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Abstract
Objective: Nosocomial infections (NI) are serious threats for patients, especially those treated in intensive care units (ICU), which have high risk. Therefore,
determining the infectious agents in this area and treating the infections are crucial for both the prognosis of primary disease and the time of stay in hospital. In
this study, we aimed to perform an active infection surveillance in the neurological ICU (NICU).
Materials and Methods: Two hundred ninety-one patients who stayed in NICU over a twelve-month period were included in the study. Data obtained by
infection control committee of our faculty according to “Centres for Disease Control and Prevention” diagnostic criteria were used for the diagnosis of NI. Isolated
microorganisms and their systemic involvement were examined.
Results: The infections in NICU constituted 6.39% of all NI in the hospital. These were skin and soft tissue infections (3.13%), bloodstream infections (9.38%),
pneumonia not associated with mechanical ventilator (9.38%), pneumonia associated with mechanical ventilator (6.25%), and urinary tract infections (UTI)
(71.88%). Fourteen different microorganisms were determined in the unit over the twelve months.
Conclusion: Caution is advised regarding urinary catheter insertion and care because catheters are the most common cause of infection, UTI, in the ICU.
Also, diagnosis of NI and determining the antibiotic sensitivity of the causal microorganisms are very important for the determination of empiric treatment and
reducing mortality and morbidity.
Keywords: Nosocomial infection, neurological intensive care unit, surveillance

Öz
Amaç: Hastane enfeksiyonları (HE) özellikle yoğun bakım üniteleri (YBÜ) gibi yüksek riskli alanlarda yatan hasta gruplarında ciddi tehdit oluşturmaktadır. Bu
alanlardaki enfeksiyon etkenlerinin tanınması ve bu enfeksiyonların tedavisi hem primer hastalığın prognozu hem de hastanede kalış süresi üzerinde etkilidir. Bu
çalışmada nöroloji YBÜ’de (NYBÜ) aktif enfeksiyon surveyans değerlendirmesi yapmayı planladık.
Gereç ve Yöntem: NYBÜ’de on iki aylık sürede 291 hasta çalışmaya dahil edilmiştir. Fakültemiz enfeksiyon kontrol komitesi tarafından tutulan kayıtlar
“Hastalık Kontrol ve Önleme Merkezi” (Centers for Disease Control and Prevention) tanı kriterlerine göre incelenmiş ve HE tanısı konulmuştur. İzole edilen
mikroorganizmalar ve sistemik tutulumları incelenmiştir.
Bulgular: NYBÜ’deki enfeksiyonlar tüm HE’lerin %6,39’unu oluşturmaktadır. Bunlar; deri ve yumuşak doku enfeksiyonları (%3,13), kan dolaşımı enfeksiyonları
(%9,38), mekanik ventilatörden bağımsız pnömoniler (%9,38), ventilatör ile ilişkili pnömoniler (%6,25) ve üriner sistem enfeksiyonlarıdır (ÜSE) (%71,88). Bu
ünitede on iki ayda on dört farklı mikroorganizma tespit edilmiştir.
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Sonuç: YBÜ’de en sık tespit edilen enfeksiyon ÜSE olduğundan üriner kateter takılması ve bakımında daha dikkatli olunması gerekmektedir. Ayrıca HE’lerin
tanınması ve neden olan mikroorganizmaların antibiyotik duyarlılıklarının belirlenmesi hem ampirik tedaviyi belirlemede, hem de mortalite ve morbiditeyi
azaltmada oldukça önemlidir.
Anahtar Kelimeler: Hastane enfeksiyonları, nöroloji yoğun bakım ünitesi, surveyans

