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Objectives: To determine device-associated infection
(DAI) rates, and the microbiological and antibiotic
resistance profiles of infecting pathogens in our
hospital.

Methods: Prospective surveillance of healthcare-
associated infections was performed from January
2007 to March 2010 in 4 different intensive care units
(ICUs) of SB Diskapi Yildirim Beyazit Training and
Research Hospital, Ankara, Turkey.

Results: During the study period, 6,005 patients were
followed-up in ICUs for a total of 46,355 patient-
days. The total number of DAIs was 969. Catheter-
associated urinary tract infection (CAUTI) was the
most common DAI (55.3% of DAIs; 11.9 cases per
1000 catheter-days), followed by ventilator-associated
pneumonia (VAP) (38.9% of DAIs; 21.2 cases per
1000 ventilator-days), and central line-associated
blood stream infection (CLABSI) (5.8% of DAIs;
2.8 cases per 1000 central line-days). The most
frequently isolated pathogens in patients with VAP
were Acinetobacter species (24.5%) and Escherichia coli
in CAUTT (24.2%). Coagulase negative Staphylococci
and Candida species were the leading pathogens in
patients with CLABSI.

Conclusion: We observed considerably high rates of
VAP and CAUTI and a high rate of CLABSI in our
ICUs when compared with the National Healthcare
Safety Network data. These findings emphasize the
need to improve infection control practices and
management of invasive device use in our hospital.
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Healthcare-associated infections (HAIs) are a major
global problem for patient safety, and are related
to significantly increased morbidity, mortality, hospital
stays, and costs. The HAIs account for an estimated 1.7
million infections and 99,000 deaths annually in the
US."? Along with hand hygiene and isolation practices,
surveillance is one of the most important steps in
controlling HAIs. Surveillance provides data that allow
the determination of endemic infection rates, early
detection of epidemics, and assessment of the efficacy
of interventions.® It was clearly demonstrated by Haley
et al* that conducting organized surveillance and
control programs can reduce HAI rates by more than
30%. Following recommendations from the Centers
for Disease Control and Prevention’s (CDC) National
Nosocomial Infections Surveillance System (NNIS), a
targeted surveillance by focusing on device-associated
infections (DAIs) in intensive care units (ICUs) had
been carried out in many hospitals, particularly in the
US.>> However, surveillance data regarding DAIs are
limited in most developing countries. The aim of the
present study was to evaluate DAI rates in different
ICUs of a tertiary referral hospital in Turkey, to compare
these rates with the international data, and to determine
microbiological profiles and resistance patterns of
infecting organisms.

Methods. This prospective surveillance study was
conducted in the neurology ICU (N-ICU), neurosurgery
ICU (NS-ICU), cardiovascular surgery ICU (CVS-
ICU), and medical-surgical ICUs (MS-ICUs) of Diskapi
Yildirim Beyazit Trainingand Research Hospital, Ankara,
Turkey. The MS-ICUs are located in 5 different wards
with a total of 33 beds. The N-ICU has 7, NS-ICU has
6, and CVS-ICU has 6 beds. There are 4 isolation beds
in the MS-ICUs. The total nurse-patient ratio in these
ICUs was 1:2 during day shifts and it was 1:3 at other
times. All patients admitted to ICUs during the study
period from January 2007 to March 2010 with a length
of stay of more than 48 hours were enrolled in the study.
They were followed-up until 48 hours following ICU
discharge. An infection control nurse, and an infection
control practitioner visited all patients in ICUs on a
daily basis. Demographic data including the age and
gender, underlying diseases, admission date to hospital
and the ICU, diagnosis at admission, risk factors for
HAISs, physical examination findings, laboratory results,
culture results, and susceptibility data, and antibiotics
administered during the ICU follow-up were collected
and recorded using standardized record cards. The
number of patients in ICUs, patient-days and device-
days for ventilators, urinary catheters, and central lines

were recorded accordingly. The HAIs were defined

Table 1 - The total number of device-days, device-utilization ratios, ventilator-associated pneumonia, catheter-
associated urinary tract infection, and central line-associated bloodstream infection rates per 100 patients

and per 1000 device-days in 4 different ICUs in a Turkish referral hospital.
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Variable

MS-ICU NS-ICU N-ICU CVS-ICU Overall

Patient number
Patient days

Ventilator-associated pneumonia
Device days for ventilators
Device utilization ratio
VAP (n)

