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Abstract

: Carbapenem-resistant Gram-negative bacilli (CR-GNB) pose a
significant global therapeutic challenge, particularly in intensive care units (ICUs),
due to resistance to most antibiotics, including carbapenems. This study aimed to
investigate the risk factors for fecal colonization and acquisition of CR-GNB among
inpatients admitted to the ICUs of Shiraz Namazi Hospital.

: This study was conducted between 2021 and 2022. Rectal
swabs were collected from 78 inpatients within 48 hours of ICU admission and again
within 24 hours of discharge. Specimens were analyzed using bacteriologic
techniques to determine fecal carriage (colonization) and acquisition rate of CR-
GNB. Risk factors for both colonization and acquisition were evaluated.

: The rate of CR-GNB colonization was 20.5% (16/78), and the rate of
acquisition was 21.6% (11/51). Klebsiella pneumoniae was the most common isolate
in both groups, displaying 100% resistance to ampicillin. The median time to CR-
GNB acquisition during hospitalization was 13.36 days. Prior hospitalization and a
history of stroke were significant risk factors for colonization (P < 0.003). Diabetes
mellitus, chronic kidney disease, and the duration of ICU stay were risk factors for
acquisition (P < 0.002). No statistically significant difference in antibiotic resistance
was observed between CR-GNB colonized and those acquired during
hospitalization.

: This study reveals a high prevalence of CR-GNB colonization and
acquisition among ICU inpatients. These findings underscore the critical need for
stringent infection control measures to limit the dissemination of CR-GNB in
hospital settings.
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Introduction

Infectious diseases remain a leading cause of
morbidity and mortality in intensive care units
(ICUs).  Carbapenem-resistant ~ Gram-negative
bacteria (CR-GNB), including Enterobacteriaceae,
Acinetobacter baumannii, and Pseudomonas
aeruginosa, present challenges in managing critically
high-risk patients, particularly in low- and middle-
income countries. The widespread use of
carbapenems has steadily driven up the infections
caused by CR GNB. The incidence of CR-GNB
infection varies regionally and among patient
populations. In Iran, infections caused by Klebsiella
pneumoniae and Escherichia coli are frequently
reported. Intestinal colonization with CR-GNB at the
time of ICU admission is associated with an
increased risk of subsequent infections and higher
mortality rates. Colonized patients can act as
reservoirs for further transmission in hospital other
wards. Given the limited therapeutic options for CR-
GNB infections, infection control strategies—such
as contact isolation, disinfection of medical
equipment, and antibiotic stewardship programs—
are vital to curbing their spread. Accurate
identification of risk factors and antibiotic resistance
patterns is crucial for preventing infections and
managing resistant pathogens by elucidating their
origin. This is particularly important in reducing
hospital-acquired  infections. Recent studies
emphasize the need for early identification and
management of patients at risk for colonization with
multidrug-resistant organisms in ICUs. This study
aimed to determine the fecal carriage and the risk
factors for acquiring CR-GNB among inpatients
admitted to the ICU wards of Shiraz Namazi
Hospital

Methodology

T This cross-sectional study was conducted across
three ICU wards. Rectal swab specimens were
collected from 78 patients within 48 hours of ICU
admission and again at discharge (within 24 hours).
CR-GNB  was identified wusing standard
microbiological methods. Isolates were identified to
genus and species level, and antibiograms were
performed against nine antibiotics. Additionally, the
modified carbapenem inactivation method (mCIM)
was performed as a phenotypic test to confirm
carbapenemase production, following the Clinical
and Laboratory Standards Institute (CLSI) guideline.
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Risk factors for CR-GNB colonization were
assessed. Patients with CR-GNB colonization were
designated as cases. Controls were patients with

negative = CR-GNB  cultures, matched for
demographic characteristics, pre-existing medical
conditions, and immunocompromising

comorbidities. Clinical and epidemiological data—
including demographics, underlying diseases,
primary admission diagnosis, invasive procedures
before CR-GNB isolation, antibiotic exposure within
the preceding three months, and clinical outcomes—
were extracted from electronic medical records and
the clinical microbiology laboratory database. Data
were analyzed using SPSS version 21. Appropriate
statistical tests were used for comparative analysis
between groups (colonizers vs. acquired or infected)
to identify risk factors for CR-GNB colonization.

