing
Enterobacteriaceae: clinical perspectives on detec-
tion, treatment and infection control. J Intern Med.
2015;277:501-12 DOI: 10.1111/joim.12342

European Centre for Disease Prevention and Control.
Updated risk assessment on the spread of NDM and its
variants within Europe. Stockholm: ECDC. 2011

. Morrill HJ, Pogue JM, Kaye KS, LaPlante KL.

Treatment Options for Carbapenem-Resistant En-
terobacteriaceae Infections. Open Forum Infect Dis.
2015;2:0fv050 DOI: 10.1093/ofid/ofv050

Féldes A, Bilca DV, Székely E. Phenotypic and mo-
lecular identification of carbapenemase-producing
Enterobacteriaceae - challenges in diagnosis and treat-
ment. Rev Romana Med Lab. 2018;26(2):221-30 DOI:


https://doi.org/10.1111/j.1469-0691.2012.03815.x
https://doi.org/10.1111/j.1469-0691.2012.03815.x
https://doi.org/10.1111/j.1469-0691.2012.03821.x
https://doi.org/10.1111/j.1469-0691.2012.03821.x
https://doi.org/10.1055/s-0035-1544208
https://doi.org/10.1371/journal.pone.0143214
https://doi.org/10.1371/journal.pone.0143214
https://doi.org/10.1515/rrlm-2015-0024
https://doi.org/10.1515/rrlm-2015-0024
https://doi.org/10.2807/1560-7917.ES.2016.21.25.30262
https://doi.org/10.2807/1560-7917.ES.2016.21.25.30262
https://doi.org/10.1016/j.ijmm.2013.10.001
https://doi.org/10.1046/j.1469-0691.2001.00204.x
https://doi.org/10.1046/j.1469-0691.2001.00204.x
https://doi.org/10.1016/j.diagmicrobio.2010.12.002
https://doi.org/10.1128/AAC.01512-15
https://doi.org/10.2217/fmb.15.148
https://doi.org/10.1111/joim.12342
https://doi.org/10.1093/ofid/ofv050
https://doi.org/10.2478/rrlm-2018-0018

348

16.

17.

18.

10.2478/rrlm-2018-0018

Molnar S, Flonta MMM, Almas A, Buzea M, Licker
M, Rus M et al. Dissemination of NDM-1 carbapen-
emase-producer Providencia stuartii strains in Ro-
manian hospitals: a multicentre study. J Hosp Infect.
2019;pii:S0195-6701(19)30184-7

Bielak EM. Diversity and epidemiology of plasmids
from Enterobacteriaceae from human and non-human
reservoirs. National Food Institute, Technical Universi-
ty of Denmark, 2012. ISBN: 978-87-92763-32-7
Wailan AM, Paterson DL. The spread and acqui-
sition of NDM-1: a multifactorial problem. Ex-
pert Rev. Anti. Infect. Ther. 2014;12:91-115 DOI:
10.1586/14787210.2014.856756

19.

20.

Revista Romdna de Medicina de Laborator Vol. 28, Nr. 3, Iulie, 2020

Glasner C, Albiger B, Buist G, Tambi¢ Andrasevic¢ A,
Canton R, Carmeli Y et al. Carbapenemase-producing
Enterobacteriaceae in Europe: a survey among national
experts from 39 countries, February 2013. Euro Sur-
veill. 2013;18(28):pii=20525. DOI: 10.2807/1560-
7917.ES2013.18.28.20525

Albiger B, Glasner C, Struelens M, Grundmann H, Mon-
net D, the European Survey of Carbapenemase-Produc-
ing Enterobacteriaceae (EuSCAPE) working group.
Carbapenemase-producing Enterobacteriaceae in Eu-
rope: assessment by national experts from 38 countries,
May 2015. Euro Surveill. 2015;20(45):pii=30062 DOI:
10.2807/1560-7917.ES.2015.20.45.30062


https://doi.org/10.2478/rrlm-2018-0018
https://doi.org/10.1586/14787210.2014.856756
https://doi.org/10.1586/14787210.2014.856756
https://doi.org/10.2807/1560-7917.ES2013.18.28.20525
https://doi.org/10.2807/1560-7917.ES2013.18.28.20525
https://doi.org/10.2807/1560-7917.ES.2015.20.45.30062
https://doi.org/10.2807/1560-7917.ES.2015.20.45.30062

