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ARTICLE INFO ABSTRACT

Managing Editor: Jingling Bao Background: The prevalence of hospital-acquired infections caused by carbapenem-resistant gram-negative bacte-
Keywords: ria (CRGNB) is increasing worldwide. Several risk factors have been associated with such infections. The present
Multidrug resistance study aimed to identify risk factors and determine the mortality rates associated with CRGNB infections in inten-
Gram-negative bacteria sive care units.

Infection

Methods: This retrospective case-control study was conducted at Erciyes University Hospital (Kayseri, Turkey)
between January 2017 and December 2021. Demographic and laboratory data were obtained from the Infection
Control Committee data and record system. Patients who had CRGNB infection 48-72 h after hospitalization
were assigned to the case group, while those who were not infected with CRGNB during hospitalization formed
the control group. Risk factors, comorbidity, demographic data, and mortality rates were compared between the
two groups.

Intensive care units

Results: Approximately 1449 patients (8.97%) were monitored during the active follow-up period; of those, 1171
patients were included in this analysis. CRGNB infection developed in 14 patients (70.00%) who had CRGNB
colonization at admission; in 162 (78.26%) were colonized during hospitalization, whereas 515 (54.56%) were
not colonized. There was no significant difference in age, sex (male/female) or comorbidities. The total length of
hospital stay was statistically significantly longer (P=0.001) in the case group (median: 24 [interquartile range:
3-378] days) than the control group (median: 16 [interquartile range: 3-135] days). The rates of colonization
at admission (25.5%; vs. 10.6%, P=0.001) and mortality (64.4% vs. 45.8%, P=0.001) were also significantly
higher in the cases than in the control group, respectively. In the univariate analysis, prolonged hospitalization,
the time from intensive care unit admission to the development of infection, presence of CRGNB colonization
at admission, transfer from other hospitals, previous antibiotic use, enteral nutrition, transfusion, hemodialysis,
mechanical ventilation, tracheostomy, reintubation, central venous catheter, arterial catheterization, chest tube,
total parenteral nutrition, nasogastric tube use, and bronchoscopy procedures were significantly associated with
CRGNB infections (P <0.05). Multivariate analysis identified the total length of stay in the hospital (odds ratio
[OR]=1.02; 95% confidence interval [CI]: 1.01 to 1.03; P=0.001), colonization (OR=2.19; 95% CI: 1.53 to 3.13;
P=0.001), previous antibiotic use (OR=2.36; 95% CI: 1.53 to 3.62; P=0.001), intubation (OR=1.59; 95% CI: 1.14
to 2.20; P=0.006), tracheostomy (OR=1.42; 95% CI: 1.01 to 1.99; P=0.047), and central venous catheter use
(OR=1.62; 95% CI: 1.20 to 2.19; P=0.002) as the most important risk factors for CRGNB infection.

Conclusions: Colonization, previous use of antibiotics, and invasive interventions were recognized as the most
important risk factors for infections. Future research should focus on measures for the control of these parameters.
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Introduction

In recent years, the prevalence of hospital-acquired infec-
tions caused by carbapenem-resistant Gram-negative bacteria
(CRGNB) has been increasing worldwide.['-?] This type of infec-
tion poses a real threat to patient safety and life. Recent stud-
ies have shown that infections with multidrug-resistant Gram-
negative (MDRGN) bacteria are linked to high mortality rates
(ie., 26%-80%). A meta-analysis has reported a 1.78 times
higher mortality rate in patients with MDRGN infections vs.
other infections. In addition, CRGNB infections increase health-
care costs and prolong the length of hospital stay. In intensive
care units (ICUs), patients are at high risk of both colonization
and infection with multidrug-resistant organisms.[*>] The most
commonly detected CRGNB are Acinetobacter baumannii, Pseu-
domonas aeruginosa, and Klebsiella pneumoniae.!*->! Clinicians
face numerous challenges in the treatment of CRGNB infections
in critically ill patients. The use of agents, such as colistin or
tigecycline, is frequently associated with nephrotoxicity and un-
clear efficacy.l’:*) Moreover, the development of new drugs in
recent years has been limited. Thus, the identification of patients
at high risk is necessary to ensure the early implementation of
infection prevention and control measures.

