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Purpose: To determine the rate of carriage of multidrug-resistant organisms (MDROs) between 2015 and 2019 among patients
admitted to the National Institute of Infectious Diseases “Prof. Dr. Matei Balș,” from Bucharest, Romania.
Methods: Nasal, throat, and rectal/perirectal screening swabs were collected either immediately or during the first 24 hours of
admission and sent to the microbiology laboratory where the following MDROs were identified: methicillin-resistant Staphylococcus
aureus (MRSA), vancomycin-resistant enterococci (VRE), extended-spectrum β-lactamase (ESBL)-producing Enterobacterales, car-
bapenem-resistant/carbapenemase-producing Enterobacterales (CRE/CPE), multidrug-resistant/extended drug-resistant Acinetobacter
baumannii (MDR/XDR-AB), and multidrug-resistant/extended drug-resistant Pseudomonas aeruginosa (MDR/XDR-PA).
Results: A total of 5083 unique patients were screened for MRSA and 5008 for VRE, ESBL/CRE/CPE, MDR/XDR-AB, and MDR/
XDR-PA. MRSA was detected in 8.24% of patients, VRE in 17.67%, ESBL Enterobacterales in 25.85%, and CPE in 6.13%. MDR/
XDR-AB was found in 1.59% and MDR/XDR-PA in 1.91% of patients. The rates of carriage increased between 2015 and 2019 for
MRSA (7.23–7.6%), VRE (9–16.68%), CPE (1.15–6.77%), MDR/XDR-PA (1.15–1.91%), and MDR/XDR-AB (1.15–2.04%). OXA-
48-type carbapenemase was predominant in Klebsiella pneumoniae (68.62%) and Escherichia coli (89.47%). CPE bacteria other than
Klebsiella pneumoniae and Escherichia coli identified in our study carried mostly metallo-beta-lactamase (n = 28, 84.85%).
Conclusion: In this study, 37% of the unique patients screened over five years were found to be MDRO carriers. The proportion of
VRE and CPE rectal carriers increased significantly between 2015 and 2019. The most frequently isolated carbapenemase was the
OXA-48 type.
Keywords: surveillance, carriage, screening, multidrug-resistant organisms, MDRO, Romania

Introduction
Antimicrobial resistance is one of the greatest threats nowadays, and drug-resistant diseases could cause 10 million
deaths each year by 2050 if no action is taken.1

Multidrug-resistant organisms (MDROs) are microorganisms that are resistant to several classes of antibiotics, and
some of them are responsible for the majority of healthcare-associated infections (HAI) and are capable of “escaping” the
actions of antimicrobial agents. These are the ESKAPE pathogens: Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.2

In 2017, the World Health Organization (WHO) listed the ESKAPE pathogens among the 12 bacterial species against
which new antimicrobials are urgently needed. The following Gram-negative rods appear in the critical priority list of
pathogens: carbapenem-resistant Acinetobacter baumannii and Pseudomonas aeruginosa, and carbapenem-resistant and/
or extended-spectrum β-lactamase (ESBL)-producing Enterobacterales (eg, Klebsiella pneumoniae and Enterobacter
spp.). Vancomycin-resistant Enterococcus faecium (VRE) and methicillin-resistant Staphylococcus aureus (MRSA) are
on the list of the high-priority group.3
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In Europe, over 33,000 deaths and 671,000 infections are attributed to antibiotic-resistant infections (including
ESKAPE infections) each year (with 63.5% HAI).4 According to a study carried out in an infectious disease hospital
in Romania, out of 4293 bacterial strains isolated between 2016 and 2020, 97% were ESKAPE pathogens.5 In another
study conducted in Hungary between 2010 and 2020, 70,099 bacterial strains were tested and the prevalence of ESKAPE
pathogens, especially Klebsiella pneumoniae and Pseudomonas aeruginosa, increased during that period.6

