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Introduction: Nosocomial infections represent one of the biggest challenges faced by clinicians in the intensive care unit (ICU) and is as-
sociated with high morbidity and mortality. Infections in ICU are most often very serious and represent often the cause of hospitalization in 
intensive care clinics. 
Aim of the study: This paper presents the incidence of nosocomial infections, and the sensitivity to antibiotics encountered in our ICU.
Material and Methods: This prospective study was conducted for two years at the Clinic of Anesthesia and Intensive Care, Emergency 
County Hospital “Pius Brinzeu” Timisoara, Romania. All patients admitted to the ICU were analyzed in terms of signs and symptoms of bacte-
rial infections.
Results: A total of 1081 microbiological reports were recorded. Among these, 635 (58.70 %) represented infections in the respiratory tract, 
201 (18.60 %) in the bloodstream, 100 (9.30 %) in genitourinary tract, and 10 (0.90 %) in the central nervous system. The top five most fre-
quently identified pathogen in microbiological reports are Klebsiella sp (17.60 %), Acinetobacter sp (14.20 %), Proteus mirabilis (13.80 %), 
Pseudomonas aeruginosa (12.90 %), Staphylococcus aureus - MSSA (12.80%).
Conclusions: In order to choose empirical treatment, international guidelines should be consulted according to each pathology and adapted 
to the sensitivity encountered in the microbiology reports of the Critical Care Unit.
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Introduction
Hospital acquired infections represent one of the biggest 
challenges faced by clinicians in the intensive care unit 
(ICU) in daily medical practice [1-3]. Diagnosis and treat-
ment of infections with different locations and degrees of 
severity is one of the main tasks for medical specialists in 
intensive care. Also, sepsis remains a major cause of late 
mortality in trauma patients [4]. The onset of sepsis can 
occur with all its specific symptoms or, on the contrary, 
the clinical symptoms can be difficult to detect as they can 
be masked by underlying disease. Once there is a query 
of organ infection, one of the main goals is to identify 
the pathogen [5,6]. Typically, bacteriological diagnosis is 
made by cultures or Gram staining and microscopic iden-
tification. Before selecting an empiric antibiotic treatment, 
many clinical and patient-specific factors must be taken 
into account. Contemporary medicine based on extensive 
monitoring led to an increase of survival of patients, but 
also to an increase in number of days of hospitalization in 
the ICU. The use of invasive devices for monitoring and 
treatment, with the ones described above, creates circum-
stances for increased incidence of nosocomial infections 
[7]. The main goal of treatment is early and correct diag-

nosis of infection, as well as efficient antibiotic treatment 
that should be started as soon as possible [8]. Lack of an 
effective antibiotic treatment in the first hours of admis-
sion decreases the chances of survival and studies showed 
that initiation of appropriate treatment after 48 hours of 
diagnosis is virtually useless and mortality is almost 100% 
for some severe life-threatening infections [7-11]. Thus 
arose the concept of de-escalation antibiotic therapy - early 
initiation of ultra-broad-spectrum antibiotic therapy that 
cover potential pathogens incriminated in the occurrence 
of sepsis. When sensitivity is available, antibiotics will be 
readjusted accoriding to the results (hence the origin of 
the term de-escalation - it starts from an ultra-coverings 
antibiotic therapy subsequently restricting the antiobiotics 
depending on the sensitivity).

Because antibiotic sensitivity results are validated after at 
least 48-72 hours, it becomes obvious that understanding 
the types of germs most frequently incriminated in some 
infectious diseases can be extremely beneficial to allow a 
more accurate therapy in the earliest hours of admission 
[2,9,12-14]. 

In this paper, we want to present the microbiological 
reports in our ICU, comprising the incidence of infections 
reported to total population, the incidence of various types 
of infections (respiratory system / urogenital tract / central 
nervous system / abdominal infections / bloodstream in-
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fections etc.), types of pathogens related to the source of 
infection, the overall incidence of pathogens and antibiotic 
sensitivity analysis of pathogens.