Several risk factors have been associated with an increased
risk of infection. These factors include exposure to antibi-
otics (particularly carbapenems), use of invasive procedures
(catheterization, mechanical ventilation), and exposure to the
hospital environment (particularly the ICU). Colonization in
asymptomatic carriers also increases the risk of infection
and is considered a potential origin of cross-transmission for
patients.[®]

Carbapenem resistance is a serious problem in our hospi-
tal. During active surveillance, it was observed that the rates
of carbapenem resistance in the ICUs of our hospital increased
between 2017 and 2021. During this period, the rate of car-
bapenem resistance increased for A. baumannii (from 96.5% to
100%), K. pneumoniae (from 49.2% to 79.6%), and P. aerugi-
nosa (from 45.8% to 93.1%). Therefore, recognizing the risk
of carbapenem resistance, particularly in the most vulnerable
patient populations, is critical to reduce the risk of mortality,
length of hospital stay, and associated costs. In clinical practice,
the screening of patients at risk is an essential preventive mea-
sure. This approach allows for the early identification of carri-
ers and the implementation of infection prevention and control
measures.[°]

The present study aimed to identify risk factors and deter-
mine the mortality rates associated with CRGNB infections in
ICUs.

Methods
Setting and patients

This retrospective case-control study was conducted at Er-
ciyes University Hospital (Kayseri, Turkey) between January
2017 and December 2021. Adult patients (age: >18 years) hos-
pitalized in five ICUs (i.e., internal, general surgery, anesthesia,
neurosurgery, and thoracic) for >48 h were included. This ter-
tiary university hospital has a total of 61 intensive care beds. In
the general surgery ICU of our hospital, one nurse provides treat-
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ment and care to two patients. However, in the other ICUs, one
nurse manages three patients due to staff shortage. Data were
obtained from the active Infection Control Committee, patient-
based surveillance, and hospital electronic record systems.

Patients who had CRGNB infection 48-72 h after ICU ad-
mission were assigned to the case group, while those who were
not infected with CRGNB during hospitalization formed the con-
trol group. Only the first detection of CRGNB was considered
for each patient. The collected data included demographics, di-
agnostic category, comorbidities (chronic heart failure, chronic
obstructive pulmonary disease, liver disease, diabetes melli-
tus, chronic kidney disease, malignancy, and chronic hyperten-
sion), comorbid index, use of invasive procedures (e.g., blad-
der/urinary catheter, peritoneal dialysis catheter, hemodialysis
catheter, intubation/mechanical ventilator, tracheostomy, cen-
tral venous catheter [CVC], arterial catheter, pulmonary tube,
peripheral venous catheter, drainage catheter, percutaneous en-
doscopic gastrostomy, colostomy, ileostomy, etc.), colonization
with CRGNB, history of operation, total days of hospitalization,
community-acquired infections, use of antibiotics before colo-
nization or infection, transfer from other units or other hospi-
tals, and outcome (discharge from hospital or death). The types
of ICU admission included medical admission (e.g., respiratory
disease, infection, sepsis, gastrointestinal disease, cardiovascu-
lar disease, neurological disease) or admission for postoperative
follow-up.

Infection prevention and control measures for CRGNB

Since 2005, patients admitted to the ICUs in our hospital
were regularly screened for CRGNB with rectal swabs at the time
of admission and once per week. According to the protocol, pa-
tients who exhibited positivity for CRGNB in clinical specimens
or rectal swabs were transferred to an isolation room within
the ICU alone or together with another positive patient. Use of
personal protective equipment, compliance with hand hygiene,
and contact precautions were implemented. In the ICU, patient
rooms were cleaned and disinfected twice daily, and terminal
disinfection was performed at least thrice before the admission
of a new patient. Isolation was terminated following three nega-
tive rectal swab tests obtained during weekly screening. All pos-
itive rectal culture results were evaluated in coordination with
the microbiology laboratory, and the clinical team was informed
regarding the patients for whom isolation was required. Daily
visits to the ICU by infection control nurses and patient-based
surveillance were carried out.

