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Introduction: Bloodstream infections are the most severe infections that cause the highest mortality rate, especially in patients admitted 
to the intensive care unit (ICU). In this study, we aimed to analyze the distribution, resistance patterns and prevalence of MDR (multidrug- 
resistant) pathogens isolated in blood samples collected from patients with severe invasive infections hospitalized in the ICU.
Methods: A retrospective study of bacterial pathogens was performed on 490 patients admitted to the ICU between 2017 and 2020. 
The resistance patterns were analyzed using Vitek 2 Compact system.
Results: In total, 617 bacterial isolates were obtained. Four hundred and twenty-seven isolates (69.21%) were Gram positive and 190 
isolates (30.79%) were Gram negative bacteria. The most frequently isolated micro-organisms identified in the blood samples for the 
entire period (2017–2020) were Coagulase-negative staphylococci (CoNS) (318–51.54%), followed by Klebsiella pneumoniae (70– 
11.34%), Methicillin-Resistant Staphylococcus aureus (MRSA) (58–9.40%), Acinetobacter baumannii (45–7.29%) and Enterococcus 
faecalis (42–6.80%). The number of Klebsiella pneumoniae strains significantly increased in 2020, compared to the previous year (p < 
0.05). The Acinetobacter baumannii prevalence was significantly higher in the age group of 20–64 years (10.89%) and over 65 years 
(3.53%) (p < 0.001). The difference between the prevalence of CoNS in the elderly (67.84%) and in adults (20–64 years) (52.47%) was 
also statistically significant (p < 0.001). High rates of MDR were found for Acinetobacter baumannii (97.77%), Pseudomonas 
aeruginosa (65%), Klebsiella pneumoniae (50%), Enterococcus faecalis (47.61%) and MRSA (46.55%). More than 60% of the 
Klebsiella pneumoniae strains were found to be resistant to carbapenems.
Conclusion: The study revealed an alarming prevalence of MDR strains isolated in blood samples of the patients admitted to the ICU, 
indicating the necessity of consistent application of the measures to control.
Keywords: antimicrobial resistance, blood cultures, bacterial strains, retrospective study

Introduction
Infections from resistant bacteria are a serious problem in health-care settings, causing life-threatening infections in the 
bloodstream, pneumonia, wound infections and others.1

Antimicrobial Resistance (AMR) is a considerable threat to public health both in the EU/EEA (European Union/ 
European Economic Area) and worldwide. WHO has declared that AMR is one of the top 10 global public health threats 
facing humanity.2

The high levels of AMR for several important bacterial species–antimicrobial group combinations reported to the 
European Antimicrobial Resistance Surveillance Network (EARS-Net) for 2020 show that AMR remains a serious 
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challenge in the EU/EEA. Recent estimates based on data from EARS-Net show that each year, more than 670,000 
infections occur in the EU/EEA due to bacteria resistant to antibiotics and approximately 33,000 people die as a direct 
consequence of these infections.3

At the level of the intensive care unit, critically ill patients who require intensive antibiotic treatment and invasive 
procedures are hospitalized, procedures that are associated with a 5–10 times higher risk of occurrence of the hospital- 
acquired infections (HAIs).4

An important problem in intensive care units is the increasing percentage of multidrug-resistant pathogens, as a result 
of specific pathology and excessive use of antibiotics. According to the European Antimicrobial Resistance Surveillance 
Network (EARS-Net), Improving Patient Safety in Europe (IPSE) and European Centre for Disease Prevention and 
Control (ECDC) data, Romania is one of the South-Eastern European countries with one of the highest prevalence rates 
of MDR pathogens.5

MDR pathogens of greatest concern in the hospital environment include MDR gram-positive organisms (MDR- 
GPRs) such as Methicillin-Resistant Staphylococcus aureus (MRSA), vancomycin-resistant enterococci (VRE), and drug- 
resistant Streptococcus pneumoniae (DRSP), and the MDR gram-negative organisms (MDR-GNRs) including 
Pseudomonas, Acinetobacter, Klebsiella pneumoniae, Enterobacter, and other species.6

The aim of this study is to analyze the distribution, resistance patterns, and the prevalence of MDR pathogens isolated 
in blood samples collected from patients with severe invasive infections hospitalized in the ICU.