The prevalence of severe infections caused by multidrug-resistant organisms (MDROs) has increased constantly over
years. International travel, migration, and the transfer of patients from one country to another have increased the risk of
spreading these infections; so, HAIs are a cause of the increasing morbidity and mortality worldwide.7 It is difficult to
prevent the spread of some resistance determinants that are found in mobile elements, such as ESBL-encoding genes and
carbapenemase-encoding genes. These plasmid-encoded resistance genes are transmitted horizontally between various
strains of Gram-negative rods, especially among members of the Enterobacterales order, which makes carbapenemase-
producing Enterobacterales (CPE) germs of utmost interest, especially from the public health perspective. Also, if infections
caused by ESBL-producing bacteria can usually be treated with carbapenems, infections with CPE or carbapenem-resistant
Acinetobacter baumannii and Pseudomonas aeruginosa are difficult to treat since these microorganisms are resistant to
antibiotics of the last line of defense, contributing to high morbidity and mortality rates, especially in healthcare settings.

Infection prevention and control (IPC) is strongly recommended nowadays, and there are national and international
guidelines to follow. Some scientists propose the use of active/routine surveillance systems while many others suggest
the testing of “at-risk” patients (ie, those with a history of antimicrobial treatment and long-term stay in a healthcare
facility) to have cost-effective results of the surveillance and control of HAIs.8–12 Since the main reservoir of
Enterobacterales is the gut microbiota, stool samples and rectal swabs are the most suitable specimens for performing
screening not only for VRE, ESBL-producing Enterobacterales, and/or carbapenem-resistant/carbapenemase-producing
Enterobacterales (CRE/CPE) but also for carbapenem-resistant Acinetobacter baumannii and Pseudomonas aeruginosa.
Nasal swabs are used to collect samples to screen for MRSA.13

The microorganisms we are looking for when identifying asymptomatic carriers are the ESKAPE pathogens with
specific antimicrobial resistance determinants. Thus, it is important to prevent the spread of such bacteria in healthcare
settings because the infections they cause are hard to treat and are often fatal.

Many studies conducted in Romania report highly resistant microorganisms isolated in healthcare facilities, such as
Acinetobacter baumannii, Klebsiella pneumoniae, and other carbapenemase-producing Enterobacterales.14–19 However,
there is still a paucity of data on asymptomatic carriers of multidrug-resistant organisms (MDROs), and most of the
existing ones are either six-month studies or surveys.20–22 Thus, we conducted this study to determine the rate of carriage
of MDROs over five years in an infectious disease hospital and to determine the extent to which carbapenem resistance in
enterobacteria was determined by carbapenemase production.

Materials and Methods
Study Design
We conducted a cross-sectional study aimed at identifying asymptomatic carriers of MDROs in an infectious disease
hospital with 700 beds in Bucharest, Romania. We analyzed the data collected in the microbiology laboratory of this
hospital between January 1, 2015, and December 31, 2019. The study was conducted in accordance with the principles of
the declaration of Helsinki. The surveillance of throat/nasal and rectal swab cultures were introduced in the routine
admission procedures as part of the IPC measures of the National Institute of Infectious Diseases “Prof. Dr. Matei Balș”
in Bucharest, Romania, and all patients who participated in the study gave their written informed consent.

All patients who were considered “at-risk” according to our national and facility regulations were screened for MDROs
on admission. These include (a) any patient transferred from another healthcare facility (acute or long-term), (b) any patient
transferred to the intensive care unit, (c) any patient known to have stayed in a healthcare facility in the last six months, and
(d) any patient who underwent antibiotic treatment in the last six months. MDROs included methicillin-resistant
Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), extended-spectrum β-lactamase (ESBL)-
producing Enterobacterales, carbapenem-resistant/carbapenemase-producing Enterobacterales (CRE/CPE), multidrug-
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resistant/extended drug-resistant Acinetobacter baumannii (MDR/XDR-AB), and multidrug-resistant/extended drug-
resistant Pseudomonas aeruginosa (MDR/XDR-PA). Multidrug resistance (MDR) was defined as resistance to at least
three classes of tested antibiotics and extended drug resistance (XDR) as resistance to all but two classes of antibiotics.23