Rate per 100 patients
Rate per 1000 device days
(95% CI)

Catheter-associated UTI
Device days for urinary catheters
Device utilization ratio
CAUTI (n)
Rate per 100 patients
Rate per 1000 device days
(95% CI)

Central line-associated BSI
Device days for central lines
Device utilization ratio
CLABSI (n)

Rate per 100 patients
Rate per 1000 device days
(95% CI)

3,476 789 622 1,118 6,005
29,257 5,910 7,990 3,198 46,355

12,926 1,802 1,851 1,201 17,780

0.44 0.30 0.23 0.37 0.38

276 42 43 16 377

7.9 5.3 6.9 1.4 6.3
21.4 23.3 23.2 13.3 21.2

(18.9-23.9) (16.3-30.3) (16.3-30.1) (6.8-19.8) (19.1-23.3)

28,381 5,587 7,901 3,031 44,900

0.97 0.95 0.99 0.95 0.97
346 59 123 8 536
10.0 7.5 19.8 0.7 8.9
12.2 10.6 15.6 2.6 11.9

(10.9-13.5) (7.9-13.3) (12.9-18.3) (0.8-4.4) (10.9-12.9)

12,980 2,167 1,625 3,167 19,939

0.44 0.36 0.20 0.99 0.43
38 11 4 3 56

1.1 1.4 0.6 0.3 0.9

2.9 5.1 2.5 0.9 2.8

(2-3.8) (2.1-8.1)  (0.1-4.9) (0.1-1.9) (2.1-3.5)

MS-ICU - medical-surgical intensive care unit, NS-ICU - neurosurgery intensive care unit, N-ICU - neurology
intensive care unit, CVS-ICU - cardiovascular surgery intensive care unit, VAP - ventilator-associated pneumonia,
UTT - urinary tract infection, CAUTTI - catheter-associated urinary tract infection, CLABSI - central line-associated
bloodstream infection, BSI - blood stream infection, CI - confidence interval
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Table 2 - Overall distribution of isolated microorganisms according to infection site.

Microorganisms VAP CAUTI CLABSI Total
n (%)

Acinetobacter species 103 (24.5) 35(5.9) 5 (7.4) 143 (13.2)
Pseudomonas species 98 (23.3) 72(12.1) 3 (4.4) 173 (16)
Escherichia coli 23 (5.4) 144 (24.2) 2(2.9) 169(15.6)
Klebsiella species 31 (7.4) 84 (14.1) 2(2.9) 117 (10.8)
Proteus species 25 (5.9) 24 (4) - 49 (4.5)
Serratia species 12 (2.9) 3(0.5) - 15 (1.4)
Enterobacter species 11 (2.6) 7 (1.2) 2(2.9) 20 (1.8)
Stenotrophomonas maltophilia 11 (2.6) 2(0.3) 2(2.9) 15(1.4)
Other gram negatives 3(0.7) 5(0.8) 2(2.9) 10(0.9)
Coagulase-negative staphylococci 47 (11.2) 15(2.5) 20 (29.4) 82 (7.6)
Staphylococcus aureus 46 (10.9) 5(0.8) 6 (8.8) 57(5.3)
Enterococcus species 5(1.2) 55 (9.3) 4(5.9) 64(5.9)
Other gram positives 1(0.2) 1(0.1) - 2(0.2)
Candida species 5(1.2) 142 (23.9) 20 (29.4) 167 (15.4)
Total 421 (100) 594 (100) 68 (100) 1,083 (100)

VAP - ventilator-associated pneumonia, CAUTI

- catheter-associated urinary tract infection,

CLABSI - central line-associated bloodstream infection

Table 3 - Antibiotic resistance patterns of the most frequently isolated

pathogens.
Microorganisms Resistance pattern  Resistant isolates
%
Acinetobacter species Carbapenem resistance (79.7)
Pseudomonas species Carbapenem resistance (39.3)
Escherichia coli ESBL production (37.9)
Klebsiella species ESBL production (48.7)
Staphylococcus aureus Methicillin resistance (73.7)
Coagulase-negative staphylococci Methicillin resistance (87.8)
Enterococcus species Vancomycin resistance (4.7)

