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Abstract

Introduction: A dramatic increase of infections induced by carbapenemase-producing Enterobacterales (CPE) has
been registered worldwide. The aim of this study was to evaluate the molecular epidemiology and the clinical im-
pact of CPE strains isolated from adult inpatients. Material and methods: A one-year, single-center, retrospective
observational study including 34 consecutive patients with 37 non-duplicate CPE strains recovered from clinical
specimens was accomplished. The Vitek 2 Compact, M.I.C.Evaluator strips, the modified carbapenem inactivation
method (mCIM), and the combination disks test (KPC, MBL, OXA-48 Confirm kit, Rosco Diagnostica) were ap-
plied as phenotypic tests. A multiplex polymerase chain reaction (PCR) assay was used for detection of blaKPC,
blaNDM, and blaOXA-48-like genes. The clonality was assessed with pulsed-field gel electrophoresis (PFGE).
Results: Klebsiella pneumoniae (n=25) was the most frequent CPE encountered. The carbapenemase types were
NDM (n=13), KPC (n=12), and OXA-48-like (n=12). Two distinct clonal clusters were identified among the 12
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KPC positive strains. All CPE isolates exhibited non-susceptibility to carbapenems, cephalosporins, ciprofloxacin.

Respiratory tract infections (n=16) and hospitalization in the intensive care unit (ICU) (n=14) were dominant.

The most common comorbidity was congestive heart failure (n=11). Monotherapy was the main strategy adopted

(n=15). Death occurred in 18 patients. Conclusions: Our analysis underscores the scarcity of antibiotic solutions

and high mortality. Monotherapy for urinary tract infections (UTlIs) is beneficial. Inter- or intrahospital dissemi-

nation of successful epidemic clones is proved. The adequate CPE infections control programs and antimicrobial

policies are essential..
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Introduction

The members of the Enterobacterales order (for-
merly Enterobacteriaceae) are Gram-negative
enteric rod-shaped bacteria responsible for a
wide variety of human infections in both healthy
and compromised hosts (1, 2).

The increasing antimicrobial resistance in these
bacteria and emergence of new infectious syn-
dromes have evolved as a global public health
crisis in recent years (2-4). The therapeutic ap-
proach of these multidrug-resistant (MDR) and
extensively drug-resistant (XDR) infections re-
mains problematic generally because of the es-
calation of carbapenem resistance (2-5), which
has been recently reconfirmed as an urgent pub-
lic health threat by the United States Centers for
Disease Control and Prevention (CDC) (6).

The primary mechanism of carbapenem resis-
tance remains the acquisition of various carbap-
enemases which variably inactivate carbapen-
ems and other members of the beta-lactam an-
timicrobial class (2, 3, 7-9). These enzymes are
encoded on large transferable plasmids which
are able to rapidly and widely spread and often
coexpress linked resistance to fluoroquinolones,
aminoglycosides, trimetoprim-sulfamethoxaz-
ole, and tetracyclines (2-4, 8, 10).

The prevention of CPE infections and optimiza-
tion of therapeutic regimens are challenging and
require early and accurate detection techniques
of CPE strains (7, 10).

In 2018 the European Centre for Disease Pre-
vention and Control (ECDC) alerted about the
emergence of resistance of CPE isolates to cef-
tazidime-avibactam, a newly authorized drug
with activity especially against Klebsiella pneu-
moniae carbapenemase (KPC) producers (11).
Some large Romanian medical institutions have
confirmed the presence and dissemination of
different types of carbapenemases (12-21), but
the involvement of risk factors, clinical impact
of CPE pathogens, treatment, and patients’ out-
comes have not been sufficiently explored. Fur-
thermore, a Romanian national centralized data-
base of circulating carbapenemase types is not
yet available.

