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	 ABSTRACT: 
—	 Objective: Studies show that 30% to 60% of antibiotics prescribed in Intensive Care Units (ICUs) are 

unnecessary and inappropriate. Tailored antibiotic stewardship, infection control, and prevention mea-
sures should be implemented based on their own local epidemiology and healthcare possibilities. 

—	 Materials and Methods: We conducted an observational retrospective study in the General and 
Neurosurgery ICUs in Ospedale “dell’Angelo”, Venice. We collected microbiological data about 
Klebsiella pneumoniae from our local microbiology analysis laboratory and antibiotic consumption 
from the local pharmacy ward from January 2021 to December 2023.   

—	 Results: 377 K. pneumoniae strains were isolated: 225 (59.7%) in 2021, 108 (28.6%) in 2022 and 44 
(11.7%) in 2023. Extended-spectrum β-lactamases (ESBL) isolates were 201/225 (89.8%) in 2021, 
98/108 (90.7%) in 2022 and 24/44 (54.5%) in 2023. Meropenem (MEM)-resistant K. pneumonae 
were 121/225 (54.0%) in 2021, 69/108 (64.0%) in 2022, and 3/44 (9.0%) in 2023. In 2021, 94 patients 
tested positive for carbapenem-resistant K. pneumoniae (CRKp), 32/94 (34.0%) at admission, and 
62/94 (66.0%) during the hospitalization. In 2022 and 2023, 68 patients were colonized by CRKp: 
26/68 (38.2%) at admission and 42/68 (61.8%) during the recovery. Carbapenems consumption de-
creased from 1,536.5 defined daily dose (DDD) in 2021 to 744.9 DDD in 2023. From 2021 to 2023, 
Fluoroquinolones (F.Q.) decreased from 345.0 DDD to 145.0 DDD.

—	 Conclusions: Our study shows that tailored and implemented infection control and antibiotic stew-
ardship measures could profoundly impact CRKp transmission in the ICU.

—	 Keywords: Klebsiella pneumoniae, Antibiotic Stewardship, Intensive Care Unit, Carbapenem-spar-
ing strategies.
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criminately all microbiological data about Klebsiel-
la pneumoniae from our local microbiology analysis 
laboratory and antibiotic consumption from the local 
pharmacy ward from January 2021 to December 2023. 

The study aimed to describe the evolution of lo-
cal K. penumoniae ecological and pharmacological 
data in the ICU ward. Moreover, we tried to find if 
implementing ordinary and routine clinical antibiotic 
stewardship practices could impact the transmission 
of AMR in K. pneumoniae. 

Microbiology Data

Different samples (blood culture, urine, cerebrospi-
nal fluid, pleural liquid, peritoneal liquid, bronco-la-
vage, skin, and rectal swab) were collected as part of 
the hospital’s standard diagnostic procedures without 
any additional intervention on patients specifically for 
this study. Blood-colture were incubated in BD Bactec 
(bioMerieux, Florence, Italy). The blood was processed 
according to this protocol for direct identification via 
Matrix-assisted laser desorption/ionization (MAL-
DI)-TOF/MS (Bruker, Bremen, Germany). Antibiotic 
susceptibility tests (AST) were performed using broth 
microdilution Microscan (Beckman Coulter, Brea, CA, 
USA). The clinical breakpoint and susceptibility inter-
pretations were based on EUCAST Jan 1, 2024 criteria14. 
Real-time PCR Xpert® Carba-R (Cepheid, Sunnyvale, 
CA, USA) identified Carbapenem resistance.

Extended-spectrum β-lactamases (ESBL) were 
defined as resistant to the third generation of cefalo-
sporin (3CEF), including Ceftriaxone (CTX) and Cef-
tazidime (CAZ). 

Excluding criteria were if the antibiotic phenotype 
was incomplete or beta-lactams minimal inhibitory 
concentration (MIC) was missing. In the case of repeti-
tion of K. pneumonae isolates in the same patient with-
in 30 days, the sample was dropped out of the study.