Definitions and bacterial isolation

Hospital-acquired infections were defined using the National
Healthcare Safety Network hospital-acquired infection diagnos-
tic criteria.l”!

Colonization was defined as the absence of infection requir-
ing antimicrobial therapy despite positivity for CRGNB culture.
The history of antibiotic use was defined as the use of antibiotics
for >48 h within 2 weeks before the onset of infection.

Rectal swabs were obtained within 24 h of admission to the
ICU for the assessment of bacterial colonization. The swabs were
placed in tubes containing 1 mL of sterile Copan FecalSwab™
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4C024S (Murrieta, California, USA) and immediately trans-
ferred to the Clinical Microbiology Laboratory for analysis.
The BD Phoenix (Becton Dickinson, Sparks, Maryland, USA)
automated system was used for the identification of pathogens
in the Microbiology Unit. The Kirby-Bauer disk diffusion
method was used to confirm carbapenem resistance. The liquid
microdilution method (Thermo Scientific™ Sensititre™ Com-
plete Automated AST System, Billerica, Massachusetts, USA)
was used to confirm colistin resistance. Minimum inhibitory
concentrations were evaluated according to the European Com-
mittee for Antimicrobial Susceptibility Testing breakpoints.

Statistical analysis

The data were processed using version 25.0 of the Statisti-
cal Package for Social Sciences (SPSS; IBM Corp., Armonk, NY,
USA). The chi-squared or Fisher’s exact test was used for cate-
gorical variables. The Shapiro-Wilk test was performed to check
the normality assumption of the data. The Mann-Whitney U test
was used for the comparison of continuous variables. Variables
with a P-value <0.05 in the univariate analysis were included
in the multivariate logistic regression analysis.

Results
Demographic data

A total of 16,147 patients were admitted to the ICU for treat-
ment and follow-up between January 2017 and December 2021.
Of the 1449 patients (8.97%) followed up during active surveil-
lance, 1171 were included in the study. The number of patients
with CRGNB colonization at the time of admission and during

CRGNB colonization
n=227(19.38%)

Journal of Intensive Medicine 4 (2024) 347-354

hospitalization was 20 (1.71%) and 207 (17.68%), respectively;
the number of patients without CRGNB colonization was 944
(80.61%). Of those, 691 patients (59.01%) developed CRGNB
infection, whereas 480 (40.99%) did not have CRGNB infection.
CRGNB infection developed in 14 patients (70.00%) who had
CRGNB colonization at admission, in 162 patients (78.26%) who
had CRGNB colonization during the hospitalization, whereas
in 515 patients (54.56%) who had no CRGNB colonization at
all (Figure 1). The demographic characteristics of the patients
are presented in Table 1. There was no significant difference in
terms of age, sex, or comorbidities between the case and con-
trol groups. The total length of hospital stay was statistically
significantly longer in the case group than the control group
(P=0.001). The rate of colonization at admission was signifi-
cantly higher in the case group than in the control group (25.5%
vs. 10.6%, respectively; P=0.001). In the case group, patients
were mostly followed in the medical ICU. In the case group,
patients were mostly transferred from other units and hospitals
(P=0.032).

Risk factors and mortality

The mortality rates were significantly higher in the case
group than in the control group (64.4% vs. 45.8%, respec-
tively; P=0.001). Although the rates of community-acquired in-
fections were not significantly different, previous antibiotic use
was higher in the case group than the control group (93.6% vs.
81.7%, respectively; P=0.001). The most common infection in
the case group was ventilator-associated pneumonia (279/691,
40.4%) and the control group was central line-associated blood-
stream infection (CLABSI; 143/480, 29.8%) While there was
no colonization in 74.2% (207/279) of the patients who devel-

Total of patients admitted to
Intensive Care Units

n=16,147

Patients who met the study criteria
n=1171(7.25%)

No CRGNB colonization

CRGNB colonization at admission

n=944 (80.61%)

CRGNB colonization during
hospitalization

n=20 (1.71%)

n=207 (17.68%)

