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Introduction: The increased incidence of nosocomial infections in intensive care units, with frequent occurrence of multiresistant pathogens
increase mortality and often raises therapeutic problems. Objectives: to assess the incidence of nosocomial infections, and risk factors.
Methods: The study includes 125 patients hospitalized in the Clinic of Anesthesiology and Intesive Care in the Emergency County Hospital
and Cardiovascular Surgery Targu Mures. The patients were divided into two groups: the control group (n = 99), patients who did not develop
infections during hospitalization in the ICU and the group with infection (n = 26). Results: The incidence of nosocomial infections in our inten-
sive care unit was 19.1%, the most common pathogen being Acinetobacter baumanii. There were no significant differences between the two
groups regarding demographic data, the most important risk factor was chronic alcohol consumption. SAPS II. and SOFA scores showed
higher values in the group with infection on the day of admission. This group showed lower levels of arterial blood oxygen (Horowitz index),
lower sodium level, and higher number of platelets compared to the control group. The mortality in the group with infection was 47.65%
compared to the control. Conclusions: Nosocomial infections in critically ill patients are associated with hypoxemia, thrombocytopenia,

hyponatremia and a bad outcome.
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Introduction

Nosocomial infections are infections acquired in hospitals
or other healthcare facilities. The patients must have no
signs of infection at the admission. In the intensive care
unit patients are frequently exposed to infection, many of
them attributed to antimicrobial-resistant pathogens. The
incidence of these infections varies between 2.3-49.2% on
intensive care. According to the definition, nosocomial in-
fections develop after 48 hours from admission in hospital,
the incidence being variable depending on the country,
hospital and medical unit [1,2].

Nosocomial infections significantly prolong the length
of stay in intensive care and increase morbidity, mortality
(up to 50%). The main therapeutic points of the nosoco-
mial infections are rapid detection, effective treatment and
appropriate prevention. There is a protocol regarding the
diagnosis of nosocomial infections named HAIICU (Hos-
pitals in Europe Link for Infection Control through Sur-
veillance), described by the European Center for Disease
Prevention and Control [2].

The most common manifestations of nosocomial infec-
tions are: pneumonia, urinary tract infections, followed by
systemic infections [3]. The highly incriminated pathogens
are: Staphylococcus aureus, Pseudomonas species, Entero-
bacteriaceae and fungi (Candida species) [4]. Nosocomial
infections in intensive care are mainly related to central
catheter, urinary tract infections and ventilator-associated
pneumonia [2].
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Hospital-Acquired Pneumonia (HAP) occur within 48
hours from hospital admission [5]. Some of these are as-
sociated to mechanical ventilation (ventilation-associated
pneumonia-VAP). The ventilator associated pneumonia
mortality is up to 50% [6]. The risk factors of VAP are: age
(older than 70 years), chronic lung disease, reduced con-
sciousness and aspiration [7]. The detection of pathogens
is obtained from the trachea suctioning and bronchoalveo-
lar lavage (BAL), done preferably before starting antibiotic
therapy. The efficacy of the treatment depends on early ini-
tiation of therapy with large spectrum antibiotics followed
by targeted therapy, according to the bacteriological results
[8].

Risk factors for central line-associated blood stream in-
fection (CLABSI) are old age, immunosuppression, mal-
nutrition, parenteral nutrition, burns. The femoral cath-
eter (followed by internal jugular, subclavian vein catheters
placed) predispose for infections [2]. Insertion site of cen-
tral venous catheter-related infections can be classified in
three categories, local, systemic infections and sepsis caused
by central venous catheter (CVC) which can occur before
or after 48 hours of catheter removal. The cultures from
CVC will be positive two hours faster than the peripheral.
Risk factors include old age, immunosuppression, malnu-
trition, parenteral nutrition, burns. The pathogen most
commonly met is Staphylococcus Aureus [9].