Laboratory Procedures
Bacterial Isolation and Identification
Simple nasal, throat, and rectal/perirectal screening swabs were collected either immediately or during the first 24 hours
of admission and sent to the microbiology laboratory. These specimens were processed according to microbiology
laboratory standard operating procedures by plating on screening mediums. Nasal and throat swabs were plated on
ChromID MRSA while rectal/perirectal swabs were plated on ChromID VRE and ChromID ESBL (bioMérieux, La
Balme-les-Grottes, France) for 18–24 hours at 37°C. Bacterial colonies grown on screening mediums were further
identified by matrix-assisted laser desorption ionization-time of flight mass spectrometry (Biotyper, Bruker Daltonics
GmbH & Co, Bremen, Germany).

Antimicrobial Susceptibility Testing
Resistance to cefoxitin (for Staphylococcus aureus) and vancomycin (for Enterococcus faecium and Enterococcus
faecalis) was detected using cefoxitin (30 μg) and vancomycin (5 μg) (Thermo Scientific™, Oxoid™, UK) via the
disk diffusion method according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST)
standards which did not change over time for these antimicrobials.24

Antimicrobial susceptibility testing (AST) for identifying MDR/XDR-AB and MDR/XDR-PA was performed using
an automated system known as the Vitek 2 Compact (bioMérieux, Inc, Hazelwood, Mo, USA).

Confirmation of ESBL Production
The confirmation of the ESBL drug resistance phenotype was done via the double-disk synergy test (DDST) using disks of
ceftazidime (10 μg), cefepime (30 μg), and amoxicillin/clavulanic acid (30 μg) (Thermo Scientific™, Oxoid™, UK)
according to the EUCAST guidelines for the detection of resistance mechanisms.25 When a zone of synergy between any
cephalosporin and amoxicillin-clavulanic acid was observed, ESBL was confirmed. If no inhibition zone was observed
around cephalosporin and no synergy zone was seen with the DSST, the strain was tested with a combination of the disk test
using tablets containing the cephalosporin alone (cefotaxime, ceftazidime, cefepime – 30 μg each) and clavulanic acid (Total
ESBL Confirm Kit, Rosco Diagnostica A/S, Taastrup, Denmark). The test was considered positive if the inhibition zone was
≥ 5 mm larger around the disk with clavulanic acid than around the disk with the cephalosporin alone.

Confirmation of Carbapenemase Production in Enterobacterales
Since there is no guideline on the optimal microbiological method of detecting CRE carriage, any sensitive method that
yields good results in a timely manner can be used to facilitate the prompt implementation of IPC measures.10 On the
same day as ESBL production, strains were also tested for carbapenem-resistance in Enterobacterales using disks of
ertapenem, meropenem, imipenem (10 μg each), and piperacillin-tazobactam (36 μg) performing an AST according to the
EUCAST guidelines.26 A screening cut-off value of < 25 mm for meropenem (and meropenem < 28 mm if the strain was
resistant to piperacillin-tazobactam) was chosen as an indicator of possible carbapenemase production according to the
EUCAST guidelines for the detection of resistance mechanisms.25 To test for carbapenemase production, we used the
following neosensitab combinations: meropenem (10 μg), meropenem with boronic acid for detecting Klebsiella
pneumoniae carbapenemase (KPC), meropenem with dipicolinic acid for detecting metallo-β-lactamase (MBL), mer-
openem with cloxacillin (as AmpC inhibitor), and temocillin (30 μg) for detecting oxacillinase type 48 (OXA-48) (KPC,
MBL, and OXA-48 Confirm Kit, Rosco Diagnostica A/S, Taastrup, Denmark), per the manufacturer’s instructions.

