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Aim: To present the etiology of bacteremic syndromes and antibiotic susceptibility of blood culture isolates from a Romanian county hospital, 

as well as their distribution within different wards. 

Methods: We retrospectively analyzed the blood culture data collected from patients hospitalized in the County Emergency Clinical Hospital 

of Tirgu Mures over a period of two years. We followed aspects regarding the identifi ed bacterial species, their distribution by sex, age groups 

and wards, the spectrum of resistance to antibiotics and main resistance phenotypes. 

Results: Most positive samples came from ICU, nephrology and urology. The most isolated bacteria were coagulase-negative staphylococci, 

Escherichia coli, and Staphylococcus aureus. All isolates showed a high resistance to most classes of antibiotics, staphylococci being sus-

ceptible to glycopeptides, oxazolidinones and glycylcyclines, and the enterobacteria to aminoglycosides and carbapenems. The resistance 

in non-fermentative bacilli exceeded 80% to most classes of antibiotics. The methicillin-resistance was 36% for coagulase-negative staphylo-

cocci and 82% for Staphylococcus aureus; the percentage of extended-spectrum beta-lactamase producing strains was 30%. 

Conclusions: The etiology of bacteremic syndromes is specifi c to the ward profi le, the Staphylococcus spp. being primarily isolated from 

wards where invasive procedures are frequently performed, while the enterobacteria from urology and nephrology wards. The level of antibiotic 

resistance is higher in surgery and ICU wards, with also higher percentage of resistance phenotypes than in medical wards.
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Introduction
Although great progress has been made in recent years in 
medical research, the problem of serious infections with 
progression to sepsis remains incompletely elucidated. 
Bacteremic syndromes (presence of bacteria in the blood 
stream, associated with fever, chills, shortness of breath, 
though it may cause no symptoms) are currently a major 
cause of morbidity and mortality, therefore etiologic and 
epidemiologic studies must be considered. Furthermore, 
the misuse and the abuse of broad-spectrum antibiotics 
in hospitals is favoring the selection of resistant strains to 
antibiotics and chemotherapeutics [1,2]. Sepsis remains a 
major problem in intensive care units (ICU), with an esti-
mated cost of €20,000– €30,000/case in Europe, thereby 
with a strong fi nancial impact on each country's health 
budget [3].

Hospitalized people present multiple predisposing fac-
tors for sepsis, such as poor immunological status, trauma, 
invasive devices or certain pathological conditions, and 
types of treatments that increase vulnerability to infections. 
In addition, patients colonized at admission are exposed to 
a greater risk of infection when invasive procedures are ap-
plied [4–7].

Th e microbiological evidence of sepsis is sometimes 
defi cient. Blood cultures are often negative, and results of 
microbiological investigations can be misleading in many 
cases [8,9]. Th e interpretation of microbiological results 
for patients in critical condition can be diffi  cult, as a dif-
ferentiation between contamination and infection cannot 
be possible sometimes, especially if more samples are not 
simultaneously and correctly collected [10]. 

Purpose
Evaluation of bacterial etiology of diseases associated with 
bacteremia in patients hospitalized in the County Emer-
gency Clinical Hospital of Tîrgu Mureș, Mureș county, 
Romania, following the distribution of diff erent bacterial 
species in medical and surgical wards and the evaluation 
of antibacterial resistance spectrum of the blood culture 
isolates.

Material and methods
In this retrospective study, we analyzed the blood culture 
data from patients hospitalized in the County Emergency 
Clinical Hospital of Tîrgu Mureș between October 18, 
2010 and October 18, 2012. We followed aspects regard-
ing the variability of bacterial species, their distribution 
by sex, age groups and wards, the spectrum of resistance 
to antibiotics, resistance phenotypes that are common in 
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practice (methicillin-resistant staphylococci, extended 
spectrum beta-lactamase producing enterobacteria).

Th e blood cultures were collected under the suspicion of 
a bacteremic syndrome and processed by the bioMérieux 
BactAlert® automated blood culture system; for identifi ca-
tion of bacteria, both conventional methods and automatic 
bioMérieux Vitek2® system were used, according to the 
laboratory’s standard working procedures. Data were col-
lected from blood culture registers, subsequently pooled 
and processed using spreadsheet software. To avoid statisti-
cal errors, we considered only the fi rst isolate of the same 
species isolated for each patient. If multiple blood cultures 
were processed from the same patient, and the results re-
garding the bacterial species and antibiotic susceptibility 
were similar, we counted the data only once. Otherwise, 
each diff erent blood culture was counted separately. 

Statistical analysis was performed using GraphPad In-
Stat 3.0 program, with an alpha signifi cance level of 0.05. 

