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Abstract

Background: The COVID-19 pandemic presented major challenges for critical care facilities worldwide. Infections
which develop alongside or subsequent to viral pneumonitis are a challenge under sporadic and pandemic condi-
tions; however, data have suggested that patterns of these differ between COVID-19 and other viral pneumonitides.
This secondary analysis aimed to explore patterns of co-infection and intensive care unit-acquired infections (ICU-AI)
and the relationship to use of corticosteroids in a large, international cohort of critically ill COVID-19 patients.

Methods: This is a multicenter, international, observational study, including adult patients with PCR-confirmed
COVID-19 diagnosis admitted to ICUs at the peak of wave one of COVID-19 (February 15th to May 15th, 2020). Data
collected included investigator-assessed co-infection at ICU admission, infection acquired in ICU, infection with
multi-drug resistant organisms (MDRO) and antibiotic use. Frequencies were compared by Pearson’s Chi-squared and
continuous variables by Mann-Whitney U test. Propensity score matching for variables associated with ICU-acquired
infection was undertaken using R library MatchlT using the “full” matching method.

Results: Data were available from 4994 patients. Bacterial co-infection at admission was detected in 716 patients
(14%), whilst 85% of patients received antibiotics at that stage. ICU-Al developed in 2715 (54%). The most common
ICU-Al was bacterial pneumonia (44% of infections), whilst 9% of patients developed fungal pneumonia; 25% of infec-
tions involved MDRO. Patients developing infections in ICU had greater antimicrobial exposure than those without
such infections. Incident density (ICU-Al per 1000 ICU days) was in considerable excess of reports from pre-pandemic
L surveillance. Corticosteroid use was heterogenous between ICUs. In univariate analysis, 58% of patients receiving

fAndrew Conway Morris, Katharina Kohler and Thomas De Corte contributed
equally.

Co-senior: Maurizio Cecconi and Jan De Waele.

*Correspondence: Ac926@cam.ac.uk

! Division of Anaesthesia, Department of Medicine, Level 4 Addenbrooke’s
Hospital, University of Cambridge, Hills Road, Cambridge, UK
Full list of author information is available at the end of the article

©The Author(s) 2022, corrected publication 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0
International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes

were made. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver
(http//creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a
credit line to the data.


http://orcid.org/0000-0002-3211-3216
http://orcid.org/0000-0003-1919-0193
http://orcid.org/0000-0001-5011-6640
http://orcid.org/0000-0001-8350-8093
http://orcid.org/0000-0002-7499-076X
http://orcid.org/0000-0003-0447-6893
http://orcid.org/0000-0002-7069-7304
http://orcid.org/0000-0003-4114-6949
http://orcid.org/0000-0003-4364-2612
http://orcid.org/0000-0002-1134-1260
http://orcid.org/0000-0002-3131-7540
http://orcid.org/0000-0001-5593-866X
http://orcid.org/0000-0002-4376-6538
http://orcid.org/0000-0003-1017-9748
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13054-022-04108-8&domain=pdf

Conway Morris et al. Critical Care (2022) 26:236

Page 2 of 13

an MDRO.

with use of corticosteroids.

Graphical abstract

Co-infection and ICU-acquired infection (UNITE-COVID)

corticosteroids and 43% of those not receiving steroids developed ICU-Al. Adjusting for potential confounders in the
propensity-matched cohort, 71% of patients receiving corticosteroids developed ICU-Al vs 52% of those not receiving
corticosteroids. Duration of corticosteroid therapy was also associated with development of ICU-Al and infection with

Conclusions: In patients with severe COVID-19 in the first wave, co-infection at admission to ICU was relatively rare
but antibiotic use was in substantial excess to that indication. ICU-Al were common and were significantly associated

Trial registration ClinicalTrials.gov: NCT04836065 (retrospectively registered April 8th 2021).
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Background

The Coronavirus Disease 2019 (COVID-19) pandemic
has led to heighted rates of critical illness and has placed
intensive care units (ICU) under unprecedented strain
[1]. Although mortality has improved [2, 3], patients con-
tinue to experience prolonged admissions to ICU and
organ support.

