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a b s t r a c t 

Background: The coronavirus disease 2019 (COVID-19) pandemic was associated with changes in infec- 

tion prevention and control (IPC) measures and antimicrobial resistance epidemiology across healthcare 

settings. 

Methods: We conducted a retrospective observational study assessing multidrug-resistant organisms 

(MDROs) in an Italian community hospital. The facility provides intermediate care, defined as a range of 

services aimed at facilitating the transition from hospital to home or long-term care. We compared the 

proportion of patients with infection-positive clinical cultures and MDRO-positive clinical cultures across 

three periods: pre-COVID-19 (January 2019 to January 2020), COVID-19 (February 2020 to March 2021) 

and post-COVID-19 (April 2021 to December 2023), defined according to the evolution of the disease in 

the Marche Region. Comparisons were performed using chi-square/Fisher exact tests and multivariable 

logistic regression. 

Results: 903 patients were included in the study; 51% had infection-positive clinical cultures, and 30% had 

an MDRO-positive culture. All cultures were obtained from clinical specimens collected for diagnostic pur- 

poses; no surveillance screening cultures were performed. The proportion of patients with MDRO-positive 

cultures differed significantly across periods and was lowest during the COVID-19 period ( P = 0.013), as 

confirmed in the multivariable analysis ( P = 0.004). Urinary catheter and pressure sores were associated 

with increased odds of MDRO-positive clinical cultures. 

Conclusions: In this cohort, the proportion of patients with MDRO-positive clinical cultures was lower 

during the COVID-19 period than in the post-COVID-19 period. Urinary catheter and pressure sores were 

independently associated with MDRO-positive clinical culture detection. This finding may reflect multi- 

ple concurrent factors, including changes in IPC practices and bed occupancy and highlight the need for 

continuous IPC improvements. 

© 2026 The Authors. Published by Elsevier Ltd on behalf of International Society for Antimicrobial 

Chemotherapy. This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Introduction 

Antimicrobial resistance (AMR) is the ability of microorganisms 

viruses, bacteria, fungi and parasites) to survive or grow despite 

ntimicrobial treatment [ 1 ]. AMR is a growing public health prob- 

em that increases morbidity and mortality. It is among the top 10 

lobal health threats worldwide[ 2 , 3 ]. A European survey estimates 

33 0 0 0 deaths AMR-related in the whole WHO European region 

n 2019 [ 4 ]. 
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Inappropriate antibiotic use is considered one of the main 

rivers of the increasing burden of multidrug-resistant organism 

MDRO) infections. During the coronavirus disease 2019 (COVID- 

9) pandemic, a high rate of inappropriate antibiotic prescriptions 

as described [ 5 , 6 ]. 

Several studies describe a significant increase in healthcare- 

ssociated infections and MDROs during the COVID-19 pandemic, 

argely due to healthcare system overload, increasing patient com- 

lexity and resource constraints [ 7–11 ]. Conversely, other evidence 

uggests that extensive infection prevention and control (IPC) mea- 

ures implemented during the COVID-19 pandemic may have con- 

ributed to limiting the spread of MDROs [ 12 ]. 

While the impact of COVID-19 on MDROs has been extensively 

tudied in acute-care settings, data from intermediate-care com- 
ty for Antimicrobial Chemotherapy. This is an open access article under the CC 
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Table 1 

Demographic and clinical characteristics of patients admitted to the intermediate care unit according to the three study periods: Pre-COVID-19 (January 2019 to January 

2020), COVID-19 (February 2020 to March 2021) and post-COVID-19 (April 2021 to December 2023). 

Total sample Pre-COVID-19 COVID-19 Post-COVID-19 P -value 

N = 903 

n (%) 

N = 225 

n (%) 

N = 187 

n (%) 

N = 491 

n (%) 

Age, y, mean ± SD 

a 82.2 ± 9.9 82.6 ± 9.4 82.4 ± 9.7 81.8 ± 10.3 0.702 

Males, n (%) 366 (41) 95 (42) 65 (35) 206 (42) 0.195 

Place before hospitalization 

Hospital 576 (64) 142 (63) 100 (53) 334 (68) < 0.001 

Home 224 (25) 65 (29) 47 (25) 112 (22.8) 0.001 

Other structure 87 (10) 6 (3) 37 (20) 44 (9) < 0.001 

Missing 16 (1) 12 (5) 3 (2) 1 (0.2) 

