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Mariana Chumbita . Cristina Pitart . Juan Ambrosioni . Verónica Rico . Daiana Agüero . Pedro Puerta-Alcalde .
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ABSTRACT

Introduction: The study aim was to assess the
influence of inflammatory response modifiers,
including anti-interleukin-6 (IL-6) biologics and
corticosteroids, on the incidence of hospital-
acquired infections in patients with coronavirus
disease 2019 (COVID-19).
Methods: Case–control study performed at a
university hospital from February 26 to May 26,
2020. Cases were defined as patients with
COVID-19 who developed hospital-acquired
infections. For each case, two controls were
selected among patients without infections.
Cases and controls were matched obeying three
criteria in a hierarchical sequence: length of

hospital stay up until the first infection;
comorbidity; and need for Intensive care unit
(ICU) admission. Conditional logistic regression
analysis was used to estimate the association of
exposures with being a case.
Results: A total of 71 cases and 142 controls
were included. Independent predictors for
acquiring a hospital infection were chronic liver
disease [odds ratio (OR) 16.56, 95% CI
1.87–146.5, p = 0.012], morbid obesity (OR
6.11, 95% CI 1.06–35.4, p = 0.043), current or
past smoking (OR 4.15, 95% CI 1.45–11.88,
p = 0.008), exposure to hydroxychloroquine
(OR 0.2, 95% CI 0.041–1, p = 0.053), and inva-
sive mechanical ventilation (OR 61.5, 95% CI
11.08–341, p B 0.0001).
Conclusions: Inflammatory response modifiers
had no influence on acquisition of nosocomial
infections in admitted patients with COVID-19.
Hospital-acquired infections primarily occurred
in the critically ill and invasive mechanical
ventilation was the main exposure conferring
risk.

Keywords: COVID-19; Inflammatory response
modifiers; Nosocomial infections; SARS-CoV-2

Supplementary Information The online version
contains supplementary material available at https://
doi.org/10.1007/s40121-021-00477-9.

F. Meira � E. Moreno-Garcı́a � L. Linares � I. Macaya
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Key Summary Points

In patients with COVID-19 that received
inflammatory response modifiers, the
most common infections were ventilator-
associated respiratory tract infections
(tracheobronchitis or pneumonia).

The majority of patients with COVID-19
treated with inflammatory response
modifiers were in an intensive care unit
when the first hospital infection was
diagnosed.

In patients treated with inflammatory
response modifiers, the main risk factors
for acquiring a nosocomial infection were
chronic liver disease, morbid obesity,
current or past smoking, and invasive
mechanical ventilation.

Inflammatory response modifiers had no
influence on acquisition of nosocomial
infections in admitted patients with
COVID-19.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14610504.

INTRODUCTION

Severe coronavirus disease 2019 (COVID-19) is
characterized by an exaggerated inflammatory
response mediated by an excessive production
of interleukin-6 (IL-6) and other pro-inflamma-
tory cytokines [1]. The clinical success of several
therapeutic approaches has served as a proof of
concept for the involvement of this ‘‘cytokine
storm’’ in the pathogenesis of respiratory dete-
rioration and progression to ARDS (acute respi-
ratory distress syndrome) in patients with

COVID-19. A number of comparative observa-
tional studies have suggested that in patients
with severe or worsening SARS-CoV-2 (severe
acute respiratory syndrome coronavirus 2) pul-
monary disease, tocilizumab, a monoclonal
antibody directed against the IL-6 receptor, may
decrease the need for mechanical ventilation
and improve survival [2, 3]. Moreover, in our
clinical setting, a personalized treatment with
selective IL-6 and/or IL-1 blockade based on the
individual patterns of inflammatory markers
was associated with better survival [4]. In addi-
tion, a randomized clinical trial has proved that
dexamethasone reduces mortality in patients
requiring respiratory support [5]. Among other
inhibitors of specific cytokines or more general
inflammatory pathways, anakinra may be
effective in patients with severe pneumonia and
a hyperinflammatory state [6–8], and baricitinib
in combination with remdesivir improved the
clinical status of patients with COVID-19, par-
ticularly those receiving high-flux oxygen or
noninvasive ventilation [9].

Although the first concern that inflamma-
tory response modifiers could worsen the prog-
nosis of COVID-19 by increasing viral
replication or persistence has been mitigated by
clinical experience, the possibility that they
may still increase the rate of hospital-acquired
infection has not been completely discarded
[10–14]. The aim of the present study was to
investigate the possible influence of the
administration of inflammatory response mod-
ifiers, including anti-IL-6 biologics and corti-
costeroids, on the incidence of hospital-
acquired infections in admitted patients with
COVID-19.

