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Abstract

Background/Objectives: Antibiotic resistance is a significant and escalating challenge that
limits available therapeutic options. This issue is further exacerbated by the decreasing
number of new antibiotics being developed. Our study aims to describe the epidemiology
and pattern of antibiotic resistance in Gram-negative infections isolated from a cohort
of hospitalized patients and to analyze the distribution of infections within the hospital
setting. Methods: A retrospective study was conducted on all patients admitted to Vito
Fazzi Hospital in Lecce, Italy, who required an infectious disease consultation due to the
isolation of Gram-negative bacteria from 1 January 2018 to 31 December 2022. Results:
During the study period, 402 isolates obtained from 382 patients (240 men and 142 women)
with infections caused by Gram-negative bacteria were identified. Among these isolated,
226 exhibited multidrug resistance, defined as resistance to at least one antimicrobial agent
from three or more different classes. In 2018, the percentage of multidrug-resistant iso-
lates peaked at 87.6%, before decreasing to the lowest level (66.2%) in 2021. Overall, of
the 402 isolates, 154 (38.3%) displayed resistance to carbapenems, while 73 (18.1%) were
resistant to extended-spectrum beta-lactamases (ESBLs). Among the resistant microor-
ganisms, Klebsiella pneumoniae showed the highest resistance to carbapenems, accounting
for 85.2% of all resistant strains. Escherichia coli exhibited the greatest resistance to ESBLs,
with a rate of 86.7%. Among carbapenem-resistant K. pneumoniae isolates, the following
resistance rates were observed: KPC-1 at 98.2%, IMP-1 at 0.9%, VIM-1 at 0.9%, and NDM-1
at 0.9%. Conclusions: Patients with infections caused by multidrug-resistant bacteria have
limited treatment options and are therefore at an increased risk of death, complications,
and longer hospital stays. Rapid diagnostic techniques and antimicrobial stewardship
programs—especially for ESBLs and carbapenemases—can significantly shorten the time
needed to identify the infection and initiate appropriate antimicrobial therapy compared
to traditional methods. Additionally, enhancing surveillance of antimicrobial resistance
within populations is crucial to address this emerging public health challenge.
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(KPC); multidrug resistance; antimicrobial stewardship; antimicrobial therapy
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1. Introduction
The increasing prevalence of antibiotic-resistant bacteria poses a significant threat to

global health [1]. This situation emphasizes the need for a comprehensive and multidis-
ciplinary strategy to combat the spread of resistance. Antibiotic resistance is one of the
most urgent and growing challenges in healthcare, severely limiting available treatment
options. This problem is exacerbated by the diminishing number of new antibiotics in the
drug development pipeline [2].

In 2019, the World Health Organization (WHO) recognized antimicrobial resistance
(AMR), including antibiotic resistance, as one of the top ten global health threats. This
identification highlighted the urgent need for a coordinated international action plan to
address the severe healthcare and economic consequences on individual and population
health [3]. Antibiotic resistance can lead to treatment failure, which not only results in
increased healthcare costs, but also longer hospital stays and increased mortality rates [4,5].

Drug-resistant infections result in approximately 5 million deaths each year. If we
fail to take timely, effective actions against the spread of AMR, especially in low- and
middle-income countries, this alarming figure could increase to 10 million deaths annually
by 2050 [6].

Resistance in bacteria develops mainly through chromosomal mutations or by acquir-
ing resistance genes. This phenomenon is commonly observed even in routine infections [7].

Particularly concerning are Gram-negative bacteria (GNB) because of their ability to
mutate, acquire, and transmit plasmids and other mobile genetic elements that encode
resistance genes [8]. The severity of infections caused by GNB, along with the significant
public health burden they represent, adds to the urgency of this issue [9]. Notably, nine
of the twelve priority bacterial pathogens identified by the WHO in 2017 are GNB, with
increasingly limited treatment options due to AMR [10].

GNB can acquire genes capable of producing enzymes that inactivate antibiotics,
such as extended-spectrum β-lactamases (ESBL) and carbapenemases [11,12]. GNB are
frequently resistant to β-lactam antibiotics, most commonly used to treat bacterial infections.
Although carbapenems are the recommended treatment for severe infections caused by
ESBL-producing bacteria, cases of resistance to these antibiotics have been reported [13].

Recent data from the European Antimicrobial Resistance Surveillance Network and
other low- and middle-income countries show significant variability in Carbapenem Resis-
tance (CR) among Klebsiella pneumoniae (K. pneumoniae) isolates in hospitals.

Across European Union countries, resistance rates ranged from 0% in four countries
to over 25% in six countries, with Italy reporting a resistance rate of 32.8% [12,14].

Several factors contribute to the development and spread of AMR, but the excessive
use of antibiotics, including their use without proper medical indication, is considered one
of the main contributors to accelerating the spread of antibiotic resistance. According to
a 2017 report by the European Centre for Disease Prevention and Control (ECDC), Italy
was identified as one of the countries with the most alarming levels of AMR in Europe,
due to high levels of resistance in hospitals and various regions across the country [15]. In
this regard, a 2021 study conducted by the ECDC and Public Health England analyzed the
attitudes of European healthcare workers towards antibiotic use, revealing excessive and
inappropriate use of these drugs, with an increasing trend in antibiotic prescribing and
consumption [16].

