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■ INTRODUCTION

N
osocomial infections are an important
public health problem in many develo-
ping countries, particularly in intensive

care units (ICUs) [1]. 
Device utilization in critically ill patients is re-
sponsible for a high risk of complications such
as catheter-related bloodstream infections
(CRBSI), Ventilator-Associated Pneumonia
(VAP) and Urinary Tract Infections (UTI) [2].
In general, each unit may have in se a risk en-
vironment for development of infections, si-
multaneously containing many diverse factors
that favour the spread of clinically evident and
generally serious infections: the constant pre-
sence of serious concomitant diseases, the fre-
quent use of invasive diagnostic methods pro-
cedures, the elevated selective pressure caused
by multiple prolonged antibiotic treatment on
endogenous and environmental flora [3]. 
As a result, the resistant rates of bacteria are
high, the change over years is not predictable
and continuous surveillance is necessary to
monitor antimicrobial resistance and to guide
antibacterial therapy for each hospital [4]. 
The aim of our study was to assess the
causative agents of catheter-related nosoco-
mial infections, the distribution rate of
causative agents due to hospital units, infec-
tion sites and catheter types and determine the
risk factors which facilitate these nosocomial
infections.

■ PATIENTS AND METHODS

In this study a total of 219 patients who devel-
oped nosocomial infections and were treated in
Sisli Etfal Training and Research Hospital be-
tween January 2001 and March 2003 were eval-
uated retrospectively. In all 337 bacterial
strains were isolated. Nosocomial infection
was defined as an infection developing 48
hours after admission and up to ten days after
discharge from hospital. Nosocomial infections
were defined according to Standards of Cen-
ters for Disease Control and Prevention (CDC)
criteria [5].
“Symptomatic urinary tract infection” was de-
fined using two criteria [5].
Criterion 1: the patient has one or more of the
following signs or symptoms with no other
recognized cause of fever (>38ºC): urgency, fre-
quency, dysuria or suprapubic tenderness, and
a urine culture positive for 105 or more micro-
organisms per millilitre with no more than two
micro-organisms. 
Criterion 2: the patient has at least two of the
following signs or symptoms with no other
recognized cause of fever (>38ºC), urgency, fre-
quency, dysuria or suprapubic tenderness and
pyuria (≥10 white blood cells per millilitre); or-
ganisms seen on Gram stain, diagnosed as uri-
nary tract infection by a physician; or instituted
treatment for a urinary tract infection by a
physician [5].
For “ventilator-associated pneumonia” crite-
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rion 1 was as follows: the patient has rales or
dullness to percussion on physical examination
of the chest and at least one of the following:
new onset of purulent sputum or change in
character of sputum; organism cultured from
blood; or isolation of an etiologic agent from a
specimen obtained by transtracheal aspirate,
bronchial brushing, or biopsy.
Criterion 2: the patient has a new or progres-
sive infiltrate, consolidation, cavitation, or
pleural effusion on chest radiography and at
least one of the following: new onset of the pu-
rulent sputum or change in character of spu-
tum; organism cultured from blood; or isola-
tion of an etiologic agent from a specimen ob-
tained by transtracheal aspirate, bronchial
brushing or biopsy. Expectorated sputum cul-
tures were not used for diagnosis of pneumo-
nia [5].
Catheter Related Bloodstream Infection
(CRBSI) is defined as bacteremia/fungemia in a
patient with an intravascular catheter with at
least one positive blood culture obtained from a
peripheral vein, clinical manifestation of infec-
tion (fever, chills, and/or hypotension) and no
apparent source for BSI except the catheter. One
of the following should be present: a positive
semiquantitative (>15 CFU/catheter segment)
culture whereby the same organism (specimen
and antibiogram) is isolated from the catheter
segment and peripheral blood; simultaneous
quantitative blood cultures with differential pe-
riod of the CVC culture versus peripheral blood
culture positivity of >2 hours [5]. 
Infections of central nervous system shunts
were diagnosed with aspiration of the shunt
reservoir to obtain cerebrospinal fluid (CSF)
for examination and culture [6]. 
Data were recorded as overall patient day stay
according to the total number of hospitalized
patients for one year. Nosocomial infection rate
was calculated as an infection count developed
in 100 patients per 1000 hospital-day stay [7].
The urine samples from patients with urinary
catheters were obtained with sterile procedure
from the tips of the catheters. The micro-organ-
isms isolated from the materials of the endo-
tracheal aspiration tubes obtained by transtra-
cheal aspiration (TTA) were accepted as
pathogens. TTA samples were obtained from
patients intubated with endotracheal tube and
samples were obtained from catheter tips and
subcutaneous tissues simultaneously from pa-
tients with intravascular catheters, ventricu-
loperitoneal shunts and drainage catheters,