Methods

Study design
This prospective study was conducted from 1st of January 
2013 – 1st of January 2015 in Anaesthesia and Intensi-
ve Care Clinic of Emergency County Hospital of „Pius 
Brinzeu” Timisoara, Romania. Database of the study was 
obtained by entering data into the database of the hospital. 
All information has been used by respecting the informed 
consent of the hospital ethics committee. 

Patient population
All patients admitted in ICU in Emergency County Hos-
pital “Pius Brinzeu” Timisoara, between 1 January 2013 
and 1 January 2015 were analyzed. Regarding microbio-
logical reports, a series of criteria were analyzed, such as 
the source of infection, the incidence of pathogens identi-
fied in each source / system, antibiotic sensitivity of each 
pathogen. Microbiological analyzes were performed in the 
Microbiology Laboratory of Clinical Emergency Hospital 
“Pius Brinzeu” Timisoara. 

Statistical analysis
The statistical analysis performed in the study consisted in 
the calculation of frequencies and percentages, as well as 
the calculation of the arithmetic means and the standard 
deviations. Unpaired t test was used for variables expressed 
as the mean and Chi square test for those expressed in per-
centages. Statistical significance was defined as p < 0.05. 
Statistical analysis of data was performed with the com-
puter software Prism 6 for Mac OS X v.6.0. (GraphPad 
Software, Inc., San Diego, CA) and Microsoft Office Excel 
for Mac 2011 v.14.4.8. (Microsoft Corporation, Bucha-
rest, Romania). 

Results 
1081 microbiology reports were analyzed. Table I presents 
the number of microbiology reports and the incidence ac-
courding to the original sourse of infection. The most com-
mon organ dysfunction in ICU is respiratory failure (usu-
ally with mechanical ventilation), having as main causes: 
coma, multiple traumas, sepsis. Typically, over 80% of 
patients admitted to ICU are intubated and mechanically 
ventilated. This inevitably leads to increased incidence of 

pulmonary infections which are, as indicated by the sta-
tistics obtained, the most frequent infectious problems en-
countered in the ICU of our hospital.

Table II presents the number of cases confirmed by posi-
tive cultures and their incidence depending on the source. 
There is an increased incidence of germs in the top four 
positions (Klebsiella sp., Acinetobacter sp., Proteus mira-
bilis, Pseudomonas aeruginosa), with a rate of about 16-
17% each, followed immediately by Staphyloccocus aureus 
MSSA with a percentage of 13.6%. The next most frequent 
pathogen agents are Staphyloccocus aureus MRSA and E. 
Coli. Streptococcus pneumoniae, Streptococcus  group A, 
B, C, G have a lower incidence and usually are responsi-
ble for development of community-acquired pneumonia. 
Haemophilus influenza was not identified, which is a bac-
teria commonly incriminated in the occurrence of early 
onset nosocomial pneumonia or early onset of ventilator 
associated pneumonia.

The conclusion of this data is that differentiation of no-
socomial pneumonia by the time of onset and the supposi-
tion that early onset pneumonias are caused by community 
agents with good sensitivity to common antibiotics, can-
not be applied in our clinic as the majority of nosocomial 
pneumonias are caused by agents with potential multi-
resistance to antibiotics. The overall incidence in ICU, re-
gardless of the source of infection is represented by: 17.60 
% Klebsiella sp (E. Coli/Klebs sp ESBL, E. Coli/Klebs sp 
KPC), 14.20 % Acinetobacter sp., 13.80 % Proteus mira-
billis, 12.90 % Pseudomonas Aeruginosa, 12.80 % Staphy-
loccocus aureus (MSSA), 8.30 % E. Coli (E. Coli/Klebs 
sp ESBL, E. Coli/Klebs sp KPC), 6.90 % Staphyloccocus 
aureus (MRSA), 5.10 % Candida albicans, 2.20 % Pro-
videncia sp, 1.50 % Staphyloccocus aureus (CA-MRSA), 
0.70 % Enterococcus faecalis, 0.60 % Streptococcus group 
A, B, C, G, 0.50 % Serratia sp, 0.40 % Enterobacter sp, 
0.20 % Streptococcus pneumonie, 0.20 % Proteus vulga-
ris, 0.10 % Candida parapsilosis, 0.10 % Citrobacter sp. 

