
Bacterial superinfections represent a major threat 
for patients in intensive care units (ICUs), severe-

ly affecting clinical course and length of hospital stay. 
The COVID-19 pandemic caused an unprecedented 
rate of ICU admissions and drastically changed ICU 

care itself, in terms of infection control measures and 
therapeutic usage of steroids and immunomodulat-
ing drugs. The percentages of hospital-acquired in-
fections (HAIs) in COVID-19 patients vary widely, 
ranging from 7% to 13% in nonintensive hospital 
wards and up to 45% in ICUs (1–3).

Several studies have assessed the burden of mul-
tidrug-resistant organisms (MDROs) in COVID-19 
patients admitted to ICUs, reporting heterogeneous 
results with prevalence ranging from 11% to 50% and 
incidence rate from 4.5 cases/1,000 patient-days to 
30 cases/1,000 patient-days (4–21). However, stud-
ies published so far have relevant limitations, of-
ten not clearly discriminating between colonization 
and infection (8,9,11,12), and either including small  
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Few data are available on incidence of multidrug-resistant 
organism (MDRO) colonization and infections in mechani-
cally ventilated patients, particularly during the COVID-19 
pandemic. We retrospectively evaluated all patients ad-
mitted to the COVID-19 intensive care unit (ICU) of Hub 
Hospital in Milan, Italy, during October 2020‒May 2021. 
Microbiologic surveillance was standardized with active 
screening at admission and weekly during ICU stay. Of 
435 patients, 88 (20.2%) had MDROs isolated ≤48 h af-
ter admission. Of the remaining patients, MDRO coloni-

zation was diagnosed in 173 (51.2%), MDRO infections 
in 95 (28.1%), and non-MDRO infections in 212 (62.7%). 
Non-MDRO infections occurred earlier than MDRO infec-
tions (6 days vs. 10 days; p<0.001). Previous exposure to 
antimicrobial drugs within the ICU was higher in MDRO 
patients than in non-MDRO patients (116/197 [58.9%] vs. 
18/140 [12.9%]; p<0.001). Our findings might serve as 
warnings for future respiratory viral pandemics and call 
for increased measures of antimicrobial stewardship and 
infection control.
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populations or showing heterogeneity in clinical 
settings and microbiologic surveillance procedures 
when describing larger pool of persons, such as in 
multicentric studies (18–20).

Our study was conducted to address the need for 
further evidence on incidence and etiology of MDRO 
colonization and infections in mechanically venti-
lated COVID-19 patients. We analyzed clinical and 
microbiologic data systematically collected in a large 
ICU in northern Italy.

Methods

Study Design and Setting
We conducted a retrospective cohort study on rou-
tinely collected data of COVID-19 patients admitted 
to the Milano Fiera ICU during October 23, 2020–May 
31, 2021. This ICU was a large COVID-19 ICU devel-
oped in Milan, Italy, to face the effect of the pandem-
ic. It admitted patients who had SARS-CoV-2 infec-
tion requiring mechanical ventilation from different 
healthcare settings: emergency department, noninten-
sive hospital wards, and other ICUs. This ICU could 
accommodate up to 100 patients divided into distinct 
units (modules) managed by ICU staff from different 
hospitals. Microbiologic surveillance was standard-
ized and consisted of perineal and nasal swab speci-
mens for MDROs and endotracheal aspirate cultures 
obtained at ICU admission and then once (perineal 
and nasal swab specimens) or twice (endotracheal as-
pirate) a week. All modules referred to the IRCCS Ca’ 
Granda Ospedale Maggiore Policlinico Foundation 
for laboratory and microbiologic analyses and for in-
fectious diseases specialist consultation.

Study Participants and Data Collection
All consecutive patients who had laboratory-con-
firmed SARS-CoV-2 infection and were admitted 
to the ICU were considered for inclusion. Exclusion 
criteria were age <18 years, length of mechanical 
ventilation <48 h, and lack of comprehensive clini-
cal documentation. We collected demographic, clini-
cal, laboratory, and outcome data from clinical re-
cords and microbiologic and therapeutic data from 
dedicated hospital databases (Appendix, https://
wwwnc.cdc.gov/EID/article/29/8/23-0115-App1.
pdf). The study was registered by the Milan Area 2 
Ethical Committee (#701_2021) and was conducted 
in accordance with standards of the Helsinki Declara-
tion. Written informed consent was waived because 
of the retrospective nature of the analysis. The study 
was retrospectively registered at clinicaltrials.gov on 
March 24, 2022 (identifier: NCT05293418).

Microbiologic Data Processing
For each patient, we retrieved bacterial isolates 
from a microbiology database, which were inde-
pendently reviewed by dedicated intensivists and 
infectious disease specialists and classified as con-
tamination, colonization, or infection, according 
to international guidelines (Appendix) (22,23). In 
brief, infections were defined by the presence of a 
major bacterial load associated with clinical mani-
festations within the infection window period (±3 
days from specimen collection) (22,23), Isolates 
were classified as colonization when no adverse 
clinical signs or symptoms were documented. We 
defined contamination as all microbiologic isolates 
that did not meet the criteria of infection or colo-
nization and that were listed in the US Centers for 
Disease Control and Prevention National Health-
care Safety Network (https://www.cdc.gov/
nhsn/index.html) list of common commensals. We 
retained only the first species-specific MDRO colo-
nization of each patient for further analysis.