Materials and Methods
The research is a retrospective analysis of all the data on blood cultures collected from patients, admitted to the intensive care 
unit (ICU) of Emergency Clinical County Hospital of Craiova, Romania, a county hospital with 1518 beds (65 beds of ICU), 
which provides specialized healthcare to patients from Dolj county and South-West Region of Romania. In 2020, because of 
the COVID-19 pandemic, the ICU was restructured and 20 of the 65 beds were intended for patients with COVID-19.

Data were collected from January 2017 to December 2020 from the clinical pathology databases of the hospital. 
Blood culture specimens from all patients, including adults and children admitted to the ICU during the studied period, 
were sent to the Hospital’s Laboratory of Microbiology.

The protocol for this study was approved by the Institutional Review Board of the Emergency Clinical County 
Hospital of Craiova, Romania (No. 5200/01.02.2022). The informed consent was obtained from the study participants, 
because, at the time of admission, the patients/legal representatives have signed an informed consent by which they 
agreed to participate in the scientific research, and the signed consent form is attached to the medical record. The study is 
in accordance with the guidelines outlined in the Declaration of Helsinki.

Blood samples were collected in specialized bottles provided with the automated system Bact/Alert® 3D, harvesting 
for each patient a set of two culture bottles, including one bottle for aerobic bacteria and one for anaerobic bacteria.

The identification of the isolated strains and the analysis of the resistance patterns for the action of the appropriate 
antibiotics were performed using Vitek 2 Compact system.7 So were used VITEK 2 GN card for identification of 
fermentative and non-fermentative Gram-negative bacilli and VITEK 2 GP card to identify Gram-positive bacteria.7

The antimicrobial susceptibility test was carried out according to Clinical Laboratory Standard Institute (CLSI) 
guidelines.8

We also calculated the multiple antibiotic resistance index (MAR), as a ratio between the number of resistant 
antibiotics and the total number of antibiotics tested for a given strain. A MAR greater than 0.2 indicates that the high- 
risk source of infection is a region where drugs are widely used.9

Information about patients’ age, sex, hospital department, sample type, site of infection and antimicrobial resistance 
pattern have been stored in the WHONET System and in the Hospital`s Information System.

Data were entered and analyzed using Microsoft Excel. Continuous variables like age are expressed as mean±STDEV 
(standard deviation). The pattern of micro-organisms was analyzed and expressed as percentages. The χ2 test was used 
for counting data, and p < 0.05 meant the difference was statistically significant.
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Multidrug-resistant (MDR) pathogen is defined as acquired non-susceptibility to at least one agent in three or more 
antimicrobial categories. Extensively drug-resistant (XDR) is defined as non-susceptibility to at least one agent in all but 
two or fewer antimicrobial categories.10

Pan-drug-resistant (PDR) is defined as non-susceptibility to all agents tested in the hospital.11

In our study, we have analyzed the percentage of multidrug-resistant (MDR) strains among the clinical isolates from 
ICU, by taking into consideration resistance to at least three different antibiotic groups: aminoglycosides, cephalosporins, 
carbapenems, tetracyclines and fluoroquinolones.10

Analysis of the type of microorganisms involved and their sensitivity to antibiotics includes CoNS, subject to the fact 
that a high percentage in the case of the presence of these microorganisms may be due to contamination of the samples, 
being necessary to repeat the harvest and to initiate the treatment according to the correlation with the clinical situation 
and with the result of other laboratory tests.

Results
In the analyzed interval (2017–2020), out of the 1339 blood culture specimens collected from all patients admitted to the 
ICU, 617 were positive (46.07%). The average age of the patients was 59±18.46 years. The gender distribution showed 
a higher share of men (279–56.82%). Almost half of the subjects were aged between 20 and 64 years. Depending on 
gender, almost 60% of female patients were over the age of 65, while in the case of men, almost 60% were between 20 
and 64 years old (Figure 1).