METHODS

This is a case–control study performed with data
retrieved from a specifically created database
during the COVID-19 epidemic at a 750-bed
university hospital in Barcelona (Spain). The
study period was between February 26 and
May 26, 2020. Cases were defined as patients
with COVID-19 acquiring an infection during
their hospital stay. Diagnosis of COVID-19 was
based on a positive RT-PCR in a nasopharyngeal
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swab or lower respiratory secretions. For each
case, two controls were selected among patients
with COVID-19 who did not acquire any
infection. Three matching criteria were used in
a hierarchical sequence. All controls must have
had a length of hospital stay at least equal to the
time elapsed from admission to the date of the
first nosocomial infection in cases (equal or
higher time at risk). After fulfilling this
requirement, they were matched, if feasible, for
the presence of any comorbidity and lastly for
the need for ICU admission. To proceed with
the selection, patients and controls were listed
in an ascending order of time at risk and then
for each consecutive case; the two closest con-
trols fulfilling the time at risk and then the
other matching criteria were chosen.

Hospital-acquired infections were defined
according to the Centers for Disease Control
and Prevention (CDC) criteria [15]. For ventila-
tor-associated tracheobronchitis (VAT), the
definition proposed by Craven et al. was used
[16]. Only microbiologically documented
infections deserving directed antibiotic therapy
at the attending physician’s discretion were
included. Exposures had to be present for at
least 24 h before the onset of infection.
According to the local protocol, tocilizumab
was administered as two doses of 400–600 mg/
12 h apart with the option for a third dose 24 h
later if there was progression of respiratory
failure; however, at some point during the epi-
demic, only a single dose of 400 mg could be
used because of shortages. Siltuximab and sar-
ilumab were administered as single doses of
11 mg/kg and 200 mg, respectively. Anakinra
was given as 200 mg/12 h up to 5 days and
baricitinib as 4 mg/day for 10 days. In regards to
corticosteroids, the local protocol recom-
mended methylprednisolone 1 mg/kg/day to a
maximum of 250 mg/day for 3 days followed by
0.5 mg/kg for three additional days. However,
other schedules like prednisone 1–2 mg/kg/day,
dexamethasone 6 mg/kg/day, or hydroxycorti-
sone 100–400 mg/day for 10 days were also used
at the discretion of the attending physician.
Some patients continued treatment with lower
doses of prednisone for longer periods as ther-
apy for organizing pneumonia.

Assessed variables included demographics
(age and sex), comorbidities, ICU admission,
invasive and non-invasive mechanical ventila-
tion, use of any medication (lopinavir–riton-
avir, hydroxychloroquine, azithromycin,
interferon-b, tocilizumab, other anti-IL-6
agents, baricitinib, anakinra, corticosteroids,
antibiotics, and vasopressors), site of infection,
and involved microorganisms in infected
patients. Unfortunately, exposure to intra-
venous and urinary catheters was not recorded.

The median and the first and third quartiles
were the measures of central tendency and dis-
persion displayed in this study, respectively. For
univariate analysis, comparisons of continuous
variables were performed by using the t test or
Mann–Whitney U test depending on whether a
normal distribution could be assumed or not.
Categorical variables were compared by the chi-
squared test or Fisher exact test when necessary.
In order to assess the independent association
of clinical characteristics and exposures with
being a case, multivariate analysis was per-
formed by using a conditional logistic regres-
sion procedure. In multivariate analysis, only
variables with a univariate p value\ 0.2 were
allowed to enter the model and further selec-
tion was done by a stepwise backward procedure
with a p value to step in and out of the model of
0.05. Calculations were done by using ver-
sion 22 of the SPSS statistical package.

Compliance with Ethics Guidelines

The Institutional Ethics Committee of the
Hospital Clinic of Barcelona approved the study
and, owing to the nature of retrospective
chart review, waived the need for inform con-
sent from individual patients (HCB/2020/0273).