Statistical Analysis
During data analysis, the ESBL and CRE/CPE categories were mutually exclusive. The rate of MDRO carriage was
compared between the first and the last year of the study using the Chi-square test, and a p-value of < 0.05 was
considered statistically significant. All p-values were two-tailed.
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Results
From January 2015 to December 2019, 5083 unique patients were screened for MRSA and 5008 for VRE, ESBL/CRE/
CPE, MDR/XDR-AB, and MDR/XDR-PA. MRSA was detected in 419 (8.2%) individuals, VRE in 885 (17.7%), ESBL
Enterobacterales in 1295 (25.9%), and CPE in 307 (6.1%). MDR/XDR-AB was found in 80 (1.6%) and MDR/XDR-PA
in 96 (1.9%) of the screened patients.

Temporal Evolution
The temporal evolution of screened patients with positive rectal swabs and MDRO prevalence are presented in Table 1.
Table 2 presents the five-year evolution of MRSA carriers.

The rates increased between 2015 and 2019 for MRSA, VRE, CPE, MDR/XDR-PA, and MDR/XDR-AB but not for
ESBL Enterobacterales. The trend was undulating over the years, except for CPE other than Escherichia coli and
Klebsiella pneumoniae, for which the trend was continuously increasing. It is worth noting that in 2015, only isolates of
Klebsiella pneumoniae were detected as being carbapenemase-producing among Enterobacterales bacteria (n = 5/433,
1.2%). The increasing trend in the proportion of VRE and CPE rectal carriers between 2015 and 2019 was statistically
significant (Table 1).

Carbapenemase Types
Carbapenemase types are presented in Table 3. OXA-48-type carbapenemase was predominant in Klebsiella pneumoniae
(n = 175/255, 68.6%) and Escherichia coli (n = 17/19, 89.4%). The CPE bacteria other than Klebsiella pneumoniae and
Escherichia coli identified in our study were Enterobacter cloacae, Enterobacter kobei, Klebsiella aerogenes,

Table 1 Rectal Swab-Screened Patients. Trends in VRE, ESBL, CPE, and MDR/XDR Pseudomonas aeruginosa and Acinetobacter
baumannii Carriage Between 2015 and 2019

Period
Patients

Total n (%) 2015 n (%) 2016 n (%) 2017 n (%) 2018 n (%) 2019 n (%) p -value
(2015–
2019)

Screened patients 5008 433 704 1095 1212 1564 ↑

Positive patients 1853 (37%) 121 (27.94%) 236 (33.52%) 399 (36.43%) 551 (45.46%) 546 (34.91%) ↑ <0.05

VRE+ 885 (17.67%) 39 (9%) 100 (14.2%) 207 (18.9%) 278 (22.93%) 261 (16.68%) ↑ <0.001

E. coli ESBL+ 730 (14.57%) 61 (14.08%) 109 (15.48%) 160 (14.61%) 200 (16.5%) 200 (12.78%) ↓ 0.47

E. coli carbapenemase+ 19 (0.37%) 0 1 (0.14%) 1 (0.09%) 9 (0.74%) 8 (0.51%) ↑ 0.19

K. pneumoniae ESBL+ 408 (8.14%) 33 (7.62%) 63 (8.94%) 97 (8.85%) 98 (8.08%) 117 (7.48%) ↓ 0.92

K. pneumoniae
carbapenemase+

255 (5.09%) 5 (1.15%) 17 (2.41%) 64 (5.84%) 91 (7.5%) 78 (4.98%) ↑ <0.001

Other ESBL+

Enterobacterales

157 (3.13%) 19 (4.38%) 16 (2.27%) 57 (5.2%) 18 (1.48%) 47 (3%) ↓ 0.15

Other carbapenemase+

Enterobacterales

33 (0.65%) 0 1 (0.14%) 5 (0.45%) 7 (0.57%) 20 (1.27%) ↑ <0.05

P. aeruginosa MDR/XDR 96 (1.91%) 5 (1.15%) 15 (2.13%) 14 (1.27%) 32 (2.64%) 30 (1.91%) ↑ 0.28

A. baumannii MDR/XDR 80 (1.59%) 5 (1.15%) 12 (1.7%) 10 (0.91%) 21 (1.73%) 32 (2.04%) ↑ 0.22

Notes: + = positive, ↑= increase, ↓= decrease, numbers in bold means statistically significant.
Abbreviations: n, number; VRE, vancomycin-resistant enterococci; ESBL, extended-spectrum β-lactamase; CPE, carbapenemase-producing Enterobacterales; MDR/XDR,
multidrug resistant/extended drug resistant.
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Providencia stuartii, Morganella morganii, Serratia marcescens, and Proteus mirabilis. For all these microorganisms,
MBL was the most isolated carbapenemase (n = 28/33, 84.9%).