and cultivated on blood agar Eosin Methylene
Blue (EMB) agar. The semi-quantitative
method (Maki) was used for catheter cultures
and conventional methods were used for the
other culture types [8]. The isolated bacteria
were identified with standard methods and
their antibiotic susceptibility was determined
according to the National Committee for Clini-
cal Laboratory Standards (NCCLS) by the
Bauer-Kirby Disc Diffusion Method [9].

■ RESULTS

In our study the total number of patients hos-
pitalized between January 2001 and March
2003 was 53,841. The number of patients who
developed nosocomial infection during this pe-
riod was 870. The total hospital stay was found
to be 424,902 patient days. The nosocomial in-
fection rate was 1.62%; infection rate per 1000
hospital stay was 2.05%. In our study, of 219
cases 90 (41%) were female, 129 (59%) male. It
was observed that catheter infections were
most frequent in 131 cases (60%) who were 45
years and older.
The most frequently isolated micro-organisms
from catheter infections were Pseudomonas spp
(17%), Klebsiella spp (16%), Escherichia coli
(13%), Acinetobacter spp. (12%), Coagulase Neg-
ative Staphylococci (CNS) (11%) and methi-
cillin-resistant Staphylococcus aureus (MRSA)
(9%) (Table 1). Of the catheter infections, ac-
cording to frequency 136 (59%) of them were
due to urinary indwelling catheters, and 52
(23%) due to endotracheal tube usage (Table 2).
The most frequently isolated causative agent in
urinary catheter infections was E. coli (25%) fol-
lowed by Klebsiella spp. (17%), Pseudomonas spp.
(15%), Enterobacter spp. (8%), CNS and Candida
spp. (8%), Acinetobacter spp. and Proteus spp.
(5%) (Table 1). The number of the causative
agents isolated from 52 (23%) cases who devel-
oped an infection due to tracheal intubation
was found to be 116 (34%) and 72% of these mi-
cro-organisms were Gram-negative bacteria.
The frequently isolated causative agents were
Pseudomonas spp. in 29 (25%) cases, Acinetobac-
ter spp. in 24 (21%), Klebsiella spp. in 20 (17%),
MRSA in 20 (17%), CNS in 9 (8%), Methicillin-
sensitive S. aureus (MSSA) in 2 (2%) and 55
(24%) had polymicrobial infection (Table 2).
Moreover, of the 229 catheters applied 55 (24%)
had polymicrobial causative agents and, in all,
337 micro-organisms totally isolated (Table 2).
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In our study the appearance rate of micro-or-
ganisms quickly acquiring multiple drug resis-
tance such as Acinetobacter spp., MRSA,
Pseudomonas spp, CNS, Klebsiella spp. and Enter-

obacter spp. in intensive care units (ICUs) were
found to be 88%, 84%, 63%, 58%, 56% and 45%
respectively. Units where catheter infections
were found to be most frequent were ICU

Table 1 - Distribution rate of causative agents by catheter type.

Micro-organisms Urinary catheter Endotracheal tube IV catheter VP shunt Total
n % n % N % n % n %

MRSA* 0 0 20 17 5 17 4 19 29 9

CNS** 13 8 9 8 10 35 6 29 37 11

MSSA*** 2 1 2 2 5 17 3 14 12 3

Klebsiella spp 29 17 20 17 3 10 3 14 55 16

Pseudomonas sp 26 15 29 25 0 0 3 14 59 17

Escherichia coli 42 25 4 3 0 0 0 0 46 13

Acinetobacter spp 10 5 24 21 4 14 2 10 40 12

Enterobacter spp 14 9 5 4 0 0 0 0 19 6

Proteus spp 9 5 2 2 0 0 0 0 11 3

Candida spp 14 8 0 0 2 7 0 0 16 5

Other 12 7 1 1 0 0 0 0 12 4

Total 171 51 116 34 29 9 21 6 337 100

*methicillin-resistant Staphylococcus aureus; **coagulase-negative staphylococci; ***methicillin-susceptible Staphylococcus aureus

Table 2 - Polymicrobial (≥ two causative agents) infection rate due to catheter types.