Carbapenem-resistant K. pneumoniae (CRKp) col-
onized patients were considered in case of the presence 
of CRKp in one of the following samples: blood cul-
ture, urine, cerebrospinal fluid, pleural liquid, perito-
neal liquid, bronco-lavage, skin and rectal swab. 

Pharmacological Data

Antibiotic consumption was measured according to 
the defined daily dose (DDD). The antibiotics evaluat-
ed were Amikacin (AMK), Cefepime (FEP), Cefiderol 
(FDC), CTX, CAZ, Piperacillin/Tazobactam (TZP), 
Fosfomycin (FOS), Colisitn (COL), Fluoroquinolones 
(F.Q.) (such as Levofloxacin and Ciprofloxacin), Car-
bapenems (such as Meropenem (MEM), Imipenem 
cilastatin and Ertapenem), Cefiderocol (FDC) and 
new β-lactam/β-lactam inhibitors (BL/BLI), such as 
Ceftazidime/Avibactam (CZA), Imipenem cilasta-
tin/Relebactam (IPR) and Meropenem/Vaborbactam 
(VBM), Ceftolozane/Tazobactam (C/T).

INTRODUCTION

Increasing antimicrobial resistance (AMR) rates and 
limited antibiotic options, particularly for Gram-neg-
ative pathogens, have led to a worldwide medical cri-
sis1. Antibiotics are commonly prescribed in intensive 
care units (ICUs). More than 70% of patients in this 
setting receive antibiotics during hospitalization. The 
antimicrobial consumption in ICUs is ten times high-
er than in other hospital wards2,3.

Excessive antibiotic use in ICUs contributes to 
the emergence of AMR, especially in Gram-nega-
tive microorganisms. The higher incidence of infec-
tions caused by multi-drug resistant microorganisms 
(MDRO) in ICUs depends on numerous factors asso-
ciated with infectious risk and critically ill patients, 
such as the use of medical devices, aging, the presence 
of immunosuppression, the prolonged period of hos-
pitalization and the consumption of broad-spectrum 
antibiotic therapies4. Carbapenems are often used as 
last-resort antimicrobials for treating seriously ill pa-
tients with Gram-negative infections. Pseudomonas 
aeruginosa, Acinetobacter species (spp.), and carbap-
enem-resistant Enterobacterales (CRE) isolates are 
frequently isolated in the ICUs and constitute an es-
sential clinical problem, with the necessity of prompt 
new antibiotic therapeutical strategies5,6.

A multidisciplinary approach could minimize the 
risk of developing AMR7. Appropriate antimicrobial 
stewardship needs rapid microbiological identifica-
tion and treatment based on pharmacokinetic/phar-
macodynamic properties, using narrow-spectrum 
drugs for the shortest possible time, and reducing 
patients treated with unnecessary antibiotics8. Mi-
crobiologic surveillance, local epidemiologic-based 
antibiotic practice guidelines, and a multidisciplinary 
approach with a specialized antibiotic team (ICU spe-
cialist, infectious diseases consultant, microbiologist, 
and clinical pharmacologist) could improve an early 
diagnosis and initial appropriate antibiotic treatment 
of infections in critical settings9. Prompt infection-re-
lated consultations in ICUs could positively impact 
the quality of care and clinical outcomes10. 

Infection prevention and control measures are 
an evidence-based and cost-effective approach that 
can optimize antimicrobial usage and reduce the in-
cidence of MDRO11. The primary endpoint of infec-
tion control programs is to decrease the incidence of 
hospital-acquired infections to zero. Standard and 
transmission-based precautions can prevent any in-
fectious agent from transmitting to susceptible hosts 
and should be tailored to the level of care provided in 
the different healthcare settings12,13.

MATERIALS AND METHODS

We conducted an observational retrospective sur-
veillance in the General and Neurosurgery ICUs in 
Ospedale “dell’Angelo” in Venice. We collected indis-
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Ethical Issues

Ethical approval was not needed for this study, which 
does not involve patients and is based on microbiolog-
ical and pharmacological surveillance data. All data 
were anonymized.