Figure 1 presents the evolution of carbapenemases over time. The OXA-48 type of carbapenemase increased
significantly over the years from 3 in 2015 to 60 in 2019 (p = 0.006) while MBLs and KPCs also increased from
2016 to 2019; however, the increase was not statistically significant.

Discussion
We conducted this study to determine the rate of carriage of MDROs over five years and to determine the extent to which
carbapenem resistance in enterobacteria was determined by carbapenemase production. Our results showed an overall
rate of MRSA carriage of 8.2% and MDROs rectal carriage of 37%. The proportion of CPE carriers was 6.1% in five
years, with Klebsiella pneumoniae as the predominant carbapenemase-producing strain (83.06%). OXA-48-type was the
most isolated carbapenemase (69.05%), followed by MBL (24.75%).

According to our results, 37% of the unique patients screened over five years tested positive for rectal swabs, which is
higher than the 23% reported by van Hout et al.27 We observed an increasing trend in the proportion of positive rectal-
screened patients between 2015 and 2019; however, this may be due to the increased compliance with national and
facility regulations for active screening of at-risk patients admitted to our hospital.

The overall rate of MRSA carriage in this study was 8.2%, ranging from 6% (44/738) in 2016 to 10.9% (119/1093) in
2017, which is much less than the rates in other studies conducted in Northeastern Romania where the proportion of
carriers was 34% (17/50) in one year (2012); however, our findings are similar to those of a study conducted over six

Table 2 Trends in the Proportion of MRSA Carriers Between 2015 and 2019

Period
Patients

Total n (%) 2015 n (%) 2016 n (%) 2017 n (%) 2018 n (%) 2019 n (%) p -value (2015–2019)

Screened patients 5083 470 738 1093 1218 1564 ↑

MRSA positive 419 (8.24%) 34 (7.23%) 44 (5.96%) 119 (10.89%) 103 (8.45%) 119 (7.6%) ↑ 0.78

Note: ↑= increase.
Abbreviations: n, number; MRSA, methicillin resistant Staphylococcus aureus.

Table 3 Carbapenemase-Producing Microorganisms and Carbapenemase Types

Carba
Bacteria

OXA-48 n (%) MBL n (%) KPC n (%) MBL+KPC n (%) OXA-48 +MBL n (%) OXA-48 +KPC+MBL n (%)

Kpn 175 28 35 1 13 3

Eco 17 1 1

Ecl 2 6

Ekob 1

Kaer 1

Pst 19 1

Mmo 1

Pmir 1

Sma 1

Total (307) 195 (63.52%) 57 (18.57%) 36 (11.73%) 2 (0.65%) 14 (4.56%) 3 (0.97%)

Abbreviations: n, number; OXA, oxacillinase; MBL, metallo-β-lactamase; KPC, Klebsiella pneumoniae carbapenemase; Kpn, Klebsiella pneumoniae; Eco, Escherichia coli; Ecl,
Enterobacter cloacae; Ekob, Enterobacter kobei; Kaer, Klebsiella aeruginosa; Pst, Providencia stuartii; Mmo, Morganella morganii; Pmir, Proteus mirabilis; Sma, Serratia marcescens.
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months in 2014 in a hospital in Central Romania, which reported a rate of 11.8%.20,28 MRSA prevalence at admission in
this study was higher than the prevalence reported by studies conducted in other Northwestern European countries, the
United States (range: 0.13% to 7.3%), smaller than that reported by a one-day point-prevalence survey conducted in
Albania (14.2%), and similar to that of a study carried out in Tanzania in 2017 (8.5%).29–34