In the first place among the identified microorganisms was MRSA - Methicillin-Resistant Staphylococcus aureus in 
2017 and CoNS - Coagulase-negative staphylococci between 2018 and 2020. A total of 617 bacterial isolates were 
obtained, excluding cases where it was more than one isolate of the same pathogen from the same patient and the same 
site of infection. Among these, 427 isolates (69.21%) were Gram-positive and 190 isolates (30.79%) were Gram-negative 
bacteria (Table 1).

The most frequently isolated of all micro-organisms identified in the blood samples for the entire period (2017–2020) 
were CoNS (318–51.54%), followed by Klebsiella pneumoniae (70–11.34%), MRSA (58–9.40%), Acinetobacter bau-
mannii (45–7.29%) and Enterococcus faecalis (42–6.80%). The number of Klebsiella pneumoniae strains significantly 
increased in 2020, compared to the previous year (p < 0.05). An important increase, but without statistical significance, 
was also recorded in the case of E. coli and CoNS (Table 1).
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Figure 1 Distribution by gender and age of the patients admitted to the intensive care unit (ICU) of emergency clinical county hospital of craiova, Romania, 2017–2020 
(Absolute numbers).
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The most common isolate of the Gram-negative pathogens was Klebsiella pneumoniae (70–36.65%), followed by 
Acinetobacter baumannii (45–23.56%), E.coli (27–14.13%), Pseudomonas aeruginosa (20–10.47%) nonfermenting 
Gram-negative bacilli, other than Pseudomonas and Acinetobacter (NFB) (11–5.76%) and Proteus (8–4.18%).

Among Gram-positive bacteria, on the first place were placed CoNS - Coagulase-negative staphylococci, representing 
over 50% of the total microorganisms isolated during the study period. The second predominant Gram-positive bacteria, 
accounting for 13.61% (58) of all isolates, was MRSA, followed by Enterococcus spp. (42–9.86%).

Forty percent of the total positive samples were identified in 2020, the year in which the highest number of positive 
samples with CoNS was registered (134–42.27% of the total CoNS identified) (Table 1).

Klebsiella pneumoniae ranked 2nd in frequency both in 2019 (8.33%), as well as in 2020 (15.26%), when the number 
of positive samples with this pathogen has doubled. MRSA ranked first among the isolated pathogens in 2017 (34.56%) 
and 3rd in 2018 (8.40%) and for the entire analyzed period (9.4%). The number of Acinetobacter baumannii strains 
identified in 2018–2020 was the same,12 but was in second place as the frequency in 2018 (11.76%), third in 2019 
(8.33%) and fourth in 2020 (5.62%).

By gender, isolation rates indicate a higher value for male patients in the case of MRSA, Acinetobacter baumannii, 
CoNS, and more than double for Klebsiella pneumoniae, but without statistical significance (Figure 2).

In terms of germ distribution by age group, there was a significant difference in E.coli prevalence between adults 20– 
64 years of age and elderly people (over 65 years) (p < 0.01; 2.31% vs 6.36%). The Acinetobacter baumannii prevalence 
was significantly higher in the age group of 20–64 years (10.89%) and over 65 years (3.53%) (p < 0.001). The difference 
between the prevalence of CoNS in elderly people (67.84%) and in adults (20–64 years) (52.47%) was also statistically 
significant (p < 0.001) (Figure 3).

Approximately half of the MRSA (27–46.55%) and Enterococcus faecalis (20–47.61%) isolates were MDR. Almost 
all of the isolated Acinetobacter baumannii strains were MDR (44–97.77%), 8 strains were sensitive to a single antibiotic 
from all those tested, while one strain was resistant to all antibiotics used for testing. Only 2 of the E.coli strains were 
MDR, while 5 showed resistance to cephalosporins and fluoroquinolones.