Th e study was conducted with the approval of Eth-
ics Committee for scientifi c research of the University of 
Medicine and Pharmacy of Tîrgu Mureș, all patient data 
being anonymized.

Results
Th e microbiology laboratory from where the records were 
analyzed, processed samples from intensive care units 
(ICU), surgical departments (general surgery, urology), 
medical (medical clinic, nephrology, pneumology, gastro-
enterology) and pediatric wards. During the study, 1548 
blood cultures were collected, and 123 were positive cases 
(7.95%). Th e age group from which came most of the bac-
terial isolates was 60–69 years (41 cases, 33.3%), followed 
closely by 70–79 years (30 cases, 24.4%), with a median of 
64 years, where predominantly staphylococci (26 isolates, 
21.1%) and enterobacteria (30 isolates, 24.4%) were found.

Looking at the gender distribution there was a male 
predominance of positive samples (74 cases, 60.1%) as 

compared to females (49 cases, 39.9%). Coagulase-nega-
tive staphylococci (CoNS) were identifi ed in the highest 
percentage (29.3%), closely followed by Escherichia coli 
(25.2%). A smaller percentage was represented by Staph-
ylococcus aureus (13.8%), the rest of the species being 
found in lower percentages, between 0.8% and 9.8%.

Most positive samples were from the ICU ward, fol-
lowed by nephrology and urology (Table I).

Among the species of staphylococci, most (68%) were 
CoNS (Staphylococcus epidermidis and hominis, 16 cases 
in each one, the rest being represented by Staphylococcus 
haemolyticus, cohni and simulans). Staphylococcus aureus 
was identifi ed in lower percentage (32%).

Staphylococci showed a high resistance (over 60%) to 
most classes of antibiotics, retained sensitivity to vancomy-
cin, linezolid and tigecycline. Th ere was a good sensitiv-
ity to trimethoprim-sulfamethoxazole for Staphylococcus 
aureus, of 86.7%. Th e methicillin-resistance was 82% for 
Staphylococcus aureus and 36% for CoNS (Figure 1). 

Distribution by wards show a preponderance of isolates 
from ICU for both Staphylococcus aureus (6 cases, 35.3% 
of all Staphylococcus aureus isolates) and the CoNS (19 
cases; 52.7% of all CoNS). Although in some wards the 
number of staphylococcal isolates was small, the methicil-
lin-resistance reached up to 100% for Staphylococcus au-
reus (nephrology, pediatrics, surgery). High proportion of 
methicillin-resistance (68.4%) was seen in CoNS in ICU 
ward.

Th e statistical comparison regarding the resistance de-
gree to antibiotics, show signifi cant diff erences only for 
ciprofl oxacin, in case of CoNS (p = 0.025), with increased 
resistance in surgical wards and ICU (87%) compared to 
the medical wards (46.2%). For other classes of antibiotics, 
although the level of resistance is higher in surgical wards 
and ICU than in medical wards, the diff erences were not 
statistically signifi cant. MRSA was found in higher percent 
in medical wards (88.9%) (Figure 2).

Th e number of staphylococcal strains isolated from both 
aerobic blood culture bottle and also in the anaerobic was 
signifi cantly higher in S. aureus compared with CoNS, 
with p <0.0001, OR = 2.676 (1.399–5.119 at CI 95%).

Within the fermentative Gram-negative bacilli, two spe-
cies were identifi ed: Escherichia coli (72.09%) and Kleb-

Table I. Distribution of microbial isolates by wards
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ICU 6 19 4 2 7 4 42

Nephrology 4 7 10 1 6 28

Urology 2 11 4 2 1 20

Medical clinic 4 3 4 2 1 14

Surgery clinic 2 2 1 1 2 1 9

Pediatrics 1 1 1 3

Pneumology 2 1 3

Gastroenterology 1 1 2

Neurology 1 1

Burn ward 1 1

TOTAL 17 36 31 12 5 10 12 123
Fig. 1. Antibiotic susceptibility spectrum of staphylococci
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siella pneumoniae (27.91%). Out of the total, 13 strains of 
Enterobacteriaceae were identifi ed as extended-spectrum 
beta-lactamase (ESBL) producing ones (30.23%).

A larger number of Enterobacteriaceae (30 cases, 70%) 
were isolated from the male gender than from females, and 
the elderly (60–80 years) were most involved. In Entero-
bacteriaceae, a medium level of resistance to most classes 
of antibiotics was observed. Th ere was good sensitivity to 
aminoglycosides and carbapenems (Figure 3). 

Most isolates belonging to Enterobacteriaceae were de-
rived from urology wards (15 cases, 34.88%) and neph-
rology (11 cases, 25.58%). In other surgical wards except 
urology, fewer enterobacteria were identifi ed.

