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Abstract

Aim  The aim of this study was to determine the healthcare-associated infections (HAIs), causative microorganisms and antibiotic resistance profiles in the tertiary intensive care unit of our
hospital and, based on the results, to contribute to the rational administration of antibiotics.

Materialand ~ The study included patients who were followed up in the tertiary intensive care unit between January 2023 and December 2023 and were diagnosed with HAI Patient data were
Method  obtained retrospectively from infection control nurse records and patient files.

Results During the study period, 107 HAI episodes were identified in 99 of 2296 patients. The incidence rate of HAI was 4.7% and the incidence density was 5.2 per thousand. Central
line-associated bloodstream infections (43%) were the most common HAI associated with invasive devices. The next most common were ventilator-associated pneumonia (42%)
and catheter-associated urinary tract infection (15%). Gram negative bacteria were isolated in 83.2%, fungi in 10.3%, and gram positive bacteria in 6.5% of patients diagnosed with
HAL The most common gram negative bacteria were Acinetobacter baumannii (34.6%) and Pseudomonas aeruginosa (19.6%). A colistin resistance rate of 8.1% was determined for
Acinetobacter baumannii. Carbapenem resistance was 91.9% for Acinetobacter baumannii and 76.2% for Pseudomonas aeruginosa. Methicillin resistance was found in 66.7% of
Staphylococcus aureus, the most commonly isolated gram positive bacterium.

Conclusion  Monitoring HAIs, causative microorganisms and antibiotic resistance rates in intensive care units is of great importance for both infection prevention and the rational use of antibiotics.

Keywords  Antimicrobial resistance, healthcare associated infection, intensive care unit

Ozet

Amag  Bu cahsmada, hastanemizin iiciincii basamak yogun bakim iinitesinde gelisen saglk hizmetiyle iliskili enfeksiyonlarin (SHIE), etken mikroorganizmalarin ve antibiyotik direng profillerinin belirlenmesi
ve bulgular isiginda akilc antibiyotik I katki sagl amaglanmgtir.

Geregve  Calismaya Ocak 2023-Aralik 2023 tarihleri arasinda digiincii basamak yogun bakim iinitesinde takip edilen ve SHIE tanisi koyular hastalar dahil edilmistir. Hasta verileri, enfeksiyon kontrol hemsireleri
Yontem  tarafindan tutulan kay:tlardan ve hasta dosyalarindan retrospektif olarak elde edilmigtir.

Bulgular  Calisma boyunca 2296 hastanin 99'unda 107 SHIE epizodu tanimlanmugstir. SHIE insidans hizi %4,7, insidans dansitesi binde 5,2 olarak olarak saptanmustir. Invazif aragla iliskili SHIE icerisinde santral
vendz kateter iliskili kan dolagtmu enfeksiyonu (%43) ilk sirada yer almigtir. Ikinci siklikta ventilator iligkili pnomoni (%42) ve sonrasinda kateter iliskili iiriner sistem enfeksiyonu (%15) saptanmustrr. SHIE
tanisi alan hastalardan %83,25inde gram negatif bakteriler, %10.3iinde funguslar, %6.5’inde gram pozitif bakteriler izole edilmistir. Gram negatif bakterilerden en sik Acinetobacter baumannii (%34,6)
ve Pseudomonas aeruginosa (%19.6) sap Acinetobacter b ii igin kolistin direnci %8,1 olarak bulunmugstur. Karbapenem direnci Acinetobacter b ii igin %91,9, Pseud
aeruginosa icin %76,2 olarak saptanmigtir. En sik izole edilen gram pozitif bakteri olan Staphylococcus aureusun %66,75inde metisilin direnci tespit edilmigtir.

Sonu¢  Yogun bakim iinitelerinde SHIE lerin, etken mikroorganizmalarin ve antibiyotik direng oranlarinin takip edilmesi ve hem enfeksiyonlarin onl i hem de akilct antibiyotik kullanimi agisindan biiyiik
dnem tasimaktadir.

