OBSERVATIONAL STUDY

Epidemiological and Clinical Characterization
of Superinfections in Critically lll Coronavirus

Disease 2019 Patients

OBIJECTIVES: To describe the epidemiology of superinfections (occurring >
48hr after hospital admission) and their impact on the ICU and 28-day mortality in
patients with coronavirus disease 2019 with acute respiratory distress syndrome,
requiring mechanical ventilation.

DESIGN: Retrospective analysis of prospectively collected observational data.
SETTING: University-affiliated adult ICU.

PATIENTS: Ninety-two coronavirus disease 2019 patients admitted to the ICU
from February 21, 2020, to May 6, 2020.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: The prevalence of superinfection at
ICU admission was 21.7%, and 53 patients (57.6%) had at least one superinfec-
tion during ICU stay, with a total of 75 (82%) ventilator-associated pneumonia and
57 (62%) systemic infections. The most common pathogens responsible for venti-
lator-associated pneumonia were Pseudomonas aeruginosa (n =26, 34.7%) and
Stenotrophomonas maltophilia (n = 14, 18.7%). Bloodstream infection occurred
in 16 cases, including methicillin-resistant Staphylococcus epidermidis (n = 8,
14.0%), Enterococcus species (n = 6, 10.5%), and Streptococcus species
(n =2, 8.5%). Fungal infections occurred in 41 cases, including 36 probable (30
by Candida albicans, six by C. nonalbicans) and five proven invasive candidiasis
(three C. albicans, two C. nonalbicans). Presence of bacterial infections (odds
ratio, 10.563; 95% ClI, 2.31-63.42; p = 0.005), age (odds ratio, 1.17; 95% ClI,
1.07-1.31; p = 0.001), and the highest Sequential Organ Failure Assessment
score (odds ratio, 1.27; 95% CI, 1.06-1.63; p = 0.032) were independently as-
sociated with ICU or 28-day mortality.

CONCLUSIONS: Prevalence of superinfections in coronavirus disease 2019
patients requiring mechanical ventilation was high in this series, and bacterial
superinfections were independently associated with ICU or 28-day mortality
(whichever comes first).

KEY WORDS: acute respiratory distress syndrome; coronavirus disease 2019;
critically ill; hospital-acquired infections; superinfection

coronavirus 2 (SARS-CoV-2), was reported from Wuhan, China, as the

cause of a respiratory illness defined coronavirus disease 2019 (COVID-19)
(1). The clinical presentation of the disease is characterized by several po-
tential complications, including acute respiratory distress syndrome (ARDS)
requiring ICU admission and mechanical ventilation (MV) (2). Critically ill
COVID-19 patients may suffer from bacterial, fungal, and viral superinfec-
tions that complicate their clinical course; however, little is known about the

I n December 2019, a novel coronavirus, severe acute respiratory syndrome
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epidemiology of this complicationin severe COVID-19
patients (3-5).

The primary objective of our study was to describe
the epidemiology of superinfections in patients with
severe COVID-19 admitted to the ICUs of the Brescia
University Hospital in Lombardy, Italy, during the first
wave of the SARS-CoV-2 pandemic. The secondary
objectives were to analyze the impact of superinfec-
tions on ICU or 28-day mortality (whichever comes
first) and on ICU length of stay (ICU-LOS) and hos-
pital length of stay (HLOS).

MATERIALS AND METHODS
Study Site, Design, and Participants

In this single-center observational study, we retrospec-
tively analyzed prospectively collected data concerning
adult patients (> 18 yr old) with SARS-CoV-2 pneu-
monia and ARDS admitted to the ICU of the Brescia
University Hospital from February 21, 2020, to May 6,
2020. SARS-CoV-2 infection diagnosis was established
by clinical symptoms and reverse transcriptase-quanti-
tative polymerase chain reaction (PCR) assay of a spec-
imen collected on a nasopharyngeal swab, as indicated
by the World Health Organization (6). Patients were
managed according to the World Health Organization’s
recommendations as well as locally developed guide-
lines (6, 7). Daily, an infectious disease specialist per-
formed an ICU round to optimize antimicrobial use.