RESULTS

During the study period, 109 hospital-acquired
infections were diagnosed in 71 patients. A
single infection developed in 41 (57.7%)
patients, two in 22 (30.9%), and three in 8
(11.2%). The most common infection was ven-
tilator-associated tracheobronchitis (n = 33,
30.2%) followed by urinary tract infection
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(n = 29, 26.6%), catheter-related bloodstream
infection (n = 24, 22%), ventilator-associated
pneumonia (n = 15, 13.7%), and others (n = 8,
7.3%). Median days from hospital admission to
administration of tocilizumab, anakinra, and
corticosteroids were 2 (0–4), 4 (1.75–8.75), and 2
(0–5), respectively, without significant differ-
ences between cases and controls. In case
patients, median times elapsed from the onset
of tocilizumab, anakinra, and corticosteroids to
infection were 10 days (7–19), 8 days
(3.75–21.75), and 10 days (6.75–17.25), respec-
tively. Sixty-three patients (88.7%) were in ICU
when the first hospital infection was diagnosed.
In these patients, median time to ICU admis-
sion was 0 days (0–2 days) and that from ICU
admission to the first nosocomial infection was
10 days (7–19 days). Sixteen (22.5%) cases and
33 (23.2%) controls died in hospital (OR 0.96,
95% CI 0.48–1.89, p = 0.9). Table 1 shows the
etiological microorganisms of the different
hospital-acquired infections.

Among infected patients, the median num-
ber of infections was 1 (1–2) regardless of whe-
ther they received biologics or corticosteroids.
The comparative frequencies of clinical charac-
teristics and exposures in cases and controls
with their corresponding measurements of
association are shown in Table 2. Cases were
more likely than controls to be older, to have
been transferred from another hospital, to have
a history of alcohol abuse, to have ARDS, and to
have been exposed to interferon-b, multiple
antibiotics, ICU, vasopressors, and invasive
mechanical ventilation. Chronic liver disease
(p = 0.068) and morbid obesity (p = 0.066) were
numerically more frequent in cases than con-
trols, while cases shown a non-significant trend
to be less exposed to hydroxychloroquine
(p = 0.079). The median time at risk was
11 days. As expected from the procedure used
for the selection of controls, significantly more
patients in this group have a time at risk longer
than the median.

Multivariate analysis selected the following
as the best predictors for acquiring a nosocomial
infection: chronic liver disease (OR 16.56, 95%
CI 1.87–146.5, p = 0.012), morbid obesity (OR
6.11, 95% CI 1.06–35.4, p = 0.043), current or
past smoking (OR 4.15, 95% CI 1.45–11.88,

p = 0.008), exposure to hydroxychloroquine
(OR 0.2, 95% CI 0.041–1, p = 0.053), and inva-
sive mechanical ventilation (OR 61.5, 95% CI
11.08–341, p B 0.0001).

In 19 (26.7%) cases, a fungal species was
involved, Candida spp. in 16, Aspergillus fumi-
gatus in two, and Fusarium spp. in one. Of these,
eight were unequivocally invasive (six episodes
of catheter-related candidemia and two proba-
ble ventilator-associated pneumonia (VAP) due
to filamentous fungi). However, when com-
pared with controls, no association was found
between having a fungal infection and exposure
to tocilizumab (OR 0.81, 95% CI 0.28–2.39,
p = 0.71), to any anti-IL-6 biologic (OR 0.53,
95% CI 0.17–1.6, p = 0.26), to corticosteroids
(OR 0.84, 95% CI 0.21–3.33, p = 0.81), to bio-
logics or corticosteroids (OR 0.17, 95% CI
0.01–1.6, p = 0.12), or to biologics plus corti-
costeroids (OR 0.7, 95% CI 0.22–2.23, p = 0.55).
Exposure to high dose of either tocilizumab
([600 mg) or a very high dose of corticos-
teroids (C 200 mg of prednisone equivalent)
was not significantly different in cases and
controls (OR 1.42, 95% CI 0.45–4.5, p = 0.54 for
high-dose tocilizumab; OR 0.34, 95% CI
0.93–1.28, p = 0.11 for high-dose
corticosteroids).

DISCUSSION

The main result of the present study is that
there is no evidence of any deleterious influence
of inflammatory response modifiers on the
incidence of hospital-acquired infection in
admitted patients with SARS-CoV-2 infection.
In our experience, nosocomial infections in
patients with COVID-19 primarily occurred in
the critically ill, and mechanical ventilation was
the only significant exposure conferring risk.