Surveillance and epidemiological studies are crucial tools for preventing the severe
consequences of AMR on public health. In this context, this study aims to describe the
epidemiology and the antibiotic resistance pattern of GNB isolated from a cohort of patients
at a hospital in southern Italy over five years, from 2018 to 2022, and analyze the distribution
of these infections within the hospital environment.
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2. Materials and Methods
2.1. Study Design and Subjects

A retrospective study was conducted on all patients admitted to Vito Fazzi Hos-
pital in Lecce, Italy, for whom an infectious disease consultation was requested due to
gram-negative isolates and antimicrobial resistance profiles between 1 January 2018 and
31 December 2022.

Patient records were collected, including age, sex, years, operative clinical unit, bio-
logical sample, and identification of medically relevant Gram-negative and antimicrobial
resistance.

Duplicate microbiological tests from the same patient, tests performed within the first
48 h of hospitalization, and tests from patients readmitted within 3 days were excluded
from the sample. Records with incomplete data were excluded from the analysis.

The study was conducted in compliance with the Declaration of Helsinki and was
approved by the Regional Ethics Committee (Minutes No. 10 of 14 December 2022). Due to
the retrospective nature of the study, informed consent was not necessary.

2.2. Specimen Processing and Identification

The clinical specimens were processed, and the bacteria identified using VITEK MS
(bioMérieux, Marcy l’Etoile, France), a MALDI-TOF-based identification system, at the Clin-
ical Pathology and Microbiology Unit of the Hospital. Standard operating procedures for
specimen processing and culture in the laboratory were strictly followed. The microorgan-
isms were then analyzed by the VITEK MS automated system using a mass spectrometry
method with estimation of ribosomal protein profiles.

For E. coli, the ATCC 25922 standard QC strain was run alongside clinical samples to
monitor VITEK performance [17].

Clinical specimens included sputum, bronchoalveolar lavage (BAL), bronchial aspirate
(BAS), pleural effusion (PE), surgical wound, cerebrospinal fluid (CSF), bone, blood, rectal
swab, and urine.

2.3. Antimicrobial Susceptibility Testing

The susceptibility of clinically significant GNB to antimicrobial agents was performed
with the Vitek 2 system (bioMérieux, France). Antibiotic resistance was detected to deter-
mine the minimum inhibitory concentration (MIC) for antibiotics such as Amikacin, Gen-
tamicin, Amoxicillin/Clavulanic acid, Piperacillin/Tazobactam, Cefepime, Ceftazidime,
Ceftazidime/Avibactam, Ceftolozane/Tazobactam, Ciprofloxacin, Ertapenem, Imipenem,
Meropenem, Fosfomycin, Tigecycline, and Trimethoprim/Sulfamethoxazole.

The molecules actually responsible for the targeted therapy or the reference ones have
been included in the antibiogram profiles.

Results were interpreted according to the clinical breakpoints of the European Union
Committee on Antimicrobial Susceptibility Testing, EUCAST v.13.0 [18].

Four variables were used to identify AMR status: (1) AMR defined as resistance to
at least one antimicrobial agent; (2) MDR (Multidrug Resistance) defined as resistance to
at least one antimicrobial in three or more antimicrobial categories; (3) XDR (Extended
Drug Resistance) defined as resistance to at least one antimicrobial in all but one or two
classes and (4) CR defined as resistance to at least one carbapenem antibiotic [19]. All
CR-GNB were screened using the Xpert Carba-R assay, a commercial kit designed for use
with GeneXpert® Instrument systems.

This multiple qualitative in vitro diagnostic test is designed to detect and differenti-
ate the gene sequences associated with carbapenem-non-susceptibility, including blaKPC,



Infect. Dis. Rep. 2025, 17, 76 4 of 15

blaNDM, blaVIM, blaOXA-48, and blaIMP. The test employed automated real-time polymerase
chain reaction (PCR) technology.

2.4. Statistical Analysis

Data are presented as the number of isolates and their percentages. Continuous
variables were expressed as mean ± standard deviation (SD), while categorical variables
were presented as frequency and percentage. Levene’s test is used to assess the homogeneity
of the data. Comparisons between continuous variables are performed using a two-tailed
unpaired t-test, and comparisons between categorical variables are conducted using the
chi-square test or Fisher’s exact test, as appropriate. The logistic regression was used to
evaluate temporal trends and multiple comparisons of antibiotics. The false-discovery
rate method of Benjamini-Hochberg was used for the correction of antibiotic multiple
comparisons. A p-value of less than 0.05 is considered statistically significant.

All statistical analyses were performed using the SPSS (Statistical Package for Social
Sciences) software version 24.0 (IBM Corp., Armonk, NY, USA).

3. Results
During the study period, 402 isolates obtained from 382 patients (240 males and

142 females) with infections caused by GNB were identified. The mean age of the subjects
was 68.6 ± 15.4 years. The primary age group affected by the infection was subjects over
65 years (67.5%), followed by adults aged 46 to 65 years (23.6%).

The trend by year of patients showed a decrease between 2018 and 2020 and a sub-
sequent increase between 2020 and 2022, with the highest peak observed in 2022 with
126 isolates (Table 1).