Th e degree of antibiotic resistance was generally higher 
in the wards that are using invasive procedures than in 
medical wards, for all classes of antibiotics except tetracy-
cline and gentamicin. Signifi cant diff erences occurred only 
in the case of fl uoroquinolones, with a much higher resist-
ance (81%) in surgical wards and ICU compared to the 
medical ones (40%), p = 0.017. Th e percentage of ESBL 
producing strains was 30.2%, with no signifi cant diff er-
ences between the two types of wards (p = 0.738).

In the category of non-fermentative Gram-negative 
bacilli (NFGNB), Acinetobacter baumannii was mainly 
identifi ed (10 cases, 67%), followed by Pseudomonas aer-
uginosa (4 cases, 27%) and Pseudomonas putida (1 case, 
6%). Th e age group most aff ected by NFGNB was be-
tween 60–69 years (7 cases, 46.7%). Th e highest number 
of NFGNB was identifi ed in ICU ward (7 cases, 46.7%, all 
of which were represented by Acinetobacter spp.).

Th e NFGNB resistance to antibiotics was extremely 
high, exceeding 80% in most classes of antibiotics. Medi-
um strength (about 50%) occurred to amikacin, tobramy-
cin and imipenem. Very good sensitivity (100%) was iden-
tifi ed only to colistin.

Except for Candida albincans (3 cases, 0.02%), no other 
fungal species were identifi ed.

Discussions
In this study there was a low rate of positivity (8%) as com-
pared to the blood cultures described in the literature. For 
example, in an observational cohort study published in 
2006, the positivity rate was 60%, and in a study in inten-

sive care units, the positivity rate was 50% only for CoNS 
[11,12]. Failure in respecting the clinical and laboratory 
criteria for collecting the blood cultures can lead to a low 
rate of positivity [13]. 

Most samples positive for staphylococci and NFGNB 
were collected from the ICU wards, and from urology 
in case of enterobacteria, respectively. In a similar study 
conducted in another clinical hospital in Tîrgu Mureș, 
the identifi ed species and ward distribution were about 
the same to those presented in the current study, but for 
Staphylococcus aureus 64% were methicillin-resistant — a 
lower percentage than the one identifi ed by us (82%), and 
among Enterobacteriaceae predominated the Klebsiella 
spp. (47%); the percent of ESBL producing enterobacteria 
was about the same (31%) [14]. 

In this study, staphylococci (Staphylococcus aureus in 
particular) presented a high level of antibiotic resistance, 
including methicillin-resistance, aspects described in other 
studies and reports, but usually at lower levels (MRSA be-
tween 1–50% in Europe, 49.5% in Romania in 2011, 44% 
in a cohort study from USA) [15,16]. It can be concluded 
that the degree of methicillin-resistance of staphylococci is 
high in our area.

Th e high percentage of Escherichia coli isolates in males 
can be explained by the large number of samples obtained 
from the urology ward, knowing that this bacterial species 
is commonly involved in urinary tract infections [17].

In this study, the NFGNB were identifi ed in surgical 
and ICU wards, and their resistance to antibiotics was 
extremely high, even higher than 80% in most classes of 
antibiotics. Similar fi ndings have been identifi ed in other 
studies, such as a recent one from 2012, where 22% of the 
isolates were from ICU wards; in contrast, Acinetobacter 
baumannii general resistance to carbapenems was 90%, 
almost double to the one identifi ed in this study [18]. Ac-
cording to other data, resistance to carbapenems can be 
quite low, only about 4.5% [19].

Th e diff erentiation between contamination and etio-
logical involvement is still a problem for blood cultures 
[20]. A study of 843 positive blood cultures managed to 
diff erentiate the germs that are commonly involved in real 
bacteremic syndromes from those that are frequently con-
taminants. In the fi rst category were included Staphylo-

Fig. 2. Antibiotic resistance (%R) among clinical ward types Fig. 3. Antibiotic susceptibility spectrum of enterobacteria
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coccus aureus, Streptococcus pneumoniae, Escherichia coli 
and other enterobacteria, Pseudomonas aeruginosa and 
Candida albicans, but also other germs with defi nite, but 
rare involvement, like beta hemolytic streptococci (Strep-
tococcus pyogenes and agalactiae), Neisseriaceae (Neisseria 
meningitidis and gonorrhoeae), Haemophilus infl uenzae 
or Listeria monocytogenes). Th e second category, which 
means contamination, included CNS, Corynebacterium 
spp., Bacillus spp., Propionibacterium acnes, Micrococcus 
spp., viridans group streptococci and enterococci [21]. 

In our case, the CoNS situation is particularly noticed, 
as being part of the normal skin fl ora, they may frequently 
be contaminants of the samples; other possible contami-
nants were also identifi ed (Corynebacterium spp., Micro-
coccus spp., Enterococcus spp.). Th e same situation was 
also described in other clinics. For example, several stud-
ies have identifi ed the CoNS as the most frequent isolates, 
but in much smaller percentage than us, and yet, questions 
about the collection and identifi cation techniques have 
been raised [22,23]. 