CRGNB infection J

n=14(70.00%)

CRGNB infection
n=162 (78.26%)

CRGNB infection
n=515 (54.56%)

Total CRGNB infection
n=691 (59.01%)

Figure 1. Distribution of patients colonized and infected with CRGNB.
CRGNB: Carbapenem-resistant Gram-negative bacteria.
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Table 1
Demographic and characteristic data of patients infected and not infected with carbapenem-resistant Gram-negative bacteria.
Variables Total (n=1171) Case group Control group P-value
(n=691) (n=480)
Age (years) 59 (18-90) 63 (18-89) 62 (18-90) 0.514
Male gender 714 (60.97) 428 (61.9) 286 (59.6) 0.416
Comorbid index 4 (0-21) 4 (0-21) 4 (0-19) 0.983
Length of hospital stay (days) 20 (3-378) 24 (3-378) 16 (3-135) 0.001
Colonization day from admission 10 (2-51) 11 (2-51) 8 (2-23) 0.031
Colonization 227 (19.4) 176 (25.5) 51 (10.6) 0.001
The name of care units
Internal medicine ICU 426 (36.4) 280 (40.5) 146 (30.4) 0.004
Neurosurgery ICU 191 (16.3) 108 (15.6) 83 (17.3)
General surgery ICU 242 (20.7) 124 (17.9) 118 (24.6)
Respiratory ICU 102 (8.7) 62 (9.0) 40 (8.3)
Anesthesia ICU 210 (17.9) 117 (16.9) 93 (19.4)
Year
2017 271 (23.1) 144 (20.8) 127 (26.5) 0.142
2018 232 (19.8) 145 (21.0) 87 (18.1)
2019 228 (19.5) 144 (20.8) 84 (17.5)
2020 199 (17.0) 119 (17.2) 80 (16.7)
2021 241 (20.6) 139 (20.1) 102 (21.3)
Transfer from other units 660 (56.7) 392 (56.7) 268 (55.8) 0.761
Transfer from other hospitals 114 (9.7) 78 (11.3) 36 (7.5) 0.032
Mortality 665 (56.8) 445 (64.4) 220 (45.8) 0.001
Community-acquired infections 30 (2.6) 18 (2.6) 12 (2.5) 0.999
Use of antibiotic before colonization or infection 1039 (88.7) 647 (93.6) 392 (81.7) 0.001
Comorbidities
Chronic heart failure 193 (16.5) 120 (17.4) 73 (15.2) 0.328
Chronic obstructive pulmonary disease 138 (11.8) 88 (12.7) 50 (10.4) 0.226
Liver disease 20 (1.7) 10 (1.49) 10 (2.1) 0.493
Diabetes mellitus 238 (20.3) 151 (21.9) 87 (18.1) 0.119
Kidney disease 171 (14.6) 111 (16.1) 60 (12.5) 0.089
Malignancy 251 (21.4) 144 (20.8) 107 (22.3) 0.551
Hypertension 233 (19.9) 145 (21.0) 88 (18.3) 0.264
Trauma 92 (7.9) 56 (8.1) 36 (7.5) 0.705
Invasive interventions
Total parenteral nutrition 201 (17.2) 125 (18.1) 76 (15.8) 0.314
Enteral nutrition with NG or ND tube 499 (42.6) 342 (49.5) 157 (32.7) 0.001
Transfusion 307 (26.2) 198 (28.7) 109 (22.7) 0.023
Urinary catheter 1104 (94.3) 653 (94.5) 451 (94.0) 0.694
Peritoneal dialysis catheter 3(0.3) 1(0.1) 2(0.4) 0.571
Hemodialysis 183 (15.6) 123 (17.8) 60 (12.5) 0.014
Intubation/mechanical ventilator 882 (75.3) 581 (84.1) 301 (62.7) 0.001
Tracheostomy 290 (24.8) 220 (31.8) 70 (14.6) 0.001
Reintubation 70 (6.0) 50 (7.2) 20 (4.2) 0.033
Central venous catheter 876 (74.8) 566 (81.9) 310 (64.6) 0.001
Arterial catheter 569 (48.6) 360 (52.1) 209 (43.5) 0.004
Chest tube 80 (6.8) 56 (8.1) 24 (5.0) 0.038
Peripheral catheter 628 (53.6) 349 (50.5) 279 (58.1) 0.010
Drainage catheter 260 (22.2) 150 (21.7) 110 (22.9) 0.624
NG tube 614 (52.4) 391 (56.6) 223 (46.5) 0.001
PEG 69 (5.9) 51 (7.4) 18 (3.8) 0.011
Bronchoscopy 46 (3.9) 35(5.1) 11 (2.3) 0.021
Colostomy 50 (4.3) 28 (4.1) 22 (4.6) 0.658
Ileostomy 26 (2.2) 11 (1.6) 15 (3.1) 0.080
Operation 309 (26.4) 165 (23.9) 144 (30.0) 0.019