Anaht
Kel’:fncl‘z: Antimikrobiyal direng, saglik hizmeti iliskili enfeksiyon, yogun bakim iinitesi

Bu eser, Creative Commons Atif-GayriTicari 4.0 Uluslararasi Lisans ile lisanslanmugtur. Telif Hakki © 2020 Deneysel, Biyoteknolojik, Klinik ve Stratejik Saglik Aragtirmalar1 Dernegi

OPEN aA:csss



] Biotechnol and Strategic Health Res. 2024;8(4):101-107
AYDIN, AYDIN, SAVAS, YILMAZ, ALADA, Intensive Care Unit Infections

INTRODUCTION
Healthcare-associated infections (HAIs) represent an
important health problem in intensive care units due to
increasing mortality, impaired quality of life, increasing
treatment costs, developing antibiotic resistance and plac-

ing additional burden on healthcare services.?

Intensive care units (ICUs) are multidisciplinary units pre-
pared for patients requiring specialized care and contin-
uous follow-up in situations requiring advanced support.
The incidence of HAI is higher than in other wards and
ranges from 11% to 60%.> This difference is due to the
presence of various risk factors that are unequally distrib-
uted in the healthcare system. The reasons for the high
incidence of nosocomial infections, especially in ICUs,
include the high frequency of invasive procedures, vari-
ous comorbidities, suppression of the immune system and

longer hospital stays.*

Nosocomial infections vary between different hospitals
and units and these differences are due to various factors
such as infectious agents and antibiotic resistance. Each
hospital should identify the microorganisms and antibi-
otic resistance patterns that characterize its unique noso-
comial flora. This information can be obtained through
surveillance programs to determine the frequency and
pathogens of infections.’ In ICUs, the development of HAI
is a dynamic process that changes continuously over time
and requires constant monitoring. Therefore, it is crucial
for each center to know the HAI rates, the causative micro-
organisms and antibiotic resistance profiles in their ICUs.
This information can improve the treatment of nosoco-
mial infections by enabling the development of infection
control practices, the correct use of antibiotics, and a con-

tinuously informed approach.

The aim of this study was to identify the HAISs, causative
microorganisms and antibiotic resistance profiles that de-
veloped in the intensive care unit of our hospital and to

contribute to rational antibiotic administration according

to these findings.

MATERIALS and METHODS
Among the 2296 patients followed up in the tertiary ICU
of Erzurum Regional Training and Research Hospital be-
tween January 1, 2023 and December 31, 2023, patients
aged 18 years and above who were diagnosed with HAI
during their hospitalization were included in the study. Pa-
tients not diagnosed with HAI in ICUs and patients under

18 years of age were excluded from the study.

The 2017 National HAI Surveillance Guidelines, adapted
from Centers for Disease Control and Prevention (CDC)
criteria, were used to diagnose patients with HAIs.® Patient
information was obtained retrospectively from infection
control nurse records and patient files between the spec-
ified dates.

To identify and determine the antibiotic susceptibility of
the infectious microorganisms isolated from the patients,
conventional methods and the automated system VITEK 2

Compact (bioMérieux, France) were used.

The Phoenix ESBL test used five wells containing fixed
concentrations of the following drugs or drug combina-
tions: cefpodoxime, ceftazidime, ceftazidime plus clavu-
lanic acid (CA), cefotaxime plus CA, and ceftriaxone plus
CA. After inoculation with each of the isolates, the panel
was placed in the instrument and continuously monitored
for growth. At each decision point, the growth curve de-
rived from each well was evaluated. Growth curves were
evaluated using a series of functions describing their in-
tensity and shape. A series of mathematical functions were
used to determine a positive or negative growth response
to a threshold; if the decision point was at the terminal

node, the results were reported.