Results

Of 78 patients, 16 (20.5%) were colonized with CR-
GNB upon admission. The predominant species was
K. pneumoniae (n=6, 37.5%), followed by E. coli
(n=5, 31.25%), P. aeruginosa (n=3, 18.75%),
Citrobacter spp. (n=1), and Enterobacter spp. (n=1).
The patients’ characteristics and history were
analyzed to identify risk factors associated with
intestinal colonization with CR-GNB. Univariate
analysis revealed that prior hospitalization (62.5%
vs. 21%; P = 0.004) and a history of stroke (31.3%
vs. 8.1%; P = 0.026) were significantly associated
with CR-GNB colonization.

Regarding CR-GNB acquisition during the ICU stay,
discharge swabs were available for 51 patients. Of
these, 11 (21.6%) had acquired CR-GNB, with a
median acquisition time of 13.36 days. All 11
patients had negative admission screens. The most
common species was K. pneumoniae (n=5, 45.45%),
followed equally by Enterobacter spp. and E. col
(n=3, 27.27%). Univariate analysis identified
diabetes mellitus (54.5% vs. 15%; P = 0.013) and
chronic kidney disease (54.5% vs. 7.5%; P = 0.002)
as significant risk factors for acquisition. Klebsiella
pneumoniae was the most common isolate in both
groups, with 100% resistance to ampicillin. No
statistically significant difference in antibiotic
resistance patterns was found between CR-GNB
colonized and acquired during hospitalization.




February 2026, Volume 32, Issue 6

Mahrokh Rajaee Behbahani et al.

Discussion

Intestinal colonization with CR-GNB among ICU
patients poses a major threat, as colonized
individuals serve as reservoirs for hospital
transmission of CR-GNB in hospital settings.
Screening of rectal swab specimens at ICU
admission is crucial for identifying carriers. In this
study, 20.5% of patients were colonized with CR-
GNB upon admission, and 21.6% acquired CR-GNB
during their ICU stay. This acquisition rate aligns
with a previous study from Shiraz, Iran. Our
colonization prevalence was higher than rates
reported from Italy (12.96%) and Spain (6.2%) but
lower than that from Saudi Arabia (32%). Consistent
with findings from China and Greece, prior
hospitalization within the last six months was a
strong risk factor for CR-GNB carriage at ICU
admission. This is expected, as prior hospitalization
exposes patients to resistant bacteria in the hospital.
While a history of stroke was identified as a risk
factor in our study, it is not widely cited as a major
independent risk factor in the existing literature. K.
pneumoniae was the most common isolate in both
colonized and acquired patients, followed by E. coli,
a finding supported by studies from Saudi Arabia,
Kenya, and China.

Rectal screening for CR-GNB reduced the time to
initiation of appropriate empirical antibiotic therapy
from a median of 4 days in unscreened or negative
patients to 1 day in those with a prior positive screen.
Consistent with findings from Turkey, urinary
catheter use was a risk factor for CR-GNB
acquisition in our study. Urinary catheterization may
promote CR-GNB acquisition by providing a vector
for the organisms to reach and colonize the intestinal
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tract. Moreover, Antibiotic administration in the
ICU also plays a key role; the use of third-generation
cephalosporins  (e.g., ceftriaxone) was an
independent risk factor for acquisition, consistent
with a Turkish study, likely due to selective pressure
on gut flora.

Chronic kidney disease, prior surgery, and length of
ICU stay were also significant risk factors for
acquisition, as noted in studies from China and
Turkey. Regarding treatment, amikacin and
gentamicin were the most active antibiotics against
the CR-GNB isolates in our study, suggesting
amikacin could be considered a last-resort option.

Conclusion

This study demonstrates a high prevalence of CR-
GNB colonization and acquisition among ICU
inpatients. The findings underscore the urgent need
for effective infection control practices, including
active surveillance and strict antibiotic stewardship,
to curb the spread of these resistant pathogens in
healthcare settings.
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