Micro-organisms Urinary catheter Endotracheal tube IV catheter VP shunt Total
n % n % N % n % n %

Number of catheters 106 78 33 63 22 88 13 81 174 76
with single causative
agent

Number of catheters 30 22 19 37 3 12 3 19 55 24
with polymicrobial
causative agents

Total catheter numbers 136 59 52 23 25 11 16 7 229 100

Total causative agents 171 51 116 34 29 9 21 6 337 100

Table 3 - Distribution rates of cases by unit and catheter type.

Units Urinary Endotracheal IV VP Total Total
catheter tube catheter shunt catheter cases

n % n % N % n % n % n %

ICU 42 31 52 100 8 32 4 25 106 46 96 44

Surgery 35 26 0 0 5 20 11 69 51 22 51 23

Internal 59 43 0 0 12 48 1 6 72 32 72 33

Total 136 60 52 23 25 11 16 6 229 100 219 100
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(46%), internal units (32%) and surgery units
(22%) (Table 3). Ten cases monitored in the in-
tensive care units had more than one type of
catheter infection and the most frequently iso-
lated causative agent in the internal units was
E. coli (48%) and in the surgery units Proteus
spp. (44%).
Moreover, 52 (23%) cases had mechanical ven-
tilation, 45 (21%) were unconscious due to CNS
pathologies. In addition, there were 20 (9%)
and 136 (59%) cases with tracheostomy and in-
dwelling urinary catheters, respectively. 
The isolated micro-organisms from 136 cases
with urinary catheters and 52 cases with endo-
tracheal tubes were 171 and 116 respectively.
In our study, 83 (38%) cases overall had
chronic illness and of these, 27 (33%) had dia-
betes mellitus, 16 (19%) had malignancy, 13
(16%) had cardiovascular disease, and 27 (33%)
had renal disease.

■ DISCUSSION

In this study it was observed that catheter in-
fections were most frequent in patients who
were 45 years or older (131 cases, 60%). Our re-
sults showed that sex differences are not of im-
portance for the development of catheter infec-
tions. Old age might be a predisposing factor.
Contaminated or infected catheters are the
main source of nosocomial infections and are
responsible for more than 40% of the nosoco-
mial sepsis episodes in intensive care units [7].
According to previous studies it was found
that urinary catheterization increases the
probability of urinary tract infections, endotra-
cheal intubation and tracheostomy the proba-
bility of lower respiratory tract infections, and
intravenous catheterization the probability of
bacteremia [2, 10, 11]. In our study it was
found that among hospitalized patients the
nosocomial infections associated with catheter
usage occurred mostly due to the usage of uri-
nary catheters (59%) and tracheal aspiration
catheters (23%) (Table 2). The most frequently
isolated causative agents were Pseudomonas
spp. (17%), Klebsiella spp. (16%), E. coli (13%),
Acinetobacter spp. (12%), CNS (11%) ve MRSA
(9%) (Table 1). Franchi et al. found that the
most common micro-organisms isolated were
P. aeruginosa (31.8%), MRSA (14.8%), A. bau-
manni (12,5%) and S. maltophilia (8.5%) in de-
vice-associated nosocomial infections in ICU
[12]. 