The Phoenix™ CPO Detection Test (BD), a qualitative,
confirmatory, growth-based test aimed at phenotypically

detecting carbapenemase enzyme expression in Entero-
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bacteriaceae, P. aeruginosa, and A. baumannii, was used.
Colistin resistance was determined by microdilution
method (0.25-8).

The incidence rate of HAIs = (number of HAIs/number of
patients) x 100, the incidence density = (number of HAIs/
number of patient days) x 1000 were calculated using the

formula.

As part of the invasive device-related HAI rates, the rate of
ventilator-associated pneumonia (VAP), the rate of central
line-associated bloodstream infections (CLABSI) and the
rate of catheter-associated urinary tract infections (CAU-
TI) were evaluated. VAP rate = number of VAPs / venti-
lation days x 1000, CLABSI rate = number of CLABSI /
central line days x 1000, CAUTI rate = number of CAUTIs
/ urinary catheter days x 1000 were calculated using the
formula. The formula was used to calculate the device us-

age rate = number of device days / patient days.

Ethical approval of this study was granted by the Ethics
Committee of Erzurum Regional Training and Research

Hospital (Decision No: 2024/01-06).

Statistical analysis
The statistical package program IBM SPSS 23.0 was used
for data analysis. In the descriptive statistics of the evalu-
ation results, numerical values (n) and percentage values
(%) were given for categorical variables as well as mean
and standard deviation (SD) values for numerical varia-
bles.

RESULTS
The study retrospectively analyzed 20,444 hospitalization
days of 2296 patients followed up in the tertiary ICU over
a one-year period. During this period, 107 HAI episodes
were detected in 99 patients. Of the patients diagnosed
with HAIL 59 (55%) were female and 48 (45%) were male.
The mean age of the patients was 74.1 + 14.4 years. Data

on the patients’ demographic characteristics, reasons for

hospitalization, and comorbidities are shown in Table 1.

Table 1. Patient demographic characteristics, reasons for hospi-
talization, and comorbidities

n %
Male 48 45
Female 45 55
Mean age + SD 741+ 14.4
Comorbidities
Hypertension 48 44.9
Diabetes mellitus 27 25.2
Chronic obstructive pulmonary disease 15 14.0
Coronary artery disease 18 16.8
Congestive heart failure 11 10.3
Chronic kidney disease 9 8.4
Cerebrovascular disease 14 13.1
Alzheimer's disease 7 6.5
Malignancy 4 3.7
Reasons for hospitalisation
Cerebrovascular accident 37 34.6
Acute coronary syndrome 9 84
Pulmonary causes 33 30.9
Trauma 16 15.0
Cardiac arrest 9 8.4
Other causes 16 15.0
Mean length of hospitalisation (days) + SD 40.4 +41.7

The incidence rate of HAI was 4.7% and the incidence den-
sity was 5.2 per thousand. The mechanical ventilator use
rate was 56%, the VAP rate was 4 per thousand; the rate of
urinary catheter use was 94%, the rate of CAUTI was 1 per
thousand; The rate of central line use was 84% and the rate
of CLABSI was 2.7 per thousand. The most common HAI
associated with invasive devices was CLABSI (n: 46, 43%),
followed by VAP (n: 45, 42%) and CAUTI (n: 16, 15%),
respectively (Table 2).
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Table 2. Days of invasive device use, frequency of invasive device use, and infection rates

Frequency of

Days of invasive . . . Number of Infection rate
. invasive device use . .
device use (%) infections (per thousand)
0
Central line 17.323 84 CLABSI 46 2.7
MV 11.505 56 VAP 45 4
UcC 19.363 94 CAUTI 16 1

Th e causative agents of HAI and their distribution are list-
ed in Table 3. Gram negative bacteria were isolated in 89
(83.2%), fungi in 11 (10.3%), and gram positive bacteria
in 7 (6.5%) patients. Acinetobacter baumannii (n:37,

34.6%) and Pseudomonas aeruginosa (n:21, 19.6%) were

cus aureus (n:6, 5.6%) was the most commonly isolated
gram positive bacterium. A. baumannii (n:25, 55.6%) and
P, aeruginosa (n:11, 24.4%) were the most common patho-
gens in VAP, A. baumannii (n:8, 17.4%) and P. aeruginosa

(n: 5,31.3%) were the most common pathogens in CAUTL

the most commonly isolated gram negative bacteria.