We distinguished new infectious episodes from 
persistent infections according to the European Cen-
tre for Disease Prevention and Control definitions 
(23). We stratified infection episodes as infection 
without sepsis, sepsis or septic shock according to 
Sepsis-3 criteria (24). We defined secondary blood-
stream infections (BSIs) by using the secondary BSI 
attribution period according to the Centers for Dis-
eases Control and Prevention National Healthcare 
Safety Network (22). We also defined isolates as 
MDROs when they were nonsusceptible to >1 agents 
in >3 antimicrobial drug categories (25) or when har-
boring specific antimicrobial drug resistance mecha-
nisms (e.g., methicillin-resistant Staphylococcus spp., 
vancomycin-resistant Enterococcus spp., extended-
spectrum β-lactamase/AmpC/carbapenemases–
producing Enterobacterales) by using rapid detec-
tion methods (4).

Statistical Analysis
We reported patient characteristics overall and for 

selected groups of interest, such as MDROs acquired 
before/after ICU admittance and MDRO infection/
colonization. Medians (interquartile range [IQRs]) 
are reported for continuous variables and numbers 
(percentages) for categorical variables. We calculated 
crude incidence rates (IRs) per 1,000 patient-days and 
relative 95% CIs, considering for each patient any 
first species-specific MDRO colonization or each new 
MDRO/non-MDRO HAI (26). We used SAS version 
9.4 software (SAS Institute, https://www.sas.com) 
for statistical analysis (Appendix).
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Results

Population Description
A total of 451 patients from 46 different hospitals were 
admitted to ICUs during October 2020–May 2021. Of 
those, 435 were included in the analysis. We provide 
details of the patient selection process (Figure 1) and 
trends of patient admission by referring hospital per 
month (Appendix Figure 1).

Only 12/435 patients (2.7%) were reported to 
have MDRO colonization/infection before ICU ad-
mission. In 88/435 patients (20.2%), MDRO were iso-

lated within 48 h upon entry to the ICU (MDR≤48h), 
and those patients were similarly distributed be-
tween referring hospitals (Appendix Figure 2). This 
group was composed of 78 colonizations and 10 infec-
tions; 35/78 (44.9%) colonized patients  subsequently 
had MDRO infections develop. Compared with the 
347 patients who had no evidence of MDRO during 
the first 48 hours of ICU stay (no-MDR+MDR>48h), 
the MDR≤48h group was characterized by higher ad-
mittance from other ICUs and lower admittances 
from emergency departments (ICU 31/88 [35.2%] in 
MDR≤48h vs. 86/347 [24.8%]) in no-MDR+MDR>48h; 
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Figure 1. Study flowchart showing patient selection 
process for multidrug-resistant bacterial colonization 
and infections in large retrospective cohort of 
COVID-19 mechanically ventilated patients admitted 
to ICU in Milan, Italy, October 2020–May 2021. 
ICU, intensive care unit; MDR, multidrug resistant. 
*Patients are grouped on the basis of the worst 
MDR event diagnosed in MDR colonization or MDR 
infection, irrespective of the presence of previous 
or later MDR colonization. †At ICU admission, there 
were 78 colonizations and 10 infections. During ICU 
stay, 35/78 (44.9%) colonized patients had MDR 
infections develop.
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emergency department 15/88 [17.1%] in MDR≤48h vs. 
102/347 [29.4%] in no-MDR+MDR>48h). The MDR≤48h 
group showed slightly longer (although not signifi-
cantly) length of stay in the ICU of origin than patients 
who developed MDRO events later during their stay 
and to no-MDR patients (medians 11.5, 9, and 7 days, 
respectively; p = 0.09). The MDR≤48h group was also 
characterized by a larger amount of antimicrobial 
drug intake before ICU admission (no antimicrobial 
drug in 25/88 [28%] of MDR≤48h vs. 126/327 [36.3%] of 
no-MDR+MDR>48h; >3 classes of antimicrobial drugs 
in 12/88 [13.6%] of MDR≤48h vs. 23/347 [6.6%] of no-
MDR+MDR>48h). We compiled demographic and 
clinical characteristics by groups (Appendix Table 1) 
and duration between hospitalization and transfer to 
the ICU on the basis of patients’ setting of provenance 
(Appendix Table 2).

Of the 347 patients who had no MDRO iso-
lates within the first 48 hours from ICU admis-
sion, 207 (67.5%) had >1 MDRO event (MDR>48h); 
107 (30.8%) patients had MDRO colonization only 
(MDRCOL>48h) and 100 (28.8%) had >1 MDRO infec-
tion (MDRINF>48h) (Figure 1). We compiled patient 
characteristics and outcomes (Table 1, https:// 
wwwnc.cdc.gov/EID/article/29/8/23-0115-T1.
htm) overall and for no-MDR and MDR>48h patients, 
further stratified as MDRCOL>48h and MDRINF>48h.  
Median age was 65 years (IQR 59–71 years); 95/347 
(27.4%) patients were female. More than 80% of 
patients had >1 concurrent condition, and hyper-
tension was the most common (181/347, 52.2%). 
Patients who had ever smoked were more frequent 
in the MDRINF>48h group (26/100, 26%) than in the 
MDRCOL>48h group (11/107, 10.3%; p = 0.003). Trans-
fer to the ICU occurred mostly from nonintensive 
hospital wards (159/347, 45.8%), but relevant pro-
portions were transferred directly from the emer-
gency department (102/347, 29.4%) or from other 
ICUs (86/347, 24.8%). Patients were transferred to 
ICU early during hospitalization, a median time of 
5 days from first hospital admittance. 

Groups did not differ for steroid use or antimi-
crobial drug therapies received before ICU admis-
sion. According to clinical practice, steroids had been 
administered for SARS-CoV-2 infection management 
in 252/347 (72.6%) patients, mostly (228/347, 65.7%) 
with only a standard dose (dexamethasone 6 mg/d). 
Most patients (221/347, 63.7%) had previously re-
ceived antimicrobial drugs before ICU admission. 
MDRO events before ICU admission were reported in 
only 4 patients (1.2%). During ICU stay, 118 patients 
(34%) died, but there were no significant differences 
between groups. When compared with no-MDR  

patients, we found that MDR>48h patients had a lon-
ger duration of mechanical ventilation (median 18 vs. 
14 days; p = 0.001) and of ICU stay (median 25 vs. 
15.5 days; p = 0.001). Those differences were largely 
caused by the MDRINF>48h group (Table 1).