The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice
guidelines. As stated by Italian legislation, ethical re-
view was not required due to retrospective nature of
the present study. We followed the Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines for reporting results of this prospective co-
hort study (8).

Patients were treated according to the best available
evidence with a combination of antiviral treatments and
antibiotics when admitted to the hospital with respira-
tory failure due to COVID-19 infection (6). Antiviral
treatments included a combination of lopinavir/rito-
navir (or darunavir) and chloroquine or hydroxy-
chloroquine, whereas antibiotic treatment started at
hospital admission with ceftriaxone plus azithromycin.
Considering the uncertainty of dexamethasone role in
COVID-19 infection during the study period, the cor-
ticosteroid was given to patients that required at least
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high flow oxygen at a dosage of 20mg/d for 10 days
followed by 10 mg/d for another 10 days, based on the
judgment of the clinician responsible for the patients.
Patients with nonresponding ARDS in ICU received
a high dosage of methylprednisolone (1 mg/kg/d) for
14 days. Patients who underwent noninvasive ventila-
tion were suitable for tocilizumab administration, as
reported earlier (9). Once in ICU with ARDS, patients
received all the available medical treatment as reported
earlier (10).

Definitions

Pulmonary infections included ventilator-associated
pneumonia (VAP) and COVID-19-associated pul-
monary aspergillosis (CAPA). Systemic infections
included bloodstream infection (BSI) and invasive
candidiasis (IC).

VAP was diagnosed in patients having received MV
for at least 48 hours when the following two criteria
were met: 1) clinically suspected VAP, defined as a
new and persistent pulmonary infiltrate on chest ra-
diograph associated with at least two of the following:
temperature greater than or equal to 38°C, WBC count
greater than or equal to 10 x 10%/L, purulent tracheal
secretions, increased minute ventilation, arterial oxy-
genation decline requiring modifications of the ven-
tilator settings, and/or need for increased vasopressor
infusion—for patients with ARDS, for whom demon-
stration of radiologic deterioration is difficult, at least
two of the preceding criteria sufficed and 2) significant
quantitative growth (= 10* colony-forming units/mL)
of distal bronchoalveolar lavage samples (11).

We defined “proven” invasive fungal disease as 1) pos-
itive sterile materials, either positive culture from sterile
materials (excluding BAL fluid, a paranasal or mastoid
sinus cavity specimen, and urine) or histopathologic,
cytopathologic, or direct microscopic examination or
2) positive DNA amplification by PCR (12). “Probable”
invasive fungal disease was defined as the presence of
a host factor, a clinical feature, and mycologic evidence
(including Aspergillus galactomannan from bronchoal-
veolar lavage), as defined by Donnelly et al (12).

BSI was defined in the presence of at least one posi-
tive blood culture for bacteria. For coagulase-negative
Staphylococci and other common skin contaminants,
at least two consecutive blood cultures positive for
the same pathogen were necessary to define BSI. The
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detection of Staphylococci other than Staphylococcus
aureus in respiratory samples was not considered to
represent infection.

Infections were categorized as “hospital”-acquired
superinfections if diagnosed at least 48 hours after hos-
pital admission and “ICU”-acquired superinfections if
diagnosed after 72 hr after ICU admission. Data were
collected prospectively, and the definition of superin-
fection episodes, as well as the diagnostic and thera-
peutic decisions, were taken in agreement with an
infectious disease consultant. Furthermore, a “new”
infection was defined if any of the following conditions
occurred: 1) isolation of a new microorganism, 2) iso-
lation of a previously detected microorganism with a
different antimicrobial resistance (AMR) pattern, and
3) isolation of a previously detected microorganism
after at least one negative test.

AMR was defined as resistance to methicillin for
Staphylococcus species and to vancomycin-resistant
Enterococcus (VRE) and by the production of extended-
spectrum  beta-lactamases for  Enterobacterales
(Escherichia coli, Morganella morganii, Enterobacter
cloacae, Klebsiella species, Serratia marcescens).
Nonfermenting gram-negative bacilli (NFGNB) in-
cluded Pseudomonas aeruginosa, Acinetobacter
baumannii, and Stenotrophomonas maltophilia.
Microorganisms were defined as multidrug-resistant
(MDR) if resistant to greater than or equal to 1 drug in
at least three classes of antibiotics (13).