Catheter associated urinary tract infections (CA-UTI)
occur after more than 48 hours of urethral catheterization.
A distinction should be made between catheter associated
asymptomatic bacteriuria and symptomatic forms. The
predisposing factors for infections are prolonged use of
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urinary catheters. The targeted therapy must be initiated
after positive urine culture [10].

Wound infections appear after surgical intervention
within 30 days. The most common pathogens causing
these infections are Enterococci, Staphylococci and coag-
ulase-negative species of Enterobacter [11]. The incidence
can reach 38%. The most important predisposing factors
are diabetes and malnutrition [12]. Enterocolitis caused by
Clostridium difhicile is spread by direct or indirect contact,
and has an increasing trend in the recent years, therefore
require special attention to prevent its spread. Infections
caused by Clostridium difficile are more common in older
people with multiple antimicrobial therapy, in patients
receiving chemotherapy and proton pump inhibitors, in
kidney failure and gastrointestinal surgery [13,14].

Our objectives were to assess the incidence of nosoco-
mial infections and to identify the risk factors.

Methods

We performed a prospective, clinical observational study.
We enrolled 125 consecutive patients hospitalized between
15t October 2014 — 30 of April 2015 at Anesthesia and
Intensive Care Units at Emergency County Hospital and
in the Cardiovascular Surgery Targu Mures.

We included all patients who did not show any labora-
tory signs of infection, as evidenced by negative cultures
from blood, urine and tracheal secretions. Patients were di-
vided into two groups: the control group (n=99) including
patients who did not develop infections during hospitali-
zation in intensive care and the group with infection com-
prising patients with different kind of hospital acquired
infections (n=26).

The patients were grouped taking in to consideration
the type of their basic illness, forming the groups of medi-
cal and surgical patients. We analyzed the patients’ demo-
graphic data, associated diseases, alcohol or tobacco use
and body temperature. Cardiovascular status assessed by
invasive monitoring of systolic, diastolic and mean blood
pressure values, pulse and standard ECG. Respiratory and
ventilation parameters were registered in spontaneous
breathing when an oxygen face mask was needed and in
mechanical ventilation the ventilator parameters as FiO2,
assisted or controlled ventilation modes were also noted.
The Horowitz coefhicient was calculated for each patient.
Blood gas analysis was performed for each patient, record-
ing pH, pO,, pCO,, lactate, sodium bicarbonate. Hemo-
globine, hematocrit, leucocyte count, thrombocyte count
was evidenced by a full blood count. The possibility of on-
set of an organ dysfunction was monitored using urea and
creatinine for the kidney and aspartate aminotransferase,
alanine aminotransferase, bilirubin for the liver. Neuro-
logical status was assessed daily by the use of the Glasgow
Coma Score. The data was collected from all patients on
admission and in patients with evidence of infection on

the day of positive bacteriological culture. At admission
SAPS II. (Simplified Acute Physiology Score) and SOFA

(Sequential Organ Failure Assessment) were calculated.
We followed the bacteriological data from tracheal tubes
(broncho-alveolar lavage), arterial and venous (central and
peripheral) catheters, their length of use. In infected pa-
tients pathogenic bacteria, antibiotic sensitivity, and locali-
zation of the infection were recorded. Distinction between
colonization and infection was set by the HAIICU (Hos-
pitals in Europe Link for Infection Control through Sur-
veillance), described by the European Center for Disease
Prevention and Control. definitions.

Our results were introduced in Microsoft Office Ex-
cel 2007 and the statistical analysis was realized with the
GraphPad Prism 5.0 software. We compared in this two
groups the averages of parameters using t-test and the anal-
ysis of contingency tables was made with Fisher’s exact test.
For both tests we determined a p value, and we stated, if p
<0.05, the differences are statistically significant.