Introduction
Infections that are not in the incubation period at admission
to hospital and occur 48-72 hours after admission or 10 days after
discharge or 30-90 days during the postop period are known
as nosocomial infections (NI) (1). Despite all sterilization and
disinfection measures, NI is still one of the most important health
problems. NI causes extended hospitalization, increases cost,
worsens the prognosis of primary disease, and increases morbidity
and mortality.
Patients hospitalized in intensive care units (ICU) stay longer
in hospital, receive prophylactic broad spectrum antibiotics, and
are exposed to more interventional procedures. Therefore, patients
staying in ICUs have more infections, which are frequently more
resistant (2,3). NI is seen in 5-10% of hospitalized patients,
and this increases up to 20-25% in the ICU (4). Newborns in
whom immune resistance has not yet developed, older patients,
immunosuppressed patients, patients being followed up after
trauma, patients with a history of malignancy, patients with
malnutrition, and those with burns affecting a large surface area
are more exposed to NI. Urinary tract infections (UTI), catheter
infections, ventilator-associated infections, and infections in
surgical wounds are the most commonly seen infections in ICUs
(4,5,6).
Third-generation cephalosporins, carbapenem and quinolones
are the most commonly used antibiotics in hospitalized patients.
Resistance against those antibiotics causes severe complications
in critically ill patients with local or systemic infection.
Frequent and inappropriate antibiotic use causes resistant NIs.
Vancomycin-resistant enterococcus, extended-spectrum betalactamase - producing Escherichia coli, and methicillin-resistant
Staphylococcus aureus develop as a result of antibiotic resistance
(7). Stay in hospital is increased and prognosis of primary disease
worsens because of resistant infections. Therefore, frequently seen
microorganisms that cause infections should be determined and
appropriate antibiotics should be used at effective doses and for
an appropriate duration. Surveillance studies provide detection
of frequently seen microorganisms that cause infections and
planning of appropriate and successful treatment. Also, detection
of frequently seen microorganisms that cause infections is essential
for successful planning of empiric treatment. We aimed to
determine the epidemiologic features and transmission routes of
infections in our neurology ICU (NICU).

Materials and Methods
Our tertiary NICU in Selçuk University Medical Faculty
Hospital, has 7 beds. Three hundred ten patients were hospitalized
in the NICU in 2014, 291 of whom were included in the study.
Data from infectious diseases nurses, consulting infectious diseases
specialists, and responsible neurologists’ medical records and visits

206

between January 1st and December 31st, 2014, were used in the
study.
Patients included in the study were aged over 17 years. Patients
who died or were discharged from the NICU within 48 hours of
admission were excluded. The criteria of the “Centers of Disease
Control and Prevention” were used for the diagnosis of NI (8). When
body temperature rose above 38 °C, samples for blood, urine, and
throat swab cultures were taken, and samples were taken if the
patient had a catheter, phlegm, tracheal aspirate, bronchoalveolar
lavage, and wounds. Samples for cultures were taken from the tips
of central catheters that were removed. Patients’ clinic course and
physical examination were evaluated with culture samples. In line
with these investigations, hematologic, biochemical and radiologic
tests were performed. For infection rate, the following formula was
used=Number of infections detected in NICU/number of patients
hospitalized in NICU x 100. For the infection ratio, the following
formula was used=Number of infections detected in NICU/total
number of infections in the hospital x 100. Other formulas used were
as follows: for ventilator-associated pneumonia (VAP) rate=Number
of VAP/number of days on ventilator x 100, for the catheter-associated
urinary tract infection (CA-UTI) rate=Number of CA-UTI/number
of days with urinary catheter (UC) x 100, and for the central venous
catheter-associated bloodstream infection (CVC-ABI) rate=Number
of CVC-ABI/number of days with CVC x 100.
Samples taken were embedded in eosin methylene blue agar
and blood agar. Samples from phlegm, wounds, and catheters
were investigated for the existence of leukocytes using Gram
staining. Blood culture bottles were monitored daily for growth.
For growing microorganisms, colony and Gram staining features
were defined. Gram (+) microorganisms were classified according
to growth in coagulase, catalase, pyrrolidonyl arylamidase, esculin
hydrolysis, and 6.5% sodium chloride. Gram (-) microorganisms
were classified using the oxidase test, motility test medium, indole
medium, and Christensen urea agar.
The study were approved by the Selcuk University of Local
Ethics Committee (Protocol number: 2017/02). We did not receive
consent form because this study is a retrospective study.
Statistical Analysis
For statistical evaluation of the data, SPSS 16 was used. With
this pocket program, descriptive statistical evaluations were
performed.