The most frequent infectious pathology is located in 
the respiratory tract, followed at a great distance by blood-
stream infections and those caused by the presence of cen-
tral venous catheters. 

Discussions
International guidelines noted that Klebsiella species have 
intrinsic resistance to ampicillin and other aminopenicil-
lins, and develop resistance to cephalosporins and aztre-
onam by producing extenden-spectrum beta-lactam [15].  
Also, they can develop resistance to aminoglycosides and 
other antibiotics, but remain sensitive to carbapenems 
[16,17]. Resistance to cephalosporins and aminoglycosides 
is well known in south and east Europe. Resistance to car-
bapenems is induced by the production of metallo-beta-
lactamases capable of hydrolyzing the antibiotic molecule 
[1,15]. 

Based on the above, we note that the strains of Kleb-
siella sp. isolated in our ICU have unusually high resistance 

Table I. Microbiology reports related to the source 

Source No. of microbiology reports Percent

Respiratory tract 635 58.70%

Bloodstream 201 18.60%

Genito-urinary tract 100 9.30%

Abdomen 92 8.50%

CNS 10 0.90%

Others 43 4%
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to third generation cephalosporins (over 60% of strains), 
high resistance to aminoglycosides (over 50% of strains) 
and fluoroquinolones (levoflaxacin has the best sensitiv-
ity, but active against only 60% of strains). Resistance to 
carbapenems occurs in over 30% of cases, and the sensi-
tivity is as follows: ertapenem (61%), imipenem (67%) 
and meropenem (73%). In vitro sensitivity to Colistin is 
100%, but this might not be reflected in vivo. Also, the 
results are influenced by the fact that Colistin sensitivity 
was not tested on a regular basis. Among aminoglycoside, 
amikacin and tobramycin are worth mentioning as they 
show acceptable sensitivity (69% for tobramycin), but un-
fortunately are not available in the pharmaceutical market 
in Romania.

Acinetobacter sp. is a Gram negative coccobacillus, 
strictly aerobic, non-fermentative, immobile, oxidase-
negative. These agents are involved in nosocomial infec-
tions in immunocompromised patients [18,19]. The most 
clinically relevant family is represented by Acinetobacter 
calcoaceticus-baumanii complex [20]. An important charac-
teristic is that they are highly resistant to antibiotics. There 
is a discrepancy regarding the sensitivity to carbapenems of 
certain strains, which can be variable. The clinical impact 
of this discrepancy was described in a case report by Lesho 
et al [21], when, based on premises that Acinetobacted Sp 
is sensitive to Imipenem, it was decided to continue the 
antibiotic treatment with meropenem, but eventually cul-
tures showed that the strain was resistant to meropenem. 
Sensitivity for meropenem and imipenem varies between 
30-70% with large differences depending on the location 
where the research was conducted [22]. Unfortunately, in 
our case, statistical analysis reveals extremely low sensitivity 
of Acinetobacter strains both to meropenem (16%) and to 
imipenem (13%). International guidelines recommended 
that in order to obtain a minimum effective inhibitory 

concentration for a longer period of time, doses of carbap-
enems should be given in continuous infusion of about 
3 hours (due to half time of about 4h for meropenem 
and imipenem, but not for doripenem which has a much 
longer half-life) [23]. Reintroduction of colistin in clinical 
practice brings notable benefits in the treatment of Acine-
tobacter sp. infections. Nephrotoxicity and neurotoxicity 
are its main adverse effects, but the risk / benefit balance 
tilts in favour of the administration of this polymixins 
[24]. The in vitro sensitivity to colistin of Acinetobacter 
sp. strains isolated in our case is 97%.