Bacterial Isolate Description and Incidence
Complete microbiologic reports were available for 
426/435 patients, including 338/347 patients (97.4%) 
with no MDRO isolates within the first 48 hours of 
ICU admission. We describe the selection process 
conducted to assess incidences of HAIs and of MDRO 
events distinguishing between colonization and in-
fection (Figure 2). We identified 801 bacterial isolates 
from 271 patients that correspond to first MDRO 
colonization (255 isolates in 173/338 patients, 51.2%) 
and new episodes of bacterial superinfections, either 
by MDRO (130 isolates in 95/338 patients, 28.1%) or 
antimicrobial drug–susceptible bacteria (non-MDRO, 
416 isolates in 212/338 patients, 62.7%). A total of 73 
(21.6%) patients had both MDRO colonization and 
MDRO infection develop during ICU stay, and infec-
tions were caused by the same colonizing bacterial 
species in nearly one third of them (24/73, 32.9%) 
(Appendix Table 3). Clinical interpretation of bacte-
rial isolates as colonization/infection by attending 
physicians at the time of arrival of microbiologic 
results was found to be highly concordant with the 
retrospective evaluation conducted according to in-
ternational guidelines (κ coefficient 0.902, 95% CI 
0.890–0.913) (Appendix Table 4).

Overall, 546 bacterial HAIs were recorded, 130 
(23.8%) caused by MDRO. Gram-negative bacteria 
accounted for 59.7% (326/546) of all HAIs and for 
60% (78/130) of infections caused by MDROs. Bacte-
rial species responsible for HAIs varied by infection 
site and severity of infection (Appendix Tables 5, 6). 
Ventilator-associated lower respiratory tract infec-
tions (VALRTIs) represented most infectious epi-
sodes (359/546, 65.7%), followed by BSI (141, 25.8%) 
and urinary tract infections (40, 7.3%). Among BSIs, 
31/141 (22%) were associated with a central line, 43 
(30.5%) were secondary to VALRTI or urinary tract 
infections, and the remaining 67 (47.5%) were classi-
fied as primary BSI without a known bacteremic fo-
cus (Appendix Figure 3).

Among MDRO colonization, Enterococcus faeci-
um (112/255 isolates, 43.9%) was the most frequent 
isolate, followed by Klebsiella spp. (34, 13.3%), Esch-
erichia coli (26, 10.2%), Staphylococcus aureus (25, 9.8%), 
Pseudomonas aeruginosa (15, 5.9%) and Acinetobacter 
baumannii (13, 5.1%). We compiled the percentages of 
MDRO colonization, MDRO HAIs, and non-MDRO 
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HAIs for the most frequently isolated bacteria of the 
World Health Organization priority pathogens list 
(27) (Appendix Figure 4).

First MDRO colonization occurred at a median 
time of 13 (IQR 8–12) days after ICU admission. HAIs 
caused by antimicrobial drug–susceptible bacteria oc-
curred earlier than in those caused by MDROs at 6 
(IQR 3–10) and 10 (IQR 6–17) days from admission 
(p<0.001) (Figure 3). The incidence rates for MDRO 
colonization was 29.97 cases/1,000 patient-days (95% 
CI 26.34–34.10), for MDRO infection was 14.99 cas-
es/1,000 patient-days (95% CI 12.36–18.19), and for 
non-MDRO infection,  was 50.12 cases/1,000 patient-

days (95% CI 44.59–56.32). Infection rates varied sub-
stantially by infection site (Table 2).

Association of Antimicrobial Drugs and  
Steroids to MDRO Events
We investigated possible associations between 
MDRO events and previous steroid and antimi-
crobial drug therapies (Appendix Tables 7, 8). Be-
cause steroids were included in the management of  
COVID-19 pneumonia from the early stage of the dis-
ease, we evaluated their intake before and during ICU 
stay. Almost the entire population had received steroid 
therapy (313/338, 92.6%), without major differences  
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Figure 2. Study flowchart 
showing microbial isolates 
selection process for 
multidrug-resistant bacterial 
colonization and infections 
in large retrospective cohort 
of COVID-19 mechanically 
ventilated patients admitted 
to ICU in Milan, Italy, October 
2020–May 2021. ETA, 
emergency treatment area; 
ICU, intensive care unit; MDR, 
multidrug resistant; MDRO, MDR 
organism. *Of 338 patients, 159 
(47.0%) had either MDRO or 
non-MDRO infections; 74/338 
(21.9%) had both MDRO and 
non-MDRO infections.
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between no-MDR (132/140, 94.3%), MDRCOL>48h 
(98/103, 95.1%) and MDRINF>48h (83/95, 87.4%) (Ap-
pendix Table 7).

To assess possible association between MDRO 
events and previous antimicrobial drug use, we fo-
cused on therapies administered during the first 10 
days of ICU stay. This timeline was set to balance ob-
servation time between no-MDR and MDR>48h groups 
because three fourths of MDRO events occurred 
within this timeframe. Also, three fourths of patients 
in no-MDR group stayed in ICU >10 days (Appendix 
Table 8). Previous exposure to antimicrobial drugs 
was notably higher in patients who developed MDRO 
events than in patients who did not (116/197 [58.9%] 
in MDR>48h vs 18/140 [12.9%] in no-MDR; p<0.001) 
(Appendix Table 8).