Staphylococ-
Table 3. Healthcare-associated infectious agents and their distribution
Microorganism VAP CLABSI CAUTI Total number (n) %
Gram negative bacteria 43 31 15 89 83.2
Acinetobacter baumannii 25 8 4 37 34.6
Pseudomonas aeruginosa 11 5 5 21 19.6
Klebsiella pneumoniae 5 7 2 14 13.1
Pseudomonas putida 0 4 0 4 3.7
Escherichia coli 0 0 4 4 3.7
Stenotrophomonas maltophilia 1 3 0 4 3.7
Enterobacter cloacae 1 1 0 2 1.9
Klebsiella oxytoca 0 1 0 1 0.9
Moraxella species 0 1 0 1 0.9
Cedecea davisae 0 1 0 1 0.9
Gram positive bacteria 2 4 1 7 6.5
Staphylococcus aureus 2 4 0 6 5.6
Enterococcus faecium 0 0 1 1 0.9
Fungi 0 11 0 11 10.3
Candida albicans 0 6 0 6 5.6
Candida glabrata 0 2 0 2 1.9
Candida tropicalis 0 2 0 2 1.9
Candida parapsilosis 0 1 0 1 0.9
CAUTT: Catheter-associated urinary tract infections, CLABSI: Central line-associated bloodstream infections, VAP: Ventilator-associated
pneumonia
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Extended spectrum beta-lactamase (ESBL) positivity for
Klebsiella pneumoniae and E. coli was found to be 100%.
91.9% A.

baumannii, 76.2% for P. aeruginosa and 92.9% for K.

Carbapenem  resistance  was for

pneumoniae, while no carbapenem resistance was
detected in Escherichia coli. A colistin resistance rate of
8.1% was determined for A. baumannii. Susceptibility to
ceft azidime-avibactam was examined in 46 bacteria
and resistance to ceft azi-dime-avibactam was found in
28.3% of them. Th

according to susceptibility in gram negative bacteria

e most eff ective antibiotics

were colistin for Acinetobacter spp. and Pseudomonas
spp-; ceft
aminoglycosides for Klebsiella spp.; Carbapenems for
E.

Stenotrophomonas maltophilia. Antimicrobial resistance

colistin, azidime-avibactam and

coli and trimethoprim sulfamethoxazole for

rates of gram negative pathogens are shown in Table 4.

Table 4. Antimicrobial resistance rates of gram negative path-
ogens (%)
a A.baumannii | P aeruginosa K pReumo-
Antibiotic (n: 37) (n: 21) niae
: : (n: 14)
Ceftazidime 100.0 71.4 100.0
Ceftriaxone - - 100.0
Cefepime - 90.4 92.9
Piperacillin 100.0 81.0 85.7
tazobactam
Meropenem 91.9 76.2 92.9
Imipenem 91.9 76.2 92.9
Amikacin 83.8 33.3 35.7
Gentamicin 94.6 333 57.1
Ciprofloxacin 97.3 90.5 78.6
Levofloxacin 97.3 85.7 85.6
Trimeth-
oprim-sul- 94.6 61.9 71.4
famethoxazole
Colistin 8.1 9.5 214
Ceftazidime - 23.8 35.7
avibactam

Table 5: Antimicrobial resistance rates of gram positive patho-
gens (%)

Antibiotic S (t::;e)us E'{‘Ifcli;l "
Oxacillin 66.7 -
Moxifloxacin 33.3 -
Trimethoprim 167 i
sulfamethoxazole