Sulbactam is also known to have a bactericidal effect on 
Acinetobacter sp. In our statistics, 50%  were susceptible to 
sulbactam present in combination ampicillin / sulbactam. 
Among aminoglycoside, only amikacin showed notewor-
thy efficiency of about 46%.

Proteus Mirabilis is one of the most common Gram-
negative agents and can cause a wide range of nosocomial 
or community infections, including urinary tract, res-
piratory, wounds or bloodstream infections [25-27]. This 
micro-organism is intrinsically resistant to nitrofurantoin 
and tetracycline but susceptible to β-lactam, aminoglyco-
sides, trimethoprim-sulfamethoxazole and fluoroquinolo-
nes [28]. However, there is an increasing resistance of these 
species to broad spectrum cephalosporins due to the pro-
duction of extended-spectrum beta-lactamases. In recent 
years, positive extended spectrum beta-lactamases strains 
of P. mirabilis have been described globally, with higher 
prevalence in certain geographic areas of Europe [29]. 
Genes encoding extended-spectrum beta-lactamases are 
usually located on transferable plasmids and are generally 
mutated genes of TEM-1/2 β-lactamase. More than that, 
positive extended-spectrum beta lactamases strains-PM are 
co-resistant to aminoglycosides, trimethoprim-sulfameth-
oxazole and fluoroquinolones [30]. In these cases, Europe-

Table II. The incidence of pathogens identified by their source

Pathogen agent
 Number of cases identified by positive culture (incidence %)

Respiratory tract Genito-urinary tract Intraabdominal CNS Bloodstream

Klebsiella sp. (E. coli/Klebs sp ESBL, E. coli/
Klebs sp KPC)

124 (19.80) 34 (35.40) 10 (11.40) 2 (20) 12 (6.30)

Acinetobacter sp. 105 (16.80) 7 (7.30) 8 (9.10) 3 (30) 18 (9.50)

Proteus mirabilis 98 (15.70) 16 (16.70) 8 (9.10) 1 (10) 17 (8.90)

Pseudomonas aeruginosa 91 (14.50) 11 (11.50) 12 (13.60) 1 (10) 15 (7.90)

Staphyloccocus aureus (MSSA) 85 (13.60) 0 (0) 11 (12.50) 3 (30) 27 (14.20)

Staphyloccocus aureus (MRSA) 44 (7) 0 (0) 3 (3.40) 0 (0) 26 (13.70)

E. coli (E. coli/Klebs sp ESBL, E. coli/Klebs 
sp KPC)

34 (5.40) 13 (13.50) 24 (27.30) 0 (0) 0 (0)

Providencia sp. 15 (2.40) 0 (0) 1 (1.10) 0 (0) 8 (4.20)

Candida albicans 8 (1.30) 10 (10.40) 4 (4.50) 0 (0) 30 (15.80)

Streptoccocus A, B, C, G 5 (0.80) 0 (0) 1 (1.10) 0 (0) 0 (0)

Staphyloccocus aureus (CA-MRSA) 3 (0.50) 0 (0) 1 (1.10) 0 (0) 9 (4.70)

Streptoccocus pneumoniae 2 (0.30) 0 (0) 0 (0) 0 (0) 0 (0)

Enterococcus faecalis 2 (0.30) 2 (2.10) 3 (3.40) 0 (0) 0 (0)

Proteus vulgaris 1 (0.20) 0 (0) 1 (1.10) 0 (0) 0 (0)

Enterobacter sp. 1 (0.20) 1 (1) 0 (0) 0 (0) 0 (0)

Serratia sp. 1 (0.20) 1 (1) 0 (0) 0 (0) 0 (0)

Staphyloccocus epidermidis 1 (0.20) 0 (0) 1 (1.10) 0 (0) 6 (3.50)

Citrobacter sp. 0 (0) 1 (1) 0 (0) 0 (0) 0 (0)
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an guidelines recommend administration of carbapenems 
as the only therapeutic alternative [31]. 