Data Collection

All collected data were recorded on RedCap software
(14) and subsequently de-identified. Demographic
data included age, sex, weight, height, and comorbidity.
Clinical data included daily Pao,/F10, ratio (P/F), daily
Sequential Organ Failure Assessment (SOFA), Simplified
Acute Physiology Score (SAPS) II, presence of MV, and
drug treatments during ICU stay. Blood examinations
included complete WBC count, coagulation profile,
renal and liver function, C-reactive protein (CRP), pro-
calcitonin, fibrinogen, b-dimer, serum ferritin, and lac-
tate dehydrogenase. Microbiological investigations were
planned weekly or performed on clinical judgment.

Statistical Methods

Quantitative variables were described using mean
and sp, or median and interquartile range (IQR), as
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appropriate. Categorical variables were summarized
as counts and percentages. Comparisons between su-
perinfection versus no superinfection for all variables
of interest were performed using the Wilcoxon-Mann-
Whitney U test for quantitative variables and chi-
square test, with p values computed with Monte Carlo
simulation (B = 2,000), for qualitative ones. The associ-
ation between ICU mortality or 28-day mortality and
infection status was evaluated using logistic regression
models. Results are reported as odds ratio (OR) and
95% CI. All tests were two-sided and assumed a 5%
significance. All the analyses were performed using R
Version 4.0.3 (R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Ninety-two patients (87.0% males) were enrolled in
the study. The demographic and clinical characteris-
tics of the study population are presented in Table 1.
The median (IQR) age was 62.0 years (56.3-67.8);
98% of patients had at least one chronic comorbidity.
Fifty-three patients (57.6%) had at least one superin-
fection (21 patients had one, 13 patients had two, five
patients had three, and 14 patients had four or more
episodes) for a total of 132 superinfections episodes
(Supplementary Table 1, http://links.lww.com/CCX/
A626). The prevalence of hospital-acquired super-
infection at ICU admission was 21.7%, as shown in
Supplementary Figure 1 (http://links.lww.com/CCX/
A626).

At ICU admission, patients with superinfection
had a higher SAPS II compared with patients without
superinfection, a significantly lower median P/F
(p < 0.001), and lower WBC (mean 11,420 vs 8,870
cells/uL; p = 0.035). There were no other differences
in the two populations for the other variables, in-
cluding blood work, steroid, and antibiotic use, and
non invasive ventilation (NIV) application (Table 1
and Supplementary Table 2, http://links.lww.com/
CCX/A626). In particular, 90 patients (98%) received
steroids either before or during ICU stay, for a median
(IQR) of 7.0 days (2.8-11.3); 81 patients (88.0%) were
receiving antibiotics at ICU admission, and NIV was
applied to 40 subjects (57.1%).

During ICU stay, patients with superinfection were
more frequently tracheostomized (50.9% vs 15.4%;
p = 0.001), were mechanically ventilated for a longer
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TABLE 1.

Comparison of Demographic and Clinical Characteristics Between Patients With and
Without Superinfection at ICU Admission