Results
Patients hospitalized in the NICU during a one-year period
were retrospectively evaluated. A total of 291 patients were
included in the study. Of these patients, 156 (53.6%) were females
and 135 (46.3%) were males. The mean age of the patients was
71.36 years. One hundred seventeen (40.2%) patients with
ischemic stroke, 35 (12%) with hemorrhagic stroke, 6 (2%) with
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subarachnoid hemorrhage (SAH), 20 (6.8%) with encephalitis,
27 (9.2%) with epilepsy, 16 (5.5%) with myelitis, 13 (4.4%)
with Parkinson’s disease, 19 (6.5%) with dementia, 8 (2.7%)
with motor neuron disease, and 30 (10.3%) with Guillain Barre
syndrome (GBS) were followed up. In their medical history, 140
(48.1%) had diabetes mellitus, 110 (37.8%) had hypertension, 56
(17.1%) had congestive heart failure, and 18 (6.1%) had chronic
renal failure. NIs were detected in 45 patients, 24 (53%) of whom
were females and 21 (47%) were males. Twenty (44%) of these
patients had ischemic stroke, 12 (27%) had hemorrhagic stroke, 5
(11%) had GBS, 3 (6.6%) had epilepsy, 1 (2.2%) had Parkinson’s
disease, and 1 (2.2%) had SAH. The NI rate in the NICU was
15.4% (Table 1, 2).
In our NICU, the number of ventilator days and rate of
ventilator use were 594 and 30%, respectively, and the rate of VAP
was 13.4%; the number of UC days and rate of UC use were 1778
and 92%, respectively, and the rate of UTI was 10.6%; the number
of CVC days and rate of CVC use were 395 and 15%, respectively,
and the rate of CVCAS was 3.39%. These data are summarized in
Table 3.
Fourteen microorganisms that cause NI were detected.
Of all infections, 3.2% were skin and soft tissue infections
caused by Staphylococcus aureus (50%) and Acinetobacter baumannii
(50%); 9.38% were bloodstream infections caused by coagulase
(-) Staphylococcus; 9.38% were pneumonia not associated with
ventilator caused by Staphylococcus aureus (33.3%) with specific
laboratory findings and Burkholderia cepacia (33.3%) and Klebsiella
pneumoniae (33.3%) without specific laboratory findings.
The number of infections detected in the NICU in one year
constituted 6.39% of all infections detected in the hospital. The
Table 1. Demographic features of patients in neurology
intensive care unit in one-year period
Sex
Female

156 (53.6%)

Male

135 (46.3%)

Diagnosis

291

Ischemic stroke
Hemorrhagic stroke
Subarachnoid hemorrhage

117 (40.2%)
35 (12%)
6 (2%)

Guillain Barre syndrome

30 (10.3%)

Epilepsy

27 (9.2%)

Encephalitis

20 (6.8%)

Dementia

19 (6.5%)

Myelitis

16 (5.5%)

Parkinson’s disease

13 (4.4%)

Motor neuron disease

8 (2.7%)

Comorbid diseases

324

Diabetes mellitus

140 (48.1%)

Hypertension

110 (37.8%)

Congestive heart failure

56 (17.1%)

Chronic renal failure

18 (6.1%)

most frequent seen NI was UTI with a rate of 71.88%. Of the
UTIs, 95% were associated with UC and 5% were not. Just over
30% (30.43%) of UTIs were caused by Escherichia coli, 13.04%
by Klebsiella pneumoniae, 13.04% by Enterococus faecalis, 8.7% by
Staphylococcus aureus, 4.35% by Candida glabrata, 4.35% by Candida
spp., 4.35% by Candida tropicallis, 4.35% by Citrobacter species
4.35% by Enterococus faecium, 4.35% by coagulase (-) Staphylococcus,
4.35% by Proteus mirabilis, and 4.35% by Pseudomonas aeruginosa.
The rate of mechanical ventilator-associated infections in the
NICU was 6.25% and 50% were caused by Acinetobacter baumannii
and 50% by Pseudomonas aeruginosa. The regional distribution of
those infections and the percentages of the most frequently seen
UTIs are summarized in Table 4, 5. Also, the most frequent
infections in other ICUs of the hospital were evaluated. The rates
of infections in anesthesiology, general medicine and general
surgery ICUs were 60%, 72%, and 62% for UTIs; 12.14%, 7.2%,
and 4% for ventilator-associated infections; and 8.2%, 3.8%, and
5% for CVC-associated infections, respectively.