Statistical Analysis

Data were collected with Excel (Microsoft, Redmond, 
WA, USA). Discrete variables were summarised as 
frequency (%). The percentage of resistance (%R) 
was defined as the proportion of resistant strain on all 
isolates. Categorical variables were compared using 
the χ2 test or Fisher’s t-test, as appropriate. A p-value 
≤0.05 was considered statistically significant. Statis-
tical analysis was conducted with STATA version 16 
(StatsCorp, Lakeway, TX, USA).

RESULTS

During the observational period, we sampled 6,140 
isolates from 2021 to 2023. After excluding non-K. 
pneumoniae and repetitive isolates within a 30-days 
period, we collected 377 K. pneumoniae isolates: 225 
(59.7%) in 2021, 108 (28.6%) in 2022 and 44 (11.7%) 
in 2023. The percentage of ESBL isolates were 
201/225 (89.8%) in 2021, 98/108 (90.7%) in 2022 and 
24/44 (54.5%) in 2023. The resistance to TZP was 
200/224 (89.3%) in 2021, 95/108 (89.0%) in 2022 and 
17/44 (38.6%). MEM-resistant isolates were 121/225 
(54.0%) in 2021, 69/108 (64.0%) in 2022, and 3/44 
(9.0%) in 2023. The phenotypic profile resistance of 
3CEF, TZP and MEM was reported in Figure 1. 

From January 2021 to December 2021, 94 patients 
tested positive for CRKp, and 32/94 (34.0%) individ-
uals tested positive at admission to the ICU. Instead, 
62/94 (66.0%) became positive during the hospitaliza-
tion. In 2022 and 2023, 68 patients were colonized 
by CRKp stains; 26/68 (38.2%) were positive at ad-
mission and 42/68 (61.8%) during recovery. Figure 2 
summarizes the distribution of carbapenem-resistant 
K. pneumoniae colonization cases.

At the antibiotic consumption data, Carbapenems 
showed a reduction from 1,536.5 DDD in 2021 to 744.9 
DDD in 2023. TZP DDD rose from 751.5 DDD in 2021 
to 1,325.6 DDD in 2023. C/T prescription increased 
from 180.0 DDD in 2022 to 363.3 DDD in 2023 (in 
2021, C/T was unavailable). New BL/BLI treatments 
fell from 652.6 DDD in 2021 to 258.1 DDD in 2023. 
F.Q. prescription was marginal, but from 2021 to 2023, 
we observed a significant reduction in their prescription 
(from 345.0 DDD to 145.0 DDD). Instead, FOS showed 
an increased usage, according to its essential role in 
carbapenem-sparing strategies (165.0 DDD from 2021 
to 665.0 DDD in 2023). Figure 3 shows all principal 
Gram-negative antibiotic consumption per year. 

Infectious Control Measures 
and New Antibiotic Stewardship Program 

From January 2021 to December 2021, no specific in-
tervention was implemented. Routine infectious con-
trol protocol was applied, such as active surveillance 
cultures with baseline rectal swabs and weekly con-
trol of rectal colonization in non-colonized patients, 
contact precautions for all the hospitalized patients in 
the ICU, isolation in a single room, and disinfection 
and sterilization.

At the beginning of January 2022, our Hospital 
decided to implement infectious control measures 
and applied for a new antibiotic stewardship program. 
The new internal policy included:

1.	 Continuing the infection control baseline mea-
sures.

2.	 Antibiotic stewardship programs:
	 a.	� Active infectious disease (ID) consultant im-

plementation.
	 b.	� Target bundles interventions for intravascular 

catheter-related infection and catheter-associ-
ated urinary tract infection (i.e., changing the 
intravascular catheter and the urinary catheter 
every 14 days and changing it anyway in case of 
admission from another ICU. Reduce the posi-
tioning of the femoral catheters, preferring the 
jugular or subclavian access. In the case of dis-
charge, the vascular catheter had been changed 
the day before).

	 c.	� Local epidemiological-based antibiotic guide-
lines and cumulative antibiograms based on lo-
cal isolates (the ID team developed cumulative 
antibiograms on Gram-negative and Gram-pos-
itive microorganisms MICs data yearly. Local 
sepsis guidelines were introduced in 2022 and 
reevaluated every year. The guidelines consid-
ered international antibiotic treatment recom-
mendations and were contextualized and based 
on local microorganism frequency and their 
phenotypes).

	 d.	� Active surveillance and prompt communica-
tions of CRE carriers and positive blood cul-
tures (initially with direct call communication 
and at the end of 2023 with an active computer-
ized signal).