No Superinfection  Superinfection Total
Variables (n=39) (n=53) (n=92)
Age, yr, median (IQR) 60.00 (54.5-65.5) 64.00 (58-70) 62.00 (56.3— 0.263
67.8)
Male sex, n (%) 33 (84.6) 47 (88.7) 80 (87.0) 0.742
Number of comorbidities, n (%)
None 1(2.6) 1(1.9) 2 (2.2) 0.688
1 31 (79.5) 6 (67.9) 7 (72.8)
>2 7 (17.9) 6 (30.2) 3 (25.0)
Preexisting pulmonary disease, n (%) 2 (5.1) 5 (9.4) 7 (7.6) 0.702
Weight, kg, median (IQR) 80.00 (72.9-87.1) 85.00 (77.5-92.5) 85.00 (76.5— 0.254
93.5)
Severe obesity?, n (%) 9 (23.7) 16 (30.2) 25 (27.5) 0.632
Simplified Acute Physiology Score I, median (IQR) 33.50 (27.8-39.3) 39.00 (28.6—-49.4)34.50 (25.5— 0.087
42.5)
F’OQ/FIOQ, median (IQR) 112.5(83.8-141.3) 82.2 (65.5-98.9)88.01 (65.8— < 0.0001
110.24)
Hospital-ICU time, d, median (IQR)® 1.00 (0-3.3) 5.00 (1.5-8.5) 3.00 (0-6.5) 0.012
Steroids, n (%) 38 (97) 2 (98) 0 (98) 0.999
Steroids duration, d, median (IQR) 4,50 (0-9.5) 7.00 (3.8-10.3) 700 (2.8-11.3) 0.696
Pre ICU noninvasive ventilation (included contin- 17 (48.6) 3 (65.7) 0 (57.1) 0.228
uous positive airway pressure and bilevel positive
airway pressure), n (%)
Antibiotic at ICU admission, n (%) 34 (87.2) 47 (88.7) 81 (88.0) 1.000

IOR = interquartile range.
2Severe obesity is defined as a body mass index > 30 kg/m?2
*Hospital-ICU time denotes the number of days between hospital admission and ICU admission.

period of time (median [IQR], 12 d [6.0-18.0] vs 3  agents (Table 1). Superinfection patients did not dif-
d [0-6.5]; p < 0.001), and received more frequently fer from no superinfection patients in terms of ste-
inhaled nitric oxide and neuromuscular blocking roid therapies, antiviral therapies, and tocilizumab

TABLE 2.
Unadjusted Analysis for Patients Outcomes

No Superinfection Superinfection
Variables (n=39) (n=53)
ICU length of stay (d), median (IQR) 5.00 (2.0-8.0) 15.00 (9.5-20.5) 10.00 (4-16) < 0.001
Hospital length of stay (d), median (IQR) 21.00 (14.0-28.0) 27.00 (16.0-38.0) 23.50 (15.5-31.6) 0.199
ICU mortality, n (%) 4 (10.3) 24 (45.3) 28 (30.4) < 0.001
28-d mortality, n (%) 6 (15.4) 26 (49.1) 32 (50.9) 0.001

IGR = interquartile range.
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administration (Supplementary Table 3, http://links.
lww.com/CCX/A626).

Seventy-five (82%) VAP and 57 (62%) BSI were
detected, as shown in Supplementary Table 4 (http://
links.Iww.com/CCX/A626). The most common patho-
gens responsible for VAP were P. aeruginosa (n = 26,
34.7%) and S. maltophilia (n = 14, 18.7%), with two
cases of CAPA (Fig. 14). Among systemic infections
(n = 57), BSI occurred in 16 cases, including methi-
cillin-resistant S. epidermidis (MRSE) (n = 8, 14.0%),

Enterococcus species (n = 6, 10.5%), and Streptococcus
species (n = 2, 3.5%). Fungal infections occurred in 41
cases, including 36 probable (30 by Candida albicans,
six by C. nonalbicans) and five proven IC (three C. albi-
cans, two C. nonalbicans) (Fig. 1B).

Concerning the time of the onset of infections
(Fig. 1; and Supplementary Table 4, http://links.Iww.
com/CCX/A626), the most common pathogens dur-
ing the first 72 hours in ICU were multi-sensitive
Enterobacterales (n = 5, 38.5%) for VAP (n = 13) and
Candida species (n = 10,
83.3%) for systemic infec-

A Aspergillus spp tions (n = 12). From day 4
u A baumannii to 7, seven of the 19 VAP
m s.maltophilia (36.8%) were caused by
P.aeruginosa NFGNB, seven (36.8%)
= S.marcescens by Gram-positive bac-
. teria, and five (26.3%) by
20 1 = M. morgant Enterobacterales. Among
15 1 . . :i"dm.me the 22 systemic infec-
@ Ebs_'e”as'up tions, seven (31.8%) were
% 10 L . 'E'm"- BSI, four (18.1%) caused
2 5 l = . 'E'faec'”T" by Enterococcus species,
= — E faecalis two (9.1%) by MRSE, one
R~ T » T T ™ Streptococcus spp (4.5%) by Streptococcus
™ S.aureus species, and 15 (68.1%)
:::tl?et:tss o 7 . - o : were probable IC. On week
2,16 of the 19 VAP (84.2%)
B were caused by NFGNB.
Of the 17 systemic infec-
20 - Invasive c?"didiaﬂs tions, five (29.4%) were BSI
" . non albicans (all caused by MRSE), and
% 5 C'alb'_cans 12 (70.5%) were caused
2 10 .E'faecm_m by Candida species (four
“ E-faecalis proven IC and eight prob-
Streptocooccus spp