Table 1. Demographic characteristics of study patients (n = 382).

Parameters Female
(n = 142)

Male
(n = 240)

Total
(n = 382) p

Age, mean ± SD 69.4 ± 14.6 68.1 ± 15.9 68.6 ± 15.4 0.206 1

Age group
1–25, n (%) 3 (2.1) 5 (2.1) 8 (2.1)

26–45, n (%) 5 (3.5) 21 (8.7) 26 (6.8)
46–65, n (%) 43 (30.3) 47 (19.6) 90 (23.67)
>65, n (%) 91 (64.1) 167 (69.6) 258 (67.5) 0.040 2

Years
2018, n (%) 31 (21.8) 51 (21.2) 82(21.5)
2019, n (%) 27(19.0) 39 (16.3) 66 (17.3)
2020, n (%) 16 (11.3) 23 (9.6) 39 (10.2)
2021, n (%) 18 (12.7) 53 (22.1) 71 (18.6)
2022, n (%) 50 (35.2) 74 (30.8) 124 (32.4) 0.246 3

1 Two-tailed unpaired Student t-test; 2 Fisher’s exact test; 3 Chi-square test.

Among the isolated microorganisms, K. pneumoniae was the most frequent pathogen,
with 164 (40.8%) isolations, followed by Pseudomonas aeruginosa (P. aeruginosa) at 77 (19.15%),
Acinetobacter baumannii (A. baumannii) at 65 (16.17%), and Escherichia coli (E. coli) at 43 (10.7%)
(Figure 1).

In 2020, the lowest number of isolates was observed for all microorganisms, while the
highest values were recorded in 2022 (Figure 2a). The highest numbers of isolates were
found for K. pneumoniae (n = 46), P. aeruginosa (n = 28), and A. baumannii (n = 20) (Figure 2b).
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Figure 1. Number and frequency of microorganisms isolated from the patient.

(a) 

 
(b) 

0

5

10

15

20

25

30

35

40

45

50

2018 2019 2020 2021 2022

N
um

be
r o

f i
so

la
te

s

Time (Years)

K. pneumoniae
E. coli
P. aeruginosa
Enterobacter
P. mirabilis
S. marcescens
Morganella
A. baumannii
Providencia

Figure 2. Cont.



Infect. Dis. Rep. 2025, 17, 76 6 of 15

(a) 

 
(b) 

0

5

10

15

20

25

30

35

40

45

50

2018 2019 2020 2021 2022

N
um

be
r o

f i
so

la
te

s

Time (Years)

K. pneumoniae
E. coli
P. aeruginosa
Enterobacter
P. mirabilis
S. marcescens
Morganella
A. baumannii
Providencia

Figure 2. Total number (a) and type (b) of microorganisms isolated by year.

Table 2 reports the prevalence of microorganisms isolated from the different biological
samples. Specifically, the total row reports the number of isolates detected for each bio-
logical sample and the percentage of the total isolates (n = 402), and each row reports the
number of each microorganism isolated in the specific biological sample, and in brackets,
the percentage of the total isolates for each microorganism is reported.

Table 2. Prevalence of microorganisms isolated from the indicated biological samples.

Microbe Sputum n
(%)

BAL
n (%)

BAS
n (%)

PE
n (%)

Surgical
Wound

n (%)
CSF
n (%)

Bone
n (%)

Blood
n (%)

Rectal
Swab
n (%)

Urine
n (%)

K. pneumoniae 6 (3.7) 2 (1.2) 24 (14.6) 1 (0.6) 16 (9.8) 1 (0.6) - 39 (23.8) 11 (6.7) 64 (39.0)
E. coli - 1 (2.3) 1 (2.3) 1 (2.3) 3 (7.0) - - 8 (18.6) 1 (2.3) 28 (65.1)

P. aeruginosa 4 (5.2) 4 (5.2) 18 (23.4) 1 (1.3) 10 (13.0) - 2 (2.6) 19 (24.7) - 19 (24.7)
E. cloacae - 1 (11.1) 2 (22.2) - 4 (44.4) - - 1 (11.1) - 1 (11.1)

P. mirabilis 1 (4.0) - 6 (24.0) - 6 (24.0) - 1 (4.0) - - 11 (44.0)
S. marcescens 1 (10.0) - 6 (60.0) - - - - 2 (20.0) - 1 (10.0)
M. morganii - - - - - - - 1 (50.0) - 1 (50.0)
A. baumannii 5 (7.7) 5 (7.7) 24 (36.9) - 5 (7.7) - - 19 (29.2) - 7 (10.8)

P. stuartii - - 2 (28.6) - 1 (14.3) - - 1 (14.3) - 3 (42.9)
Total 17 (4.2) 13 (3.2) 83 (20.6) 3 (0.8) 45 (11.2) 1 (0.2) 3 (0.8) 90 (22.4) 12 (3.0) 135 (33.6)

BAL—Bronchoalveolar lavage; BAS—Bronchial Aspirate; PE—Pleural Effusion; CSF—Cerebrospinal fluid.

135 (33.6%) isolates were from urine, 83 (20.6%) from BAS, 90 (22.4%) from blood, 45
(11.2%) from surgical wounds, 17 (4.2%) from sputum, 13 (3.2%) from BAL, 12 (3%) from
rectal swab, 3 (0.8%) from bone and pleural fluid, and 1 (0.2) from cerebrospinal fluid.