3.	 Infection control measures:
	 a.	� Simplification of MDRO signs of colonized pa-

tients.
	 b.	� Implementation of disinfection and steriliza-

tion protocol (including for device).
	 c.	� Educational program for ICU staff.
4.	 Monitoring data: 
	 a.	� The microbiology communicated the AMR 

trends to the ICU ward every six months.
	 b.	� The pharmacy showed data about drug con-

sumption, carbapenem, and F.Q. using trends 
every year.
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Figure 1. A, Phenotypic resistance profile of K. pneumoniae per year. B, Meropenem MIC distribution per year. 3CEF: third genera-
tion of cefalosporin, TZP: Piperacillin/Tazobactam, MEM: Meropenem. 

Figure 2. Carbapenem-resistant K. pneumoniae cases per year.
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colonization frequency. Moreover, the reduction of 
CRKp was probably related to a most permissive an-
tibiogram, with a decrease of K. pneumoniae ESBL 
from 89.9% to 55.0% (p<0.001). Additionally, TZP 
(from 89.3% to 39.0%, p<0.001) and MEM (from 
54.0% to 9.0%, p<0.001) susceptibility drastically in-
creased. 

The AMR epidemiology, the availability of di-
agnostic tools, and antibiotics regimens can widely 
differ among countries, regions, and hospitals within 
the same country20. Tailoring facility-specific guide-
lines is essential for reducing AMR and implement-
ing effective antimicrobial stewardship21. Cumula-
tive susceptibility data track resistance changes over 
time and modify the local guidelines. Epidemiology 
data should be collected to undertake drug-resistant 
organism surveillance and suggest areas for inter-
vention22. Furthermore, specific bundles should be 
implemented to manage the most common health-
care-associated infections. For example, using a bun-
dle for central venous catheter (CVC) management 
has been documented in many studies to decrease 
rates of CVC-bloodstream-related infections23.

Numerous studies24 have shown the association 
between antimicrobial use and increasing AMR. 

DISCUSSION

Tailored antimicrobial therapy is complex, especial-
ly in severe settings where the risk of AMR is much 
higher. Furthermore, AMR infection and the critical 
issues of many patients could be associated with in-
appropriate antibiotic treatments15. The principal goal 
of any antibiotic stewardship program is to reduce 
the incidence of MDRO. Antimicrobial stewardship 
and infection control measures should be personal-
ized and conducted in the clinical setting where the 
intervention is intended2. The importance of microbi-
ological data for implementing a rationale for empir-
ical therapy has been evaluated in many studies16,17, 
demonstrating its usefulness. Local epidemiology is 
essential to provide basic information regarding the 
most frequently isolated microorganism and their 
presumptive resistance patterns. 

Infection prevention is fundamental to reducing 
the spread of MDRO. The primary goal is to decrease 
antibiotic use and, consequently, antibiotic pressure18. 
Additional standard strategies, such as surveillance 
and MDRO alert protocol, should be implemented to 
achieve this result19. In our study, structural infection 
control measures were implemented to reduce CRKp 

Figure 3. Antibiotic DDD per year. A, Drugs usually used for Enterobacterales ESBL. B, Drugs of choice for CRE. AMK: Amikacina, 
FEP: Cefepime, FDC: Cefiderocol, BL/BLI: β-lactam/β lactam inhibitors, CTX: Ceftriaxone, CAZ: Ceftazidime, C/T: Ceftolozane/
Tazobactam, FQ: Fluoroquinolones, Col: Colistin, FOS: Fosfomycina, TZP: Piperacilline/Tazobactam.
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tion measures should be implemented based on their 
own local epidemiology and healthcare possibilities. 
Carbapenem and FQ-sparing strategies could be es-
sential in reducing antibiotic-resistant selective pres-
sure. 
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