> [ m S.epidermidis MR able IC).
.| IR m . = During the third week,
<72h w w 3w aw st there were 11 VAP and
MLisolates " 20 " s X o six (n = 6, 54.5%) were
Npatients 92 78 56 32 15 5 caused by NFGNB. Of the

Figure 1. Representation of bacterial and fungal species responsible for hospital-acquired
pneumonia and/or ventilator-associated pneumonia (A) and systemic infection, including
bloodstream infections and invasive candidiasis (B) during ICU length of stay. A. baumannii =
Acinetobacter baumannii, C. albicans = Candida albicans, C. nonalbicans = Candida
nonalbicans, E. cloacae = Enterobacter cloacae, E. coli= Escherichia coli, E. faecalis =
Enterococcus faecalis, E. faecium = Enterococcus faecium, M. morganii = Morganella morganii,
P. aeruginosa = Pseudomonas aeruginosa, S. aureus = Staphylococcus aureus, S. epidermidis
MR = Staphylococcus epidermidis methicillin-resistant, S. maltophilia = Stenotrophomonas

maltophilia, S. marcescens = Serratia marcescens, spp = species.

Critical Care Explorations

five systemic infections in
32 patients, two were BSI
(40.0%, one Enterococcus,
and one MRSE) and three
were Candida  species
infections  (60.0%, one
proven and two probable
IC). From week 4 onward,
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Figure 2. Graphical representation of the timeline of the different superinfection onset. The filling in square portion represents the
hospital-acquired pneumonia and the ventilator-associated pneumonia, whereas the fulfill portion represents the systemic infection,
including bloodstream infections and invasive candidiasis. The total width is proportional to the total amount of the superinfection.

The arrows indicate the first appearance of antimicrobial resistance. ESBL = extended-spectrum beta-lactamase, MDR = multidrug-
resistant, MRSE= methicillin-resistant Staphylococcus epidermidis, spp = species, VRE = vancomycin-resistant Enterococcus.

there were 13 VAP, mostly caused by NFGNB (n = 12,
92.3%) with a predominance of MDR P. aeruginosa
(n =9) and only one probable IC.

The onset of AMR bacterial strains is shown in
Figure 2. A total of 15 (11.6%) episodes of superinfec-
tion in 12 patients were sustained by AMR microor-
ganisms. The most frequent resistant microorganisms
were MRSE (n =8, 53.3%), Enterococcus species (n = 2,
13.3%), and MDR P. aeruginosa (n = 5, 33.3%).

Concerning the secondary objectives, ICU-LOS
was significantly longer in patients with superinfec-
tion (median [IQR], 15.0 d [9.5-20.5]) than in patients
without (median [IQR], 5.0d [2.0-8.0]), whereas HLOS
was not. ICU and the 28-day mortality rates were also
higher in patients with superinfection (45.3% vs 10.3%;
p < 0.001) (Table 2). On univariate analysis, age, the

6 www.ccejournal.org

highest daily SOFA score, the lowest daily Po,/F10,,
steroids duration, and the presence of any fungal or
bacterial superinfection were associated with ICU
mortality (Supplementary Table 5, http://links.lww.
com/CCX/A626). On adjusted analysis (Table 3),
bacterial infections (OR, 10.53; 95% CI, 2.31-63.42;
p = 0.005), age (OR, 1.17; 95% CI, 1.07-1.31;
p =0.001), and the highest daily SOFA (OR, 1.27; 95%
CI, 1.06-1.63; p = 0.032) score were independently as-
sociated with ICU mortality or 28-day mortality.