However, there is no denying the fact that CoNS can 
be involved in infections, especially in those related to in-
travascular devices, including sepsis. We could not clarify 
the relevancy of CoNS isolates, because in the absence of 
twin sets of blood culture collection, we were not able to 
follow the diagnostic criteria for CoNS involvement in 
bacteremia. In a recent study it was determined that the 
percentage of contaminated blood cultures is quite high 
(41%), only 51% representing real infection, and of the 
identifi ed CoNS, only 10% were found to be involved in 
the etiology of bacteremic syndrome [24]. Other studies 
established that the real etiologic agents in sepsis that are 
most frequently encountered are Staphylococcus aureus 
and E. coli [25]. We noticed that the identifi cation of 
CoNS was predominantly from aerobic bottles, whilst S. 
aureus was isolated both from aerobic and anaerobic bot-
tles. Th is can be explained by the signifi cantly favorable 
growth of Staphylococcus aureus in anaerobic conditions 
compared to CoNS [26], but can also be due a contamina-
tion of aerobic blood cultures with CoNS.

Th e antibiotic resistance of bacteria is generally high 
in our study. Th e misuse of broad-spectrum antibiotics 
is probably the most important factor that induced the 
multi-resistant germs as generalized infections etiologic 
agents, therefore several measures must be implemented: 
antibiotics must be used only when strictly necessary, in 
appropriate dose and duration [27]. Th e general opinion is 
that the initial treatment of serious infections is vital and 
frequently requires the use of broad-spectrum antibiotics, 
but it is equally important to determine the actual etiol-
ogy of infection and the antibiotic susceptibility of isolated 
strains, so the antimicrobial treatment can be downgraded, 
and thereby to reduce the selective pressure exercised by 
broad spectrum antibiotics on bacteria [28]. If the condi-
tion of the patient allows this, a proper downgrade to oral 
antibiotics can be considered; this allows the outpatient 

treatment and further reduces the costs by reducing the 
length of hospitalization [29]. At the same time, enforc-
ing an appropriate hand hygiene of medical staff  is a valu-
able method for preventing the spread of microorganisms, 
including hospital-related ones as MRSA [30]. Th e hand 
washing does not remove all local bacteria, as the resident 
fl ora is strongly attached to the skin; nevertheless, the path-
ogenic bacteria (S. aureus, Gram-negative bacteria, yeasts) 
that are associated with healthcare-related infections are 
commonly part of transient fl ora, and more susceptible to 
hand washing [31]. Th us, this simple gesture can signifi -
cantly decrease the rate of nosocomial sepsis [32].

Conclusions
Th e most common bacterial species identifi ed from blood 
cultures are coagulase-negative staphylococci, but with re-
serves in their interpretation as etiological agents in bacte-
remic syndromes, followed by Escherichia coli, Staphylo-
coccus aureus, Klebsiella pneumoniae and Acinetobacter 
spp. Th e etiology of bacteremic syndromes is specifi c to 
the ward profi le, the Staphylococcus spp. being primar-
ily isolated from wards where invasive procedures are fre-
quently performed, while the enterobacteria from urology 
and nephrology wards. Th e level of antibiotic resistance is 
a real concern, especially in surgery and ICU, especially 
as the specifi c resistance phenotypes are present and high. 
Some of the few classes of antibiotics that can be success-
fully used in the treatment of bacteremic syndromes are 
“reserve” considered ones, such as vancomycin, linezolid 
or imipenem.

Acknowledgments
Th e study was conducted within the project nr. 
31/16432/11.12.2013 of the University of Medicine and 
Pharmacy Tîrgu Mureș Internal Competition for Research 
Grants.

Abbreviations
AK Amikacin
AMC Amoxicillin/Clavulanic acid
AMP Ampicillin
CAZ Ceftazidime
CIP Ciprofl oxacin
CLI Clindamycin
CoNS Coagulase-negative staphylococci
CTX Cefotaxime
E Erythromycin
ESBL extended-spectrum beta-lactamase
FEP Cefepime
FOX Cefoxitin
GN Gentamicin
ICU Intensive care unit
IPM Imipenem
LZD Linezolid
MRSA Methicillin-resistant Staphylococcus aureus
NF Nitrofurantoin
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NFGNB Non-fermentative Gram-negative bacilli
P Penicillin
PIP/TAZ Piperacillin/Tazobactam
RIF Rifampicin
SXT Trimethoprim/Sulfamethoxazole
TET Tetracycline
TGC Tigecycline
VAN Vancomycin
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