Discussion
ICU’s are multidisciplinary study units with advanced
technological hardware and professional equipment. Patients
Table 2. Demographic features of patients with nosocomial
infections in neurology intensive care unit in one-year
period
Total number of patients
n=45
Sex
Female

24 (53%)

Male

21 (47%)

Diagnosis
Ischemic stroke

20 (44%)

Hemorrhagic stroke

12 (27%)

Guillain Barre syndrome

5 (11%)

Epilepsy

3 (6.6%)

Dementia

3 (6.6%)

Parkinson’s disease

1 (2.2%)

Subarachnoid hemorrhage

1 (2.2%)

Table 3. Use of mechanical ventilators, urinary catheters,
and central venous catheters, and associated infection rates
in the neurology intensive care unit in one-year period
Days %
Mechanical ventilator use
Rate of ventilator-associated pneumonia
Urinary catheter use
Rate of catheter-associated urinary tract
infection
Central venous catheter use
Rate of central venous catheter-associated
septicemia

594

30

-

13.4

1778

92

-

10.6

295

15

-

3.39
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hospitalized in ICUs are complex patients with severe metabolic
disturbances, changes in consciousness, and comorbid diseases.
Having low immune resistance and multiple organ dysfunctions
facilitate colonization and infection. Also, long-period induration
of central or peripheral catheters, endotracheal tubes, and UCs
increase susceptibility to infections (9,10). Our finding of high
variability of infectious agents and high infection rates in patients
with catheters also supports this argument.
In a study, the incidence of NI was found as 18.3% in the
anesthesiology and reanimation ICU (ARICU), 5.6% in the chest
diseases ICU, and 5.3% in the pediatric ICU (11). In another study,
infection rates in all ICUs were found between 1.6-47.4% with the
Table 4. Regional distribution of nosocomial infections in
the neurology intensive care unit in one-year period
%
Skin and soft tissue infection

3.12

Bloodstream infection

9.38

Laboratory-proven bloodstream infections

66.67

Central venous catheter-associated bloodstream
infection

33.33

Pneumonia

9.38

Pneumonia without specific laboratory findings

66.67

Pneumonia with specific laboratory findings

33.33

Urinary tract infection

71.88

Urinary tract infection associated with urinary catheter

95

Urinary tract infection not associated with urinary
catheter

5

Lung infection associated with mechanic ventilator

6.25

Table 5. Microorganisms and their distribution that caused
nosocomial urinary tract infections in the neurology
intensive care unit in one-year period
%
Associated with urinary catheter

95

Candida glabrata

4.35

Candida spp.