ESBL - extended-spectrum beta-lactamases

according to the standard definitions of the CDC.
Patients with signs and symptoms of infection in the
first 48 hours of the ICU stay were not considered as
having ICU-acquired HAIs and excluded from the
study. If a urinary tract infection (UTI), pneumonia
or blood stream infection (BSI) was associated with
the use of a catheter, ventilator, or a central line, the
diagnosis of a DAI was established. Although all ICU-
acquired infections were recorded, only results of DAIs
are presented in this study. The isolates were identified
by conventional methods and antibiotic susceptibility
tests were performed according to standard guidelines.”
Device utilization ratios were calculated by dividing
the total number of device-days by the total number of
patient-days. The DAI rates for pneumonia, UTI, and
BSIwere calculated by dividing the total number of DAIs
by the total number of device-days and multiplying the
result by 1000.*

Results. During the surveillance period, 6005
patients were followed up in ICUs, resulting in a total of

46,355 patient-days. The mean length of stay in ICUs
was 7.7 days. The total number of DAIs during the
surveillance period was 969. The mean overall DAI rate
was 16.1% or 20.9 infections per 1000 patient-days.
Catheter-associated urinary tract infection (CAUTI)
was the most frequently diagnosed DAI (55.3%).
Ventilator-associated pneumonia (VAP) accounted for
38.9% of all DAIs, followed by central line-associated
blood stream infection (CLABSI) (5.8%).

The mean overall DAI rates were 21.2 for VAP, 11.9
for CAUTI, and 2.8 for CLABSI infections per 1000
device-days. The total number of device-days, device-
utilization ratios, VAP, CAUTI, and CLABSI rates per
100 patients and per 1000 device-days from 4 different
ICUs are shown in Table 1. The overall device use ratios
were 0.97 for urinary catheters, 0.43 for central lines,
and 0.38 for ventilators. Device-utilization ratios for
ventilators and urinary catheters were similar in all 4
ICUs. The central line utilization ratio was considerably
higher in the CVS-ICU compared to other ICUs.
During the study period, a total number of 1,083
microorganisms were recovered from patients. Isolated
microorganisms according to infection site are presented
in Table 2. Of the isolated pathogens, 711 (65.7%)
were gram negatives, 205 (18.9%) were gram positives,
and 167 (15.4%) were fungi. The results of antibiotic
susceptibilities of selected microorganisms are presented
in Table 3.

Discussion. The ICU type-specific, device-
associated, device-day infection rates and device
utilization ratios appear to represent the best available
healthcare associated infection rates for meaningful
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intrahospital and interhospital comparisons.” Although
the National Healthcare Safety Network (NHSN)
reports DAI rates for the US hospitals annually, most
other countries do not have a similar system to follow
these infections. The International Nosocomial Infection
Control Consortium (INICC) is an international, multi-
center HAI control program with a surveillance system
based on that of the US NHSN, collecting surveillance
data from developing countries.'®" The overall DAI
rates per 100 patients and per 1000 ICU-days were
16.1 and 20.9 in this study, which closely resembled
the mean values of 14.7% and 22.5 infections per 1000
ICU days in the INICC study."" Data reported from
Turkey generally yielded higher rates of DAIs. Inan et
al’ reported 29.1 infections per 100 patients and the
mean overall infection rate per 1000 patient-days was
34.2. In another study, overall DAI rates were reported
to be 38.3% and 33.9 infections per 1000 ICU days,
which were considerably higher than our results.'?

Ventilator utilization ratios in the N-ICU and CVS-
ICU were similar to that of the NHSN, whereas the
same ratio in the MS-ICU exceeded the seventy-fifth
percentile. Most strikingly, utilization ratios for urinary
catheters in all ICUs were greater than the ninetieth
percentiles reported by the similar ICUs in the NHSN
system. Although the central line use in the CVS-ICU
was almost 100%, this ratio in other ICUs was around
the twenty-fifth percentile.®

Device associated infection rates. The CAUTI and
VAP rates in MS-ICUs were found to be 4 to sevenfold
higher than the pooled mean rates reported by the
NHSN, and the CLABSI rate was also slightly higher.®
When compared with the INICC data,'® we found a
similar VAP rate (21.4 versus 19.8); higher CAUTI and
lower CLABSI rates (12.2 versus 6.6; 2.9 versus 8.9).
Previous reports from Turkey usually demonstrated
similar results. The largest multicenter study from
Turkey by Leblebicioglu et al'* gathered data from 13
MS-ICUs. Mean overall DAI rates for VAP, CAUTI,
and CLABSI were found to be 26.5, 8.3 and 17.6 in
this study. In addition, VAP, CAUTI, and CLABSI rates
were 20.7, 13.6 and 9.7 in the study by Inan et al.’
Our DAI rates in MS-ICUs were comparable to those
previously reported from Turkey and developing
countries.