Table 1 Distribution of the Microorganisms Isolated from Blood Samples from ICU Patients at Emergency 
Clinical County Hospital of Craiova, Romania, 2017–2020

Microorganism Year

2017 2018 2019 2020 2017–2020

N=, (%) N=, (%) N=, (%) N=, (%) N=, (%)

MRSA 28 (48.28) 10 (17.24) 11 (18.96) 9 (15.52) 58 (100)

MSSA 0 (0) 0 (0) 2 (50) 2 (50) 4 (100)
CoNS 19 (5.98) 70 (22.01) 94 (29.56) 135 (42.45) 318 (100)

Streptococcus gallolyticus 2 (40) 0 (0) 0 (0) 3 (60) 5 (100)

Enterococcus faecalis 4 (9.52) 6 (14.29) 8 (19.05) 24 (57.14) 42 (100)
Escherichia coli 5 (18.52) 6 (22.22) 4 (14.82) 12 (44.44) 27 (100)

Klebsiella pneumoniae 10 (14.29) 8 (11.43) 14 (20) 38 (54.28) 70 (100)

Proteus mirabilis 2 (25) 1 (12.50) 2 (25) 3 (37.50) 8 (100)
Pseudomonas aeruginosa 1 (5) 1 (5) 13 (65) 5 (25) 20 (100)

Acinetobacter baumannii 3 (6.67) 14 (31.11) 14 (31.11) 14 (31.11) 45 (100)

NFB 4 (36.36) 2 (18.18) 4 (36.36) 1 (9.10) 11 (100)
Enterobacter cloacae 1 (25) 0 (0) 1 (25) 2 (50) 4 (100)

Citrobacter freundii 2 (66.67) 1 (33.33) 0 (0) 0 (0) 3 (100)

Providencia stuartii 0 (0) 0 (0) 1 (50) 1 (50) 2 (100)
Total 81 (13.12) 119 (19.28) 168 (27.22) 249 (40.35) 617 (100)

Abbreviations: MRSA, Methicillin-Resistant Staphylococcus aureus; MSSA, Methicillin-Susceptible Staphylococcus aureus; CoNS, 
Coagulase-negative staphylococci; NFB, nonfermenting Gram-negative bacteria.
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Sixty-five percent13 of the Pseudomonas aeruginosa strains were MDR, 12 of them were sensitive only to one 
antibiotic (Colistin) of those used for testing, while one of the strains was found resistant to all 23 antibiotics used for 
testing. Half of the Klebsiella pneumoniae strains34 were MDR.

Among the MDR Gram-positive pathogens, between 2017 and 2020, around 50% of the MRSA strains were MDR 
(Figure 4) and the number of isolated MDR strains was three times lower in 2020, compared to 2017. This can be 
explained by the intensification of infection control measures at the hospital level. The percentage of MDR strains of 
Enteroccocus faecalis isolated dropped by half in the analyzed period (from 75% to 37.5%), but the absolute number 
of MDR strains was three times higher. The number of isolated CoNS strains was seven times higher in 2020 
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Figure 2 Distribution by gender of the most common microorganisms isolated from blood samples from patients hospitalized in ICU, emergency clinical county hospital 
Craiova, Romania, between 2017–2020.
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compared to 2017, the percentage of MDR strains being almost 50% in 2018–2019 and decreasing to 30% in 2020. 
The resistance was found in at least three different antibiotic groups: aminoglycosides, tetracyclines and 
fluoroquinolones.

In the case of the most frequently isolated gram-negative bacteria, our research revealed the fact that all Acinetobacter 
species isolated in 2017 (3), 2019 (14) and 2020 (14) were MDR, and only one was not MDR in 2018. Also, a PDR 
Acinetobacter strain was isolated. In the first two years of the analyzed period, MDR Pseudomonas spp was isolated in 
a single blood sample, but in 2019–2020 the number of identified strains was increasing, and the percentage of MDR 
strains was around 60%. The percentage of MDR strains of Klebsiella pneumoniae decreased in 2018 (37.5%), but in the 
following years, half of the strains were MDR, also increasing the total number of isolated strains. The resistance was 
found to at least three different antibiotic groups: cephalosporins, carbapenems and fluoroquinolones.

Multiple antibiotic resistance (MAR) index was determined for each isolate. The average MAR index resulting from 
the study was for Klebsiella pneumoniae strains of 0.80, for E. coli of 0.26, for the Acinetobacter baumannii strains of 
0.79, for the Pseudomonas aeruginosa strains of 0.67 and for Enterococcus faecalis strains of 0.64. Klebsiella 
pneumoniae strains showed high resistance to cephalosporins, over 80% of the strains isolated in our study being 
resistant to third-generation cephalosporins, and over 70% to fourth-generation cephalosporins. Over 70% of the 
Klebsiella pneumoniae strains were resistant to meropenem and ertapenem, and almost 60% to imipenem. A very high 
percentage was registered also for fluoroquinolones (up to 80%) and amoxicillin/ clavulanic acid (almost 80%). In terms 
of resistance to monobactams (Aztreonam), it was also around 80% (Table 2).