In this context, the present study investigated
the molecular epidemiology and the clinical
impact of CPE strains isolated from hospitalized
patients to obtain a more comprehensive pic-
ture of occurrence, spread, clinical characteris-
tics, and antimicrobial treatment. The premise
of this study was that there is no difference
among the patients’ groups diagnosed with New
Delhi metallo-p-lactamase (NDM), KPC, and
oxacillinase-48-like (OXA-48-like) carbapene-
mases.

Material and methods

Ethical Approval was granted by the Ethics
Committees of the ”Dr. Constantin Opris” Coun-
ty Emergency Hospital Baia Mare, Romania (ref-
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erence number 14598/04.06.2019) and George
Emil Palade University of Medicine, Pharmacy,
Science, and Technology of Targu Mures, Ro-
mania (reference number 405/11.10.2019).

Setting, study design and participants

A single-center, retrospective observational
study of all inpatients microbiologically doc-
umented with CPE isolates from clinical spec-
imens was conducted in the “Dr. Constantin
Opris” County Emergency Hospital Baia Mare,
Romania from 1% of January to 31% of December
2017. This is a public 920-bed general acute care
non-teaching hospital with emergency, intensive
care units, surgical, and medical wards.

All consecutive non-duplicate CPE strains iso-
lated from clinical samples were included. Di-
verse species or even the same species recovered
from the same patient were taken into account
if they carried different carbapenemase genes.
Recurrent CPE infections with the same species
harbouring the same gene encoding carbapen-
em-hydrolysing enzyme isolated from the same
anatomical site and diagnosed in the previous 12
months were excluded.

Data collection and definitions

The descriptive analysis included patients’ med-
ical records review. The following details were
recorded: demographics, date of admission,
ward, previous healthcare services, microbio-
logical characteristics, coexisting medical con-
ditions, clinical, laboratory, and imaging find-
ings, invasive procedures, exposure to possible
predisposing factors, treatment, and outcomes.
Empiric treatment was considered as any anti-
microbial drug potentially active against aerobic
Gram-negative bacilli administered for approxi-
mately 3 calendar days from the specimen col-
lection date to the date of available susceptibility
test results for CPE pathogen. Active empiric
antibiotic regimen included at least 1 agent with
documented in vitro sensitivity. Targeted thera-

py was defined as sensitivity-adjusted treatment
that started on or at least 3 calendar days after the
date on which the complete antibiotic suscepti-
bility profile was obtained. Carbapenems were
defined as active agents if the minimum inhibi-
tory concentration (MIC) was <8 mg/L.
Follow-up cultures negative for CPE pathogens
were interpreted as microbiological eradication.
The 30 day all-cause mortality was measured
starting from the date of the first positive CPE
culture collection.

Bacterial identification and antimicrobial sus-

ceptibility profile

The microbiological diagnosis and the antibiotic
susceptibility tests were based on standard pro-
cedures, Vitek 2 Compact (bioMérieux, France),
API 20E (bioM¢érieux, France), and accompa-
nied in some cases by M.I.C.Evaluator strip tests
for meropenem (Oxoid, Thermo Fisher Scientif-
ic, UK). The results were interpreted consonant
with the Clinical and Laboratory Standards Insti-
tute (CLSI) standard 2017 (22).

Phenotypic and molecular analysis

The mCIM (22, 23) and the combination disks
test were applied for all carbapenem non-sus-
ceptible strains belonging to the Enterobactera-
les order. The strains were frozen at -70°C, sub-
cultured on solid medium, and then a multiplex
PCR method for the identification of carbapen-
emase-encoding genes (bla,, ., bla and bla-
) was performed (12).

NDM?

OXA-48-like

Molecular typing

The PFGE was achieved according to a CDC
Pulsenet protocol (24) for all KPC-producing
K. pneumoniae isolates and all bla positive
P, stuartii strains. Total bacterial genome was
digested with the Xbal restriction endonuclease
(ThermoFisher, USA) in case of K. pneumoniae
strains and Notl restriction endonuclease (Ther-
moFisher, USA) in case of P. stuartii isolates.
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The resultant macrorestriction fragments were
separated by electrophoresis on a CHEF-DR
II system (Bio-Rad Laboratories, USA). The
PFGE patterns were analysed according to Ten-
over criteria (25).