Data comparing the incidence of nosocomial
infections in patients with severe COVID-19
between those taking and not taking inflam-
matory response modifies are relatively scarce.
Several comparative retrospective studies have
described a higher rate of infections in patients
receiving tocilizumab than in controls. Somers
et al. [10] observed a significantly increased rate
of superinfection in treated patients (54% vs
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Table 1 Microorganisms involved in 109 episodes of hospital-acquired infections in 71 hospitalized patients with
COVID-19

Microorganism VAP VAT Catheter-related
bacteremia

Urinary tract
infection

Other

Gram-positives 1 4 15 5 6

Methicillin-susceptible Staphylococcus
aureus

1 4 – – –

Methicillin-resistant S. aureus – – – – –

Coagulase-negative staphylococci – – 10 – –

Streptococcus anginosus – – 1 – –

Enterococcus faecalis – – 3 4 1

Enterococcus faecium – 1 1

Clostridioides difficile – – – – 2

Gram-negatives 12 21 3 21 0

Escherichia coli – – – 3 –

ESBL-producing E. coli – – – 3 –

Klebsiella pneumoniae – 2 1 – –

ESBL-producing K. pneumoniae 1 – – 2 –

Klebsiella oxytoca 1 – – – –

Proteus mirabilis – – – 1 –

Enterobacter cloacae 2 2 2 – –

Klebsiella aerogenes 2 1 – – –

Citrobacter spp. – – – 1 –

Serratia marcescens 1 3 – – –

Carbapenemase-producing

Enterobacterales
– – – 1 –

Non-MDR Pseudomonas aeruginosa 3 4 – 10 –

MDR P. aeruginosa 1 2 – – –

Stenotrophomonas maltophilia 1 4 – – –

Burkholderia gladioli 2 – – –

Bordetella spp. 1 – – –

Fungi 2 4 6 7 2

Candida spp. 3 6 7 2

Aspergillus spp. 1 1 – – –

Infect Dis Ther (2021) 10:1407–1418 1411



26%; p\ 0.001), mostly due to a higher inci-
dence of VAP. However, no difference between
groups with regards to the frequency of blood-
stream infections or development of more than
one infection was observed. Guaraldi et al. [11]
also observed an increased rate of hospital-ac-
quired infections in patients treated with toci-
lizumab versus those in the standard of care
group (13% vs 4%, p[0.001), including four
cases of invasive aspergillosis in the tocilizumab
group and none in the standard of care. Kimmig
et al. [12] reported a higher incidence of bacte-
rial infections in patients receiving tocilizumab
(adjusted OR 2.76, 95% CI 1.11–7.2), with all
fungal infections occurring in the actively
treated group. Lewis et al. [13], in a propensity-
matched cohort study, also found an increased
adjusted rate of secondary infections (OR 4.18,
95% CI 2.72–6.52) due to a higher incidence of
bloodstream infections, pneumonia, and uri-
nary tract infections. Lastly, Pettit et al. [14]
reported an increased rate of late-onset infec-
tions in patients receiving tocilizumab (23% vs
8%, p = 0.013). Conversely, a higher rate of
infections in patients taking tocilizumab was
not observed in 14 prospective studies, includ-
ing eight randomized controlled trials
[2, 3, 8, 17–22]. The reasons for these discrep-
ancies are not clear, but it can be speculated
that the survival benefit associated with tocili-
zumab in several retrospective studies
[10, 11, 13] could actually have prolonged the
time at risk in this population and therefore the
likelihood of getting an infection.

Our data suggests that when time at risk and
other general predisposing factors (presence of
any comorbidity and need for ICU admission)
are similar between infected and not infected
patients, no evidence of an increased risk of
infection associated with exposure to biologics

can be found. This also agrees with the lack of
evidence of a higher risk of infection associated
with a short (1–3 doses) exposure to tocilizumab
in severely immunosuppressed patients with
chimeric antigen receptor (CART) T cell-medi-
ated cytokine release syndrome [23].

Data regarding other interleukin blockers are
still sparser. Although IL-1 inhibitors (ana-
kinra), like IL-6 blockers, have been associated
with an increased rate of usually mild to mod-
erate infection in the long-term treated patients
with rheumatoid arthritis, no such increase has
been observed with short-course regimens used
for the therapy of patients with COVID-19 [6, 8]
or of those with gout or sepsis [24, 25]. Lastly, in
regards to corticosteroids, it is of note that
despite their downregulation effect on the syn-
thesis of pro-inflammatory cytokines and on
the function of virtually any cell involved in the
sensing of or response to invading microor-
ganisms [26], their role as a risk factor for
superinfection following short-term exposure is
probably negligible. Several randomized clinical
trials have assessed the therapeutic role of cor-
ticosteroids on COVID-19, and none of them
reported a significantly higher incidence of
superinfections in actively treated patients
[5, 27–30]. This agrees with many randomized
clinical trials conducted to evaluate the effect of
acute exposure to corticosteroids on patients
with sepsis or ARDS. The summarized evidence
from these trials indicates that there is no
association of corticosteroids with superinfec-
tion, regardless of the type of drug or specific
regimen [31–33].