One-third of E. coli isolates were resistant to third-generation cephalosporins and fluoroquinolones, while less than 
4% were resistant to carbapenems. The research highlighted that there was statistical difference between the drug 
resistance rate of Klebsiella pneumonia and E. coli strains to ceftazidime and ceftriaxone (p < 0.001).

In the case of MRSA isolates, all were resistant to oxacillin and penicillin, and also a higher drug resistance rate was 
found to be against erythromycin (87.93%), fluoroquinolones (around 70%) and clindamycin (almost 80%). Around 15% 
of the tested MRSA strains were resistant to vancomycin and around 20% to teicoplanin (Table 3).

Almost 80% of the isolated strains of CoNS were resistant to penicillin, 60% to clindamycin and ciprofloxacin, and 
over 70% to erythromycin, oxacillin and tetracycline (Table 3). But the results must be interpreted with caution because 
we have to take into consideration the possibility of contamination of the samples. Repeated blood cultures should have 
been harvested to highlight the same germ to support the diagnosis, and that did not happen in our study.

In the case of Pseudomonas aeruginosa strains, it was identified a high resistance (75%) to third-generation 
cephalosporins and also to fourth-generation (over 70% from the tested antibiotics), fluoroquinolones (over 70%), 
aminoglycosides and carbapenems (65–75%). Only 12.5% of the tested strains were found resistant to Colistin, which 

Figure 4 Trend of most frequent multi-drug resistance (MDR) microbial isolates from blood samples from patients hospitalized in ICU, emergency clinical county hospital 
Craiova, Romania, between 2017–2020.
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is very often used in this hospital for the treatment of patients with severe infections with MDR Gram-negative 
pathogens.

The Enterococci isolates were found resistant in high proportion to ciprofloxacin (83.33%) and erythromycin 
(88.09%). Almost 12% of the isolates were resistant to linezolid.

A very high level of resistance was found for the Acinetobacter strains to the third (97.77%- Ceftazidime, 88.88% - 
Ceftriaxone) and fourth-generation cephalosporins (97.77% - Cefepime). High resistance was found also to the carba-
penems (84–95%), piperacillin-tazobactam (93.33%), fluoroquinolones (80–95%) and aminoglycosides (70–97%) 
(Table 4).

Table 2 Antimicrobial Resistance Pattern of Enterobacteriaceae GNB (Number and Percentage) 
from Blood Samples from ICU Patients at Emergency Clinical County Hospital Craiova, Romania, 
2017–2020

Antimicrobial Agent Klebsiella pneumoniae 
(N=70)

Escherichia coli  
(N=27)

Proteus mirabilis  
(N=8)

N=, (%) N=, (%) N=, (%)

Ampicillin 66 (94.28) 18 (66.66) 4 (50)

Amoxicillin/ clavulanic acid 55 (78.57) 5 (27.77) 4 (50)

Amikacin 28 (40) 1 (3.70) 1 (12.5)

Aztreonam 54 (77.14) 4 (14.81) 0 (0)

Cefepime 51 (72.85) 3 (11.11) 1 (12.5)

Cefotaxime 57 (81.42) 6 (22.22) 1 (12.5)

Cefoxitin 47 (67.14) 2 (7.40) 1 (12.5)

Ceftazidime 58 (82.85) 8 (29.62) 2 (25)

Ceftriaxone 57 (81.42) 9 (33.33) 2 (25)

Cefuroxime 11 (15.71) 3 (11.11) 1 (12.5)

Ciprofloxacin 58 (82.85) 8 (29.62) 3 (37.5)

Levofloxacin 49 (70) 10 (37.03) 3 (37.5)

Moxifloxacin 44 (62.85) 7 (25.92) 2 (25)