Data are expressed as median (interquartile range) or n (%).

ICU: Intensive care unit; ND: Nasoduodenal; NG: Nasogastric; PEG: Percutaneous endoscopic gastrostomy.

oped ventilator-associated pneumonia in the case group, 24.7%
(69/279) were colonized during their hospitalization and 1.1%
(3/279) were colonized before hospitalization. In the control
group (patients who did not have CRGNB infection), coloniza-
tion was not observed in 86.0% (123/143) of the patients who
developed CLABSI, while colonization was detected in 13.3%
(19/143) during hospitalization and 0.7% before hospitaliza-
tion.

The rates of enteral nutrition, transfusion, hemodialysis, me-
chanical ventilation, tracheostomy, reintubation, CVC use, ar-
terial catheterization, chest tube, nasogastric tube use, percuta-
neous endoscopic gastrostomy, and bronchoscopy history were
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significantly higher in the case group than the control group (P
<0.05). In contrast, the rates of peripheral catheter use and his-
tory of operation were significantly higher in the control group
than the case group (P <0.05).

The univariate analysis revealed that prolonged hospitaliza-
tion, time from ICU admission to infection development, pres-
ence of CRGNB colonization at admission, transfer from other
hospitals, previous antibiotic use, enteral nutrition, transfusion,
hemodialysis, mechanical ventilation, tracheostomy, reintuba-
tion, CVC use, arterial catheterization, chest tube, nasogastric
tube use, and bronchoscopy procedures were significantly asso-
ciated with CRGNB infections (P <0.05).
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The multivariate analysis identified the total length of stay
in the hospital, colonization, previous antibiotic use, intuba-
tion/mechanical ventilator, tracheostomy, and CVC use as the
most important risk factors for the occurrence of CRGNB infec-
tion (Table 2).

Discussion

In this retrospective study, we identified that length of hos-
pital stay, colonization, previous antibiotic use, intubation, tra-
cheostomy, and CVC use were associated with CRGNB infec-
tions. CRGNB infections are a global threat and a significant
concern for clinicians. It has been estimated that >10 million
deaths will occur due to antimicrobial resistance in the next
30 years. Therefore, it is crucial to identify risk factors for
CRGNB infections and develop effective infection prevention
and control strategies.!®'°] Moreover, the identification of risk
factors will facilitate appropriate empirical treatment in clinical
practice.['!!]

CRGNB colonization during admission to the ICU has been
associated with an increased risk of CRGNB infection and in-
creased mortality rates. Colonized ICU patients can act as a
reservoir for dispersion within the unit. Studies have shown that
there is a horizontal transfer of carbapenemase genes between
CRGNB. 2]

Colonization with CRGNB in the ICU may be due to the
patient-to-patient spread, which occurs through healthcare
workers, environments, or medical devices (as CRGNB can sur-
vive on surfaces for a long period of time). Various studies have
reported the isolation of strains from patients colonized or in-
fected with CRGNB, and isolates obtained from media and sur-
faces were clonally similar.!'?! Studies conducted in high-risk
patients followed up in clinics, such as the ICU, also support
these findings.['>'*! Ferndndez-Martinez et al. ['° reported that
MDRGN bacteria were detected in approximately 7% of patients
with rectal swab cultures performed before admission to the
ICU. A prospective observational study investigated 226 ICU pa-
tients over a period of approximately 25 months. The results
revealed that 72.6% of patients were colonized with K. pneumo-
niae during their stay in the ICU, while 12.8% of patients had
colonization before hospitalization.!'®!