DISCUSSION

We describe the epidemiology of superinfections in
a series of 92 consecutive patients with COVID-19-
related ARDS admitted to ICU during the first wave of

June 2021 ¢ Volume 3 * Number 6
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TABLE 3.

Adjusted Analysis for Mortality (ICU Mortality or 28-d Mortality, Whichever Comes First)

Variables

Presence of fungal superinfection

Presence of bacterial superinfection

Male gender

Age (yr)

Worst daily Pao,/Fio,

Worst daily Sequential Organ Failure Assessment score
ICU length of stay (d)

OR (95% CI) Jo)
1.569 (0.39-6.77) 0.515
10.53 (2.31-63.42) 0.005
0.66 (0.10-5.82) 0.678
1.17 (1.07-1.31) 0.001
0.98 (0.96-1.00) 0.089
1.27 (1.06-1.63) 0.032
0.94 (0.85-1.02) 0.181

OR = odds ratio.
Boldface values indicate statistically significant covariates.

the COVID-19 outbreak in the North of Italy. We found
a prevalence of superinfection of 21.7% at ICU admis-
sion, increasing to 57.6% during ICU stay, and a strong
correlation between bacterial superinfection and mor-
tality. This was observed despite the fact that no visitors
were allowed in the ICU as per anti-COVID-19 policies.
Superinfections prevalence at ICU admission and
during ICU stay is higher than what has been already
reported in the literature, both in non-COVID19 ICU
patients (8% to 22%) (15, 16) and in non-ICU patients
with SARS-CoV2 infection (3% to 7.2%) (4, 17).
Superinfection might be higher in COVID-19 patients
due to different reasons. During the first wave of the
SARS-CoV-2 pandemic, hospitals in Northern Italy
faced an emergency situation that had never been seen
in modern Western country history. We tripled the
number of ICU beds in our hospital using inadequate
space and employing non-well-trained nurses in ICU,
with the consequent increased risks of inter-patient
superinfection transmission. Furthermore, critically ill
patients were frequently treated on the medical wards
due to the lack of ICU beds, leading to a delayed ICU
admission of very sick patients. Altogether, these con-
ditions could explain an increased prevalence of super-
infection both at ICU admission and during ICU stay.
Concerning superinfection etiology, we found a
surprisingly high prevalence of Candida species as
responsible for 75.9% of the superinfections during
the first and the second week of ICU stay. Although
the time of onset of IC is in line with the literature on
critically ill non-COVID19 patients, where the peak
of Candida species is reported between 5 and 12 days
(18), in our population, IC prevalence is higher (19).

Critical Care Explorations

Known predisposing risk factors for IC are paren-
teral nutrition, presence of central venous line, cor-
ticosteroid therapy, long-term stay in the hospital,
multiple Candida species colonization, antibiotic
treatments, and MV (either invasive or noninvasive)
(20, 21). Patients were likely exposed to these risk fac-
tors even before ICU admission during the COVID-19
pandemic as explained above, leading to patients with
an already high risk of candidiasis at ICU admission.
Interestingly, we observed CAPA in only two subjects
at ICU admission and none during ICU stay. This is in
contrast with the current literature that reports a prev-
alence of CAPA up to 35% (22-24). Our findings may
be explained by the extensive use of echinocandin to
treat proven and probable IC before and during ICU
stay (25).

Concerning bacterial superinfections, we reported
an prevalence of VAP of 34.8%, starting from the
second week of ICU stay. Dudoignon et al (26) re-
ported an prevalence of VAP in 37%, in line with our
results, whereas Luyt et al (11) reported a much higher
prevalence (86%) of VAP in patients with COVID-19-
related ARDS requiring extracorporeal circulation. In
our series, VAPs were caused mainly by Gram-negative
bacteria, mostly caused by non-MDR P. aeruginosa
starting from the second week, followed by MDR
strains that account for 100% of the isolates after week
4, in line with previous studies. Pseudomonas species
is known to be a pathogen responsible for secondary
infection and late VAP in viral pneumonia (27), in-
cluding COVID-19 (3-5, 17, 28-30).