Colistin 8 (11.42) 5 (18.51) 8 (100)a

Ertapenem 52 (74.28) 1 (3.70) 0 (0)

Imipenem 41 (58.57) 1 (3.70) 6 (75)

Meropenem 50 (71.42) 1 (3.70) 0 (0)

Gentamicin 36 (51.42) 3 (11.11) 2 (25)

Piperacillin/tazobactam 54 (77.14) 3 (11.11) 1 (12.5)

Tobramycin 54 (77.14) 4 (14.81) 3 (37.5)

Tetracycline 40 (57.14) 8 (29.62) 8 (100)

Tigecycline 10 (14.28) 1 (3.70) 5 (62.5)

Chloramphenicol 44 (62.85) 3 (11.11) 4 (50)

Note: aProteus is inherently resistant to colistin.
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Table 3 Antimicrobial Resistance Pattern of Gram Positive Coci (Number and Percentage) from Blood 
Samples from ICU Patients at Emergency Clinical County Hospital Craiova, Romania, 2017–2020

Antimicrobial Agent MRSA N=58 CoNS N=318 Enterococcus faecalis N=42

N=, (%) N=, (%) N=, (%)

Ciprofloxacin 42 (72.41) 189 (59.43) 35 (83.33)

Clindamycin 46 (79.31) 188 (59.12) 8 (19.04)
Erythromycin 51 (97.93) 232 (72.96) 37 (88.09)

Gentamicin 35 (60.34) 158 (49.69) 5 (11.90)
Levofloxacin 15 (25.86) 153 (48.11) 22 (52.38)

Linezolid 2 (3.44) 32 (10.06) 5 (11.90)

Moxifloxacin 40 (68.96) 181 (56.92) 6 (14.28)
Oxacillin 58 (100)a 233 (73.27) –b

Penicillin 58 (100) 251 (78.93) 13 (30.95)

Rifampicin 30 (51.72) 143 (44.97) –b

Teicoplanin 8 (13.79) 28 (8.81) 4 (9.52)

Tetracycline 37 (63.79) 222 (69.81) 25 (59.52)

Tigecycline –b 1 (0.31) 1 (2.38)
Vancomycin 4 (6.89) 21 (6.60) 9 (21.42)

Notes: aMRSA is 100% resistant to oxacillin by definition. bPartially tested or not tested.

Table 4 Antimicrobial Resistance Pattern of Non-Fermenting GNB (Number and Percentage) 
from Blood Samples from ICU Patients at Emergency Clinical County Hospital Craiova, 
Romania, 2017–2020

Antimicrobial Agent Acinetobacter  
baumannii N=45

Pseudomonas  
aeruginosa N=20

Other NF- GNB 
N=11

N=, (%) N=, (%) N=, (%)

Amoxicillin/clavulanic acid 12 (26.66%) –a 2 (18.18%)

Aztreonam 17 (37.77%) –a 9 (81.81%)

Ceftazidime 40 (88.88%) 15 (75%) 5 (45.45%)
Ceftazidime 40 (88.88%) 15 (75%) 5 (45.45%)

Ceftriaxone 40 (88.88%) –a 7 (63.63%)

Cefotaxime 40 (88.88%) 15 (75%) 6 (54.54%)
Cefuroxime 40 (88.88%) –a 2 (18.18%)

Cefazolin –a –a 2 (18.18%)

Cefepime 40 (88.88%) 13 (65%) 8 (72.72%)
Ertapenem –a 2 (10%) 1 (9.09%)

Imipenem 38 (84.44%) 13 (65%) 5 (45.45%)

Meropenem 43 (95.55%) 15 (75%) 5 (45.45%)
Ciprofloxacin 43 (95.55%) 15 (75%) 9 (81.81%)

Levofloxacin 36 (80%) 14 (70%) 5 (45.45%)

Gentamicin 44 (97.77%) 13 (65%) 7 (63.63%)
Piperacillin/tazobactam 42 (93.33%) 15 (75%) 5 (45.45%)

Tetracycline 33 (73.33%) 2 (10%) 7 (63.63%)

Colistin 4 (8.88%) 2 (10%) 4 (36.36%)
Tigecycline 5 (11.11%) 12 (60%) 5 (45.45%)

Tobramycin 32 (71.11%) 15 (75%) 9 (81.81%)

Note: aPartially tested or not tested.
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Discussion
The research we carried out aimed at detecting the main pathogens involved in bloodstream infections (BSI) in patients 
hospitalized in the ICU, over a 4 years period, as well as the analysis of antibiotic resistance profile in the case of these 
microorganisms and the identification of the MDR strains.