Another study evaluating risk factors for CRGNB coloniza-
tion in the ICU in Thailand reported that 18.7% (6/32) of the
patients colonized with CRGNB developed an infection during
their stay in the ICU.!'”] In a retrospective, observational, case-
control study conducted between 2013 and 2015 by Maduefio

Table 2
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et al., (18] the rate of carbapenem-resistant Klebsiella pneumo-
niae (CRKP) infection was 30.5% in initially colonized patients.
Based on this evidence, it has been suggested that colonized pa-
tients should be identified by rectal scanning and, if possible,
isolated in single rooms to prevent the spread of CRGNB within
the units.

Studies have reported that active surveillance reduces the
spread of CRGNB infections, and the European Society for Clini-
cal Microbiology and Infectious Diseases guidelines also recom-
mended active screening culture to reduce the spread of these
pathogens.[1%:2°1 In a study involving 88 patients, Abramowicz
et al. [?!] reported a colonization rate of 41% and an infection
rate of 59%. Notably, 21% of the patients had colonization be-
fore hospitalization, and 13% of the patients who developed in-
fection had colonization before. This showed that 25% of the
colonized patients were infected. The annual proportion of pa-
tients hospitalized in the ICU for >24 h with CRGNB coloniza-
tion and/or infection was calculated. The investigators found
that rectal screening for CRGNB reduced the time to the initi-
ation of appropriate empirical antibiotic therapy from 4 days
(in patients without or negative rectal screening) to 1 day (in
patients with positive previous rectal screening).

Therefore, it was stated that, although rectal screening plays
an important role in the prevention of infection, infection con-
trol measures (e.g., proper disinfection of medical equipment
and hand hygiene) may be sufficient to prevent the spread
of CRGNB and reduce infection rates. The implementation of
these methods effectively reduced the number of patients col-
onized or infected with CRGNB. The spread of CRGNB can be
reduced by routine infection control measures, such as rectal
scans, contact precautions, isolation, appropriate disinfectant
use, hand hygiene, and staff training. Weekly rectal screen-
ing and standard infection control measures (supervision and
feedback) were performed in a study evaluating the effects
of advanced infection control measures on CRGNB coloniza-
tion and infection in a pediatric ICU. It has been shown that
compliance with hand hygiene increases as a result of ac-
tive surveillance, thereby significantly increasing the rates of
CRGNB prevalence and colonization. It has been found that
improved infection control measures reduce CRKP infections
in endemic areas.[?°! A quasi-experimental study demonstrated
that the rates of CRKP and carbapenem-resistant P. aerugi-
nosa infection were significantly reduced following the com-
bination of active surveillance, contact precautions, hand hy-
giene, education, supervision, feedback, and infection control
measures.[??]

Multivariate analysis of data of patients infected and not infected with carbapenem-resistant Gram-negative bacteria.

Variable Case group (n=691) Control group (n=480) Multivariate analysis P-value
OR 95% CI
Length of hospital stay (days) 24 (3-378) 16 (3-135) 1.02 1.01-1.03 0.001
Colonization 176 (25.5) 51 (10.6) 2.19 1.53-3.13 0.001
Mortality 445 (64.4) 220 (45.8) 1.58 1.19-2.07 0.001
Use of antibiotic before colonization or infection 647 (93.6) 392 (81.7) 2.36 1.53-3.62 0.001
Invasive intervention
Intubation/mechanical ventilator 581 (84.1) 301 (62.7) 1.59 1.14-2.20 0.006
Tracheostomy 220 (31.8) 70 (14.6) 1.42 1.01-1.99 0.047
Central venous catheter 566 (81.9) 310 (64.6) 1.62 1.20-2.19 0.002