Results
The incidence of nosocomial infection in our study was
19.1%. The multiresistant Acinetobacter baumanii was the
most common bacteria contracted by 10 patients. Out of
this group in 11 cases it was isolated from trachea-bronchi-
al secretions, 1 cases of central venous line infection. The
second most common germ was Clostridium difhcile, in 8
patients, all isolated from fecal culture. ESBL (Extended
Spectrum Beta -Lactamase)-producing Klebsiella pneu-
moniae was present in 5 patients, isolated from trachea-
bronchial secretions and in 1 case from surgical wound .
Further bacteria were Serratia marcescens (2 cases, isolated
from trachea-bronchial secretions), Methicillin-Resistant
Staphylococcus aureus (2 cases of central venous line infec-
tion), Escherichia coli (1 case, isolated from trachea-bron-
chial secretions), Candida albicans (1 case, isolated from
trachea-bronchial secretions), Candida non-albicans (1
case, isolated from trachea-bronchial secretions), Methicil-
lin-susceptible Staphylococcus aureus (1 case, isolated from
trachea-bronchial secretions), Enterococcus faecalis (1 case,
isolated from trachea-bronchial secretions), Enterobacter
asburiae (1 case, isolated from trachea-bronchial secre-
tions), Providencia stuartii (1 case, isolated from trachea-
bronchial secretions). The most common infections caused
by these bacteria were the following: pneumonia 80.95%
equivalent of 20 infections and 6 colonisations; enterocol-
itis infectiosa 28.57% equivalent of 8 infections; cannula
sepsis 14.28% translating in 3 infections; wound infection
4.76% representing 1 case. There was no significant dif-
ference between the two groups with respect to gender al-
though the man rate for the control group was 42.4% and
for the infected patients was 15.2% (p=0.0844), the female
rate for the control group was 36,8% and for the infected
patients was 5.6% (p=0.0756). In the control group the
average age was 61.06x1.3 years and 60.14+3.102 years in
the infected group (p=0.7657).

The average body-mass index in the control group
was 27.92+0.5949 kg/ m2 and in the infected group it
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was 30.07+1.581 kg/m2 (p=0.1623). The most com-
mon comorbidity in both groups was diabetes mellitus:
29.21% in control group, 42.85% in patients with infec-
tions (p=0.2976). This was followed by chronic obstruc-
tive pulmonary disease: control group 15.73%, infected
group 19.04% (p=0.7455). There were no significant dif-
ferences between the two groups with respect to smok-
ing (p=0.2470), control group 20.22%; infected patients
33.33%), the incidence of chronic alcohol abuse in the
control group was 4.49% respectively in infected patients
28.57% (p=0.0031). (Table I).

The infections were more frequent in patients who were
admitted through internal medicine. In the group of pa-
tients with infections, 43.01% came from medical units.
Patients without infections were from surgical units, repre-
senting 66.35% (p=0.00006).

There were no significant differences between the
groups regarding the mean heart rate at admission to the
intensive care unit (ICU) (p=0.8663). Analyzing the mean
arterial blood pressure, we found that in the control group
it was 78.192£23.083 Hg mm and in the infected patients
62.04+22.449 Hg mm (p=0.0092). Arrhythmias (atrial-,
ventricular flutter/ fibrillation, fascicular block) occurred
more frequently in the infected patients: 38.09% versus
17.97% (p=0.0741).

The mean core body temperature measured on the day
of admission to ICU in control group was 36.77+0.0784
Celsius degrees and in the group with infection it was
37.21+0.01541 Celsius degrees. There was no significant
difference between the groups for the pH and lactate lev-
els on admission, however in the infected group on the
first day of admission, a significantly lower sodium level
(p=0.0101) was measured (Table II).