Discussion
We describe incidences and clinical characteristics 
of HAIs and MDRO events, distinguishing between 
colonization and infection, in a large cohort of ICU  
COVID-19 patients from a country with high preva-
lence of MDRO (28). Despite being composed of pa-
tients admitted from >45 different hospitals, our co-
hort is homogeneous for concurrent conditions and 
risk factors for MDRO acquisition, clinical severity of 
COVID-19, management of antimicrobial drug ther-
apy, and infection prevention and control strategies 
within the ICU, including surveillance sampling.

Antimicrobial drug resistance represents a major 
challenge in the ICU. Its occurrence is the result of 
the influx of previously colonized patients and acqui-
sition of MDROs during ICU stay, as a consequence 
of antimicrobial drug overexposure and interpa-
tient transmission, as well as contact with colonized 
healthcare workers, fomites, or the environment. The 
incidence of MDROs is strongly influenced by pan-
demic periods, such as during COVID-19, when un-
precedented patient loads in ICUs resulted in breach-
es in IPC, such as gaps in microbiologic surveillance, 

lack of communication between clinicians, and re-
duced attention to environmental measures and con-
tact precautions among healthcare workers (29). In 
addition, ICU admissions caused by viral pandemics 
place a strain on ICU resources, requiring the reallo-
cation of non-ICU beds, along with the use of non-
ICU staff to meet the urgent demand. In this setting, 
strengthening measures, such as active surveillance 
with prompt recognition of outbreaks, staff training, 
increased environmental disinfection and cohorting, 
become essential to reducing MDRO circulation (30).

In the pre–COVID-19 pandemic era, the preva-
lence of infections caused by MDROs in ICU patients 
varied from a reported rate of 14.1% in VALRTIs ac-
quired in ICUs in North America (31) to an average 
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Figure 3. Multidrug-resistant bacterial colonization and infections 
in large retrospective cohort of COVID-19 mechanically ventilated 
patients admitted to ICU in Milan, Italy, October 2020–May 2021. 
Kernel density plot (violin plot) shows healthcare-associated 
infections by onset time comparing MDRO with non-MDRO. Red 
lines indicate mean and green lines median onset times; medium 
blue shading indicates interquartile ranges, and the light blue 
shading indicates 95% CIs of the mean (p<0.001 by Wilcoxon 
rank-sum test). ICU, intensive care unit; MDRO, multidrug-
resistant organism.

 
Table 2. Incidence rate of MDRO events, overall and divided by infection site, of COVID-19 patients admitted to ICU in Milan, Italy, 
October 2020–May 2021, who had no MDRO isolates within the first 48 h of admission* 

Characteristic 
Infections 

VALRTIs BSIs UTIs Total 
MDRO events, first colonization plus new 
infections 

NA NA NA 41.68 (36.98–46.99) 

First MDRO colonization NA NA NA 29.97 (26.34–34.1) 
New MDRO infection 9.44 (7.58–11.74) 4.89 (3.55–6.75) 0.47 (0.14–1.08) 14.99 (12.36–18.19) 
New non-MDRO infection 33.25 (29.04–38.07) 11.62 (9.23–14.64) 4.19 (2.97–5.72) 50.12 (44.59–56.32) 
Overall new infections, MDRO plus non-
MDRO 

42.41 (37.81–47.58) 16.57 (13.51–20.31) 5.15 (3.36–6.26) 65.13 (58.76–72.2) 

*Values are IR/1,000 person-days (95% CIs). The time considered for IRs was set from ICU admission to discharge, except for VALRTI, where total 
intubation time was considered. BSIs, bloodstream infections; ICU, intensive care unit; IR, incidence rate; MDRO, multidrug-resistant organism; NA, not 
applicable (MDRO colonization refers to patients and not infection sites); UTIs, urinary tract infections; VALRTIs, ventilator-associated lower respiratory 
tract infections. 
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of >40% in 2 large multicentric worldwide studies of 
nosocomial BSIs (32,33). Variability exists between 
participating countries, ranging from 8% (Australia) 
to >75%–80% in Asia, eastern Europe, and southern 
Europe. Carbapenem resistance was present in more 
than one third of gram-negative bacteria, and 36% of 
all gram-positive bacteria were MDR (32,33).

Several studies have been published on MDRO 
incidence, etiology and source of HAIs in ICU  
COVID-19 patients (4–21) (Table 3, https://wwwnc.
cdc.gov/EID/article/29/8/23-0115-T3.htm). Most of 
those studies evaluated overall MDRO infections or 
specific HAIs, such as BSI or VALRTIs (7,15–17,19,21), 
whereas colonization events were assessed in only a 
few studies (8–12,14). Incidence measures of MDRO 
events varied widely; cumulative incidence of the first 
MDRO event was 5%–57% (7,17) and incidence rate 
2.6–31.48 cases/1,000 patient-days (11,16). The percent-
age of MDRO was 27%–100% for all recorded events 
(15,17). Compared with the amount of literature evalu-
ating MDRO events during ICU stay, we found that few 
data are available on MDRO proportions among CO-
VID-19 patients at ICU admission. In recent work of the 
multicenter HAI-ICU surveillance network in France, 
the percentage of MDR gram-negative bacteria among 
>4,000 COVID-19 patients admitted was 11.7% (34).

In our cohort, 20% of patients had MDRO isola-
tion within the first 48 hours, indicating acquisition 
before ICU admittance. We found that patients who 
had MDROs isolated during the first 48 hours were 
more frequently transferred from other ICUs and 
exposed to a higher number of antimicrobial drugs 
before ICU admission. Both of those factors are well 
known to be associated with development of infec-
tions by antimicrobial drug–resistant pathogens (6). 
Only 2.7% of our cohort had MDRO colonization/in-
fection before ICU admission. The marked difference 
between expected and observed MDRO prevalence at 
ICU admission probably reflects the major issues in 
IPC during the emergency situation of the pandemic 
mentioned beforehand.