Data are expressed as median (interquartile range) or n (%).
CI: Confidence interval; OR: Odds ratio.
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In the present study, the colonization rates were significantly
higher in the case group vs. the control group (P=0.001). Mul-
tivariate analysis showed that colonization resulted in an ap-
proximately two-fold increase in the rate of CRGNB infection.
The rates of colonization and infection recorded in this study
are similar to those reported in the literature.['7-2!! It has been
previously demonstrated that colonization is an important risk
factor for CRGNB infection. CRGNB infections, which require
infection control measures, increase the costs due to prolonged
hospitalization, laboratory testing, health care practices, and
treatments.!%*]

Identification and recording of rectal colonization lead to a
substantial reduction in cost reduction and prevention of in-
fections. A comparative cost-effectiveness analysis of various
surveillance strategies (e.g., screening and hospital-level regis-
tration in ICUs, and hospital-level screening and a regional reg-
istry system) was performed to detect asymptomatic CRGNB
colonization. While the incidence of colonization decreased by
1.2% with predictive algorithms, it decreased by 7% on average
after regional registration, thus resulting in savings of 572,000
US dollars per year.[?*] As stated earlier in this article, rectal
swab cultures are regularly performed in our hospital. In addi-
tion, in 2019, our hospital received the European Hand Hygiene
Excellence Award. The colonization rates noted in this study
were consistent with those reported in the literature.l*!! This
may be due to active rectal screening, the presence of feedback
systems, and the active implementation of infection control pre-
vention measures (e.g., hand hygiene policy, personnel training,
and contact precautions) in critically ill patients.

In our study, there was a 1.5-fold increase in mortality in
patients infected with CRGNB vs. non-infected patients. These
high rates may be related to the fact that our institution is a ter-
tiary hospital and our patients experience complications. The
comorbidity index was generally high. It is thought that the in-
crease in mortality may be related to comorbidity. Since colo-
nization is an important risk factor for the development of in-
fection, its prevention is crucial. Active surveillance can pro-
vide useful background information on colonization. Especially
in studies, early use of effective empirical antibiotics against in-
fections developing after CRGNB colonization has been effec-
tive in reducing mortality.[*>] In a study, mortality was lower
in the empirical treatment group than in the standard treat-
ment group (17% vs. 37.5%, respectively; P=0.004, odds ratio
[OR]=0.32).[2°]

Data have revealed that invasive procedures are linked to
colonization and infection with resistant pathogens. It has been
shown that invasive interventions play an essential role in in-
creasing susceptibility to nosocomial infections than underlying
diseases. Thus, they are responsible for the development of in-
fections in colonized patients.!'®] Yumamoto et al. [?°] reported
that the use of an enteral feeding tube may lead to the entry of
CRGNB into the intestines; thus, this approach has been associ-
ated with a risk of rectal colonization.

In our study, the use of enteral nutrition and a nasogastric
tube was identified as an important risk factor for CRGNB col-
onization and infection.[?°] Maduefio et al. ['®] evaluated the
risk factors for CRGNB infections and identified the number of
CVC and in-hospital inter-unit transfers as independent risk fac-
tors. Falagas et al. [?”] recognized invasive procedures, such as
tracheostomy (P=0.02) and mechanical ventilator (P=0.02), as
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important risk factors for CRKP infections. In our study, the rate
of CVC use (an invasive procedure frequently performed in the
ICU) was significantly higher in patients infected with CRGNB
(81.9%; P=0.001) than non-infected patients (64.6%; P=0.001).
Compared with other invasive procedures, it also increases the
rate of infection by approximately 1.6 times. Various protective
measures have been proposed for the use of CVC, which is con-
sidered an important risk factor in studies. Long-term catheter
use is associated with increased rates of CLABSI. Hence, it is
recommended that the proper application of infection control
bundles, continuous evaluation of compliance indicators, and
definition of the need for continuous staff training.