Our study revealed that almost half of the blood culture specimens harvested from the patients admitted to the ICU 
were positive. The most common isolated strains identified as being involved in bloodstream infections belonged to 
CoNS (51.354%), followed by Klebsiella pneumoniae (11.34%), and MRSA (9.40%). CoNS ranked first among isolated 
microorganisms in other researchers’ studies.13

In other studies conducted with the aim of highlighting the MDR strains which caused other types of infections 
besides BSI, Klebsiella ranks first among isolated microorganisms,12,14,15 with the same findings in other researchers’ 
studies.16

In other investigations were highlighted as the main pathogens causing BSIs, E. coli and Staphylococcus aureus17–20 

or Acinetobacter baumannii.21,22 In the opinion of other authors, the most common bacterial pathogen was Escherichia 
coli, followed by Pseudomonas aeruginosa and Klebsiella species.23

Although antibiotics are considered to be the most effective method of fighting against infections, their empirical, 
indiscriminate, prolonged, or incorrect usage contributes significantly to the selection of MDR strains.24,25

Our research revealed that half of the strains of Klebsiella pneumoniae are MDR, in the conditions in which, 
according to the European Antimicrobial Resistance Surveillance Network (EARS-Net), in 2019, more than one-third 
(34.5%) of the Klebsiella pneumoniae isolates were resistant to at least one of the antimicrobial groups under 
surveillance (fluoroquinolones, third-generation cephalosporins, aminoglycosides and carbapenems), and combined 
resistance to several antimicrobial groups was frequent.3 According to ECDC Annual Epidemiological Report for 
2019,3 the percentage of invasive isolates resistant to third-generation cephalosporins (cefotaxime or/and ceftriaxone 
or/and ceftazidime) was over 50% in Romania, which also highlights our research, identifying the resistance of over 80% 
to third-generation cephalosporins, and over 70% to fourth-generation cephalosporins, because of the circulation of 
ESBL strains in the hospital. The results were consistent with those of other researches.9,21,26,27

The high percentage of Klebsiella MDR strains, which is the most common of the isolated Gram-negative micro-
organisms highlighted in our research, has a negative impact on the health of the population, as it is associated with 
increased mortality due to these infections.

More than 60% of the Klebsiella pneumoniae strains were found to be resistant to carbapenems, higher than the one 
specified for Romania in the data from ECDC Surveillance Atlas (48.3%),28 but consistent with the highest percentages 
of carbapenem resistance observed in south and south-eastern Europe, reflected in other European surveillance initiatives 
European Centre for Disease Prevention and Control29,30 and with other findings.31 This high resistance to the 
carbapenems is due to the circulation of the plasmids encoding carbapenemase-producing genes.

Twenty-one percent of the Klebsiella strains tested were resistant to colistin, which can represent a substantial public 
health risk because it represents an option for the treatment of the patients with infections caused by multidrug-resistant 
gram-negative bacteria.

A small percentage of E. coli strains have been carbapenem-resistant and 7.4% of strains were MDR, consistent with 
other studies18,19 and with the results published in the ECDC Annual Epidemiological Report 2019,3 according to which 
in Romania, the percentage of invasive isolates resistant to carbapenems was under 5%. In other studies, a high 
percentage of MDR strains was found.32 E coli is also a major cause of bloodstream infections in Europe, with no 
significant EU/EEA trend for third-generation cephalosporin resistance and a small, but statistically significant, decreas-
ing EU/EEA trend for fluoroquinolone resistance.3