Although limited, previous reports from different
hospitals usually yielded higher DAI rates in N-ICUs.
Depressed consciousness and impaired protective
oropharyngeal reflexes pose a major risk for the
development of VAP in neurologic patients.'”” The VAP
rates for patients followed in N-ICUs were reported to be
20.4 and 27.4 in 2 different studies from Germany.'>!*
The VAP incidence in our hospital’s N-ICU was in line
with these findings. Among neurologic ICUs reported
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to the NHSN,? rates were 6.7 for VAP, 7.4 for CAUTI,
and 1.4 for CLABSI. Our results were 2 to fourfold
higher than these reported data.

In addition to the risk factors for patients followed
in the N-ICU, NS-ICU patients may suffer from
additional risk factors such as trauma and operation.
Published data revealed VAP rates between 10.3-19.9,
CAUTT rates between 4.5-8.5, and CLABSI rates
between 0.9-13.1 per 1000 device-days in neurosurgical
ICUs.!%5"7 The VAR, CAUTI and CLABSI rates in
the NS-ICU were found to be 23.3, 10.6 and 5.1 in
our study. Compared with DAI rates reported by the
NHSN,? these rates were found to be 2 to fourfold
higher. However, these rates were similar to the data
from the INICC report."” The pooled mean VAP
CAUTTI and CLABSI rates of cardiothoracic surgery
ICUs reported to the NHSN were 3.9, 3.6 and 1.4.%
These rates were reported to be 18.8, 1.3 and 1.6 in the
INICC report.'” The DAI rates in our CVS-ICU were
13.3, 2.6 and 0.9. Lower CAUTI and CLABSI rates
in the CVS-ICU when compared to other ICUs may
be explained by the location of this ICU; it is adjacent
to the CVS operation room. Hence, all urinary and
intravascular catheterizations in this ICU are performed
in the operation room with strict barrier precautions.
The Turkish National Healthcare Associated Infections
Surveillance Report, data summary for 2006-2007 was
issued in December 2009." When compared with this
report, VAP rates in all ICUs were greater than the fiftieth
percentile, except in the NS-ICU that was between the
twenty-fifth - fiftieth percentiles. The CAUTT rates of
all ICUs were around the seventy-fifth percentile and
CLABSI rates were at the fiftieth percentile or lower.

Several factors may have contributed to these high
DAL rates. Our hospital is a tertiary reference hospital
with more than 800 beds. It was shown that large-sized
medical centersand teaching hospitals tend to have higher
healthcare-associated infection rates.””” Understaffing
and a low nurse-patient ratio are frequently reported
problems in developing countries.”!" The total nurse-
patient ratio in our ICUs was lower than has been
recommended.” Inadequate infrastructure (for example
insufficient bed area) and inadequacies in appropriate
medical supplies (for example sterile closed drainage
systems for urinary catheters and endotracheal tubes
with a subglottic secretion drainage lumen) especially
during the first 2 years of the study period may have
increased our DAI rates. The lack of available beds
in long-term care facilities in Turkey may extensively
prolong the ICU follow-up in some instances and
leads to longer lengths of stay, which in turn increase
the likelihood of the development of recurrent HAIs.
Particularly, urinary catheter utilization was higher than
the ninetieth percentiles of the similar ICUs reported
by the NHSN. This may be one of the reasons for our
considerably higher CAUTI rates. Finally, infection
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control shortcomings may also be related with higher
DAI rates in our hospital.

Better implementation of infection control
measures, reducing the utilization of invasive devices
by using alternative methods, continuous education
of healthcare workers, improving compliance with
published guidelines, and implementing protocols for
the correct use of ventilators, urinary catheters, and
central lines can help to improve our DAI rates.