Statistical analysis

The statistical protocol for quantitative and qual-
itative data was parsed. Descriptive summary
statistics and the Kolmogorov-Smirnov test for
assessing the normality of distribution were used
for numerical data. For continuous variables we
used one-way ANOVA or Kruskal-Wallis test.
For categorical data, differences were analyzed
using the Chi-squared test for trend.

The level of significance was set at a=0.05.

For statistical calculations, GraphPad 3.6 State
Software, San Diego, California, USA, was used.

Results

Microbiological characteristics of clinical iso-
lates

During the assessment period, a total of 2412
consecutive strains belonging to the order En-
terobacterales were identified, with E. coli
(n=1397; 57.91%), Klebsiella spp. (n=423;
17.53%), Proteus spp. (n=233; 9.66%), Entero-
bacter spp. (n=159; 6.59%), Morganella spp.
(n=82; 3.39%), Citrobacter spp. (n=56; 2.32%),
Serratia spp. (n=38; 1.57%), and Providen-
cia spp. (n=19; 0.78%) being the most import-
ant species. Of these, 92 (3.81%) carbapenem
non-susceptible isolates were detected, and only
37 (1.53%) non-duplicate strains recovered from
34 inpatients were phenotypically confirmed as
CPE producers.

The distribution of CPE isolates was as follows:
K. pneumoniae (n=25; 67.56%), Serratia spp.
(n=6; 16.21%), E. coli (n=2; 5.40%), P. stuartii
(n=2; 5.40%), M. morganii (n=1; 2.70%), and E.
cloacae complex (n=1; 2.70%).

Diversity of carbapenem-hydrolysing enzymes

The carbapenemase types determined pheno-
typically by the combination disks test were
distributed as follows: NDM (n=13; 35.13%),
KPC (n=12; 32.43%), and OXA-48-like (n=12;
32.43%). Multiplex PCR analysis confirmed
carbapenemase-encoding genes in 35 available
strains with complete consensus with the mCIM
and the combination disks test results. All MBL
strains carried bla, .. genes. No strain harbored

NDM
multiple carbapenemase genes.

PFGE typing

The analysis of PFGE fingerprints of all 12 KPC
positive strains illustrated that they belonged to
2 different clonal clusters (A and B) exhibiting
more than 6 band differences (Figure 1). The
dominant cluster A consisted of 10 isolates with
almost the same similarity level of relatedness,
except for a variation of one additional band
observed only in 2 strains. Seven out of the 10
patients with isolates included in cluster A were
previously admitted to other Romanian hospi-
tals, 4 of them in the same surgical unit of the
same university hospital. The two strains with
one additional band were isolated from patients
who previously received medical treatment in
two different Romanian university hospitals ap-
proximately 60 days apart between the strains’
isolation date in our laboratory. Cluster B includ-
ed 2 genetically indistinguishable isolates recov-
ered from blood cultures collected from patients
with haematological malignancies hospitalized
in the same ward of our hospital two months
apart.

The PFGE restriction patterns of 2 bla, posi-
tive P. stuartii isolates were similar.

Relation to hospitalization in other Romanian
hospitals and identification of multiple CPE
isolates in the same patient

One year prior detection of CPE strains in our
laboratory, 12 out of the 34 patients were previ-
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1A: Isolates No. 1 and 13 belong to the cluster B, and the rest to the cluster A. Isolates No. 17 and 23 with one
additional band (red arrow). 1B: Isolates No. 3 and 6 are CPE and isolate No. 2 is a P. stuartii non-CPE

ously admitted to other Romanian hospitals, 10
of them to university hospitals located in other
geographical regions. No history of healthcare
exposure abroad was noted.