Table 3 reports the microorganisms isolated in the different Clinical Operative Units.
Specifically, the total column shows the total number of microorganisms in the different
units and the percentage of the total of isolates (n = 402).
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Table 3. Isolated microorganisms in the different operative clinical units.

Clinical
Operative

Units

Klebsiella
pneumoniae

n (%)

Escherichia
coli

n (%)

Pseudomonas
aeruginosa

n (%)

Enterobacter
cloacae
n (%)

Proteus
mirabilis

n (%)

Serratia
marcescens

n (%)

Morganella
morganii

n (%)

Acinetobacter
baumannii

n (%)

Providencia
stuartii

n (%)
Total
n (%)

Cardiac surgery 20 (12.2) 6 (14.0) 8 (10.4) 3 (33.3) 5 (20.0) 1 (10.0) - (-) 3 (4.6) - (-) 46 (11.4)
Cardiology 14 (8.5) 5 (11.6) 5 (6.5) 1 (11.1) 3 (12.0) 2 (20.0) - (-) 2 (3.1) - (-) 32 (8.0)

General surgery 2 (1.2) 1 (2.3) 1 (1.3) 1 (11.1) - (-) - (-) - (-) 1 (1.5) - (-) 6 (1.5)
Thoracic
surgery 2 (1.2) 1 (2.3) 1 (1.3) - (-) - (-) - (-) - (-) - (-) - (-) 4 (1.0)

Hematology 5 (3.0) - (-) 7 (9.1) - (-) - (-) - (-) - (-) - (-) - (-) 12 (3.0)
Gynecology - (-) - (-) 1 (1.3) - (-) - (-) - (-) - (-) - (-) - (-) 1 (0.2)

General
medicine 41 (25.0) 3 (7.0) 17 (22.1) - (-) 5 (20.0) 3 (30.0) - (-) 13 (20.0) 2 (28.6) 84 (20.9)

Nephrology 11 (6.7) 2 (4.7) 2 (2.6) - (-) 1 (4.0) - (-) - (-) 1 (1.5) - (-) 17 (4.2)
Neurology 2 (1.2) 1 (2.3) 2 (2.6) - (-) 2 (8.0) 1 (10.0) - (-) 2 (3.1) - (-) 8 (2.0)

Neurosurgery 10 (6.1) - (-) 8 (10.4) 2 (22.2) - (-) 1 (10.0) - (-) 3 (4.6) 1 (14.3) 27 (6.7)
Ophthalmology - (-) - (-) - (-) - (-) 1 (4.0) - (-) - (-) - (-) - (-) 1 (0.2)

Oncology 2 (1.2) - (-) 1 (1.3) - (-) - (-) - (-) - (-) - (-) - (-) 3 (0.7)
Orthopedics 15 (9.1) 12 (27.9) 1 (1.3) - (-) 3 (12.0) - (-) - (-) 3 (4.6) - (-) 46 (11.4)
Pneumology 7 (4.3) 1 (2.3) 13 (16.9) - (-) 3 (12.0) 1 (10.0) - (-) 8 (12.3) 2 (28.6) 26 (6.5)
Psychiatry - (-) 2 (4,7) 1 (1.3) - (-) - (-) - (-) - (-) - (-) - (-) 3 (0.7)

Intensive care 25 (15.2) 2 (4.7) 4 (5.2) 2 (22.2) 1 (4.0) 1 (10.0) 2 (100) 29 (44.6) 2 (28.6) 68 (16.9)
Urology 8 (4.9) 7 (16.3) 2 (2.6) - (-) 1 (4.0) - (-) - (-) - (-) - (-) 18 (4.5)
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The number of each microorganism isolated in the operative unit is reported in the
rows, and the percentage of the total number of each microorganism isolated is reported
in brackets. In 19 different Operating Units, the highest number of isolates was recorded
in the General Medicine department, with 84 isolates (20.9%). This was followed by the
Intensive Care Unit with 68 isolates (16.9%) and both departments of Cardiac Surgery and
Orthopedics with 46 isolates (11.4%). In contrast, the lowest number of isolates was found in
the Gynecology and Ophthalmology Units, with only one isolate (0.2%) in each department.

In particular, K. pneumoniae and P. aeruginosa were mainly isolated in the General
Medicine department, with 41 (25.0%) and 17 (22.1%) microorganisms isolated, respectively.
A. baumannii was instead primarily isolated in the Intensive Care Unit with 29 (44.6%
isolated) and E. coli in Orthopedics with 12 (27.9%) isolates (Table 3).

The AMR patterns are shown in Table 4. Among the antibiotics tested, the highest
resistance was found to Ciprofloxacin with 68.8% of resistant isolates, followed by Trimetho-
prim/sulfamethoxazole (65.6%), Ceftazidime (60.8%), and Amoxicillin/Clavulanic acid
(60.0%). Ceftazidime/Avibactam are the antibiotics with the lowest resistance patterns,
with percentages of 18.1% and 18.4%, respectively.

Table 4. Overall antimicrobial resistance pattern of bacteria isolated from different clinical specimens.