A notable feature critical illness arising from COVID-
19 has been the high reported rates of ICU-acquired
infections (ICU-AI), most notably ventilator-associated
pneumonia (VAP) [4-6] and invasive pulmonary asper-
gillosis [7, 8]. VAP rates of 40-70% of ventilated patients
exceed rates amongst contemporaneous non-COVID-19
patients [4] and historic comparators with influenza
[6]. Reported COVID-associated pulmonary aspergil-
losis (CAPA) rates vary, are likely to be susceptible to
the surveillance criteria used [7], but approach those
reported for influenza-associated aspergillosis [9] and
indeed amongst non-neutropaenic patients with VAP

[10]. Other fungal infections such as Mucor mycosis have
also been identified [11]. Other ICU-Al, including pri-
mary and catheter-associated bacteraemias and urinary
tract infections, have been subjected to less attention, but
also show elevated prevalence [12, 13]. The use of immu-
nomodulatory therapies in patients with COVID-19 has
been widespread, even before definitive evidence was
available from randomised trials [14].

Whilst ICU-AI appear to be highly prevalent, exceed-
ing those seen in patients with other viral pneumonias
[6], co-infection at presentation appears to be rare [15,
16], reportedly in the range of 3—8%. This differs from
influenza where bacterial co-infection is common [17,
18] and mortality is frequently attributed to these co-
infecting organisms [19]. Influenced by the experience of
influenza and the anticipated risk of co-infection, initial
guidelines advocated the use of early broad-spectrum
antimicrobials in patients with severe COVID-19 disease
[20].


https://clinicaltrials.gov/ct2/show/NCT04836065
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This paper aims to describe the nature of co-infec-
tion and ICU-AI in the large UNITE-COVID cohort
of patients admitted to critical care across 280 units in
46 countries over 5 continents during the first wave of
COVID-19 [1]. In this paper, we investigate factors asso-
ciated with the development of ICU-AI including the use
of corticosteroids.

Methods

This study is a sub-analysis of the ESICM UNITE-COVID
study, which has been extensively described elsewhere
[1]. Briefly, UNITE-COVID is a multicenter, interna-
tional, anonymized observational study carried out in 280
hospitals from 46 countries during ‘wave one’ (defined as
15th of February until 15th of May 2020). Patients who
were under intensivist care on the day with the highest
number of such patients during wave one were included
and followed-up longitudinally for outcomes including
ICU-acquired infections, antibiotic use and discharge or
death. For each patient, data were collected from hospital
admission until discharge.

The study received approval from Ghent Univer-
sity Hospital Ethics committee, registration BC-07826
and appropriate approvals at each participating site in
line with local regulations (ClinicalTrials.gov registra-
tion: NCT04836065, retrospectively registered April 8th
2021).

Patients

Inclusion criteria were (1) age>18 years, (2) cared for
by the critical care team in an ICU or other area of the
hospital on the above-mentioned date, (3) had PCR (or
equivalent technique) confirmed Severe Acute Respira-
tory Syndrome Coronavirus-2 (SARS-CoV2) infection
and (4) had a diagnosis of COVID-19. Patients without
a diagnosis of COVID-19 but documented SARS-CoV2
detection were excluded. Patients could only be included
once. Informed consent was either obtained or waived
according to the local ethics committee’s decision.

Data

Details of the data collection methods, the collected
data, the data curation and the DAQCORD-checKklist,
are contained in the primary paper [1]. The data cura-
tion pipeline and data quality assessment (version 3.1)
are publicly available [21]. All data were collected from
the day of ICU admission until day 60 following inclu-
sion, with antibiotic use data collected until day 30 after
admission. For the purposes of this sub-analysis, we
focused on investigator-identified infections at admission
and during ICU stay as well as identified multi-resistant
microorganisms. ICU-AI were defined as those develop-
ing after ICU admission and that were not detected at
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time of admission to ICU, as identified by the site inves-
tigator. Patients with missing data from the relevant field
were excluded from that analysis. The case report form is
included in the Additional file 1.