We speculate a possible involvement of sur-
factant activity in the increased prevalence of P

www.ccejournal.org 7
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aeruginosa-related VAP. The low concentrations of sur-
factant observed in patients with COVID-19-related
ARDS might cause inflammation of distal airways and
impaired surfactant function, predisposing for P. aeru-
ginosa infection (31); this mechanism paired what has
been observed in cystic fibrosis (32). On the other side,
the increased rate of MDR strain of P. aeruginosa may
be an effect of antimicrobial selection, probably mag-
nified by suboptimal application of infection control
measures due to ICU overpopulation and prolonged
use of personal protective equipment (33).

In accordance with other reports, we found a high
prevalence (16.3%) of BSI due to Gram-positive bac-
teria during the COVID-19 pandemic (28, 29). Most
BSIs were due to MRSE (50.0%) and Enterococcus spe-
cies (37.5%), with a high rate of vancomycin-resistant
strains (VRE) (33.3%). The latter is higher when com-
pared with our local experience in the pre-COVID-19
era. The high prevalence of Gram-positive related BSI
could be explained by the lack of infection control
measures in the context of the cohorting strategy and
understaffing. Pre-COVID-19 studies demonstrated
that the contact between patients and healthcare work-
ers contaminated by VRE is one of the major risks for
subsequent transmission (34). Besides, the administra-
tion of a third or fourth generation cephalosporin and
the use of corticosteroids before ICU admission, widely
used in our COVID-19 populations, are well-known
risk factors for VRE colonization (35). Although there
was no significant association between prior antibiotic
use and development of infection in the ICU, it is pos-
sible that the extensive use of antimicrobials impacted
the bacterial flora, leading to the selection of resistant
strains and eventually determined infection only in the
subset of superinfected patients. In our study, 88% of
patients were receiving antibiotics before ICU admis-
sion, even if only 21.7% of the subjects had a demon-
strated superinfection, in need of antibiotics. Recently,
the World Health Organization recommended em-
piric treatment with antibiotics for patients with severe
COVID-19, using host factors and local epidemiology
to drive antibiotic choice (6). Previous reports have
shown that antibiotic treatment is widely used for non-
critical COVID-19 patients, even in the absence of any
evidence of superinfection (3, 5). Our data suggest that
empiric antibiotic treatment may be unnecessary for
most patients at admission in ICU, and it should target
subjects with clear signs and symptoms of infection
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(leukocytosis, an increase of CRP and/or procalcito-
nin, high SOFA score). Close monitoring of bacterial
colonization is essential, facilitating targeted therapy
with narrow-spectrum antibiotics. Empiric therapy of
NFGNBs may be considered in the late stages of ICU
stay.

ICU mortality in our patients (30.4%) is lower
than what has been reported in a recent worldwide
meta-analysis (41.6%) (36). In agreement with pre-
vious observations, we reported a relevant and signifi-
cant impact of bacterial infections on the mortality of
COVID-19 patients (4). The risk of death associated
with bacterial infection was higher (OR, 10.53; 95% CI,
2.31-63.42) than what was reported in a meta-analysis
(OR, 5.82; 95% CI, 3.4-9.9), which included ICU and
non-ICU patients (5).

Our study has several limitations. This was a sin-
gle-center ICU study and may not be generalizable to
other ICU patients in Italy or elsewhere. The sample
size was limited, and systematic testing for superinfec-
tions was not performed. The number of IC may be
overestimated because we also accounted for probable
infections. Furthermore, the low sample size limits
inferences on the role of agents such as tocilizumab
on the risk of secondary infections and larger pro-
spective studies are needed to better study that rela-
tionship. However, data were collected prospectively,
and the definition of superinfection episodes, as well as
the diagnostic and therapeutic decisions, were taken in
agreement with an infectious disease consultant.

CONCLUSIONS

In conclusion, we described the superinfection epide-
miology in COVID-19 patients requiring MV, and we
have reported a significant correlation between super-
infections and ICU 28-day mortality. Our results could
be useful to guide the choice of empirical therapy and
suggest that adequate antimicrobial stewardship and
optimization of the infection control measures could
reduce the prevalence of superinfection and, therefore,
mortality.
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