Antimicrobial Agents No. of Bacteria
Tested

Susceptibility Patterns

Resistant
No. (%)

Intermediate
No. (%)

Sensitive
No. (%)

Amikacin 335 103 (30.7) 9 (2.7) 223 (66.6)
Amoxicillin/Clavulanic acid 125 75 (60.0) - (-) 50 (40.0)

Cefepime 243 126 (51.9) 42 (17.3) 75 (30.9)
Ceftazidime 334 203 (60.8) 36 (10.8) 95 (28.4)

Ceftazidime/Avibactam 182 33 (18.1) - (-) 149 (81.9)
Ceftolozane/Tazobactam 182 79 (43.4) - (-) 103 (56.6)

Ciprofloxacin 397 273 (68.8) 35 (8.8) 89 (22.4)
Ertapenem 139 79 (56.8) 2 (1.4) 79 (56.8)
Fosfomycin 155 88 (56.8) - (-) 67 (43.2)
Gentamicin 351 147 (41.9) 8 (2.3) 147 (41.9)
Imipenem 279 144 (51.6) 50 (17.9) 85 (30.5)

Meropenem 401 209 (52.1) 11 (2.7) 181 (45.1)
Piperacillin/Tazobactam 334 188 (56.3) 34 (10.2) 112 (33.5)

Tigecycline 82 36 (43.9) 23 (28.0) 23 (28.0)
Trimethoprim/Sulfamethoxazole 346 227 (65.6) 2 (0.6) 117 (33.8)

Table 5 shows, by year, the percentage of isolates resistant to each antimicrobial
agent and the number of isolates tested in parentheses. AMR trends from 2018 to 2022
indicated the lowest levels of resistance in 2020 and 2021 across all antibiotic classes,
with significant differences observed between years for Aminoglycosides (p = 0.0299),
Beta-Lactams (p = 0.0270c), Fluoroquinolones (p = 0.0185), Glycylcycline (p = 0.0240), and
Sulfonamides (p = 0.0097) (Table 5).

Among the various classes of antibiotics, carbapenems exhibited higher levels of
resistance during the study period, except in 2019, when the highest level of resistance was
recorded for beta-lactams, reaching 62.9%.

Overall, 85.1% (342/402) of the collected samples showed AMR, and 65.4% (263/402)
MDR. MDR was found in 87.6% of isolates in 2018; the lowest levels were instead observed
in 2021 in 47.6% of isolated samples. Additionally, XDR was observed in a small percentage
of samples; 3.2% (13/402) showed resistance to 14 of the 16 antimicrobials tested.

Overall, AMR, MDR, and XDR showed decreasing temporal trends with significant
differences (p = 0.0018, p < 0.0001, and p < 0.0001, respectively) (Table 5).

Overall, AMR, MDR, and XDR showed decreasing temporal trends with significant
differences between years (p = 0.0018, p < 0.0001, and p < 0.0001, respectively) (Table 5).
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Table 5. Trends in antimicrobial resistance of resistant isolates to antimicrobial agents, 2018–2022.

Group/Antimicrobial 2018
% (n)

2019
% (n)

2020
% (n)

2021
% (n)

2022
% (n)

Total
% (n) p *◦

Aminoglycosides 61.8 (89) 56.3 (40) 40.0 (45) 47.9 (34) 34.1 (43) 52.1 (251) 0.0019
Amikacin 36.0 (82) 38.0 (71) 29.7 (37) 27.5 (51) 20.2 (94) 30.7 (335) 0.0018

Gentamicin 46.1 (89) 38.0 (71) 33.3 (39) 43.1 (58) 43.6 (94) 41.9 (351) 0.0017
Beta-Lactams 73.7 (76) 67.2 (61) 56.8 (37) 60.7 (56) 58.1 (105) 63.6 (335) 0.0915

Amoxicillin/Clavulanic acid 80.4 (56) 73.7 (19) 45.5 (11) 33.3 (15) 25.0 (24) 60.0 (125) 0.0016
Piperacillin/Tazobactam 61.8 (76) 57.4 (61) 48.6 (37) 51.8 (56) 57.1 (105) 56.4 (335) 0.6240

Cephalosporins 58.4 (89) 65.0 (60) 51.4 (37) 54.4 (57) 63.8 (105) 62.1 (348) 1.0500
Cefepime 60.0 (55) 20.0 (5) 45.5 (22) 50.9 (57) 51.0 (104) 51.9 (243) 1.3212

Ceftazidime 69.3 (76) 65.0 (60) 51.4 (37) 52.6 (57) 60.0 (105) 60.8 (335) 0.5220
Ceftazidime/Avibactam - (0) § - (0) § 30.0 (20) 14.0 (57) 18.1 (105) 18.1 (182) 1.2988
Ceftolozane/Tazobactam - (0) § - (0) § 42.9 (21) 40.4 (57) 45.2 (104) 43.4 (182) 1.3705

Fluoroquinolones
Ciprofloxacin 77.5 (89) 72.9 (52) 68.9 (45) 60.6 (71) 64.8 (122) 68.8 (379) 0.5797
Carbapenems 66.3 (89) 56.3 (71) 53.3 (45) 54.9 (71) 53.6 (125) 57.1 (401) 1.2296