UTIS constitute up to 40% of total nosocomial
infections [13, 14], according to some studies
even more than 40%, and may lead to serious
complications [15]. It was reported that ure-
thral catheters had been previously used prior
to about 80% of nosocomial UTI [14, 16]. In a
study 97.3% of UTI were associated with uri-
nary catheters [18]. In another study this rate
was estimated at 65.3% [17]. Franchi et al.
found a UTI rate of 2.9/1000, P. aeruginosa be-
ing the most common pathogen (70.0%) in de-
vices associated with UTI [12]. Of those pa-
tients having instrumentation, 10% to 30% will
ultimately develop significant bacteriuria. It is
estimated that 1% to 4% of bacteriuric patients
will ultimately develop clinically significant
bacteraemia, with a case fatality rate of 13% to
30% [19]. In our study the most frequently iso-
lated causative agent in urinary catheter infec-
tions was E. coli (25%) followed by Klebsiella
spp. (17%), Pseudomonas spp. (15%), Enterobacter
spp. (8%), CNS and Candida spp. (8%), Acineto-
bacter spp. and Proteus spp. (5%) (Table 1). In
one study over 60% (65.3%) of urinary tract in-
fections were associated with urinary
catheters. E. coli (32.4%) was the most common
pathogen reported, followed by Klebsiella spp.
(17.0%), Candida spp. (12.8%), Pseudomonas
aeruginosa (11.7%) and enterococci (8.5%) [17].
Black et al. and Warren reported that in UTIs
with bacteraemia the most frequently isolated
causative agent was E. coli [20, 21].
Generally, nosocomial respiratory tract infec-
tions are the second most frequently seen after
urinary tract infections, but take first place in
ICU (18). In a study of cases of nosocomial
pneumoniae and lower respiratory tract infec-
tions, 81.9% were associated with mechanical
ventilation [18]. 
In another study the ventilator-associated
pneumonia rate was found to be 20.4/1000 and
the most common pathogens isolated were P.
aeruginosa (38.3%) and MRSA (18.1%) [12]. In
our study the number of the causative agents
isolated from 52 (23%) cases which developed
infection due to tracheal intubation was found
to be 116 (34%) and 72% of these micro-organ-
isms were Gram negative bacteria. The most
frequently isolated causative agents were
Pseudomonas spp. in 29 (25%) cases, Acinetobac-
ter spp. in 24 (21%), Klebsiella spp. in 20 (17%),
MRSA in 20 (17%), CNS in 9 (8%), Methicillin-
Sensitive S. aureus (MSSA) in 2 (2%) and 55
(24%) had polymicrobial infection (Table 2). In
a study by Kanafani at al. it was found that the
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VAP rate was 47% in 70 cases which had me-
chanical ventilation for more than 48 hours, out
of the isolated micro-organisms 83% were
Gram-negative rods and the most frequently
isolated bacteria were A. anitratus and P. aerug-
inosa [22]. In another study it was reported that
of the 175 patients who had mechanical venti-
lation for more than 24 hours, 56 (32%) devel-
oped VAP [23]. Noor et al. reported that sev-
enty (28%) out of 250 mechanically ventilation
patients developed VAP (the VAP rate was 26
cases per 1000 ventilator days) [24]. Addition-
ally, Gram negative organisms and S. aureus
were responsible for over 90% of cases. In stud-
ies by Petdachai it was reported that in VAP
the first three most frequently isolated Gram
negative causative agents were P. aeruginosa, K.
pneumoniae and Acinetobacter spp. [25] Polymi-
crobial infection was found in 11 specimens
(12.9%) from entracheal aspirate culture. In a
study from India it was reported that the most
frequently isolated micro-organisms from VAP
in intensive care units were Gram negative
bacteria, with Pseudomonas spp. in first place,
and besides this 16.3% of the cases had polymi-
crobial infection [26]. In our study it was ob-
served that especially in cases where urinary
catheterization or endotracheal intubation had
been performed, infections were often polymi-
crobial (Table 2).
The contamination of intravascular devices
may lead to cellulites, abscess, septic trom-
bophlebitis, bacteraemia, endocarditis and es-
pecially in patients where CVC have been ap-
plied sepsis may develop [27]. In a study from
Brazil it was reported that the risk factors asso-
ciated with contaminated catheter tips were
≥14 days hospital stay, ≥7 days catheterization
and antibiotic therapy. CNS and S. aureus were
the most common micro-organisms at the in-
sertion site (78%) and in the catheter type (94%)
[28]. 
The high counts of staphylococci, at the inser-
tion site, and the significant association of this
colonization with catheter tip contamination,
indicate that the skin is an important reservoir
of micro-organisms associated with catheter-
related bloodstream infections. Recently the
importance of CNS and especially that of S. epi-
dermidis has increased worldwide as a nosoco-
mial pathogen [27]. In a study performed by
Pawar et al., pathogens isolated as CRBSI
agents were E. coli (47%), Acinetobacter spp.
(11.7%), Enterobacter spp. (5.8%), Proteus spp.
(5.8%), methicillin-resistant Staphylococcus