Two patients from the same ICU room yielded
bla, positive P. stuartii and bla,,.positive K.
pneumoniae isolates in consecutive endotracheal
aspirates identified within 2 weeks, one of the
patients being previously hospitalized in a uni-
versity hospital. One patient had bla , . . POS-
itive E. coli and K. pneumoniae strains simulta-
neously present in the same wound sample.

Antimicrobial susceptibility profile of CPE
producers

All CPE strains were MDR and showed 100%
non-susceptibility to meropenem, imipenem, er-
tapenem, aminopenicillins, cephalosporins, and
ciprofloxacin (Table 1). The MIC to meropenem
was performed in 28 out of the total of 37 strains
and a value <8 mg/L was noted exclusively in 8
OXA-48-like producers.

Susceptibility to tigecycline was noted in 22 out
of the 24 strains tested. Colistin displayed in vi-
tro activity against 13 out of the 21 CPE tested
strains of K. pneumoniae and E. coli. Fosfomy-
cin was active antimicrobial agent against 6 out
of the 7 urinary CPE strains tested.

Clinical and epidemiological characteristics

A total of 34 patients were diagnosed with infec-
tions, 19 male and 15 female. Their mean age was
59 years (range 30 — 86 years). The CPE strains
were recovered from respiratory tract specimens
(n=16; 43.24%), urine (n=10; 27.02%), wounds
(n=8; 21.62%), and blood (n=3; 8.10%) collected
from patients hospitalized in the intensive care
unit (ICU) (n=14; 41.17%), surgical units (n=13;
38.23%), and medical wards (n=7; 20.58%).
The median period of hospitalization of all pa-
tients before CPE detection was 3 days (range
0 — 46 days). Twenty-two out of the 34 patients
(64.70%) were hospitalized for more than 48
hours before the collection date of the first pos-
itive CPE clinical specimen. The remaining 12
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Table 1. Antimicrobial resistance patterns of carbapenemase producing Enterobacterales isolates according to species and

carbapenemase-encoding gene

Number of non-susceptible strains (intermediate and resistant)*

IMP ERT CXM CAZ CTX FEP AMC TZP CIP GN AK TOB

SXT F®

Carbapenemase type MEM

Species

1/1
22
22
4/4

6/6 12
NT

8/8

12

12

12 12 12 12 12 12 12 7/7
11 11 11 11 11 11 11 11

9/9

12

KPC (n=12)
OXA-48 like (n

Klebsiella pneumo-

niae

10

11)
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NDM (n=2)
NDM (n
OXA-48 like (n

2/2

NT

5/5

NT

6

=6)

Serratia spp.

D

Escherichia coli

0/1

NT

NT

1

NDM (n=1)

1/1

NT

NDM (n=2)
NDM (n

Providencia stuartii

NT

1

D

NDM (n=1)

Morganella morganii

NT

1

Enterobacter cloacae

complex

MEM: meropenem; IPM: imipenem; ETP: ertapenem; CXM: cefuroxime; CAZ: ceftazidime; CTX: cefotaxime; FEP: cefepime; AMC: amoxicillin-clavulanic acid; TZP: pipera-

cillin-tazobactam; CIP: ciprofloxacin; GN: gentamicin; AK: amikacin; TOB: tobramycin; SXT: trimethoprim-sulfamethoxazole; F: nitrofurantoin.

NT - not tested

ratios represent number of non-susceptible isolates out of tested ones

® only urinary tract isolates tested

patients (35.29%) developed CPE infections
within 48 hours from hospital admission, but
they had received healthcare services during the
previous year in different Romanian hospitals.
The study participants were subjects to various
potential risk factors. No statistically significant
differences were found among the three patient
groups in terms of demographic and medical
characteristics (Table 2).

All of our participants presented in their medical
records symptoms and/or signs of infection, or
had a clinical diagnosis of infection stated by the
treating physician. Seven out of the 34 patients
(20.58%) were diagnosed with sepsis.