Ertapenem 61.8 (76) 52.9 (51) 41.7 (12) - (0) § - (0) § 56.8 (139) 1.1172
Imipenem 45.2 (62) 0.0 (4) 56.5 (23) 54.3 (70) 54.2 (120) 51.6 (279) 0.3416

Meropenem 53.9 (89) 56.3 (71) 48.9 (45) 54.9 (71) 48.0 (125) 52.1 (401) 1.0548
Phosphonics
Fosfomycin 62.5 (88) 48.1 (54) 50.0 (12) - (0) 100 (1) 56.8 (155) 0.9014

Glycylcyclines
Tigecycline 44.8 (58) 57.1 (14) 10.5 (19) - (0) § - (0) § 43.9 (91) 1.2348

Sulfonamides
Trimethoprim/Sulfamethoxazole 75.3 (89) 69.8 (63) 58.3 (36) 63.9 (61) 57.7 (97) 65.6 (346) 0.5135

AMR 96.6 (89) 85.9 (71) 80.0 (45) 80.3 (71) 81.0 (126) 85.1 (402) 0.0018
MDR 87.6 (89) 74.6 (71) 62.2 (45) 62.0 (71) 47.6 (126) 65.4 (402) <0.0001
XDR 10.1 (89) 4.2 (71) 2.2 (45) 0.0 (71) 0.0 (126) 3.2 (402) <0.0001

* Logisitic regression; AMR—Antimicrobial Resistance; MDR—Multidrug Resistance; XDR—Extensive drug
resistance. ◦—Every p-value except the last three has been corrected for multiple comparisons; § Antibiotics not
tested.

Significant differences were observed in the temporal trend of 8 out of 16 antimi-
crobials, covering five of the nine drug classes evaluated. Isolates showed significant
decreasing temporal trends in resistance to amikacin (p = 0.0024), amoxicillin/clavulanic
acid (p < 0.0001), and trimethoprim/sulfamethoxazole (p = 0.0097). Annual changes in
resistance to ertapenem and tigecycline are difficult to assess as data for 2021 and 2022
are not available. A reversal of the decreasing trend was observed in the last year for
ceftazidime (p = 0.0006) and ciprofloxacin (p = 0.0185) (Table 5).

The highest percentage of resistance among antibiotics was recorded for ciprofloxacin
(68.8%; 273/397), trimethoprim/sulfamethoxazole (65.6%; 227/346), ceftazidine (60.8%;
203/334), and amoxicillin/clavulanic acid (60.0%; 75/125) (Table 5). K. pneumoniae, A.
baumannii, and P. aeruginosa are the microorganisms that have developed the greatest
resistance to these four antibiotics.

In particular, among the microorganisms resistant to ciprofloxacin, K. pneumoniae
(50.5%; 138/273), A. baumannii (21.2%; 59/273), and P. aeruginosa (11.4%; 31/273) are the
most widespread. Among the microorganisms resistant to Trimethoprim/Sulfamethoxazole,
K. pneumoniae (48.2%; 79/164) is the most common, followed by A. baumannii (22.6%;
37/164) and P. aeruginosa (12.2%; 20/164). Among the microorganisms resistant to Cef-
tazidime, K. pneumoniae (50.7%; 73/144) is the most common, followed by A. baumannii
(25.0%; 36/144) and P. aeruginosa (11.1%; 20/144). Finally, among the microorganisms resis-
tant to Amoxicillin/Clavulanic acid, K. pneumoniae (53.6%; 81/151) is the most common,
followed by A. baumannii (21.2%; 32/151) and P. aeruginosa (9.9%; 15/151).

Overall, 154 (38.3%) of the 402 isolates showed resistance to Carbapenems and 73
(18.1%) showed resistance to the ESBL-producing organism. Among the resistant microor-
ganisms, K. pneumoniae was the most resistant to Carbapenems, with a percentage equal
to 85.2% of the total resistant ones, while E. coli was the most resistant to ESBL, with a
rate equal to 86.7% of the resistant microorganisms. (Table 6). The isolates resistant to
any carbapenem were stratified by gene. Among the carbapenem-resistant isolates of K.
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pneumoniae, KPC-1, IMP-1, VIM-1, and NDM-1 were detected in 98.2%, 0.9%, 0.9%, and
0.9% of the isolates, respectively (Table 7).

Table 6. Bacteriological profiling and molecular testing of ESBLs and carbapenemase-producing
Gram-negative isolates from patients.

Microbe Resistant Total
n (%)

Carbapenem-Resistant Isolates
n (%)

ESBL 1 Isolates
n (%)

K. pneumoniae 135 * (59.7) 115 (85.2) 21 (15.6)
E. coli 15 (6.6) 2 (13.3) 13 (86.7)

P. aeruginosa 54 (23.9) 28 (51.9) 26 (48.1)
E. cloacae 2 (0.9) 1 (50.0) 1 (50.0)

P. mirabilis 10 (4.4) 2 (20.0) 8 (80.0)
S. marcescens 3 (1.3) 2 (66.7) 1 (33.3)
M. morganii 1 (0.4) 1 (100) - (-)

P. stuartii 3 (1.3) 1 (33.3) 2 (66.7)
A. baumannii 3 (1.3) 2 (66.7) 1 (33.3)

Total 226 154 73
1 ESBL—Extended Spectrum β-Lactamase; * One isolate of K. pneumoniae is resistant to both carbapenems and
ESBL.