Statistical analysis

Categorical variables are expressed as frequencies (per-
centages), continuous variables are described with
medians with interquartile range (IQR). Differences in
categorical variables were calculated using a Pearson chi-
squared test. The Mann—Whitney U test was used for
comparison of non-normally distributed continuous vari-
ables. Comparison of non-normally distributed continu-
ous variables with categorical variables was performed by
means of the Kruskal-Wallis test. Statistical significance
was defined as p <0.05.

Statistical analysis was performed using R Statistical
Software (R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing,
Vienna, Austria, 4.0.3).

The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines for report-
ing of observational studies in combination with the
recommendations to optimize reporting of epidemio-
logical studies on antimicrobial resistance and informing
improvement in antimicrobial stewardship (STROBE-
AMS) were followed throughout this manuscript. The
case report form is viewable as Additional file 1.

We pre-defined factors thought likely to be associ-
ated with ICU-AI, namely age, sex, aggregate comorbid-
ity score, use and duration of corticosteroids, need for
invasive mechanical ventilation, vasopressors and renal
replacement therapy, duration of ventilation and sever-
ity of respiratory failure. Severity of respiratory failure
was assessed using an ordinal scale of maximal respira-
tory support similar to that used previously [22] scoring O
for non-invasive support, 1 for invasive mechanical ven-
tilation, 2 for neuromuscular blockade and 3 for prone
ventilation or extra-corporeal membrane oxygenation
(ECMO). The combined highest category was used as it
was recognised that not all patients with most severe res-
piratory failure would be referred or accepted for ECMO.
We examined univariate association with the develop-
ment of ICU-acquired infection by pairwise analysis.

To adjust for the pre-defined confounders in our analy-
sis, we used propensity matching [23]. The patient cohort
of interest was matched using the R library Matchlt
[24] using the “full” matching method [23, 24] as this
produced the best match based on standard mean dif-
ferences. Propensity-matched analysis was restricted
to patients who were mechanically ventilated during
their ICU stay and who had near-complete data across
the fields of interest. Patients with data missing across
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multiple fields of interest were excluded, where data
were missing from one field multiple chained imputation
(R library MICE [25]) was employed. We used a 1-to-1
matching of treated to controls in all the analysis except
for the tocilizumab treatment analysis where the low
number of treated patients allowed a ratio of one treated
to three controls without losing match accuracy (Addi-
tional file 2: Model Formula S1). Initial analysis excluded
those with respiratory co-infection on admission, with
inclusion of these patients in a sensitivity analysis.

Results

Data were available from 4994 patients; demographic and
clinical features of these patients have been described
previously [1]. Overall 4129 (83%) were mechanically
ventilated during their ICU stay, 2325 (47%) within 24 h
of admission, whilst a further 1677 (34%) were ventilated
later in their stay.

Co-infection

Bacterial pulmonary co-infection was detected in 716
patients (14%). Despite this, antibacterials were admin-
istered to 85% of patients. The immunomodulatory
azithromycin made up 19% of all antibacterials, with
35% of all patients being prescribed this drug (Additional
file 2: Table S1). Intubation at admission was associated
with a significantly greater rate of antibacterial prescrip-
tion (90% vs 86%, p=0.0014), as was suspicion of co-
infection (98% vs 86%, p <0.001). 6% of patients received
antifungals at admission (Additional file 2: Table S2).
Patients with co-infection at ICU admission had similar
pre-ICU hospital length of stay, a median of 1 day (IQR
0-4) with co-infection vs 2 days (IQR 0-4) for those
without co-infection (p=0.06).

A comparison of inflammatory parameters between
those with and without assessed co-infection at admis-
sion is shown in Fig. 1. Although several achieved statisti-
cally significant differences, there was substantial overlap
between the groups.