Length of stay, d, median 

(IQR a ) 

26 (10–52) 29 (14–55) 20 (4–44) 27 (10–52) 0.005 

Mortality, n (%) 250 (28) 50 (22) 60 (32) 140 (29) 0.073 

a SD, standard deviation; IQR, interquartile range; missing was not included in the test. 
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unity hospital remain limited [ 13–15 ]. Intermediate care includes 

 range of services aimed at facilitating the transition from hospital 

o home or long-term care [ 16 ]. This setting hosts fragile patients 

ith prolonged length of stay and frequent device use, represent- 

ng a population at high risk of MDRO acquisition, but often un- 

errepresented in surveillance studies. The aim of this study was 

o assess MDRO detection based on clinical cultures in an Italian 

ommunity hospital in the Marche Region before, during and after 

he COVID-19 pandemic. 

. Methods 

.1. Study design 

This was a retrospective observational study that included all 

atients admitted to the Intermediate Care Unit of the Community 

ospital in Loreto (Ancona, Marche Region, Italy) between January 

019 and December 2023. This Community Hospital was an inpa- 

ient healthcare facility that served as an intermediate-care facil- 

ty between acute hospital care and discharge home or to long- 

erm care facilities. The Intermediate Care Unit provided continu- 

us care to patients requiring close clinical monitoring and/or fre- 

uent nursing interventions. Nursing care was provided 24 h a day, 

 d a week. This ward had 25 nurses, 3 physicians and 7 general

ractitioners. 

The Loreto facility received patients from private and public fa- 

ilities throughout the surrounding area, as well as patients from 

heir own homes. The intermediate care unit had 29 beds in 2019–

020, decreasing to 24 in the following 3 y due to COVID-19 re- 

trictions. During the COVID-19 pandemic, the facility was declared 

OVID-free and remained so for almost a year. Patients with pos- 

tive SARS-CoV-2 swabs or COVID-19 symptoms were not admit- 

ed. A SARS-CoV-2 swab was administered to each new admis- 

ion. After approximately 1 y, the first SARS-CoV-2-positive patient 

as admitted. SARS-CoV-2-positive patients were placed in sin- 

le rooms and rapidly transferred to dedicated isolation facilities 

henever possible. 

No exclusion criteria were applied. The study was approved by 

he Ethics Committee of the Polytechnic University of Marche on 

2/08/2024 (protocol no. 0198638) and received an ‘exempt’ status 

or patients’ consent due to the type of study. Patient anonymity 

as guaranteed throughout data collection, analysis and reporting 

rocess in accordance with the European General Data Protection 

egulation 2016/679 [ 17 ]. 

.2. Data collection 

Clinical and nursing records of all patients were reviewed to 

xtract demographic, clinical, device-related, microbiological and 
253
utcome variables relevant to MDRO-positive clinical culture de- 

ection. Three study periods were identified: pre-COVID-19 (Jan- 

ary 2019 to January 2020), COVID-19 (February 2020 to March 

021) and post-COVID-19 (April 2021 to December 2023). These 

tudy periods were identified based on the evolution of the dis- 

ase in the Marche Region starting from the first case recorded 

February 2020) until the easing of containment measures (March 

021). 

Data were retrospectively collected from the patients’ clinical 

ecords and included: socio-demographic information (age, gen- 

er), clinical variables (date of admission and discharge, diagno- 

is at admission, comorbidities, pressure sores, length of stay), the 

se of medical devices, including central venous catheter, urinary 

atheter (UC), peripherally inserted central venous catheter and to- 

al parenteral nutrition, information on patient’s place before hos- 

italization (home, hospital, nursing home) and discharge destina- 

ions (home, acute care hospital, nursing home, in-hospital death). 

ll microbiological cultures performed during admission to the in- 

ermediate care unit were included in the analysis; no surveillance 

creening cultures were performed during admission or before ad- 

ission to the unit. MDRO-positive patients were cohorted with 

atients carrying the same bacterial species; immunocompromised 

atients were placed in single rooms. 