The occurrence of coinfections was noted in 18
out of the total patients, 8 of them being microbi-
ologically documented with Acinetobacter bau-
mannii complex.

CPE screening on admission was performed
only in few patients and a prior CPE positive
screening sample was documented in 6 patients.

Antimicrobial treatment

Most of our participants (n=30) received system-
ic empirical treatment with antimicrobial drugs,
mainly cephalosporins, fluoroquinolones, p-lac-
tam/p-lactamase inhibitor combinations, and
aminoglycosides (Table 3). A statistically sig-
nificant difference was noted between OXA-48-
like patients compared to NDM and KPC groups
for the active empirical treatment (P 0.005).

In agreement with the susceptibility profiles of
the CPE pathogens, 19 out of the total patients
were treated with targeted antibiotic regimens,
especially as monotherapy (n=15) with colistin,
tigecycline,  trimethoprim-sulfamethoxazole,
aminoglycosides, or fosfomycin trometamol.
Seven patients with urinary CPE isolates re-
ceived monotherapy. The combination therapy
with active drugs selected in 3 of our patients
included tigecycline with aminoglycosides, or
colistin with amikacin, while in 1 septic patient

with bla, ... positive K. pneumoniae strain
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Table 2. Demographic characteristics of patients with CPE infections and underlying medical conditions*

All patients NDM KPC OXA-48-like
Demographics and medical conditions of patients (n=34) strains strains strains P value
(n=12)* (n=11)* (n=11)*
Male 19 7 4 8 0.64
Female 15 5 7 3 0.56
Age** (mean+SD); (range); years 59+13.5 (30  59+14.3 58+14.9 62+11.9 092
—86) (39-74) (30-75) (44 - 86) )
Source of isolate
Respiratory tract 14 3 5 6 0.62
Urinary tract 10 7 1 2 0.13
Wounds 7 2 2 3 0.86
Bloodstream 3 0 3 0 0.06
Body temperature** (°C) (mean+SD); (range) 37.2+0.9 37.1+0.6 37.5+1.0 37.1£1.0 052
(35.7-39.6)  (36.5-38.4) (36.2-39.6)  (35.7-39.0) )
Patient-specific risk factors
Leucocyte count (/uL) < 1.000 3 1 2 0 0.38
1.000-4.000 1 0 0 1 0.37
4.000-10.000 15 8 1 6 0.14
>10.000 15 3 8 4 0.35
Thrombocyte count (/uL) <150.000 7 0 3 4 0.16
1 year prior healthcare 29 10 9 10 0.98
Transfer from another hospital 12 4 5 3 0.82
Days from hospital admission to collecting positive 3 (0-46) 3 (0-33) 3 (0-25) 9 (0-46) 0.78
clinical sample*** (IQR)
3 months prior use of broad spectrum antibiotics 27 9 10 8 0.92
Previous surgical interventions 21 8 6 7 0.95
Urinary catheters 21 9 5 7 0.77
Previous ICU stay 19 5 6 8 0.73
Mechanical ventilation 19 5 7 7 0.79
Central venous/arterial catheters 18 5 7 6 0.83
Immunosuppressive treatment including steroids 15 4 5 6 0.81
Transplant recipient 0 0 0 0 NA
Parenteral nutrition 15 4 5 6 0.81
Chemotherapy 6 2 3 1 0.64
Hormone therapy 3 1 1 1 0.99
Radiotherapy 3 0 2 1 0.37
Coinfections 18 7 5 6 0.94
Comorbidities
Congestive heart failure 11 2 5 4 0.54
Chronic renal failure 9 3 1 5 0.33
Neuropsychological disorders 9 2 5 2 0.44
Solid neoplasm 8 4 2 2 0.74
Diabetes mellitus 6 1 3 2 0.60
Traumatisms and burns 6 4 1 1 0.35
Hematologic malignancies 3 1 2 0 0.38
Dialysis 2 1 0 1 0.62
Microbiological eradication 8 3 2 3 0.91
30-day mortality**** 18/31 3/10 8/10 7 0.46