In our patients, the most common strains of Proteus 
Mirabilis isolated from the respiratory tract are producing 
extended-spectrum beta-lactamases. Only 20% of strains 
are susceptible to ceftriaxone and only 10% are susceptible 
to ceftazidime (3rd generation cephalosporins). Trimeth-
oprim-sulfamethoxazole sensitivity is 0. Fluoroquinolones 
maintain a variable sensitivity (ciprofloxacin about 60% 
and 67% for levofloxacin). The most important option for 
therapy remain carbapenem with a very good sensitivity 
(90%) both to imipenem and meropenem. Also aztreonam 
is worth mentioning, with 100% efficiency.

Pseudomonas aeruginosa is one of the most common 
Gram-negative aerobic bacteria responsible for severe 
nosocomial infections. It is a multi-drug resistant germ, 
which greatly complicates the choice of antibiotic therapy 
[32-35]. Pseudomonas aeruginosa infections usually occur 
in immunocompromised patients or in anatomical sites 
with damaged natural barriers (skin, mucous membranes, 
etc.) and extremely rare in healthy people and are consid-
ered opportunistic infections [36]. 

Pseudomonas aeruginosa is intrinsically resistant to 
many antibiotics most commonly mediated by efflux 
pumps. Piperacillin, anti pseudomonas cephalosporin (cef-
tazidime, cefepime), other β-lactams, carbapenems (imi-
penem and meropenem), aminoglycosides and fluoroqui-
nolones resistance are increasing globally. There is also an 
increase in the incidence of strains producing β-lactamases 
metal-mediated plasmids, active against carbapenems, 
cephalosporins and penicillins anti-pseudomonas [12,37]. 
The results of microbiological analysis on Pseudomonas 
aeruginosa isolated from the respiratory tract in our pa-
tients reveals great sensitivity to antipseudomonas ami-
noglycosides (amikacin, tobramycin - over 90%), but 
unfortunately a poor sensitivity to carbapenems (imipe-
nem and 52% to 46% for meropenem), slightly better for 
ceftazidime (56%), tazobactam / piperacillin (56%) and 
ciprofloxacin (58%). From these data it is evident that the 
treatment of infections caused by Pseudomonas aeruginosa 
must be based on a combination of antibiotics followed 
my de escalation. In addition, antibiotic therapy should be 
increased to 14 days.

Staphyloccocus aureus MSSA does not cause special 
problems for intensive care physician, mainly because es-
calating therapy often used in the first phase of treatment 
is active against strains of   Staphyloccocus aureus MSSA 
[38-39]. It should be noted that only when culture re-
sults become available, de-escalation should be performed 
promptly.

Staphyloccocus aureus MRSA represent a global prob-
lem, being resistant to common antistaphylococcal therapy 
[40,41]. 

Resistance is caused by the production of a penicillin 
binding protein, encoded by the mecA gene. Although 

Staphyloccocus aureus MSSA germ was cited with inter-
mediate sensitivity to vancomycin (MIC 8-16μg / ml) and 
others with increased resistance (MIC 32-1024 mg/ml), 
there is no data that they are involved in respiratory tract 
infections [40,42-44]. In our clinic, isolated strains have 
good sensitivity to vancomycin, linzolid, teicoplanin and 
tygeciclin. There were no reported vancomycin-resistant / 
intermediate strains.