ICU-acquired infections

ICU-AI were common, with 2715 (54%) patients devel-
oping a total of 4737 infections (median 2 infections
per patient infected). The most common infection was
bacterial pneumonia (reported in 77% of patients devel-
oping infections), followed by non-catheter-associated
bacteraemia (seen in 26% of patients that developed an
infection). Fungal respiratory infections were identified
in 9% of all patients, and 16% of that developed an infec-
tion (Table 1). Of the patients with infection, 25% had an
infection with an MDRO. The most prevalent MDRO’s
were extended spectrum beta-lactamase producers
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(ESBL) (7.75%) and Methecillin-resistant Staphylococcus
aureus (MRSA) (4.75%) (Additional file 2: Table S3).

Patients received a significant burden of antibiotic
exposure during their admission, with a median 7 (IQR
0-17) days alive without antibiotics during the 30-day
follow-up. The development of ICU-AI was associated
with greater use of antibiotics; a median of 5 (IQR 0-14)
antibiotic-free days in those with ICU-AI vs a median of
12 (IQR 0-23) in those without infection.

Factors associated with ICU-Al

Factors evaluated for association with ICU-AI are shown
in Table 2. ICU-AI was associated with longer ICU length
of stay (median 24 days (IQR 16-35) days vs 11 days (IQR
6-17) (p<0.001), as was infection with MDRO (29 days
(IQR 19-43) days for MDRO vs 23 days (IQR 15-33) for
those with non-MDRO infection (p <0.001).

Receipt of antibiotics at admission was associated with
development of subsequent infection (58% vs 46% of
those not receiving antibiotics, p<0.001), but was not
significantly associated with development of MDRO
infection (24% vs 20%, p =0.2). Fewer antimicrobial-free
days were associated with a higher prevalence of MDRO
infection (median antimicrobial-free days 2 (IQR 0-9) for
patients with an MDRO infection vs 6 days (IQR 0-15)
for patients without an MDRO infection, p <0.01). Cor-
ticosteroid use was higher amongst patients developing
infection in ICU (58% vs 43%). Steroid use was heterog-
enous across centres (Fig. 2) with the dominant indica-
tions being hyperinflammation and pneumonitis, which
together made up 65% of indications recorded (Addi-
tional file 2: Table S4). Shock was the indication in 16%
of cases.

Propensity-matched analysis.
Following the finding of an increased risk of infection
amongst patients receiving corticosteroids in univariate
analysis, we undertook a propensity-matched analysis to
further understand this relationship, undertaking match-
ing for pre-defined factors thought to be associated with
infection (Table 2). Heterogeneity of steroid use between
units extended to both the percentage of patients receiv-
ing steroids in each centre and the duration of therapy
(Fig. 2). Additional file 2: Fig. S1 shows the selection of
the matched cohort. Using 1:1 matching, 1086 were
entered into this analysis, and matching was highly effec-
tive (Fig. 3), with absolute standardised mean differences
after matching all less than 0.1. The calculated pseudo-R>
was 0.33 (details in Additional file 2).

In the matched cohort, the relationship between ster-
oids and infection was maintained: 71% of those receiving
steroids developed ICU-AI vs 52% of those not in receipt
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of steroids (p<0.001). The main indications for steroids
in the propensity-matched cohort were hyper-inflamma-
tion and shock (Additional file 2: Table S5). Steroid use
was also associated with MDRO infections (17% of infec-
tions in patients on steroids were with MDRO organisms,
vs 5% of those not on steroids (p<0.001). Duration of
steroid administration was also associated with ICU-AI
in this analysis, with those developing ICU-AI receiv-
ing steroids for a median of 8 days (IQR 3-14)) vs 5 days
(IQR 3-10) for those not developing infection. The

median time spent in ICU before steroid administration
was 2 days (IQR 0-8) in patients who did not develop an
infection in ICU and 6 days (IQR 1-13) in those who did.
The mortality rate was higher in the steroid treatment
cohort with 37% compared to 30% in the non-steroid
cohort (p=0.02).