*Only the first clinical isolate per patient and 1 strain per patient in case of coinfection with 2 OXA-48-like strains were includ-
ed. Data are shown as number of patients, media**, or median***. IQR: the interquartile range.
*#**Three patients had no available 30-day mortality data. NA: not applicable
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Table 3. Therapeutic regimens in patients with CPE infections*
Treatment All patients NDM strains KPC strains  OXA-48-like P value

(n=34) (n=12)* (n=11)* strains (n=11)*

Empirical treatment 30 9 10 11 0.89
Active empirical treatment 10 1 0 9 0.005
Meropenem 3 0 0 3 0.06
Colistin 4 1 0 3 0.20
Aminoglycosides 1 0 0 1 0.37
Fosfomycin trometamol 1 0 0 1 0.37
Trimethoprim-sulphamethoxazole 1 0 0 1 0.37
Tigecycline 0 0 0 0 NA
Targeted treatment 19 7 4 8 0.64

*Only the first clinical isolate per patient and 1 strain per patient in case of coinfection with 2 OXA-48-like strains were includ-

ed. Data are shown as number of patients. NA: not applicable

which exhibited meropenem MIC<8 mg/L the
therapeutic scheme comprised of meropenem
and amikacin. The targeted antibiotic therapy
was not administered in 14 patients, half of them
deceased before microbiological results became
available.

Outcomes

Following therapeutic interventions, including
targeted antibiotic treatment, endotracheal tubes,
or ureteral stent replacements, the microbiolog-
ical eradication of CPE pathogens was achieved
in 8 cases (23.52%), but only 4 of these survived
by 30 days. Two patients with positive CPE en-
dotracheal aspirate specimens and associated in-
fections developed microbiological eradication
without an available targeted antibiotic treat-
ment. Overall, 18 out of the 31 participants with
available survival data (58.06%) died within 30
days of the first positive CPE specimen collec-
tion. Of the seven septic patients five deceased
and one was transferred to another hospital unit
without the possibility to follow-up. Despite ad-
ministration of targeted antimicrobial treatment
approximately half of the patients with available
follow-up data (n=8) did not survive by 30 days.
Five out of the 7 participants with urinary CPE
isolates treated with monotherapy had a favour-
able outcome.

Discussion

This investigation highlighted the phenotypic,
genotypic, epidemiological, and clinical features
of CPE pathogens isolated in 2017 from adult
patients admitted to a non-teaching hospital.
The majority of our CPE isolates were K. pneu-
moniae (n=25), a key pathogen responsible for
the most of the worldwide CPE infections, es-
pecially healthcare-related ones. Consistent with
other reports (26, 27), all significant carbapene-
mase-encoding genes were demonstrated in our
K. pneumoniae isolates. Attributable mortality
for carbapenem resistant K. pneumoniae rose
six-fold between 2007-2015 (27). In 2018, 25-
50% of the invasive K. pneumoniae isolates re-
ported by Romanian hospitals to the European
Antimicrobial Resistance Surveillance Network
(EARS-Net) presented resistance to carbapen-
ems. These data might not be representative,
since our national population coverage was un-
der 11% (27).

Interestingly, our data revealed an approximately
similar distribution among the three main types
of carbapenemases: NDM (n=13), KPC (n=12),
and OXA-48-like (n=12). Previous Romanian
publications described a considerable variety of
detected carbapenemases in different medical in-
stitutions, OXA-48-like or NDM producers were
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the most frequently encountered (12-17, 19-21).
The present study did not find any strain harbour-
ing multiple carbapenemase-encoding genes. In
contrast, Germany reported recently a first out-
break of K. pneumoniae sequence type (ST) 307
as a worldwide emerging high-risk clone, which
co-produced NDM-1 and OXA-48, and exhibit-
ed colistin resistance (28).