species (5.8%), and Candida spp. (11.7%) [29].
Franchi et al. found that the vascular catheter
associated BSI rate was 19.1/1000; methicillin-
resistant CNS 21.9% and P. aeruginosa 17.2%
were isolated [12]. In another study per 1000
days of catheterization were 17.2 and 3.93, re-
spectively for CNS and P. aeruginosa [30].
In our study the rate of staphylococci among
the agents causing IV catheter infections and
drainage site of infection was found to be 69%
and 62%, respectively (Table 1). The frequency
of micro-organisms as causative agents in IV
catheter infections were CNS 35%, MRSA 17%,
MSSA 17% and Acinetobacter spp. 14%, Klebsiella
spp. 10%, Candida spp. 7%; the frequency in VP
shunt and drainage site infections were CNS
29%, MRSA 19%, Klebsiella spp., Pseudomonas
spp, MSSA 14%, Acinetobacter spp.10% (Table 1).
In a study by Lyytikainen et al. it was reported
that the frequency of the micro-organisms
causing blood-borne infections due to IV
catheter usage was CNS 31%, S. aureus 11%, E.
coli 11%, enterococci 6%, P. aeruginosa 5%, Can-
dida spp. 4% [31].
In our study out of 219 catheters applied to 229
cases, 55 (24%) had polymicrobial causative
agents (Table 2). Urinary catheters and endo-
tracheal tubes applied were 136 (59%) and 52
(23%) respectively (Table 2); the number of
causative agents isolated from materials of
these cases were found to be 171 (51%) and 116
(34%), respectively (Table 1). 
Compared with other units in the hospital, the
nosocomial infection rate of the intensive care
units is known to be 5-10 times higher. In our
study involving the 27-month period from Jan-
uary 2001 to March 2003 the nosocomial infec-
tion rate was 1.62%; the infection rate per 1000
hospital stay was found to be 2.05%. Among
cases of nosocomial pneumonia and lower res-
piratory tract infections (LRTI), 81.9% were as-
sociated with mechanical ventilation, and
97.3% of urinary tract infections were associ-
ated with urinary catheter. According to the re-
sults of nosocomial infection studies in Turkey,
the incidence of hospital infections varies be-
tween 1.0% and 8.6% [18]. In our study the
nosocomial infection rate was found to be
lower. This may be due to insufficient clinical
specimens and/or the data obtained by the lab-
oratory surveillance system. 
Nosocomial infections become especially
prominent in the intensive care unit where the
rate is from two to five times that of the general
inpatient population [32]. In the EPIC Study in
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1992, pneumonia (47%) and lower respiratory
tract infections were the most common nosoco-
mial infections, followed by urinary infections
and bloodstream infections. In National Noso-
comial Infections Surveillance (NNIS) reports
the most frequent infections were UTI. The re-
sults show that there may be variations in the
rates and distributions of infections among
multicentric studies [18].
In a study performed by Misset et al. prospec-
tive surveillance showed the following rates
per 1000 procedure days: VAP 8.7, UTI 17.2,
CVC colonization 6.1, and CVC-related bacter-
aemia 2.0 [33]. In our study the catheter infec-
tion rates of hospitalized patients in different
hospital units may be viewed in Table 3. All of
the endotracheal tube infections were isolated
from patients hospitalized in the ICU; infec-
tions due to usage of urinary catheters and iv
catheters occurred most frequently (43 and
48% respectively) in internal units; the second
highest frequency with the rate of 31 and 32%,
respectively, was observed in the intensive
care unit. 
Ten cases hospitalized in the ICU had more
than one catheter infection (Table 3). In our
study the appearance rate of micro-organisms
rapidly acquiring multiple drug resistance,
namely Acinetobacter spp., MRSA, Pseudomonas
spp., CNS, Klebsiella spp. and Enterobacter spp. in
the ICU were found to be 88%, 84%, 63%, 58%,
56% and 45%, respectively.
In a study from India the rate of nosocomial
pneumonia in cases monitored in the ICU was
found to be 53.9% and mortality 47.3%. VAP
rate was found to be 81.7% and mortality risk
associated with ventilator applied 72.3% [26].
In our study 52 (23%) cases had mechanical
ventilation, 45 (21%) were unconscious due to
CNS pathologies. In addition, cases with tra-
cheostomy and indwelling urinary catheters
were 20 (9%) and 136 (59%) respectively. Be-
sides, 83 (38%) of the cases had chronic illness,
27 of which (33%) diabetes mellitus, 16 (19%)
malign diseases, 13 (16%) cardiovascular dis-
ease, and 27 (33%) renal system disease.
Erbay et al. reported that high prevalence of
risk factors such as mechanical ventilation,
coma, trauma and invasive procedures, such as
nasogastric intubation and tracheotomy, are
strongly associated with nosocomial infections
in ICU [32].
According to the findings of Esen et al., uni-
variate analysis of risk factors for the likeli-
hood of the presence of infection showed that