For Tables 1–3 , percentages were calculated using patients as 

enominator; for Table 4 , percentages were calculated using the 

otal number of isolates of the same species in each period as de- 

ominator. For patient-level analyses ( Tables 2 and 3 ), each pa- 

ient was counted once according to the detection of at least one 

nfection-positive or MDRO-positive clinical culture. For species- 

evel analyses ( Table 4 ), each bacterial species was counted once 

er patient; repeated isolation of the same species in the same pa- 

ient was not counted more than once. 

Infection-positive cultures were classified as present on admis- 

ion if detected within 48 h before or after admission, and as de- 

ected > 48 h after admission if identified later during the hospi- 

al stay [ 18 ]. For each identified microorganism, antimicrobial sus- 

eptibility testing results were reviewed to assess resistant pat- 

erns. AMR was defined according to breakpoints recommended 

y the European Committee for Antimicrobial Susceptibility Test- 

ng (EUCAST) [ 19 ]. MDROs were defined as non-susceptibility to at 

east one agent in three or more antimicrobial classes, in accor- 

ance with international consensus criteria [ 20 ]. Species-specific 

DRO proportions were computed as the number of isolates with 

MR positivity divided by the total number of isolates of the same 

pecies in each period. The organisms included in the MDRO anal- 

sis were Acinetobacter baumannii, Enterococcus faecalis, Escherichia 

oli, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aerugi- 

osa and Staphylococcus aureus were the selected organisms in- 

luded in the MDRO analysis. 
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Table 2 

Comparison across three study periods of microbiological findings, multidrug-resistant organism (MDRO) detection, use of medical devices and pressure sores in patients 

admitted to the intermediate care unit. 

Total sample Pre-COVID-19 COVID-19 Post-COVID-19 P -value 

N = 903 

n (%) 

N = 225 

n (%) 

N = 187 

n (%) 

N = 491 

n (%) 

Microbiological findings 

Patients with infection-positive culture 465 (51) 129 (57) 80 (43) 256 (52) 0.012 

Patients with MDRO-positive culture 269 (30) 67 (30) 40 (21) 162 (33) 0.013 

Infection-positive culture on admission 125 (14) 42 (19) 17 (9) 66 (13) 0.078 

MDRO-positive culture on admission 53 (6) 15 (7) 8 (4) 30 (6) 0.558 

Infection-positive culture detected > 48 h 

after admission 

340 (38) 87 (39) 63 (34) 190 (39) 0.454 

Type of culture 

Patient with MDRO-positive urine culture 205 (23) 44 (20) 34 (18) 127 (26) 0.044 

Patient with MDRO-positive blood culture 31 (3) 4 (2) 5 (3) 22 (4) 0.149 

Patient with MDRO-positive other culture 53 (6) 17 (8) 4 (2) 32 (7) 0.044 

Devices 

Patients with devices 661 (73) 149 (66) 124 (66) 388 (79) < 0.001 

Patients with devices and infection-positive 

culture 

371 (41) a 100 (44) 51 (27) 220 (45) < 0.001 

Patients with devices and MDRO-positive 

culture 

223 (25) 55 (24) 26 (14) 142 (29) < 0.001 

UC 581 (64) 129 (57) 108 (58) 344 (70) < 0.001 

CVC 55 (6) 17 (8) 7 (4) 31 (6) 0.261 

PICC 169 (19) 43 (19) 34 (18) 92 (19) 0.971 

MIDLINE venous catheter 154 (17) 24 (11) 33 (18) 97 (20) 0.011 

TPN 38 (4) 12 (5) 3 (2) 23 (5) 0.127 

Pressure sores 377 (42) 95 (42) 85 (45) 197 (40) 0.447 

CVC, central venous catheter; PICC, peripherally inserted central venous catheter; TPN, total parenteral nutrition; UC, urinary catheter. 

Boldface indicates statistical significance ( P < 0.05). 
a The percentage was made over the total number of patients (903). 

Table 3 

Multivariable analysis of variables associated with the detection of MDROs among 

patients admitted to the intermediate care unit. 