As a sensitivity analysis, inclusion of those who had
co-infection on admission did not significantly alter the
results of the propensity-matched analysis (Additional
file 2: results).
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Table 1 Description of ICU-acquired infections identified in patients
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Site/class of infection

N (% of all infections)

Rate per 1000 ICU days*

Bacterial pulmonary infection

2091 (44%)

22.2/1000 ICU days

Fungal pulmonary infection 447 (9%) 4.7/1000 ICU days
Bacteraemia (not catheter related) 708 (15%) 7.5/1000 ICU days
Catheter/line-associated blood stream infection 563 (12%) 6/1000 ICU days

Urinary tract infection 572 (12%) 6.1/1000 ICU days
Abdominal infection 88 (2%) 0.9/1000 ICU days
Central nervous system infection 20 (0.4%) 0.2/1000 ICU days
Other ICU-acquired infection 248 (5%) 2.6/1000 ICU days

" Rate per 1000 ICU days only includes patients with value for length of stay—459 (9%) patients were not included in the rate calculation

Table 2 Demographic and clinical factors assessed for association with development of ICU-acquired infections, median (IQR) values

shown for continuous and ordinal variables

Parameter ICU-acquired infection No ICU-acquired infection p value

Age 62 (54-70) 62 (52-71) 0.975
Percentage male 73% 69% 0.003
Comorbidity score 1(0-2) 1(0-1) 0.0004
Percentage receiving steroid treatment 58% 43% <0.001
Ventilation severity score 3(2-3) 2(1-3) <0.001
Mechanically ventilated at any time 97% 72% <0.001
Ventilation duration (days) 21 (14-31) 10 (6-15) <0.001
Vasopressor/inotrope at any time 50% 25% <0.01

Renal replacement therapy at any time 18% 6% <0.01

Rates of tocilizumab use were much lower than corti-
costeroids, with only 132 patients receiving this. In a 1:1
match using the same matching variables and match-
ing method, tocilizumab use was not associated with an
increase in the risk of ICU-AI: 56% of patients without
tocilizumab developed infection vs 46% of those receiv-
ing this agent (p=0.04). Details of the matching are
shown in Additional file 2: Figs. S2 and S3.

Discussion
This study describes the largest ICU cohort with COVID-
19 so far reported and covers patients from a wide range
of countries. The rate of co-infection, at 14%, is above the
3-10% reported in other studies [15, 16, 18, 26] includ-
ing those that were restricted to critically ill patients
[26]. Although there was a marginal effect of co-infection
on the use of antibiotics at admission, the great major-
ity of patients received antibiotics despite the absence
of assessed co-infection. At the time of data collection,
guidelines indicated that broad spectrum antibiotics
should be administered to all patients with severe disease
[20].

The finding of high rates of ICU-AI, with over half of
all patients developing such infections, is consistent with

previous reports from critically ill COVID-19 patients
which have largely focussed on ventilator-associated
pneumonia [4—6], and bacteraemia [12, 13], notably also
the predominant infections encountered in this cohort.
Whilst debate continues regarding the true incidence
of CAPA [27, 28], in this study we found fungal pulmo-
nary infections complicated the stay of 9% of all patients.
This is a lower prevalence than some reports [8], but
may reflect underdiagnosis as at the time of data collec-
tion CAPA was a novel diagnosis [7]. The rate of ICU-
Al reported far-exceeds pre-pandemic rates reported by
the European Centres for Disease Control (ECDC) [29].
In 2017, ECDC reported rates of ICU-acquired infec-
tion were 8.3% for all patients staying more than 2 days
in ICU, with pneumonia complicating 6% of stays, blood-
stream infections (BSI) 4% and urinary tract infections
(UTI) 2% [29]. Whilst diagnostic uncertainty caused by
tracheal colonisation and viral pneumonitis may con-
found the incidence of ICU-acquired pneumonia, such
uncertainty is unlikely to be present with infections at
other sites. Studies from multiple units which have used
rigorous diagnostic criteria have found a similarly high
rate of bacterial pneumonia [4—6] reporting prevalences
of 44 to 50%. We cannot be certain that some identified
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Ventiation duration (days)