Clindamycin 33.3 -
Linezolid 0 0
Teicoplanin 0 0
Vancomycin 0 0

S. aureus was the most commonly isolated gram positive
bacterium and 66.7% were methicillin-resistant S. aureus
(MRSA). 66.2% of S. aureus strains were isolated from
blood and 33.3% from tracheal aspirate. The most eff ec-
tive antibiotics against gram positive bacteria were linezol-
id, vancomycin and teicoplanin. Antimicrobial resistance

rates of gram positive pathogens are shown in Table 5.

All 11 fungal strains were isolated from blood. Of the Can-
dida strains, 6 (%) were C. albicans, 2 (%) C. tropicalis, 2
(%) C. glabrata and 1 (%) C. parapsilosis.

DISCUSSION
In ICUs, where high-risk patients are followed for a long
period of time and hospitalizations are frequent, nosoco-
mial infections are common and become a serious prob-
lem. Nosocomial infections, particularly in ICUs, are
known to increase the morbidity and mortality of patients
in these units, prolong hospital stays and increase hospital
costs.1 In our country, nosocomial infection rates in ICUs
are related to surveillance methods, training status of staff,
and compliance with infection control measures. The in-
fection rates can vary between 5.3% and 88.9%.7,8 In our
study, the rate and incidence density of HAI was found to
be lower than national and international data. This reflects
the eff ectiveness of the infection control measures imple-
mented in our hospital. In the study by Calangu et al. the
nosocomial infection rate in ICU was reported as 16.8%

and the incidence density as 25.9 per thousand.® Eggiman
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et al. reported a nosocomial infection rate of 15.5% and an
incidence density of 13.5 per thousand in 311 ICUs from
18 European countries.” Th ese results show that our hos-
pital’s infection control measures meet national and inter-
national standards and that these measures reduce the risk

of infection.

Th e infectious agents of HAIs can vary from hospital to
hospital and vary over time in the same department of
the same hospital. In our study, gram negative bacteria
were most frequently isolated among the HAI pathogens.
In the study by Yilmaz et al. 82.8% of nosocomial infec-
tious agents were gram negative bacteria.8 Koksald1 Motor
et al. showed that 51% of the causative microorganisms
were gram negative bacteria."" In the EPIC study, which
analyzed ICU infections in 18 countries, it was reported
that 53.1% of pathogens were gram negative, 49.2% were
gram positive and 17.1% were fungal.” Th e EPIC II study
reported that 62% of the causative agents of ICU infections
were gram negative, 47% were gram positive bacteria, and
19% were fungi."” In our study, gram negative bacteria were
found in 83.2%, fungi in 10.5%, and gram positive bacteria
in6.3%. Th ese results show that gram negative bacteria are
an important pathogen group in ICUs and infection con-

trol measures for these bacteria should be strengthened.

Th

microorganisms was A. baumannii (34.6%), followed by

e most frequently isolated agent among all

P aureginosa (19.6%) and K. pneumoniae (13.1%).
Leblebicioglu et al. reported that 36.6% of nosocomial
infection agents were caused by A. baumannii."* In the
study conducted by Balin et al. Acinetobacter spp.
(29.9%) the

microorganism.”” According to these results, it is

was found to be most common

thought that A. baumannii is a resistant pathogen
frequently seen in ICUs and the choice of empirical
treatment of moderate and serious infections
developing in ICU should include especially gram
negative bacteria and the antibiotic that acts on

Acinetobacter spp. strains should be selected.

Th e prevalence of gram positive bacteria as pathogens of
nosocomial infections in ICUs varies. Aly et al. report-ed
that 27% of culture-confirmed nosocomial infections were
caused by gram positive bacteria.'® Similarly, Ak et al.
reported that 68.8% of the isolates were gram negative
bacteria and 27.6% were gram positive.”” Doyle et al. re-
ported that resistant S. aureus was reported less frequently
compared to multidrug-resistant gram negative bacteria."”