Variable OR 95% CI P -value 

Age 1.01 0.99–1.03 0.088 

Female (reference male) 0.93 0.68–1.29 0.694 

Period (reference: 

post-COVID-19) 

Pre-COVID-19 0.81 0.53–1.22 0.306 

COVID-19 0.51 0.32–0.81 0.004 

Place before hospitalization 

(reference: home) 

Other structure 0.88 0.59–1.33 0.556 

Hospital 1.04 0.56–1.93 0.904 

Device (ref. absence of device) 

UC 2.11 1.43–3.13 < 0.001 

CVC 1.09 0.55–2.16 0.796 

PICC 1.18 0.76–1.82 0.451 

TPN 1.57 0.75–3.25 0.227 

MIDLINE venous catheter 1.47 0.96–2.25 0.077 

Pressure sores (reference no 

sores) 

1.85 1.19–2.87 0.007 

Length of stay 1.018 1.01–1.02 < 0.001 

CVC, central venous catheter; PICC, peripherally inserted central venous catheter; 

TPN, total parenteral nutrition; UC, urinary catheter. 

Boldface indicates statistical significance ( P < 0.05). 
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Table 4 

Species-specific proportion of MDRO-positive cultures across study periods. 

Pre-COVID-19 COV

MDRO Isolates a n (%) a n (

Acinetobacter baumannii 4 (100) 4 (1

Enterococcus faecalis 3 (14) 6 (4

Escherichia coli 17 (44) 10 

Klebsiella pneumoniae 9 (39) 7 (4

Proteus mirabilis 14 (61) 12 

Pseudomonas aeruginosa 2 (8) 3 (2

Staphylococcus aureus 6 (55) 3 (6

a n = number of MDRO isolates; % = MDRO isolates/total isolates of the same species i

254
During the COVID-19 pandemic, staff wore all the PPE required 

y the emergency and provided masks and handwashing supplies 

o patients and any visitors. To provide context regarding IPC prac- 

ice during the study period, a schematic comparison between 

DRO-related and COVID-19-related preventive measures is pro- 

ided in the Supplementary Box [ 21 ]. The main difference in IPC 

uring the COVID-19 pandemic was the use of medical mask or 

espirators and gowns; the application of airborne precautions; and 

nhanced room sanitization, in particular the use of ozone that 

as introduced during the COVID-19 pandemic. 

In the post-COVID-19 period, the facility observed a shift in pa- 

ient case-mix with fewer orthopaedic patients compared to previ- 

us years. It remains unclear whether these changes were related 

o the 2022 legislative reforms concerning community hospitals, 

ther organizational factors or broader changes in referral patterns. 

.3. Statistical analysis 

For descriptive analysis, absolute and relative frequencies were 

sed for categorical variables, and chi-square or Fisher’s exact test 

or group comparisons. For Tables 1–3 , percentages were calculated 

sing patients as the denominator. For Table 4 , species-specific 

DRO proportions were calculated as the number of MDRO- 
ID-19 Post-COVID-19 P -value 

%) a n (%) 

00) 16 (100) NA 

0) 17 (43) 0.274 

(45) 22 (36) 0.241 

7) 36 (69) 0.085 

(71) 36 (80) 0.830 

1) 9 (24) 0.634 

0) 5 (45) 0.253 

n that period. 
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ositive isolates divided by the total number of isolates of the 

ame species in each study period. 

The study also evaluated the proportion of bacterial species iso- 

ated from clinical cultures and the proportion of MDRO-positive 

linical cultures. Continuous variables were summarized as means 

nd standard deviations or medians and interquartile range, as ap- 

ropriate. ANOVA or Kruskal–Wallis test was done to compare age 

nd length of stay across the three study periods. A multiple lo- 

istic regression model was developed to identify variables associ- 

ted with MDRO-positive clinical culture detection. Age and length 

f stay were entered as continuous variables in the multivariable 

ogistic regression model. Variables considered clinically relevant, 

ogether with variables associated with MDRO-positive clinical cul- 

ure detection in univariable analysis, were included in the mul- 

ivariable model. The area under the ROC curve was calculated 

o assess the discrimination of the multivariable logistic regres- 

ion model. Patients’ isolation was not included in the multivari- 

te analysis because cohorting/isolation was applied as a facility 

olicy across the study periods and reliable individual-level isola- 

ion exposure data were not available. Analyses were performed 

sing STATA (StataCorp LLC, College Station, TX 322, USA), ver- 

ion 18. A two-sided P- value < 0.05 was considered statistically 

ignificant. 