Considering patients without MDRO isolation 
within the first 48 hours, we observed no differences 
in demographic characteristics or in clinical severity 
at admission between patients who showed or not 
showed development of MDRO events during ICU 
stay, underlying consistency between groups at ICU 
admission. In our cohort, we did not find direct asso-
ciation between MDRO infection and in-ICU deaths. 
However, length of ICU stay and duration of mechan-
ical ventilation were longer for patients with MDRO 
events and, among them, longer for patients who had 
infections than for colonized patients. No causative 

effect can be drawn from these results because occur-
rence of MDRO events could be either responsible for 
longer ICU stay or its direct consequence because of 
longer exposure time (35,36).

Active surveillance screening coupled with the 
evaluation of all microbial isolates enabled us to pre-
cisely identify patients who had with MDRO events. 
Two thirds of the cohort showed development of 
MDRO colonization or infection during ICU stay. Half 
of our patients were given diagnoses of MDRO coloni-
zation during ICU stay, compared with 21% observed 
in a recent study analyzing a smaller population (10). 
Our results can be, in part, explained by strict routine 
microbiologic surveillance, which enabled prompt and 
precise recognition of such cases. Data from previous 
studies on bacterial superinfections in COVID-19 ICU 
patients are heterogenous and describe MDRO HAIs 
in 11%–250% of the population (6,13). Our results con-
firm the substantial risk for mechanically ventilated 
COVID-19 patients to have MDRO infections develop; 
such infections affected almost 30% of our cohort dur-
ing ICU stays. Also, more than twice as many patients 
had antimicrobial drug–susceptible HAIs.

We found high concordance between clinical di-
agnosis and retrospective evaluation of HAIs accord-
ing to literature criteria. We believe this result well 
demonstrates how implementation of structured an-
timicrobial stewardship and IPC measures, with col-
laboration of infectious disease consultants and inten-
sivists, can strongly effect management of critically ill 
patients, favoring accurate diagnosis and therapeutic 
choices, according to international guidelines.

Patients who had MDRO events had greater ex-
posure to antimicrobial drugs the first 10 days of ICU 
stay than patients who had no MDRO findings. This 
observation is consistent with results of recent stud-
ies conducted on large population of patients, which 
showed major associations between exposure to spe-
cific antimicrobial drug classes and drug resistance, 
and a decreasing pattern over time (37,38). However, 
accurate analysis of the association between antimi-
crobial drug exposure and MDRO events was be-
yond the scope of this study because other variables, 
such as average intake time of each antimicrobial 
drug class and infections with antimicrobial drug–
susceptible bacteria during the observation time, 
should be considered.

The first limitation of this study is that it was a 
retrospective monocentric cohort and, therefore, had 
intrinsic risks of limited accuracy and generalizabili-
ty. However, interpretation of all microbiologic find-
ings has been conducted ex post on the basis of stan-
dardized literature criteria and independent from the  
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physicians’ view. Also, even though the study was 
monocentric, patients were admitted from >45 hos-
pitals and assisted by different hospital staff. Ad-
vantages to this study design derive from the stan-
dardized microbiologic surveillance, both in terms 
of timing and laboratory method, as well as from 
homogeneous antimicrobial stewardship and IPC 
strategies among ICU modules. This factor enabled 
us to provide precise and consistent data in terms of 
incidence of HAIs and MDRO events, not only infec-
tions but also colonization.

Second, this study was not conducted for evalu-
ation of the effect of antimicrobial drugs on develop-
ment of MDRO or the effect of MDRO events on ICU 
deaths and length of stay; the sample size was prob-
ably inadequate for these issues. Therefore, our find-
ings on this issue should be interpreted with caution.

Third, patients’ data before ICU admission were 
retrieved from information registered at ICU entry 
and not from hospital databases of the single refer-
ring centers. Accuracy of previous MDRO events and 
steroids and antimicrobial drug treatments might be 
limited, although these factors play a major role in 
routine management of ICU patients, and we do not 
expect major gaps in data acquisition.

In conclusion, our in-depth analysis of incidence 
measures of HAIs and MDRO events contributes to 
increase knowledge of MDRO colonization and in-
fections in ICU COVID-19 patients. These findings 
should be a priority in contributing toward IPC and 
antimicrobial stewardship policies for ensuring the 
best clinical care.

MDR in FIERA study group: Valeria Pastore, Mara  
Tomasello, Lisa Cariani, Anna Grancini, Anna Maraschini 
(Foundation IRCCS Ca’ Granda Ospedale Maggiore  
Policlinico, Milan, Italy); Teresio Arazzi (Rho Hospital, 
Rho, Italy); Alessandro Protti (Humanitas Clinical and 
Research Center IRCCS, Rozzano, Milan, Italy); Virginia 
Porta (Legnano Hospital, Legnano, Italy); Marco Dei Poli 
(San Donato Hospital, Milano, Italy); Paolo Severgnini  
(Varese Hospital, Varese, Italy); Egle Rondelli (San  
Gerardo Hospital, Monza, Italy).

This study was partially supported by the Italian Ministry 
of Health and projects STOP-COVID and PREP-COVID.

Deidentified patient data used for the results reported 
in this article, including data in text, tables, figures, and 
appendixes, will be available to researchers who provide 
a methodologically sound proposal to achieve their aims. 
Proposals should be addressed to andrea.gori@unimi.
it and davide.mangioni@policlinico.mi.it. To gain access, 
data applicants will need to sign a data access agreement.