The proportion of VRE carriers was almost 18% in our study, which is lower than the 29.4% reported in a hospital in
Central Romania but similar to the VRE colonization rate in Western European countries: 24.1% in the United Kingdom
and 23.8% in Germany.20,35,36

Overall, the proportion of ESBL Enterobacterales carriers was approximately 26%, which is higher than the
proportions reported by Vidal-Navarro et al in a French hospital (15.8%) and Platteel et al in a Dutch hospital (8.2%);
however, it is lower than those reported by studies conducted in Guinea-Bissau (32.6%), Albania (41.3%), and Morocco
(42.9%).33,37–40 The higher proportion of ESBL carriers in Romania than in other Western European countries may be
because Romania has a high rate of ESBL carriage in its healthy population, which was 28% in a study by Rodríguez-
Molina et al.41

The overall proportion of CPE carriers in our study was 6.1% (307 out of 5008) in five years, which is similar to the
findings of a study conducted in France (5.3%) by Vidal-Navarro et al.37 This is the first study conducted in Romania
on asymptomatic carriers of MDROs; so, we do not have other local data to compare our findings to; however, in
a pilot study conducted in 2015 in three other hospitals, the CPE samples (including rectal swabs) were 22 out of 522
(4.2%) in a hospital in the North-Central part of the country and 28 out of 187 (15%) in a hospital in Northeast
Romania.21

The predominant CPE in our study was Klebsiella pneumoniae, and OXA-48-type was the most isolated carbape-
nemase (2/3), a finding that is similar to those of another study by López-González et al in Spain (56.7%).42

The prevalence of fecal contamination with MDR/XDR-AB (1.5%) and MDR/XDR-PA (2%) seems not to be a major
problem for now; however, in another hospital in Bucharest, carbapenem-resistant Pseudomonas spp, and Acinetobacter
baumannii were both isolated in 3.6% of patients in the first semester of 2019.22 In a study conducted in a community in
the United Kingdom and The Netherlands in 2005, 0.8% of Acinetobacter spp. carriage in Leiden and 1% in Nottingham
were reported. The authors concluded that the human intestine is not a major community reservoir for this microorgan-
ism. However, in the ICU, a study conducted in Spain by Corbella et al reported 41% fecal colonization with multidrug-
resistant Acinetobacter baumannii.43,44

Figure 1 Carbapenemases evolution over time (2015–2019).
Abbreviations: OXA, oxacillinase; MBL, metallo-β-lactamase; KPC, Klebsiella pneumoniae carbapenemase.
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Conclusion
The continuously increasing proportion of CPE other than Klebsiella pneumoniae or Escherichia coli is worrisome
because it may be due to genetic recombination and the acquisition of new resistance gene determinants by other bacteria
found in the intestinal tract, the reservoir of Enterobacterales. Implementing a program of surveillance of “at-risk”
patients followed by IPC is necessary to reduce the spread of MDROs and, subsequently, HAI, especially with ESKAPE
pathogens.

Abbreviations
MDRO, multidrug-resistant organism; ESKAPE, Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter spp.; MRSA, methicillin-resistant Staphylococcus
aureus; VRE, vancomycin-resistant enterococci; ESBL, extended-spectrum β-lactamase; CRE/CPE, carbapenem-
resistant/carbapenemase-producing Enterobacterales; MDR/XDR-AB, multidrug-resistant/extended drug-resistant
Acinetobacter baumannii; MDR/XDR-PA, multidrug-resistant/extended drug-resistant Pseudomonas aeruginosa; HAI,
healthcare-associated infections; IPC, infection prevention and control; ICU, intensive care unit; EUCAST, European
Committee on Antimicrobial Susceptibility Testing; DDST, double-disk synergy test; AST, antimicrobial susceptibility
testing; OXA, oxacillinase; KPC, Klebsiella pneumoniae carbapenemase; MBL, metallo-β-lactamase.
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