Regarding our PFGE findings, 10 KPC produc-
ing K. pneumoniae isolates belonging to the
principal cluster A illustrated interhospital dis-
semination of a successful epidemic K. pneumo-
niae clone, and the rest of 2 strains affiliated to
the cluster B indicated a possibile intrahospital
spread. Our 2 bla  positive P. stuartii strains
belonged to a successful P. stuartii clone which
disseminated nationwide as reported recently by
Molnar et al. (18). Another Romanian study de-
scribed a similar expansion of a K. pneumoniae
OXA-48 positive clone (14). A permanent in-
teraction between expansion of high-risk clones
and plasmid-mediated resistance genes trans-
mission is contributing to the continuous global
CPE epidemic (4, 10).

In agreement with several studies (3-5, 7, 8, 11,
28-30), our CPE strains expressed MDR and
XDR phenotypes with limited treatment options,
such as aminoglycosides, colistin, tigecycline,
trimethoprim-sulfamethoxazole,  fosfomycin,
and nitrofurantoin. Most of our tested strains
preserved susceptibility to tygecycline, but de-
velopment of resistance during therapy with this
drug has already been documented (31). Consis-
tent with other observations some of our KPC
and OXA-48-like producers were susceptible to
gentamicin and amikacin (3, 7).

Colistin resistance was noted in less than half of
our K. pneumoniae and E. coli tested strains. An
increasing number of hospital outbreaks due to
colistin-resistant CPE isolates, especially Kleb-
siella spp. have been reported globally (3, 4, 7,
8, 28, 29), and both chromosomal and recently,
transferable plasmid-mediated genes have been

involved (3, 4, 27, 32). Determination of colistin
susceptibility is technically problematic, and the
reference method for testing is broth microdilu-
tion (27, 32).

The highest level of antimicrobial drug resis-
tance was observed in bla  positive P. stuartii
and M. morganii isolates, as previously outlined
by Molnar et al (18).

To the best of our knowledge this is the first Ro-
manian research attempting to investigate the
notable risk factors, clinical data, outcomes, and
treatment for CPE isolates.

In our analysis, most of the infections (n=22)
were hospital-acquired (with clinical onset more
than 48 hours after hospital admission), and the
remaining (n=12) were healthcare-associated, as
described elsewhere (33).

Prior the first CPE detection the median duration
of hospitalization of our participants was 3 days
(range 0-46 days) (P 0.78). In Canada, Kohler et
al. reported a median of 2.5 days from admis-
sion to diagnosis of CPE strains, for inpatients
(P 0.03) (34).

Several risk factors associated with CPE colo-
nization or infection assessed in our study have
also been mentioned by other authors (10, 35).
Prior hospitalization, use of broad spectrum anti-
biotics, surgical interventions, urinary catheters,
admission to ICU, mechanical ventilation, and
indwelling central venous or arterial catheters
were all identifiable risk factors in our patients.
All of our participants presented symptoms or
sign of infections. Overall, half of them (n=18)
experienced concurrent infections, most often
with Acinetobacter baumannii complex, and in
two of these, microbiological eradication of CPE
pathogens occurred in the absence of targeted
antimicrobial treatment. This aspect could be ex-
plained by the fact that the last two subjects had
endotracheal tube colonization with CPE strains.
Additionally, the studied population presented
diverse comorbid conditions. This target popu-
lation is frequently not included in the design of
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clinical trials for registration of new antimicro-
bial agents (36).

Despite the escalating burden of CPE infections
and the ample published information, data re-
garding patient’s outcome and treatment guide-
lines for CPE infections have a low level of
scientific quality of evidence, based mainly on
limited retrospective observational studies or
case series (3, 8, 29, 30, 36, 37). Disappointing-
ly, randomized controlled trials in this topic are
insufficient and some of them without statistical
power (3, 29).