. Results 

The Intermediate Care Unit in the Community Hospital included 

9 beds in the 2019–2020 period, which were subsequently re- 

uced to 24 in the following 3 y, due to COVID-19-related restric- 

ions. A total of 903 patients were admitted to the facility during 

he study period. Table 1 shows the main characteristics of the 

tudy population across the three periods. The mean age of pa- 

ients was 82.2 y (standard deviation ± 9.9) with no significant 

ifferences among periods. Overall, 41% of patients were male. Pa- 

ients’ admission source differed significantly across periods, with 

he highest proportion of admissions from acute care hospitals ob- 

erved in the post-COVID-19 period ( P < 0.001). Admission from 

ome showed significant variation over time ( P = 0.001) ( Table 1 ).

he median length of stay was 26 d (interquartile range 10–52) 

ith a shorter median length of stay during the COVID-19 period 

han the pre- and post-COVID-19 periods. In-hospital mortality in- 

reased during the COVID-19 pandemic, although this difference 

id not reach statistical significance ( P = 0.073). 

.1. Infection-positive and MDRO-positive clinical cultures 

Overall, 465 patients (51%) had at least one infection-positive 

linical culture during admission. MDRO-positive clinical cultures 

ere identified in 269 patients, corresponding to 30% of the total 

tudy population and 58% of patients with at least one infection- 

ositive clinical culture. 

The proportion of patients with infection-positive clinical cul- 

ures and MDRO-positive clinical cultures varied significantly 

cross the three study periods ( P = 0.012 and P = 0.013), with

 reduction observed during the COVID-19 period, followed by an 

ncrease in the post-COVID-19 period ( Table 2 ). No statistically sig- 

ificant differences were observed in the proportion of infection- 

ositive clinical cultures on admission or those observed > 48 h 

fter admission across the three study periods ( P = 0.078 and 

 = 0.454, respectively). 

During the observation periods, several microbiological analy- 

es were performed. The number of patients with MDRO-positive 

rine cultures was 205 (23%), and those with MDRO-positive blood 

ultures were 31 (3%). The proportion of patients with MDRO- 

ositive urine cultures differed significantly across the three peri- 

ds, with the highest value observed in the post-COVID-19 period 
255
 P = 0.044), whereas no significant differences were observed for 

lood cultures ( P = 0.149) ( Table 2 ). 

.2. Medical devices and microbiological positivity 

The proportion of patients with devices increased significantly 

cross the study periods, as did the proportion of patients with 

evices who had infection-positive microbiological cultures or 

DRO-positive clinical cultures ( P < 0.001 for all comparisons). 

Among the different devices analysed, the use of UCs and mid- 

ine catheters increased significantly over time ( P < 0.001 and 

 = 0.011, respectively). Pressure sores slightly decreased across 

eriods; however, these differences did not reach statistical signif- 

cance (42% to 40%, P = 0.447) ( Table 2 ). 

.3. Variable associated with MDRO positivity 

Multivariate logistic regression analysis was performed to eval- 

ate factors associated with MDRO-positive clinical culture detec- 

ion ( Table 3 ). The COVID-19 period was independently associated 

ith lower odds of MDRO detection than the post-COVID-19 period 

 P = 0.004). In contrast, the presence of a UC, pressure sores and 

onger length of stay were associated with significantly higher odds 

f MDRO-positive clinical culture detection ( P < 0.001, P = 0.007 

nd P < 0.001). Isolation was not included in the multivariate anal- 

sis because cohorting/isolation was applied as a facility policy 

cross the study periods and reliable individual-level exposure data 

ere not available. The area under the ROC curve of the multivari- 

ble model was 0.70, indicating acceptable discrimination. 