Table 7. Carbapenem-resistant isolates.

Microbe Isolates
(n) (%)

KPC
(n) (%)

IMP
(n) (%)

VIM
(n) (%)

NDM
(n) (%)

OXA
(n) (%)

K. pneumoniae 115 (74.7) 113 (98.2) 1 (0.9) 1 (0.9) 1 (0.9) 1 (0.9)
E. coli 2 (1.3) 2 (100) - (-) - (-) - (-) - (-)

P. aeruginosa 28 (18.2) 26 (92.9) - (-) 2 (7.1) - (-) - (-)
E. cloacae 1 (0.6) 1 (100) - (-) - (-) - (-) - (-)

P. mirabilis 2 (1.3) 2 (100) - (-) - (-) - (-) - (-)
S. marcescens 2 (1.3) 2 (100) - (-) - (-) - (-) - (-)
M. morganii 1 (0.6) 1 (100) - (-) - (-) - (-) - (-)

P. stuartii 1 (0.6) 1 (100) - (-) - (-) - (-) - (-)
A. baumannii 2 (1.3) 2 (100) - (-) - (-) - (-) - (-)

Total 154 150 1 3 1 1

4. Discussion
Understanding the distribution of pathogens and monitoring antibiotic resistance is

essential for controlling infectious diseases and implementing effective treatment strategies.
This study aims to investigate the distribution of Gram-negative bacteria in our

hospital from 2018 to 2022 and the antibiotic resistance patterns among the isolated bacteria.
In total, 402 bacteria were isolated during this research. Among these, K. pneumoniae

accounted for 40.8% of the isolates, making it the most frequent pathogen, followed by
P. aeruginosa at 19.15%, A. baumannii at 16.17%, and E. coli at 10.7%.

According to data from the ECDC in 2023, based on 309,504 patients across 1332 hos-
pitals, the most frequently isolated Gram-negative bacteria in hospitals throughout the EU
and EEA were E. coli and Klebsiella spp. (of which, 78.3% were K. pneumoniae), P. aeruginosa,
Proteus spp., Acinetobacter spp., and Enterobacter spp. Notable differences in isolation per-
centages were observed between countries. In Italy in 2023, Klebsiella spp. was reported as
the most frequently isolated Gram-negative bacteria, and our findings are consistent with
these data [14].

In our research, we found that the most vulnerable group to bacterial infections is
primarily male individuals, who make up 62.8% of cases.

The literature data indicate that males are more susceptible to infections than fe-
males [20] and have a higher mortality rate associated with these infections [21]. The higher
mortality rate in males is generally attributed to infections caused by antimicrobial-resistant
pathogens. Supporting this, a recent study conducted in Southern Italy found that 60% of
patients with bloodstream infections caused by carbapenem-resistant K. pneumoniae were
male [22].

There is substantial evidence suggesting that the increased susceptibility, prevalence,
and severity of infections in males result from both weaker innate and adaptive immune re-
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sponses [23] and from differences in health-seeking behavior, quality of healthcare received,
and adherence to treatment recommendations [24].

However, some studies have reported a uniform distribution between males and
females [25] or in some cases, a higher prevalence of infections among females compared
to males [26].

Most of these cases occurred among individuals over the age of 65 years, representing
67.5% of the affected population. This result aligns with a Spanish study, in which 66.9% of
the samples collected were from patients over 60 years of age [20].

Furthermore, we observed a decreasing trend in infection rates, followed by an increase
in the subsequent years of 2021–2022.

The data from our study correspond to the time period surrounding the COVID-19
pandemic. Changes in human behavior during 2020 and 2021, driven by efforts to control
the spread of the virus, have influenced the risk of infection with AMR pathogens [27,28].
Since 2021, as social distancing measures have gradually been lifted, a noticeable increase
in infections has been observed.

The highest percentage of microorganisms was isolated from urine and blood samples,
while a lower percentage was obtained from respiratory samples (BAS, BAL, PE, sputum)
and various other clinical samples, such as surgical wounds, cerebrospinal fluid, bones and
rectal swabs.

Many similar studies have focused primarily on bacterial infections in the blood-
stream [22,29,30]. In contrast, our research highlighted the spread of bacterial infections,
particularly by urinary isolates, which are among the most common indications for an-
tibiotic prescription, and significant contributors to antimicrobial resistance, driving local
stewardship decisions [31].

Among the main microorganisms isolated, A. baumannii was primarily found in respi-
ratory samples, representing 52.3% of the total. In contrast, E. coli and K. pneumoniae were
predominantly isolated from urine samples, accounting for 65.1% and 39%, respectively.
Our results are consistent with those reported by Morales et al. in a study conducted
in 2024 [20] that highlighted a significant presence of bacterial isolates in areas outside
the bloodstream, underscoring the necessity for effective monitoring and surveillance of
bacterial infections in healthcare environments.

The highest number of pathogens was isolated from the General Medicine department,
followed by the Intensive Care Unit (ICU). The Cardiac Surgery and Orthopedics wards
had an equal percentage of isolated pathogens. These data reveal a higher prevalence of
GNB infections in surgical departments and the ICU, which aligns with existing literature
on the subject [32].