The management of CPE infections is challeng-
ing and consists of administration of older or
newly approved antimicrobial compounds, dose
modifications, and combination therapy schemes
including or not a carbapenem (3, 8). The treat-
ment should be individualized in compliance
with the anatomical site of infection, severity of
disease, comorbid conditions, susceptibility re-
sults for all potentially in vitro active agents and
the available drugs (3, 29).

Our research revealed a statistically significant
association between the active empirical treat-
ment administered and the dependent variable
(P 0.005). This aspect should be interpreted with
caution since more than half of our patients with
OXA-48-like producers died (n=7). However, a
multicentre study did not find statistically sig-
nificant differences between the empiric antimi-
crobial therapy used for CPE infections and the
patients’ outcomes (36).

The targeted treatment strategy adopted for
the majority of our patients was monotherapy
(n=15), and only in 4 cases a double combina-
tion regimen was applied. Mainly observational
studies found a survival benefit in high-risk pa-
tients with septic shock, or bloodstream infec-
tions when a combination treatment with at least
2 agents was used (3, 4, 29), while monotherapy
would be more suitable for lower-risk subjects
(3). None of our patients received carbapenem
as a single active agent for treating carbapenem

intermediate-susceptible strains. The efficacy of
carbapenems in monotherapy for these infec-
tions is unreliable due to the lack of controlled
clinical studies (3, 22). Out of the total of our
CPE strains, only 8 OXA-48-like producers ex-
pressed meropenem MIC under 8 mg/L, and in
one of these patients with intra-abdominal in-
fection and sepsis a dual targeted therapy with
meropenem and amikacin was administred. In
septic shock induced principally by KPC pro-
ducers with meropenem MIC<8 mg/L and in the
absence of new agents such as ceftazidim-avi-
bactam, meropenem-vaborbactam, or other
available in vitro active antibiotics according to
the primary site of infection, administration of
high-doses of meropenem in extended infusion
in association with another active agent could be
an attractive solution, but this aspect cannot be
extrapolated to OXA-48-like or MBL produc-
ers (3, 29). Overall, the double treatment regi-
men consists of various combinations including
colistin, carbapenems, tigecycline, aminogly-
cosides, and fosfomycin (3, 4, 8, 37). Promis-
ing new antimicrobial agents for treating CPE
infections are imipenem/cilastatin-relebactam,
plazomycin, eravacycline, cefiderocol, and azt-
reonam-avibactam (4, 29).

Our high rate of 30-day all-cause mortality
(58.06%) was similar to previous data that indi-
cated mortality caused by serious CPE infections
ranging from 30 to 70 % (38). In contrast, anoth-
er study mentioned a mortality of 16%, but more
than 80% of the cases were UTIs (34).

Limitations of the study

The retrospective nature of this single-center
investigation and the limited number of occur-
rences of these cases do not allow us to gener-
alize our results for all Romanian hospitals. The
PFGE analysis and follow-up cultures were not
undertaken for all cases. Surveillance cultures
for CPE pathogens were performed only in some
patients.
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Conclusions

The current study emphasizes the scarcity of
antibiotic solutions and high mortality. Some of
our K. pneumoniae and E. coli strains exhibit re-
sistance to colistin. Monotherapy for UTIs due
to CPE pathogens is beneficial. Fosfomycin is a
potential therapeutic agent for urinary isolates.
The MICs testing by standardized methods is
important. Establishing the clinical impact of the
CPE isolates and the optimal treatment strategy,
especially in patients with several comorbidities
and coinfections are fundamental. All of our cas-
es are hospital- or healthcare-associated, there-
fore, adequate CPE infection control programs
and antimicrobial policies are essential for limit-
ing their spread.

In the future, more studies regarding our nation-
al distribution of CPE isolates, identification of
high-risk clones, mechanisms of antibiotic re-
sistance, and clinical correlations including the
new antimicrobial agents are needed.
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