Escherichia Coli is a species of Gram-negative bacilli, 
single or pairs, which can cause a broad range of infectious 
diseases from urinary tract infections to nosocomial pneu-
monia. Escherichia genus was named after its discoverer, 
Theodor Escherich. Usually respiratory tract infections 
caused by E coli occur afte micro-aspirations from upper 
airways [45-47]. Co-morbidities such as diabetes, chronic 
obstructive bronchopneumonia, alcoholism favour E. coli 
infection. Clinically, bronchopneumonia usually affects 
the lower lobes, and can be complicated by empyema. An-
other means of dissemination is hematogenic, urogenital 
or abdominal source, in these cases bacteraemia with E. 
coli preceding the occurrence of pneumonia [46-49]. 

Strains of E. coli isolated from the respiratory tract of 
our patients have a good sensitivity to the usual antibiot-
ics. There were no reported cases of carbapenem-resistant 
strains. Resistance to cephalosporins third generation is 
also low.

Providencia include gram-negative bacilli producing 
urease, responsible for a wide range of nosocomial or com-
munity infections. While urinary tract is the most affected, 
Providencia may be associated with gastroenteritis, bacte-
raemia etc. Providencia infections are usually a problem 
for the clinician due to increased resistance to antibiotics 
caused by production of extended-spectrum beta-lacta-
mases [50-52]. 

Providencia species are always resistant to tetracyclines, 
penicillins and first generation cephalosporins, but are 
sensitive to last generation cephalosporins, aztreonam, 
imipenem, meropenem. Providencia sp. have a variable 
sensitivity to fluoroquinolones, aminoglycosides and tri-
methoprim-sulfamethoxazole [51,53].

Providencia stuartii is typically the most resistant of 
all species of Providencia. An Italian study from 2006 
showed that Providencia stuartii positive for extended-
spectrum beta-lactamaze accounted for 10% of all strains 
of bacteria producing extended-spectrum beta-lactamases, 
and showed resistance to amoxicillin-clavulanate (81.8%) 
ampicillin-sulbactam (40.1%), gentamicin (79.5%) and 
ciprofloxacin (84.1%). In other sudiu, 53% of P stuartii 
strains produced extended-spectrum beta-lactamase [53]. 
The strains isolated from the respiratory tract in our clinic 
(15 strains) confirms data from the international literature. 
Carbapenems, amikacin, piperacillin / tazobactam and az-
treonam show, in this order, the best sensitivity. Among 
carbapenems, ertapenem has very good sensitivity, usually 
used to treat community pneumonia. 
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In order to choose empirical treatment, guidelines 
should be consulted depending on the source of infection 
and sensitivities as highlighted in the current study, as fol-
lows: the empirical treatment of infections of the blood-
stream must be compulsory directed against: Staphylococ-
cus aureus MSSA (methicillin sensitive) / Candida albicans 
/ Staphylococcus aureus MRSA (methicillin resistant) / 
Acinetobacter and is recommended to include the com-
bination of: vancomycin, colistin and antifungal; empiric 
treatment in the low urinary tract infections should be 
compulsory directed against: Klebsiella sp. / Proteus Mi-
rabilis / Candida albicans / Pseudomonas aeruginosa and 
is recommended to include the combination of merope-
nem / imipenem and antifungal; empirical treatment of 
nosocomial pneumonia should be compulsory directed 
against: Klebsiella sp. / Acinetobater sp. / Proteus Mirabilis 
/ Pseudomonas aeruginosa and is recommended to include 
the combination of: meropenem / imipenem, colistin 
and amikacin; empiric treatment in abdominal infections 
should be compulsory directed against E. coli / Klebsiella 
sp. / Methicillin-sensitive Staphylococcus and is recom-
mended to be performed with meropenem / imipenem 
and aminoglycosides.

There is a low incidence of infections caused by com-
munity agents with good sensitivity to common antibiot-
ics. This fact is due in part by the fact that the majority of 
the patients admitted in the ICU have a background of 
antibiotic administration, either started on the wards, or at 
home, leaving only the remaining resistant microbial flora.
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