Most of the isolates exhibited high resistance to ciprofloxacin, trimethoprim/
sulfamethoxazole, ceftazidime, and amoxicillin/clavulanic acid. In contrast, the majority
of the isolates were found to be sensitive to ceftazidime/avibactam.

These findings highlight the importance of epidemiological studies for implementing
appropriate empiric therapy for hospitalized patients. Research has shown that the like-
lihood of providing effective empirical antibiotic treatments is significantly higher when
guidelines based on local residence patterns are followed [33].

Moreover, we observed a high prevalence of resistance to meropenem. Our results
confirm European data that place Italy among the countries with the highest rates in Europe,
with a percentage of resistant strains around 24.9% [14]. This finding supports the need
to develop a carbapenem-sparing program when selecting antibiotic regimens in hospital
settings.

Our results indicate that from 2019 to 2021, there was a significant reduction in the
prevalence of MDR strains, followed by an initial increase. This trend can be partially
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explained by the peak of the SARS-CoV-2 pandemic during that period. The drastic
reduction in hospital admissions unrelated to COVID-19 led to a decrease in antibiotic
prescriptions. After the pandemic emergency subsided, we observed a rise in antibiotic
prescriptions, which coincided with a slight increase in the prevalence of MDR bacteria. This
observation confirms the importance of implementing a meticulous stewardship program
tailored to local epidemiology and the need for ongoing updates of epidemiological data.

Additionally, the high prevalence of MDR isolates is concerning, particularly the
significant resistance observed in K. pneumoniae (82.3%) and P. aeruginosa (70.1%) to the
tested antibiotics. Notably, 85.2% of K. pneumoniae and 51.9% of P. aeruginosa showed
resistance to carbapenems. This data reinforces the recommendation for using rapid
diagnostic techniques instead of standard microbiological tests, as these can reduce the
time between infection onset and the initiation of appropriate antimicrobial therapy in
septic patients.

Patients with infections caused by MDR bacteria face limited treatment options, which
increases their risk of death, complications, and prolonged hospital stay. For Gram-negative
pathogens, especially in the case of ESBL and carbapenemase-producing strains, the adop-
tion of rapid diagnostic techniques combined with antimicrobial stewardship programs
significantly reduces the time needed for identification of microorganisms compared to tra-
ditional methods. The capacity of rapid tests to quickly identify a wide variety of pathogens
and their antibiotic resistance offers the opportunity for the early initiation of targeted
antibiotic therapy, thus avoiding the ineffective and excessive use of antibiotics [34].

A retrospective study conducted by Walker et al. [35] also showed that 30-day mortality
was significantly lower following the introduction of rapid tests.

Effective antibiotic management and quick detection of drug resistance are crucial in
reducing the spread of drug-resistant pathogens. However, enhancing AMR surveillance
within populations remains a key measure for addressing this emerging public health
challenge [36].

Our study has several limitations. First, as this is a retrospective study, we exclusively
focused on data obtained from microbiology laboratory records of hospitalized patients
with positive clinical cultures for gram-negative bacteria, excluding the investigation of the
transmission pattern.

Furthermore, this data included only basic information such as patient sex, date of
hospitalization, type of specimen tested, and antimicrobial susceptibility test results.

The lack of specific clinical data, such as co-morbidities, prior antibiotic exposure,
invasive procedures and length of hospital stay, restricts our ability to identify and analyze
risk factors contributing to antibiotic-resistant GNB.

The prevalence of Gram-positive bacteria and the related antibiotic susceptibility have
not been assessed, but would be useful to plan the evaluation for an accurate stewardship
program.

Additionally, our study was conducted in a single hospital in Italy with a small sample
size, which limits the generalizability of the results to other Italian hospitals. Therefore,
future large-scale, multicenter studies at the national level should be conducted among
patients infected with GNB to determine the local prevalence of antibiotic-resistant GNB
and to identify associated risk factors.

Furthermore, it would be desirable to use genomic sequencing methods to precisely
identify the genes and mutations responsible for antibiotic resistance, track the spread
of resistant strains, and promote a personalized approach to the clinical management of
infections.

Despite these limitations, this study has heightened awareness of common microor-
ganisms identified in our region, their distributions, and their antibiotic resistance. This
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information could help healthcare professionals and policymakers make informed decisions
regarding patient management.

5. Conclusions
The continuous evolution of resistance and its spread among bacteria, leading to

decreased effectiveness of antibiotics, presents major challenges for clinical practice and
public health, necessitating global action.

Data regarding the spread of antibiotic resistance in these pathogens may help control
the transmission of such infections.

In our study, about 40% of isolates showed resistance to carbapenems and nearly 20%
exhibited resistance to ESBL. A significant number of K. pneumoniae and P. aeruginosa isolates
were found to be resistant to the antibiotics tested. These resistances contribute to increased
mortality rates and present a challenge for physicians and healthcare professionals when
treating hospital-acquired or community-acquired infections. Our research highlights a
critical issue that is not widely recognized in our reality. As a result, it emphasized the need
for further studies to better understand the problem and to develop improved infection
control strategies and antibiotic management, particularly in specific clinical settings such
as certain hospital wards.
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