For the assessment of appropriate oxygenation we
used the Horowitz quotient, which is defined as the ra-
tio of partial pressure of oxygen in arterial blood and
the fraction of inspired oxygen. On the day of admis-
sion, the mean Horowitz qoutient in the control group
was 316.4£20.35 while in the infected patients it was
significantly lower, 190.6+26.85 (p=0.0023). In the first
24 hours kidney and liver function did not show any
pathological changes. The number of white blood cells

Table I. Demographic data, associated diseases

Control group (n=99) Infected group (n=26) P value
Age 61.06+1.3 60.14+3.102 0.7657
Sex
Male 42.4% 15.2% 0.0844
Female 36.8% 5.6% 0.0756
BMI (kg/m2) 27.92+0.5949 30.07+1.581 0.1623
Alcohol use 4.49% 28.57% 0.0031
Tabacco 20.22% 33.33% 0.2470
Diabetes 29.21% 42.85% 0.297
COPD 15.73% 19.04% 0.7455

BMI- Body Mass Index, COPD- Chronic Obstructive Pulmonary Disease

on the first day of the ICU was slightly higher in both
groups: control group 11.73+0.68*103/pul versus infected
group 12.54+1.12*103/pul (p=0.645), hemoglobine level
(control group10.51+0.3012 g/dl versus infected group
10.99+0.5661 g/dl, p=0.4559) were slightly decreased.
The number of platelets, although in normal range, was
higher in the group with infection (Table III).

The mean value Glasgow Coma Score GCS in the con-
trol group was 13.55+1.18 points in contrast with the in-
fected patients, where it was 7.71+1.76 points (p<0.0001).
To measure the severity of organ dysfunctions at admis-
sion, we used the SAPS II. score. In the control group the
median SAPS II. score was 35.19+5.789 points and in the
infected group 56.12+6.874 points (p<0.0001), with the
resulted predictive mortality in the control group 27.32%,
and in the experimental group 65.4% (p<0.0001). The
median SOFA score in the control group was 5.122+2.643
points with a resulted predictive mortality of 14.81%
and in the group with infections 7.42+2.027 points, with
a resulted predictive mortality of 24.35% (p=0.0009;
p=0.0014). (Figure 1, Figure 2).

The first infections occurred after 7.5 days. Analyzing the
length of use of cannulas and catheters during the intensive
care treatment, we observed that in the infected group the
tracheal tubes were used for a longer period before chang-
ing with a mean value of 4.9+2.53 days versus 1.8+0.74
days in the control group (p<0.0001). A higher percentage
of infected patients had tube replacement (52.38%) than
non-infected patients (11.23%) (p=0.0001).

The first central venous catheter was changed in 3.4
days in the control group and in 9.3 days in the infected
patients (p<0.0001). There was a significant difference be-
tween the two groups regarding the length of use of arterial
catheters: in control group 3+1.602 days, in the infected
group 8.7+2.368 days (p<0.0001).

66.66% of the infected patients and 88.76% of the
non-infected patients received Ceftriaxon (p=0.0193). The
length of administration was 3.4+0.336 days in the con-
trol group, versus 9.4+1.652 days in the infected patients
(p<0.0001). Patients without infection received antibiot-
ics with on average 1.7 and the infected group 5 (Ceftriax-
on, Ciprofloxacin, Levofloxacin, Meropenem, Polymyxin

Table Il. Disturbances of the hydroelectrolytic and acid-base
homeostasis

Control group  Infected group p
pH 7,34+0,01 7,29+0,02 0,1008
Lactate (mmol/l) 5,45+1,24 9,91+3,34 0,1296
Sodium Bicarbonate (mmol/l) 22,55+0,77 22,38+1,15 0,1719
Sodium (mmol/l) 142,5+0,53 133,9+6,04 0,0101
Table lll. Blood count
Control group Infected group p
Leukocyte (*103/pl) 11,73+0,68 12,54+1,12 0,645
Hemoglobin (g/dl) 10,51+0,3012 10,99+0,5661 0,4559
Platelets (*103/pl) 167,3+8,554 208,7+21,41 0,0333
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SAPS

Control group Infected group

Figure 1. Simplified Acute Physiology Score II- median SAPS II.
score in the control group 35.19+5.789 points, in the infected
group 56.12+6.874 points (p<0.0001)

E, Imipenem/Cilastatin, Vancomycin, Metronidazol, Ami-
kacin, Tygecyclin, Teicoplanin) (p<0.0001).