D.M., J.C., G.Ma., and A.B. designed the study; L.C. and 
M.C.V. performed methods and formal analysis; D.M., 
J.C., E.P., F.A.G., M.B., B.B., M.C., G.F., M.M., G.Mo, P.P., 
S.S., F.T., and G.Z. performed investigations; D.M. and  
E.P. wrote the original draft of the paper, wrote, reviewed, 
and edited the paper, and performed a literature review; 
L.C., J.C., F.A.G., M.B., N.B., B.B., M.C., G.F., M.M., G.Ma., 
C.M., A.M., P.P., S.S., F.T., G.Z., G.G., R.F., A.G., N.S., 
G.Mo., and A.B. wrote, reviewed, and edited the paper; 
and N.B., N,S., G.Ma., and A.B. supervised the study. All 
authors have read and agreed to the published version of 
the manuscript.

About the Author
Dr. Mangioni is an assistant professor at the University  
of Milan and Consultant in Infectious Diseases at the  
Foundation IRCCS Ca’ Granda Ospedale Maggiore 
Policlinico di Milano, Milan, Italy. His primary research 
interests are infections in critically ill patients and  
infections caused by multidrug-resistant organisms.

References
  1.	 Lansbury L, Lim B, Baskaran V, Lim WS. Co-infections in 

people with COVID-19: a systematic review and  
meta-analysis. J Infect. 2020;81:266–75. https://doi.org/ 
10.1016/j.jinf.2020.05.046

  2.	 Pasero D, Cossu AP, Terragni P. Multi-drug resistance 
bacterial infections in critically ill patients admitted with 
COVID-19. Microorganisms. 2021;9:1773. https://doi.org/ 
10.3390/microorganisms9081773

  3.	 Russell CD, Fairfield CJ, Drake TM, Turtle L, Seaton RA, 
Wootton DG, et al.; ISARIC4C investigators. Co-infections, 
secondary infections, and antimicrobial use in patients  
hospitalised with COVID-19 during the first pandemic 
wave from the ISARIC WHO CCP-UK study: a multicentre, 
prospective cohort study. Lancet Microbe. 2021;2:e354–65. 
https://doi.org/10.1016/S2666-5247(21)00090-2

  4.	 Grasselli G, Scaravilli V, Mangioni D, Scudeller L, Alagna L, 
Bartoletti M, et al. Hospital-acquired infections in critically 
ill patients with COVID-19. Chest. 2021;160:454–65.  
https://doi.org/10.1016/j.chest.2021.04.002

  5.	 Ramos R, de la Villa S, García-Ramos S, Padilla B,  
García-Olivares P, Piñero P, et al. COVID-19 associated  
infections in the ICU setting: a retrospective analysis in a 
tertiary-care hospital. Enferm Infecc Microbiol Clin. 2021.

  6.	 Karruli A, Boccia F, Gagliardi M, Patauner F, Ursi MP,  
Sommese P, et al. Multidrug-resistant infections and  
outcome of critically ill patients with coronavirus disease  
2019: a single center experience. Microb Drug Resist. 
2021;27:1167–75. https://doi.org/10.1089/mdr.2020.0489

  7.	 Palanisamy N, Vihari N, Meena DS, Kumar D, Midha N,  
Tak V, et al. Clinical profile of bloodstream infections in 
COVID-19 patients: a retrospective cohort study. BMC 
Infect Dis. 2021;21:933. https://doi.org/10.1186/ 
s12879-021-06647-x

  8.	 Baiou A, Elbuzidi AA, Bakdach D, Zaqout A, Alarbi KM, 
Bintaher AA, et al. Clinical characteristics and risk factors 
for the isolation of multi-drug-resistant Gram-negative  
bacteria from critically ill patients with COVID-19. J Hosp 

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 8, August 2023	 1605



RESEARCH

Infect. 2021;110:165–71. https://doi.org/10.1016/ 
j.jhin.2021.01.027

  9.	 Bogossian EG, Taccone FS, Izzi A, Yin N, Garufi A,  
Hublet S, et al. The acquisition of multidrug-resistant  
bacteria in patients admitted to COVID-19 intensive care 
units: a monocentric retrospective case–control study.  
Microorganisms. 2020;8:1–11. https://doi.org/10.3390/ 
microorganisms8111821

10.	 Fernández P, Moreno L, Yagüe G, Andreu E, Jara R,  
Segovia M. Colonization by multidrug-resistant  
microorganisms in ICU patients during the COVID-19  
pandemic. Med Intensiva [English Ed]. 2021;45:313–5.

11.	 Pascale R, Bussini L, Gaibani P, Bovo F, Fornaro G,  
Lombardo D, et al. Carbapenem-resistant bacteria in an 
intensive care unit during the coronavirus disease 2019  
(COVID-19) pandemic: a multicenter before-and-after  
cross-sectional study. Infect Control Hosp Epidemiol. 
2022;43:461–6. https://doi.org/10.1017/ice.2021.144

12.	 Temperoni C, Caiazzo L, Barchiesi F. High prevalence of 
antibiotic resistance among opportunistic pathogens isolated 
from patients with COVID-19 under mechanical  
ventilation: results of a single-center study. Antibiotics 
(Basel). 2021;10:1080. https://doi.org/10.3390/ 
antibiotics10091080

13.	 Pourajam S, Kalantari E, Talebzadeh H, Mellali H,  
Sami R, Soltaninejad F, et al. Secondary bacterial  
infection and clinical characteristics in patients with  
COVID-19 admitted to two intensive care units of an  
academic hospital in Iran during the first wave of the  
pandemic. Front Cell Infect Microbiol. 2022;12:784130. 
https://doi.org/10.3389/fcimb.2022.784130

14.	 Sathitakorn O, Jantarathaneewat K, Weber DJ, Warren DK, 
Nanthapisal S, Rutjanawech S, et al. The feasibility of  
procalcitonin and CPIS score to reduce inappropriate  
antibiotics use among severe-critically ill COVID-19  
pneumonia patients: a pilot study. Am J Infect Control. 
2022;50:581–4. https://doi.org/10.1016/j.ajic.2022.01.030