The present study suggests a possible pro-
tective effect of hydroxychloroquine on the
acquisition of hospital-acquired infections,
although the variable was retained in the mul-
tivariate model with borderline significance.

Table 1 continued

Microorganism VAP VAT Catheter-related
bacteremia

Urinary tract
infection

Other

Fusarium spp. 1 – – – –

VAP ventilator-associated pneumonia, VAT ventilator-associated tracheobronchitis, ESBL extended-spectrum beta-lacta-
mase, MDR multidrug-resistant
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Table 2 Comparative prevalence of evaluated clinical characteristics and exposures in cases and controls (univariate
analysis)

Characteristic or exposure Controls
(n = 142)
(%)

Cases
(n = 71)
(%)

OR (95% CI)a pa

Age[ 65 62 (43.7) 42 (59.2) 2 (1.08–3.67) 0.024

Male sex 101 (71.1) 48 (67.6) 1.16 (0.64–2.11) 0.61

Transfer from other hospital 15 (10.6) 15 (21.1) 2.19 (1.01–4.75) 0.046

Any comorbidity 129 (90.9) 65 (91.5) 1.44 (0.18–11.1) 0.72

Chronic pulmonary disease 26 (18) 15 (21.1) 1.18 (0.59–2.36) 0.63

Diabetes 28 (19.7) 12 (16.9) 0.82 (0.38–1.76) 0.61

Hypertension 76 (53.5) 39 (54.9) 1.06 (0.58–1.91) 0.84

Heart disease 32 (22.5) 15 (21.1) 0.91 (0.44–1.8) 0.8

Cerebrovascular disease 10 (7) 4 (5.6) 0.8 (0.25–2.55) 0.7

HIV infection 3 (2.1) 1 (1.4) 0.66 (0.06–6.4) 0.72

Chronic renal insufficiency 19 (13.4) 10 (14.1) 1.06 (0.46–2.4) 0.88

Chronic liver disease 5 (3.5) 7 (9.9) 3.17 (0.91–11) 0.068

Solid organ cancer 12 (8.5) 6 (8.5) 1 (0.35–2.82) 1

Haematological cancer 9 (6.3) 1 (1.4) 0.22 (0.02–1.7) 0.15

Solid organ transplantation 8 (5.6) 2 (2.8) 0.46 (0.09–2.34) 0.35

Autoimmune disease 2 (1.4) 3 (4.2) 3 (0.5–17.9) 0.23

Immunosuppressors 16 (11.3) 6 (8.5) 0.71 (0.26–1.95) 0.51

Morbid obesity 9 (6.3) 10 (14.1) 2.5 (0.93–6.67) 0.066

Past or current smoking 44 (31) 30 (42.2) 1.31 (0.9–1.83) 0.1

Alcohol abuse 3 (2.1) 7 (9.9) 6.3 (1.29–30.7) 0.023

Lymphocyte count\ 700 cells/lL 70 (49.3) 40 (56.3) 1.32 (0.74–2.35) 0.33

Tocilizumab 85 (59.9) 36 (50.7) 0.67 (0.36–1.22) 0.19

High-dose tocilizumab 18 (12.7) 9 (12.7) 1 (0.4–2.29) 1

Siltuximab 5 (3.5) 5 (7) 2.19 (0.57–8.36) 0.24

Sarilumab 2 (1.4) – 0.026 (0–5748) 0.56

Any anti-IL6 92 (64.8) 41 (57.7) 0.73 (0.4–1.33) 0.3

Anakinra (%) 38 (26.8) 14 (19.7) 0.68 (0.35–1.34) 0.27

Baricitinib 3 (0.42) – 0.026 (0–601) 0.47

Corticosteroids 105 (73.9) 51 (71.8) 0.87 (0.41–1.8) 0.7

High-dose corticosteroids 49 (34.5) 16 (22.5) 0.53 (0.27–1.06) 0.07
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This finding is intriguing and difficult to
explain. Hydroxychloroquine accumulates in
the lysosomes and other cellular organelles and
neutralizes their acidic pH. This property
endows the drug with in vitro activity against
many viruses, as well as bacteria and fungi
located in the appropriate intracellular envi-
ronment, where a synergistic effect with several
antimicrobial agents may occur [34]. However,
in the clinical setting, hydroxychloroquine
combined with appropriate antibiotics has
proved to be critically effective only for the
treatment of Q fever and Whipple disease.
Actually, after much initial discussion and sev-
eral randomized clinical trials, hydroxychloro-
quine has proved to be ineffective for both
prevention and treatment of COVID-19 [35].
We cannot discard that the association of less

hydroxychloroquine exposure with acquisition
of nosocomial infections observed in our study
stemmed from a possible more severe condition
of case patients.