The group with infection had higher mortality (47.65%)
in contrast with the control group (11.23%) (p=0.0005).

Discussion

The incidence of nosocomial infection in our study
(19.09%) is the same as in the literature (2.3-49.2%;
9-37%) [1,2]. Furthermore, the site of infection is the
same as in large international studies, the most common is
pneumonia followed by urinary infections, cannula sepsis
and wound infection. Comparing our results with former
published data we observed that there were no significant
differences between the infected and non-infected patients
regarding demographic data (gender, age and body-mass
index). In our patients chronic obstructive pulmonary dis-
ease, diabetes and malignant tumors occurred with almost
the same incidence, meanwhile other studies show signifi-
cantly higher rate of infection in the presence of these co-
morbidities. In our study the incidence of infection was
significantly higher in patients with chronic alcohol con-
sumption [3]. Analyzing the cause of hospital admission,
we observed that most of the infected patients were ad-
mitted to internal medicine and less for elective surgery
[3]. A decreased level of sodium was found in the infected
patients. Recent studies showed a correlation between hy-
ponatremia (hospital-acquired hyponatremia) and infec-
tions (especially with Staphylococcus aureus) [15]. It was
also recently proved that a higher level of sodium helped
the activation of the immune cells (macrophages), thereby
an increased salt consumption may decrease the incidence
of infection [16].

In the infected patients, tissue oxygenation was not ap-
propriate at admission, probably the hypoxemia induced
metabolic acidosis facilitated the bacterial reproduction by
inhibiting the chemotactic movements and the bactericidal
capacity of the leukocytes [17]. In addition, these patients
often required mechanical ventilation, so the chance for
VAP (ventilator associated pneumonia) was higher. At ad-
mission in the intensive care unit, all patients received anti-

SOFA

Control group Infected group

Figure 2. Sequential Organ Failure Assessment Score- median
SOFA score in the control group 5.122+2.643 points, in the in-
fected group 7.42+2.027 points (0.0009)

bioprofilaxy (Ceftriaxon). Some studies proved that certain
antibiotics, such as Ceftriaxon, Cefotaxim and Meropenem
can cause thrombocytosis [18,19]. In infections, especially
in sepsis, thrombocytopenia occurs because of bone mar-
row depression caused by inflammatory mediators [20].

Comparing the length of use of orotracheal tubes, it is
unequivocal that in the infected patients the orotracheal
tube was used for more days. There is a correlation between
the long-term intubation, mechanical ventilation and
nosocomial pneumonia, especially ventilator-associated
pneumonia [21]. There is a similar correlation between the
long-term use of central venous cannula and arterial cathe-
ter that prolonged time, rare change increases significantly
the incidence of nosocomial infection [22]. The studies re-
veals that more patients in ward may increase the incidence
of nosocomial infections (especially if there is infected pa-
tient), spread by air and contact which is significant, and
also the nurse and medical care may facilitate the transmis-
sion of the infections [23].

The reliability and efficiency of predictive scoring sys-
tems used were analyzed before. Our results show a sig-
nificant difference between the two groups regarding the
SAPS II. and SOFA scores, similar to other studies [3].

Conclusion

The incidence of nosocomial infection in the intensive care
unit is high, is more frequent if prior chronic alcohol abuse
is present. The development of these infections favors pa-
tients admitted for medical diseases rather than surgical
ones. Lower mean arterial pressure, high body temperature
and decreased sodium levels on admission correlate with
the presence of a nosocomial infection.

The presence of inappropriate oxygenation and the in-
creased platelet count should raise an alarm. A longer time
of use of tracheal tubes, catheters may increase significantly
the incidence of nosocomial infections.
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