15.	 Bonazzetti C, Morena V, Giacomelli A, Oreni L, Casalini G, 
Galimberti LR, et al. Unexpectedly high frequency of  
enterococcal bloodstream infections in coronavirus  
disease 2019 patients admitted to an Italian ICU: an  
observational study. Crit Care Med. 2021;49:e31–40.  
https://doi.org/10.1097/CCM.0000000000004748

16.	 Scaravilli V, Guzzardella A, Madotto F, Beltrama V,  
Muscatello A, Bellani G, et al. Impact of dexamethasone  
on the incidence of ventilator-associated pneumonia in 
mechanically ventilated COVID-19 patients: a propensity-
matched cohort study. Crit Care. 2022;26:176.  
https://doi.org/10.1186/s13054-022-04049-2

17.	 Mantzarlis K, Deskata K, Papaspyrou D, Leontopoulou V, 
Tsolaki V, Zakynthinos E, et al. Incidence and risk factors for 
blood stream infection in mechanically ventilated COVID-19 
patients. Antibiotics (Basel). 2022;11:1053. https://doi.org/ 
10.3390/antibiotics11081053

18.	 Falcone M, Suardi LR, Tiseo G, Galfo V, Occhineri S, 
Verdenelli S, et al. Superinfections caused by carbapenem-
resistant Enterobacterales in hospitalized patient with 
COVID-19: a multicentre observational study from Italy 
(CREVID study). JAC Antimicrobial Resist. 2022;4:dlac064.

19.	 Yohannes S, Ahmed Z, Schelling R, Perinkulam  
Sathyanarayanan S, Pratt A, Schreiber MP. Incidence and 
impact of ventilator associated multidrug resistant  
pneumonia in patients with SARS-COV2. Crit Care Res Pract. 
2022;2022:9730895. https://doi.org/10.1155/2022/9730895

20.	 Menekşe Ş, Deniz S. Secondary infections in COVID-19 
patients: A two-centre retrospective observational study.  

J Infect Dev Ctries. 2022;16:1294–301. https://doi.org/ 
10.3855/jidc.15637

21.	 Bansal S, Kalpakam H, Kumar A, Varsha A, Thorbole A, 
Mehta RM. Lower respiratory tract sampling in COVID-19 
acute respiratory distress syndrome: a focus on  
microbiology, cellular morphology, cytology, and  
management impact. Lung India. 2022;39:139–44.  
https://doi.org/10.4103/lungindia.lungindia_532_21

22.	 Centers for Disease Control and Prevention. National 
Healthcare Safety Network (NHSN) Patient safety  
component manual; 2021.

23.	 European Centre for Disease Prevention and Control.  
Surveillance of healthcare-associated infections and  
prevention indicators in European intensive care units; 2017.

24.	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, 
Annane D, Bauer M, et al. The third international  
consensus definitions for sepsis and septic shock  
(Sepsis-3). JAMA. 2016;315:801–10. https://doi.org/10.1001/
jama.2016.0287

25.	 Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y,  
Falagas ME, Giske CG, et al. Multidrug-resistant, extensively 
drug-resistant and pandrug-resistant bacteria: an  
international expert proposal for interim standard definitions 
for acquired resistance. Clin Microbiol Infect. 2012;18:268–81. 
https://doi.org/10.1111/j.1469-0691.2011.03570.x

26.	 Glynn RJ, Buring JE. Ways of measuring rates of recurrent 
events. BMJ. 1996;312:364–7. https://doi.org/10.1136/
bmj.312.7027.364

27.	 World Health Organization. WHO publishes list of  
bacteria for which new antibiotics are urgently needed. 2017 
[cited 2023 Jun 21]. https://www.who.int/news/item/ 
27-02-2017-who-publishes-list-of-bacteria-for-which-new-
antibiotics-are-urgently-needed

28.	 European Centre for Disease Prevention and Control.  
Antimicrobial resistance in the EU/EEA (EARS-Net).  
Annual epidemiological report 2020. Solna (Sweden): The 
Centre; 2022.

29.	 Witt LS, Howard-Anderson JR, Jacob JT, Gottlieb LB. The 
impact of COVID-19 on multidrug-resistant organisms  
causing healthcare-associated infections: a narrative review. 
JAC Antimicrob Resist. 2022;5:2dlac130.

30.	 Mangioni D, Fox V, Chatenoud L, Bolis M, Bottino N,  
Cariani L, et al. Genomic characterization of carbapenem-
resistant Acinetobacter baumannii (CRAB) in mechanically 
ventilated COVID-19 patients and impact of infection control 
measures on reducing CRAB circulation during the second 
wave of the SARS-CoV-2 pandemic in Milan, Italy. Microbiol 
Spectr. 2023;11:e0020923. https://doi.org/10.1128/ 
spectrum.00209-23

31.	 Lat I, Daley MJ, Shewale A, Pangrazzi MH, Hammond D, 
Olsen KM, et al.; DEFINE study group and the Discovery 
Research Network. A multicenter, prospective, observational 
study to determine predictive factors for multidrug-resistant 
pneumonia in critically ill adults: the DEFINEsStudy. 
Pharmacotherapy. 2019;39:253–60. https://doi.org/10.1002/
phar.2171

32.	 Tabah A, Koulenti D, Laupland K, Misset B, Valles J,  
Bruzzi de Carvalho F, et al. Characteristics and determinants 
of outcome of hospital-acquired bloodstream infections in 
intensive care units: the EUROBACT International  
Cohort Study. Intensive Care Med. 2012;38:1930–45.  
https://doi.org/10.1007/s00134-012-2695-9

33.	 Tabah A, Buetti N, Staiquly Q, Ruckly S, Akova M,  
Aslan AT, et al.; EUROBACT-2 Study Group, ESICM,  
ESCMID ESGCIP and the OUTCOMEREA Network.  
Epidemiology and outcomes of hospital-acquired  