4.35

Candida tropicalis

4.35

Citrobacter

4.35

Enterococcus faecalis

13.04

Enterococcus faecium

4.35

Escherichia coli

30.43

Klebsiella pneumoniae

13.04

Coagulase-negative Staphylococcus

4.35

Proteus mirabilis

4.35

Pseudomonas aeruginosa

4.35

Staphylococcus aureus

8.7

Not associated with urinary catheter
Escherichia coli
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highest rate of 44.6% in the ARICU (12). Infection rates were
found as 18.5% and 24.2% in the NICU in two studies (13,14).
Our infection rate was 15.4% in our NICU. Our infection rate was
lower than the literature data from previous years. This decrease in
the NI rate could be related with the increase in technical facilities,
having more groups of antibiotics, and the increased awareness of
health care workers about infection and hand washing.
In our NICU, the rate of patients with ventilators was 30%,
the rate of VAP was 13.4%, the rate of UC use was 92%, the rate
of UTI was 10.6%, the rate of CVC use was 15%, and the rate of
CVCAS was 3.39%. The data from 19 university hospitals were
evaluated by the National NI Surveillance Network in 2014.
The rate of patients with ventilators and rates of VAP, UC use,
UTI, CVC use, and CVCAS were 38%, 12.7%, 95%, 6.3%,
27%, and 6.7%, respectively (15). Our NICU was compared with
other NICUs according to these data. The use of CVC and rate of
CVC-associated diseases were found statistically lower compared
with other NICUs. UTI and VAP rates were found statistically
higher compared with other NICUs. The NICUs in all public,
private, and university hospitals in Turkey were evaluated in the
same period and it was found that rate of patients with ventilators
was 30%, the rate of VAP was 10.3%, the rate of UC use was
97%, the rate of UTI was 5.2%, the rate of CVC use was 26%,
and the rate of CVCAS was 4.7% (15). When all NICUs were
compared with NICUs in university hospitals, the rate of patients
with ventilators and rates of VAP were found higher in university
hospitals. It was found that the use of UCs and CVCs was similar
in all NICUs but UTI and CVCAS rates were higher in NICUs in
university hospitals. Longer hospitalization of more complicated
patients with lower immune resistance in NICUs in university
hospitals could be the reason for these results. Also, all kinds of
interventions increase infection rates.
Multiple organ failure and systemic involvement can be caused
by infections in patients hospitalized in the ICU. In particular,
UTIs, pulmonary infections, and CVCAS are more frequently seen.
NI was detected in 114 of 314 patients hospitalized in the ICU in
a study. The most frequently seen infection was UTI and it was
mostly caused by Escherichia coli (29.8%), followed by Klebsiella
pneumoniae (16,17). The high rate of UTI was thought to be caused
by frequent UC use in ICUs (18,19). In our study, UTI was also the
most frequently seen infection. Moreover, the greatest variation
in microorganisms was observed in UTIs. This high rate could
be due to UC use in 92% of patients. Also, 95% of the UTIs
were associated with UC use in our study, which also supports
this argument. The microorganisms causing UTIs were Escherichia
coli (30.43%), Klebsiella pneumoniae (13.04%), Enterococcus faecalis
(13.04%), and Staphylococcus aureus (8.7%), which were in line with
the literature.
Studies searching pulmonary infections in ICUs show that
NI is seen in most patients who are intubated, and in the vast
majority of patients who are linked to mechanical ventilators
(20,21,22,23). Pulmonary infection is the second most
frequently seen infection in the NICU as in other ICUs with
a rate of 31.4% (24). Inappropriate or appropriate but delayed
use of antibiotics are related with increased mortality in patients
with pulmonary infection in ICUs (25). Therefore, it is important
to detect the microorganisms that cause pulmonary infections.
The most frequently seen microorganisms that cause pulmonary
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infections are Acinetobacter baumannii, Pseudomonas aeruginosa,
and Staphylococcus aureus (26). In our study, the most frequently
isolated microorganisms that cause mechanical ventilatorassociated pulmonary infections were Acinetobacter baumannii and
Pseudomonas aeruginosa. Burkholderia cepacia, Klebsiella pneumoniae,
Staphylococcus aureus were the microorganisms that caused a
rare-form pulmonary infection, which is not associated with
mechanical ventilation. Empirical antibiotic treatment should
be adjusted against these microorganisms with an appropriate
dose and delivery time.
Bloodstream infections are mostly related with CVC use and
causes severe sepsis. These infections can cause severe morbidity
and mortality and must be detected rapidly. The most frequently
seen microorganisms that cause bloodstream infections are
Staphylococcus aureus and coagulase (-) Staphylococcus (27). Also, skin
and soft tissue infections are seen in patients hospitalized in ICUs
for long periods; these disrupt healing of bed sores and worsen
prognosis. Staphylococcus aureus is detected often in skin and soft
tissue infections (28). In our study, we found that coagulase (-)
Staphylococcus was the most frequent cause of bloodstream infections
and Acinetobacter baumannii and Staphylococcus aureus were the most
frequent causes of skin and soft tissue infections.

Conclusion
Patients hospitalized in ICUs have reduced immune resistance
and many systemic diseases, which make them vulnerable to NIs.
NIs increase morbidity, mortality, and hospital stay. Therefore,
attention should be given to infection control measures to prevent
the transmission and spread of these microorganisms. Infection
rates and measures should be continuously monitored and
compared with other centers. In this way, we should have effective
infection control. Recognizing NIs, and detecting the causing
microorganisms and their antibiotic sensitivities are important
in determining empiric treatment and improving morbidity and
mortality. The most frequently seen infection in the ICU is UTI,
and greater caution with UC application and care is recommended.
Attention should be given to measures such as hand washing,
wearing gloves, and isolation in every intervention performed to
patients.
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