Therefore, consistent with previous studies, avoidance of
the femoral regions, strict adherence to hand hygiene, use of
full barrier precautions, chlorhexidine skin preparation, and re-
moval of unnecessary catheters may be recommended for the
placement of CVC.[??! In a study investigating chlorhexidine-
silver sulfadiazine-impregnated catheters, Maki et al. [?%
showed that the catheters were well tolerated and reduced the
incidence of catheter-related infections. It was demonstrated
that the use of uncuffed CVC prolongs the time of secure at-
tachment in the short term and contributes to cost reduction.

In a meta-analysis involving approximately 5075 patients,
age, sex, and diabetes mellitus were not associated with
carbapenem-resistant bacterial infections, whereas hospitaliza-
tion in the ICU, antibiotic use, and invasive interventions were
identified as risk factors.['!! Similarly, the present findings re-
vealed that age, sex, and comorbidities were not risk factors,
whereas previous use of antibiotics increased the risk of infec-
tion by 2-2.5 times. The most common comorbidity in the case
and control groups was diabetes mellitus and malignancy, re-
spectively. They are among the most common comorbid diseases
in patients hospitalized in the ICU or clinic in our country. They
are used to manage critically ill patients and, thus, are associ-
ated with high rates of invasive procedures and intensive use of
antimicrobial agents. The latter practice results in increased an-
timicrobial resistance. Carbapenems play a major role in empir-
ical treatment; thus, these agents have been linked to the emer-
gence of infections with resistant Gram-negative bacteria.

It is well-established that the misuse and abuse of antibiotics
contribute significantly to the increasing problem of antimicro-
bial resistance.[?! In several studies with multivariate analysis,
antibiotic use has also been associated with infections caused
by carbapenem-resistant bacteria. In a meta-analysis evaluat-
ing 92 studies published since 2007, the rate of CRGNB in-
fection was 51.9%, indicating a significant relationship with
antibiotic use.l'* In a meta-analysis of 17 studies involving
3079 cases in which antibiotic exposure was evaluated, ex-
posure to antibiotics led to a 2.5-fold increase in the risk of
CRKP infection (hazard ratio=2.53; 95% confidence interval
[CI]: 1.56 to 4.11; P=0.001).1*" In a study of risk factors
for CRKP infection in the ICU, antibiotic use was higher in
the carbapenem-resistant group (73.2%) than the susceptible
group (52.9%).0%!1 In our study, antibiotic use rates were sig-
nificantly higher in the case group compared with the control
group (93.6% vs. 81.7%, respectively; P=0.001). The multivari-
ate analysis determined that antibiotic use resulted in an ap-
proximately 2.5-fold increase in the risk of infection (hazard
ratio=2.37; 95% CI: 1.57 to 3.56; P=0.001). Therefore, ratio-
nal use of antibiotics and antimicrobial management, as well as
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a multidisciplinary approach in ICUs, are extremely important
for the prevention of antimicrobial resistance.

The limitations of our study should be acknowledged. Firstly,
this was a retrospective study. Secondly, the risk factors and de-
mographic data of the patients (Acute Physiology and Chronic
Health Evaluation, comorbidity index, etc.) could not be deter-
mined. Finally, some patients may have been missed due to in-
sufficient data in the system.

Conclusions

The results of this study showed that colonization, previ-
ous use of antibiotics, and invasive interventions were the most
important risk factors for infections caused by resistant Gram-
negative bacteria. It can be concluded that these factors prolong
hospital stay and increase the mortality rate. Therefore, it is im-
portant to develop appropriate measures in this setting. Various
infection prevention and control measures are necessary to re-
duce the spread of CRGNB. These measures include adherence
to standard and contact precautions (e.g., hand hygiene and the
use of personal protective equipment, such as appropriate gloves
and gowns), use of infection control bundles, active microbi-
ological surveillance, feedback, assessment of non-compliance,
reduction of the use of invasive devices as much as possible or
shortening the duration of use, alternative procedures, cleaning
and disinfection of environmental surfaces and reusable devices,
multidisciplinary approach, collaboration, emphasis on antimi-
crobial prophylaxis, and development of antimicrobial manage-
ment principles in the ICU. Additional prospective studies are
warranted to resolve such uncertainties and better understand
the carrier profile of these resistant microorganisms.
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