Th e se studies indicate that both gram positive and gram
negative bacteria can be important causative agents of
HAIs. Qadeer et al. reported that Enterococcus and MRSA
were the two most common gram positive bacteria.'® In

our study, gram positive bacteria were observed at a rate of
6.5%, with S. aureus being the most commonly found. Th
e frequency of active ingredients in HAIs also varies de-
pending on the invasive instrument used. In the study by

Ak et al. S. aureus was found to be the most common
path-ogen in bloodstream infections, P aureginosa in
pneumonia, and E. coli in urinary tract infections.” In
the study by Koksaldi Motor et al. A. baumannii was
found to be the most common agent in VAP, Candida
spp. for wurinary tract infections and bloodstream
infections." In our study, A. baumannii was the most
common pathogen in VAP and CLABSI, while P

aureginosa was the most common path-ogen in CAUTL

Th e widespread use of antibiotics in the ICU leads to the
colonization of resistant microorganisms in patients, re-
sulting in treatment diffi culties and increased mortality
rates in patients with infections. This problem is exacer-
bated by factors such as frequent use of antibiotics, pro-
longed ICU hospital stays, presence of comorbidities, lack
of isolation practices, and easy spread of resistant patho-
gens, thereby increasing the burden of resistance in criti-
cally ill patients.” In the study by Goziitok et al. 82.7% of
E. coli strains and 83.3% of K. pneumoniae strains were
ESBL positive.® In the study conducted by Goktas et al,
ESBL positivity was found in 70% of E. coli and 93.7% of
Klebsiella spp.* In our study, 100% ESBL positivity was

found in E. coli and K. pneumoniae, and the carbapen-
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em resistance rate was 92% for A. baumannii, 93% for
K. pneumoniae, and 76% in P. aeruginosa. Th is situation
is extremely worrying in the treatment of resistant gram
negative bacteria and highlights the importance of new
generation therapies. In the study by Goziitok et al. 96.6%
of A. baumannii strains were resistant to imipenem and
the most eff ective antibiotic was colistin, and no resistance
to this antibiotic was detected.” In our study, carbapenem
resistance was 91.9% and colistin resistance was 8.1% for
A. baumannii. Furthermore, colistin was the most eff ec-
tive antibiotic against gram negative bacteria in our study.
Th ese results indicate that carbapenem resistance is a seri-
ous treatment problem in intensive care units and the use
of carbapenem should be limited and alternative antibiot-

ics should be developed.

With the widespread use of antibiotics in ICUs, methicillin
resistance rates in staphylococci are increasing. In previ-
ous studies, methicillin resistance in S. aureus was found
to be 41.02% by Kula Atik et al. and 66.6% by Goziitok
et al.?*? In our study, methicillin resistance was found to
be 66.7%. Given that MRSA infections represent a serious
treatment problem in ICUs, it should be borne in mind
that measures such as MRSA screening, isolation and de-

colonization should be taken.

In the ICU, the frequency of fungal infections is increas-
ing, which is associated with high mortality and morbidity.
Candida species account for the majority of hospital-ac-
quired fungal infections. Although C. albicans ranks fi rst

among Candida species, there has been a recent increase

in other Candida species.” In a study conducted in Turkey,

differences reflect our hospital’s unique hospital flora,
infection control practices, and antibiotic use policies.
Therefore, each center should continuously monitor the
development of nosocomial infections in its ICUs, deter-
mine the causative microorganisms and their antibiotic
resistance profiles, develop infection control measures
and ensure rational use of antibiotics. In this way, more
successful results can be achieved in the prevention and
treatment of HAIs.
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In conclusion, the frequency, pathogens, and resistance

profiles of H Als developing in the ICUs of our hospital

may differ from similar studies in the literature. Th ese
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