Approximately half of the MRSA strains have been MDR, less than the percentage identified in other studies 
performed in Romania,5 but consistent with other findings,4,31 while Staphylococcus aureus is one of the most common 
causes of bloodstream infections, exhibiting a high burden in terms of morbidity and mortality.3 Among the most 
important risk factors for MRSA colonization and infection are considered to be ICU admission, intravascular devices, 
prior or prolonged antibiotic therapy.33
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In our research, both Coagulase-negative Staphylococci (CoNS) and MRSA showed high resistance to penicillin and 
fluoroquinolones, which is similar to other studies.12,14,15,34

Sixty five percent of the Pseudomonas strains were MDR, and 60%.10 were sensitive to only one antibiotic (Colistin), 
outcomes consistent with other findings.4,23,35,36, According to the European Antimicrobial Resistance Surveillance 
Network (EARS-Net), the percentage of invasive isolates with resistance to carbapenems was over 50% in Romania, 
Pseudomonas remaining one of the major causes of healthcare-associated infection in Europe.

A cross-sectional survey that also included Romania among other 24 countries, conducted by Infectious Diseases 
International Research Initiative (ID-IRI) between the 1st and 30th November 2019, showed meropenem susceptibility 
rates for K. pneumoniae and Pseudomonas aeruginosa, as the prominent Gram-negative bacilli isolated in ICU, of 
42.1%, respectively 36.8%.10

More than half (53.4%) of the Acinetobacter species isolates reported by EU/EEA countries to EARS-Net for 2019 
were resistant to at least one of the antimicrobial groups under surveillance (fluoroquinolones, aminoglycosides and 
carbapenems). In our study, almost all of the isolates were MDR and it was found a very high level of resistance of 
Acinetobacter strains to the third and fourth-generation cephalosporins, carbapenems, piperacillin-tazobactam and 
fluoroquinolones, which is consistent with the results published by other authors.4,37,38

An important issue is related to the response of patients to antibiotic treatment, which depends on the presence of 
functional insufficiency of the organs, like chronic heart failure, abdominal aorta aneurysm or renal dysfunction, being 
patients who need intensive care services. Patients with abdominal aorta aneurysm present an increased risk of infections, 
during the diagnostic invasive procedures.39 Renal dysfunction is also a common comorbidity in diabetes, heart failure, 
and is a strong independent predictor of an increased risk of anaemia and even death.40 A worrying phenomenon in 
Romania is also the existence of the MDR-TB and XDR-TB cases in socio-economic conditions (malnutrition, 
agglomeration, stress), including the cases of extrapulmonary tuberculosis which originates from the hematogenous 
metastatic affects developed during the prime TB infection period.41

The results of our study draw attention to the need for rapid implementation of public health measures, including 
monitoring the prescribing of state-of-the-art antibiotics and the application of measures to prevent and control hospital- 
acquired infections (HAIs).

Although the samples collected came from patients hospitalized in one of the largest hospitals in Romania, our study 
has several limitations. The limits are related to the fact that the results are not confirmed by highlighting the same 
pathogen in repeated blood sample (2–3 samples/24 hours). The analysis also included CoNS, stating that the possibility 
of contamination cannot be ruled out.

Conclusion
The study revealed an alarming prevalence of MDR strains isolated in blood samples of the patients admitted to the ICU, 
in South-West region of Romania, exceeding the national average, which limits the therapeutic possibilities, leading to 
increased mortality and to the risk as a part of these resistant strains to spread outside the hospital causing infections in 
the community. It is necessary to intensify the measures for preventing hospital acquired bloodstream infections and the 
constant surveillance of antibiotic consumption, in order to reduce the proliferation of MDR strains.

Abbreviations
ICU, intensive care unit; MDR, multidrug-resistant; CoNS, Coagulase-negative staphylococci; MRSA, Methicillin- 
Resistant Staphylococcus aureus; AMR, Antimicrobial Resistance; HAIs, hospital-acquired infections; EARS-Net, 
European Antimicrobial Resistance Surveillance Network; ECDC, European Centre for Disease Prevention and 
Control; MDR-GPRs, MDR gram-positive organisms; VRE, vancomycin-resistant enterococci; DRSP, drug-resistant 
Streptococcus pneumoniae; MDR-GNRs, MDR gram-negative organisms; MAR, multiple antibiotic resistance index; 
XDR, Extensively drug-resistant; PDR, Pan-drug-resistant.
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