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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-

acterial 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
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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.

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

"Preliminary results were presented at the European Congress
of Clinical Microbiology and Infectious Diseases, 2022, Lisbon,
Portugal, April 23—-26, 2022 (abstract no. 02641).

2These senior authors contributed equally to this article.

3Study group members are listed at the end of this article.
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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).

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

MDR Bacterial Colonization in COVID-19 Patients

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 B-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% Cls, 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_, ),
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_ ),
the MDR_,, group was characterized by higher ad-
mittance from other ICUs and lower admittances
from emergency departments (ICU 31/88 [35.2%] in
MDR_,, vs. 86/347 [24.8%]) in no-MDR+MDR

<48h >48h/

COVID-19 patients admitted to

ICU during Oct 2020-May 2021

N =451

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

4 patients with
ICU stay <48 h

—

12 patients with
partial medical records

Y

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. TAt ICU admission, there
were 78 colonizations and 10 infections. During ICU

Patients included in the analysis

n = 435/451 (96.5%)

stay, 35/78 (44.9%) colonized patients had MDR
infections develop.

]

v

v

Patients with no MDR events during

1600

ICU stay (no-MDR)
n = 140/435 (32.2%)

Patients with >1 MDR event during
during ICU stay (MDR)*

n = 295/435 (67.8%)

« Patients with MDR colonization
(MDRcoL) n = 150 (34.5%)

« Patients with >1 MDR infection
(MDRng) N = 145 (33.3%)

\

Patients with no MDR events in the first
48 hours from ICU admission

n = 347/435 (79.8%)

¥

Y

Patients with no MDR events
during ICU stay (no-MDR)

n = 140/347 (40.4%)

Patients with MDR event <48h from
admission (MDRgagn)*t

n = 88/435 (20.2%)
 Patients with MDR colonization
(MDRcoL<4sn) n = 43 (9.9%)

« Patients with <1 MDR infection
(MDR)nF<agn) N = 45 (10.3%)

l

Patients with >1 MDR event >48h
from ICU admission (MDR>agh)*

n = 207/347 (59.6%)

« Patients with MDR colonization
(MDRcoL>agn) n = 107 (30.8%)

« Patients with >1 MDR infection
(MDRinE>4sh) N = 100 (28.8%)
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emergency department 15/88 [17.1%] in MDR_,, vs.
102/347 [29.4%] in no-MDR+MDR_ ). The MDR_,
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_,,, group was also
characterized by a larger amount of antimicrobial
drug intake before ICU admission (no antimicrobial
drugin 25/88 [28%] of MDR_,, vs.126/327 [36.3%] of
no-MDR+MDR_ .. ; >3 classes of antimicrobial drugs
in 12/88 [13.6%] of MDR_,, vs. 23/347 [6.6%] of no-
MDR+MDR_ ). 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_,,);
107 (30.8%) patients had MDRO colonization only
(MDR_,, ) and 100 (28.8%) had >1 MDRO infec-
tion (MDR .. ,..) (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_ , patients,
further stratified as MDR_, . and MDR .. ...
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 MDR ..., group (26/100, 26%) than in the
MDR ;4 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
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patients, we found that MDR_,, 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 MDR ... 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 (i 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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Microbiological reports retrieved from 426/435 (97.9%) COVID-19
patients admitted to the ICU during October 2020-May 2021

n=13,017

Figure 2. Study flowchart
showing microbial isolates
selection process for

7,224 negative samples

Y

Microbiological isolates subjected
to clinical classification
n=5,793

1,387 isolates of patients with
MDR <48h

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

¢ Contamination versus
colonization versus infection (22)

« |solates classified as infection,
if “new episode” or “persistent
infection” (23)

« MDRO versus no-MDRO (4,24)

(21.9%) had both MDRO and
non-MDRO infections.

580 isolates classified
as contaminants

902 isolates classified as
"persistent infections"

94 isolates related to
Aspergillus spp.
(35 classified as infection)

722 isolates related to Candida
spp. (28 classified as infections)

615 isolates related
to non-MDR colonization
(ETA only)

507 isolates classified as
MDR colonization by
bacteria already identified
in the same patient

185 isolates collected
from different sites
during the same event

\

N =801 (271 patients)

Bacterial isolates corresponding to the first MDRO colonization or new
MDRO/non-MDRO infection diagnosed after 48 hours from ICU admission

« 255 first MDRO colonization in 173/338 (51.2%) patients
130 new MDRO infections in 95/338 (28.1%) patients*
* 416 new non-MDRO infections in 212/338 (62.7%) patients*

HAISs 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-

1602

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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between no-MDR (132/140, 94.3%), MDR_,
(98/103, 95.1%) and MDR
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_ , 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_,, vs 18/140 [12.9%] in no-MDR; p<0.001)

>48h

(Appendix Table 8).

L>48h

(83/95, 87.4%) (Ap-

INF>48h

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 MDRO:s 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,

MDR Bacterial Colonization in COVID-19 Patients

MDRO |
infections

Non—MDRO |
infections

20 40 60 80
Days from ICU admission

Figure 3. Multidrug-resistant bacterial colonization and infections
in large retrospective cohort of COVID-19 mechanically ventilated
patients admitted to ICU in Milan, ltaly, 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% Cls of the mean (p<0.001 by Wilcoxon
rank-sum test). ICU, intensive care unit; MDRO, multidrug-
resistant organism.

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

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*

Infections
Characteristic VALRTIs BSls UTls Total
MDRO events, first colonization plus new NA NA NA 41.68 (36.98-46.99)
infections
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) 419 (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% Cls). The time considered for IRs was set from ICU admission to discharge, except for VALRTI, where total
intubation time was considered. BSls, 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); UTls, 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 HAls 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

1604

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 HAls
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 HAISs.

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.
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