1606	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 8, August 2023



MDR Bacterial Colonization in COVID-19 Patients

bloodstream infections in intensive care unit patients:  
the EUROBACT-2 international cohort study. Intensive  
Care Med. 2023;49:178–90. https://doi.org/10.1007/ 
s00134-022-06944-2

34. 	 Lepape A, Machut A, Bretonniere C, Friggeri A,  
Vacheron CH, Savey A, et al. Effect of COVID-19 infection 
and pandemic period on healthcare-associated infections 
acquired in intensive care units. Clin Microbiol Infect. 
2023;29:530–6. https://doi.org/10.1016/j.cmi.2022.10.023

35.	 Martin-Loeches I, Torres A, Rinaudo M, Terraneo S,  
de Rosa F, Ramirez P, et al. Resistance patterns and  
outcomes in intensive care unit (ICU)-acquired pneumonia. 
Validation of European Centre for Disease Prevention and 
Control (ECDC) and the Centers for Disease Control and 
Prevention (CDC) classification of multidrug resistant  
organisms. J Infect. 2015;70:213–22. https://doi.org/ 
10.1016/j.jinf.2014.10.004

36.	 Liu P, Li X, Luo M, Xu X, Su K, Chen S, et al. Risk factors  
for carbapenem-resistant Klebsiella pneumoniae infection: a  

meta-analysis. Microb Drug Resist. 2018;24:190–8.  
https://doi.org/10.1089/mdr.2017.0061

37.	 Baraz A, Chowers M, Nevo D, Obolski U. The time-varying 
association between previous antibiotic use and antibiotic 
resistance. Clin Microbiol Infect. 2022;0.

38.	 Tacconelli E, Górska A, De Angelis G, Lammens C,  
Restuccia G, Schrenzel J, et al. Estimating the association 
between antibiotic exposure and colonization with  
extended-spectrum β-lactamase-producing Gram-negative 
bacteria using machine learning methods: a multicentre,  
prospective cohort study. Clin Microbiol Infect. 2020;26:87–
94. https://doi.org/10.1016/j.cmi.2019.05.013

Address for correspondence: Andrea Gori, School of Medicine and 
Surgery, Department of Pathophysiology and Transplantation, 
University of Milan Infectious Diseases Unit, IRCCS Ca’ Granda 
Ospedale Maggiore Policlinico Foundation, Via Francesco Sforza 
35, Milan 20122, Italy; email: andrea.gori@unimi.

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 29, No. 8, August 2023	 1607

®

To revisit the March 2023 issue, go to:
https://wwwnc.cdc.gov/eid/articles/issue/29/3/table-of-contents

World TB Day
• �Risk for Prison-to-Community Tuberculosis 

Transmission, Thailand, 2017–2020 

• �Multicenter Retrospective Study of  
Vascular Infections and Endocarditis 
Caused by Campylobacter spp., France 

• �Yellow Fever Vaccine–Associated  
Viscerotropic Disease among Siblings,  
São Paulo State, Brazil 

• �Bartonella spp. Infections Identified by 
Molecular Methods, United States 

• �COVID-19 Test Allocation Strategy to  
Mitigate SARS-CoV-2 Infections across 
School Districts

• �Using Discarded Facial Tissues to Monitor 
and Diagnose Viral Respiratory Infections  

• �Postacute Sequelae of SARS-CoV-2 in 
University Setting  

• �Associations of Anaplasma phagocytophilum 
Bacteria Variants in Ixodes scapularis Ticks 
and Humans, New York, USA 

• �Prevalence of Mycobacterium tuberculosis 
Complex among Wild Rhesus Macaques 
and 2 Subspecies of Long-Tailed  
Macaques, Thailand, 2018–2022 

• �Increase in Colorado Tick Fever Virus  
Disease Cases and Effect of COVID-19  
Pandemic on Behaviors and Testing  
Practices, Montana, 2020 

• �Clonal Dissemination of Antifungal- 
Resistant Candida haemulonii, China

• �Comparative Effectiveness of COVID-19 
Vaccines in Preventing Infections and 
Disease Progression from SARS-CoV-2 
Omicron BA.5 and BA.2, Portugal 

• �Clonal Expansion of Multidrug-Resistant 
Streptococcus dysgalactiae Subspecies 
equisimilis Causing Bacteremia,  
Japan, 2005–2021  

• �Seroprevalence of Specific SARS-CoV-2 
Antibodies during Omicron BA.5 Wave, 
Portugal, April–June 2022 

• �SARS-CoV-2 Incubation Period during the 
Omicron BA.5–Dominant Period in Japan  

• �Risk Factors for Reinfection with  
SARS-CoV-2 Omicron Variant among  
Previously Infected Frontline Workers 

• �Correlation of High Seawater Temperature 
with Vibrio and Shewanella Infections, 
Denmark, 2010–2018 

• �Tuberculosis Preventive Therapy among 
Persons Living with HIV, Uganda, 
2016–2022  

• �Nosocomial Severe Fever with  
Thrombocytopenia Syndrome in  
Companion Animals, Japan, 2022  

• �Burkholderia thailandensis Isolated from 
the Environment, United States 

• �Mycobacterium leprae in Armadillo  
Tissues from Museum Collections,  
United States  

• �Reemergence of Lymphocytic  
Choriomeningitis Mammarenavirus, 
Germany  

• �Emergomyces pasteurianus in Man  
Returning to the United States from 
Liberia and Review of the Literature 

• �New Detection of Locally Acquired  
Japanese Encephalitis Virus Using  
Clinical Metagenomics, New South Wales, 
Australia 

• �Recurrent Cellulitis Revealing  
Helicobacter cinaedi in Patient on Ibrutinib 
Therapy, France 

March 2023