The present study was intended to assess the
possible influence of inflammation-response
modifiers on the rate of hospital-acquired
infections, not to evaluate the relative inci-
dence of nosocomial infection in patients with
SARS-CoV-2. Currently, there is no definitive
answer to this issue, due mainly to a substantial
lack of comparative data between patients with
COVID-19 and appropriate controls without
SARS-CoV-2 infection [36–40]. The available
evidence suggests that patients with COVID-19
do not seem to be particularly prone to acquire
nosocomial bacterial infections or invasive
candidiasis. However, an increased incidence of

Table 2 continued

Characteristic or exposure Controls
(n = 142)
(%)

Cases
(n = 71)
(%)

OR (95% CI)a pa

Lopinavir–ritonavir 130 (91.5) 64 (90.1) 0.82 (0.28–2.34) 0.71

Hydroxychloroquine 137 (96.5) 64 (90.1) 0.35 (0.1–1.12) 0.079

Remdesivir 12 (8.5) 5 (7) 0.82 (0.28–2.41) 0.72

Interferon-b 35 (24.6) 30 (42.3) 2.17 (1.19–3.9) 0.01

Azithromycin 119 (83.8) 53 (76.6) 0.59 (0.3–1.16) 0.12

Any other antibiotic 119 (83.8) 61 (85.9) 1.17 (0.53–2.57) 0.69

C 2 antibiotics 75 (52.8) 47 (66.2) 1.84 (0.98–3.45) 0.058

C 3 antibiotics 36 (25.4) 24 (33.8) 1.47 (0.8–2.72) 0.2

C 4 antibiotics 5 (3.5) 7 (9.9) 3.78 (0.95–15) 0.059

ICU 115 (81) 63 (88.7) 5.92 (1.21–28.8) 0.027

Vasopressors 48 (33.8) 51 (71.8) 6.63 (3.07–14.4) \ 0.0001

Invasive mechanical ventilation 39 (27.5) 56 (78.9) 16.1 (5.77–45.2) \ 0.0001

Non-invasive mechanical ventilation 22 (15.5) 6 (8.5) 0.48 (0.18–1.31) 0.15

ARDS 102 (71.8) 60 (84.5) 2.21 (1.03–4.74) 0.04

Statins 15 (10.6) 10 (14.1) 1.35 (0.59–3.06) 0.47

Days at risk C 11 days 110 (77.5) 41 (57.7) 0.21 (0.08–0.5) \ 0.0001

a OR, 95% CI, and p values estimated by conditional logistic regression analysis
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invasive aspergillosis among intubated patients
with COVID-19 cannot be completely dismissed
[41, 42].

Our study has the common drawbacks of
being relatively small, unicentric, and observa-
tional. In addition, matching was not wholly
successful, exposure to intravenous and urinary
catheters was not documented, and the dura-
tion of exposure to inflammatory response
modifiers was not systematically registered.
Moreover, we limited follow-up to the length of
hospital stay; hence late-onset infections possi-
bly related to past exposure to biologics or cor-
ticosteroids, such as tuberculosis, were not
assessed. A last concerning issue is the possibil-
ity of misclassification bias of true bacterial or
fungal infections, particularly those of pul-
monary location, by using common clinical or
radiological surveillance criteria in a population
already overwhelmed with basal and evolving
radiological chest abnormalities and high
inflammatory markers. We tried to retain diag-
nostic specificity by including the requirement
of microbiological documentation and directed
antibiotic therapy as additional criteria to
ascertain cases and distinguish them from
controls.

CONCLUSIONS

Acute exposure of patients with severe COVID-
19 to inflammatory response modifiers, includ-
ing IL-6 blockers and corticosteroids, does not
seem to increase the risk of acquiring a noso-
comial infection beyond that expected in
unexposed patients with SARS-CoV-2 infection
of similar severity.
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