endotracheal tube, urinary catheter, multi-
trauma on admission, stress ulcer prophylaxis,
nasogastric feeding, mechanical ventilation
and underlying cancer were risk factors [18].
The predisposing factor in 80% or more of
nosocomial UTIs are related to the use of ure-
thral catheters [21]. Catheter use is also a risk
factor for sepsis: bacteraemic UTIs occurred in
4.9% of cases in our study, higher than previ-
ously reported [17]. It was reported that risk
factors for UTI due to urinary catheters are
prolonged usage of catheters, female sex, ab-
sence of antibiotic usage, abnormal creatine
level, insufficient catheter care, diabetes melli-
tus, microbial colonization of the drainage bag
and periurethral colonization [21]. 
The risk factors for the development of VAP
are age (>60 years), chronic obstructive pul-
monary disease, coma, unconsciousness, gas-
tric aspiration, antibiotic usage, antiacid usage,
autumn-winter periods, reintubation, self extu-
bation, mechanic ventilation lasting more than
2 days, tracheostomy, diabetes mellitus, renal
failure and blood transfusions. Cases where
mechanical ventilation has been applied have
6-20 fold higher nosocomial pneumonia rates
[34]. 
It was reported that risk factors for bacteraemia
were jugular insertion side, catheterization
longer than 10 days, catheter hub colonization,
and catheter colonization by Gram negative
bacilli, fungi and S. aureus [28]. Risk factors for
catheter colonization vary according to the mi-
cro-organism which colonizes the catheter [28]. 
A high incidence was shown of infections asso-
ciated to invasive procedures and the presence
of multiresistant bacteria [12].
Hence it should be emphasized that as ICUs
are important risk factors for the development
of catheter infections, the resistance patterns of
the isolated micro-organisms from the unit
should be taken into consideration in selecting
appropriate antibiotics. It is also important to
avoid unnecessary catheterization and ensure
that preventive measures be properly applied.

Key Words: catheter infections, ventilator associ-
ated pneumonia, risk factors
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RIASSUNTO

In this study a total of 219 patients who devel-
oped nosocomial infections and were treated in
Sisli Etfal Training and Research Hospital be-
tween January 2001 and March 2003 were evalu-
ated retrospectively. In all, 337 bacterial strains
were isolated in these patients. The aim of our
study was to assess the causative agents of
catheter-related nosocomial infections, the distri-
bution rate of causative agents due to hospital
units, infection sites and catheter types, and de-
termine the risk factors which facilitate such
nosocomial infections. The most frequently iso-
lated causative agents in catheter infections were
Pseudomonas spp. (17%), Klebsiella spp. (16%), E.
coli (13%), Acinetobacter spp. (12%), Coagulase
Negative Staphylococci (CNS) (11%) and Methi-

cillin-Resistant S. aureus (MRSA) (9%). In 136
(59%) patients infections were due to urinary
catheterization and in 52 patients (23%) due to
tracheal aspiration catheters. Of the 229 catheters
applied, the polymicrobial infection rate was
found to be 24% (55 patients). Multiple drug re-
sistant strains were more frequently isolated in
Intensive Care Units (ICU). 
It was emphasized that as ICUs are important risk
factors for the development of catheter infections,
the resistance patterns of the isolated microor-
ganisms from the unit should be taken into con-
sideration for the selection of appropriate antibi-
otics. We also conclude that it is important to
avoid unnecessary catheterization and that pre-
ventive measures should be properly applied.

SUMMARY
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