.4. Microbiological findings 

A total of 34 different bacterial species were identified in 

nfection-positive cultures. The most frequently isolated species 

ere E. coli (115 isolates, 19%), K. pneumoniae (84 isolates, 14%), 

. mirabilis (90 isolates, 15% of the total), P. aeruginosa (70 isolates, 

1%) and E. faecalis (63 isolates, 10%). For each identified microor- 

anism, antimicrobial susceptibility testing was reviewed to assess 

ultidrug resistance. The frequency of multidrug resistance varied 

idely according to the bacterial species, ranging from 100% for 

. baumannii to 8% for P. aeruginosa ; these estimate should be in- 

erpreted cautiously because of the limited number of isolates for 

ome species. 

The analysis of multidrug resistance across the three study pe- 

iods revealed a general upward trend in resistance proportions for 

everal species, although none of these changes reached statistical 

ignificance (all p > 0.05) ( Table 4 ). 

. Discussion 

This study compared MDRO-positive clinical culture detection 

cross pre-pandemic, pandemic and post-pandemic periods in an 

ntermediate Care Unit of a Community Hospital (CH). The Marche 

egional legislation on Community Hospitals is based on frame- 

ork laws such as the Regional Law 21/2016 and the Regional Law 

9/2022, establishing that Community Hospitals are healthcare fa- 

ilities for Intermediate Care, aimed at ensuring continuity of care 

etween acute and community care [ 13 ]. 

Intermediate care promotes the transition from the hospital to 

ommunity care and is characterized by prolonged length of stay, 

igh nursing care needs and frequent use of invasive devices. It 

lso supports protected discharge, as indicated by the National Re- 

overy and Resilience Plan (PNRR) and Ministerial Decree 77/2022 

 22 , 23 ]. Intermediate care differs from acute-care hospitals be- 

ause it generally manages clinically stable but frail patients re- 

uiring prolonged nursing care, rehabilitation, monitoring and fre- 

uent device use. In contrast, acute-care settings manage sudden, 
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evere or unstable conditions requiring higher-intensity diagnos- 

ics and treatment. These differences may affect MDRO epidemi- 

logy through different case-mix, length of stay, device exposure, 

ntibiotic pressure and microbiological sampling practices. There- 

ore, findings from acute-care studies on pandemic-related AMR 

rends may not be directly generalizable to community hospital 

ntermediate-care settings [ 24 ]. 

The results of our study show that more than half of the 

nfection-positive cultures were detected during the stay in the In- 

ermediate Care Unit. This finding may be related to the prolonged 

ospitalization and extended use of medical devices typical of this 

etting. Overall, 51% of patients had at least one infection-positive 

linical culture, and 58% of these patients had at least one MDRO- 

ositive clinical culture. Mortality of patients with MDRO-positive 

ulture did not significantly differ in three periods (42%, 23% and 

0%, respectively, P = 0.204), in line with data reported in another 

talian study, conducted in comparable geriatric and post-acute set- 

ing [ 15 ]. 

The COVID-19 period was independently associated with lower 

dds of MDRO-positive culture detection than the post-COVID-19 

eriod, as confirmed by the multivariate analysis ( P = 0.004). En- 

anced IPC measures during the COVID-19 pandemic may have 

ontributed to lower MDRO-positive clinical culture detection, ob- 

erved during this period; however, many pandemic-related mea- 

ures overlapped with those routinely used for MDRO control. The 

tructural changes applied during the COVID-19 pandemic, even in 

 community hospital setting (such as reduction of bed number 

nd improvement of environmental cleaning), may also partly ex- 

lain the reduction in MDRO detection during the COVID-19 pe- 

iod. In the post-COVID-19 period, moreover, a shift in the patient 

ase-mix was also observed, with fewer orthopaedic patients than 

n previous years; this may have also contributed to the increased 

ates of MDRO-positive culture in comparison to the COVID-19 pe- 

iod. 

In the multicentre acute-care study by Meschiari et al. [ 25 ], 

andemic-related changes in IPC and antibiotic use were associ- 

ted with heterogeneous AMR trends across countries, whereas 

ur single-centre intermediate-care study showed lower MDRO- 

ositive clinical culture detection during the COVID-19 period. An- 

ther study reported changes in MDRO detection and AMR dur- 

ng the COVID-19 pandemic, including increases in some European 

ountries, Israel and United States [ 26 ]. They showed that MDRO 

ates varied greatly by countries and the factors associated with 

MR onset included illness severity, comorbidities and prior expo- 

ure to antibiotics [ 26 ]. The discrepancy with our findings may be 

ue to the different care setting (multicentre/acute care vs. single 

entre/intermediate care). 