Microbiological findings. A recent international
prevalence study by Vincent et al*' showed that 62%
of the isolates recovered from the patients in ICUs were
gram-negative organisms, most commonly Pseudomonas
species and Escherichia coli (E. coli). Similar to this finding,
we have found that Pseudomonas species and E. coli were
the most frequently recovered pathogens from patients
with DAIs in our hospital. In patients with VAD,
Acinetobacter species and Pseudomonas species were the
most frequently isolated. This finding is in accordance
with previous reports from Turkey’ and other countries,
such as Greece.”? Although Staphylococcus aureus
(S. aureus) was the leading cause of VAP according to
the NHSN data,”® this microorganism was isolated
from only 11% of our VAP cases. The E. coli and
Candida species accounted for almost half (48%) of
all CAUTIs. Similarly, these 2 pathogens are the most
frequently reported isolates in the NHSN report.” It
is assumed that the high frequency of Candida species
in patients with urinary tract infections may be related
to the long duration of catheterization.'? Coagulase
negative Staphylococci are reported to be the leading
cause of CLABSL.* We have found that coagulase
negative Staphylococci and Candida species were the
leading pathogens in patients with CLABSIs with the
same frequency (29.4%). Even though the frequency
of Candida species in our patients with CLABSIs was
higher than that reported by the NHSN, it has been
noticed that there may be significant variabilities in the
relative frequency of candidemia in different regions
even within a given country.

Resistance findings. The HAls due to antimicrobial
resistant pathogens became a major problem in the
last decade. Describing the magnitude of the problem
with respect to antimicrobial-resistant pathogens
is challenging, because the levels of antimicrobial
resistance vary for different geographic areas.?%
Hence, surveillance of local antimicrobial resistance
is essential to understand trends in resistance and
to facilitate treatment decisions. The rates of ESBL
expression among nosocomial E.coli and Klebsiella
species have risen substantially in several countries.”
European Antimicrobial Resistance Surveillance System
data shows that Greece has the highest rate of ESBL
production in Europe, whereas the northern European

countries have lower rates.””*® The results of surveillance
of microbial resistance in European ICUs revealed that
third generation cephalosporin resistance rates of E.coli
and Klebsiella species isolates from Turkey were 42%
and 52%.% The results of our study (38% and 49%)
were consistent with this finding.

Although methicillin resistance in S. aurens was
found to be higher than that reported by the NHSN*
(56% versus 74%), this rate was lower than that
reported by Hanberger et al.?” Vancomycin resistance
in Enterococci remains a problem with an overall lower
and inconsistent impact in Europe in contrast to the
US.* Vancomycin resistant Enterococci do not seem
to constitute a major problem for our hospital. Only
<5% of Enterococci isolates were found to be resistant to
vancomycin, whereas it was reported as being as high as
33% by the NHSN.* Antibiotic resistance is even more
serious among P aeruginosa and A. baumannii.*® The
P aeruginosa resistance rates to carbapenems appear to
be rather high all over Europe. The highest rates were
reported by Greece and Italy, 49 and 33%.%® Thirty
percent of P aeruginosa isolates from Turkey were found
to be resistant to carbapenems in the same report and
even higher resistance rates were reported by others.”

Concerning Acinetobacter species, the most recent
darta revealed that carbapenem resistance rates were as
high as 33% in the US* and 38% in Turkey.”” We have
found that 39% of P aeruginosa isolates were resistant to
carbapenems in our hospital. Although this rate was in
line with the literature, we observed considerably higher
carbapenem resistance rates among Acinetobacter species
than those from other studies. Even though we have
found high resistance rates for certain microorganisms,
most of our susceptibility data were consistent with
the data from Europe. Among all organisms recovered
from patients with DAIs, above-mentioned resistant
pathogens accounted for 39% in our hospital. Antibiotic
resistance profiles of these commonly encountered
organisms demonstrate the need and importance of
local epidemiologic data for better management of
patients with HAIs. Limiting and improving the use
of antimicrobial agents, following published guidelines
to prevent DAIs and more consistent application of
infection control measures and isolation practices will
be required to control antibiotic resistance.

The major limitation of this study was that presented
data comes from a single center and represents neither
Turkish hospitals’ DAl rates nor antibiotic susceptibilities
of selected microorganisms.

In conclusion, we observed considerably high
rates of VAP and CAUTI and a high rate of CLABSI
in our ICUs when compared with the NHSN data.
In addition, we noted high rates of resistance among
pathogens frequently encountered in DAIs. These
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findings emphasize the need to improve infection
control practices and management of invasive device
use in our hospital. In this setting, ongoing surveillance
programs could contribute to reducing HAIs.
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