A recent review highlights that despite regional variations in 

DRO prevalence – such as a significant increase in Asia (18%) 

nd a decrease in North America (10.3%) – the overall odds ra- 

io (OR = 0.91; 95% CI: 0.70–1.17) indicates no significant global 

hange between the pre-COVID-19 and COVID-19 periods [ 27 ]. Our 

ingle-centre data also show no significant difference in the pro- 

ortion of patients with MDRO-positive clinical cultures between 

re-COVID-19 period and COVID-19 period. 

In other studies, E. coli was the most commonly isolated bac- 

erium, followed by K. pneumoniae, P. mirabilis, A. baumannii and S. 

ureus in the post-COVID-19 period [ 28–32 ]. In our study, species- 

pecific MDRO for E. faecalis, K. pneumoniae, P. mirabilis and P. 

eruginosa had an increasing trend, but it was not significant across 

he three study periods. 

The significant difference observed in patient-level MDRO- 

ositive clinical culture detection across periods should not be in- 

erpreted as a significant change in species-specific resistance pro- 

ortions. Table 2 uses patients as the denominator and evaluates 

hether each patient had at least one MDRO-positive clinical cul- 
256
ure. In contrast, Table 4 uses species-specific isolate denominators 

nd evaluates, for each bacterial species, the proportion of isolates 

lassified as MDRO in each period. Therefore, the post-COVID-19 

ncrease in the proportion of patients with MDRO-positive clinical 

ultures may reflect changes in patient case-mix, device use, sam- 

ling patterns and the number of clinically positive cultures, even 

n the absence of statistically significant changes in species-specific 

DRO proportions. 

The observed increase in the proportion of patients with at 

east one MDRO-positive culture aligns with findings from several 

ystematic reviews and observational studies, which report a rising 

rend in MDRO detection both during and after the COVID-19 pan- 

emic [ 10 , 25–32 ]. Similarly, a 2022 CDC report described marked 

ost-COVID-19 pandemic MDRO increases in US hospitals, particu- 

arly for A. baumannii, P. aeruginosa and S. aureus [ 32 ]. 

The microbiological analysis of urine cultures mainly identified 

. coli, E. faecalis, K. pneumoniae and P. mirabilis , in agreement with 

ndings from other Italian and international studies [ 31 , 32 ]. This 

istribution highlights the burden of MDROs in patients requiring 

rolonged care and invasive devices in intermediate care units. 

This study has some limitations. First, its retrospective design 

nd single-centre nature limit the generalizability of the findings; 

n particular, some parameters could not be evaluated, such as co- 

orbidity burden, severity of illness and extent of device exposure. 

econd, detailed data on adherence to specific infection prevention 

easures, such as PPE use and environmental sanitization proto- 

ols, were not available. Another limitation is the use of clinical 

amples, which were not collected systematically from all patients 

nd therefore may not reliably estimate MDRO prevalence, espe- 

ially for opportunistic pathogens such as the majority of MDRO. 

he microbiological findings of clinical samples, moreover, were 

f different clinical importance (e.g. urine cultures vs. blood cul- 

ures, etc.). Despite these limitations, this study provides useful 

ata from an underrepresented intermediate care setting. How- 

ver, this study also had relevant results. MDRO data in intermedi- 

te care remain scarce despite the rapid expansion of this setting 

n Italy, due to population ageing, increasing patients’ frailty and 

he reorganization of territorial health care services. In addition, 

he comparison across three distinct periods allowed us to identify 

emporal trends that may be important for infection prevention 

trategies. 

. Conclusions 

In this single-centre intermediate-care cohort, the proportion 

f patients with MDRO-positive clinical cultures was lower dur- 

ng the COVID-19 period and increased again in the post-COVID- 

9 period. UC use, pressure sores and longer length of stay were 

ndependently associated with MDRO-positive clinical culture de- 

ection. Because only clinical cultures were analysed, no systematic 

creening was performed, and relevant case-mix changes occurred 

cross periods, these findings should be interpreted as associations 

ather than evidence of a causal effect of IPC measures. 
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