Standardized Mean Differences

Ventilated Ventilated Matched cohort Matched cohort
without infection | without infection . .
. . No steroids Steroids

on admission on admission

No steroids Steroids
N 579 507 579 507
Age 59.5 +/-13.1 59+/-11.9 59 +/-13.3 59+/-11.8
Sex 73.2% 68.4% 68.5% 68.4%
Comorbidity score | 1 (0—-1) 1(0-2) 0.5(0-0.96) 0.5(0-1.22)
Ventilation 3(1-3) 3(2-3) 2.5(1.58-2.63) |25(1.51-2.62)
severity score
Ventilation 14.8 (7 -22) 18 (11-30) 17.8(9.93-28.9) | 17.5(10.4-29.1)
duration (days)
Renal 25% 38.9% 38.7% 38.9%
replacement
therapy
Inotrope usage 84.8% 90.1% 90.5% 90.1%
ICU length of stay | 17 (9 —27) 20 (13 -33) 19.5 (11.3-32.2) | 19.5 (12.5-32.3)
Hospital LOS 30.5 (19.8 — 44) 33(19-48) 34.5 (22.2 — 49) 32.5(18.7 —47.8)
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ICU-AIs were not, in-fact, missed co-infections, and this
could influence the relationship between initial antibiot-
ics and subsequent detected ICU-AI. However, previ-
ous studies of ICU-AI have shown clinicians can readily
distinguish the two [30, 31]. This is unlikely to alter the
results of our findings, as including patients with iden-
tified co-infection did not substantially alter the results
from the propensity-score-matched analysis (Additional
file 2: results). The high rate of secondary infection seen
in this current cohort was reflected in associated expo-
sure to antibiotics, and strikingly, a substantial propor-
tion of antibiotic use was not targeted towards either
co-infection or ICU-AL. MDRO were encountered in
a quarter of all those developing ICU-AI similar to the
prevalence reported in other large surveys of infection in
ICU [32]. The association between duration of antimicro-
bial therapy and development of MDROs may reflect the
selective pressure of prolonged antimicrobial infection
but may also reflect the perceived need for prolonged
antimicrobial therapy in patients who develop MDRO
infections.

The reasons for the high rates of ICU-AI amongst
patients with COVD remain uncertain and cannot be
completely explained by prolonged duration of organ
support [4, 6]. The ECDC 2017 report notes median
incident density of 3.7/1000 ICU days (IQR 0.8-4.9) for
pneumonia, 1.9/1000 ICU days (IQR 0.4-3.1) for all BSIs
and 2.4/1000 ICU days (IQR 0-3.7) for UTI [29]. The inci-
dent density shown in Table 1 is in considerable excess of
these. In this study, we identified a significant association
between the use of corticosteroids and the development
of such infections and infections with MDRO, which was
maintained after adjustment for potential confounders.
As an observational study, however, we cannot exclude
residual confounding as a cause of this association. In this
study, corticosteroids were not associated with increased
survival, so it is unlikely that their use increased infec-
tion due to patients surviving long enough to develop
an infection in ICU. The finding of increased unadjusted
mortality amongst patients receiving steroids may reflect
differences between patients selected for corticosteroid
therapy, although other reports have noted similar effects
even after adjusting for clinical variables [33, 34].

The literature concerning the effect of corticosteroids
on ICU-AIs is divergent, with reports of both increased
[35] and decreased infection rates [36]. In the ran-
domised trials examining the use of corticosteroids in
COVID-19 [37-41] an association was not found with
secondary infections. However, the largest of these stud-
ies [38, 41] did not specifically look for secondary infec-
tions. Two smaller studies [39, 40] reported no significant
differences, although the overall rates of secondary infec-
tion were lower than those reported here and elsewhere
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in the literature [4—6, 12, 13]. Our study is observa-
tional, and so we cannot exclude unmeasured cofound-
ers. However, it reports data from ‘wave one’ before the
announcement of the results of the landmark RECOV-
ERY trial [38] and corticosteroid use varied markedly
between centres (Fig. 2). Furthermore, a wide range of
steroid doses and durations of therapy were deployed
early in the pandemic. It may be that prolonged and high-
dose courses of corticosteroids explain why our results
diverge from those reported in clinical trials [39, 40].
Other observational studies have found a relationship
between corticosteroid use and subsequent pneumonia
in single centre [42] and multi-centre cohorts [34, 43],
with the Dupuis and colleagues study noting a relation-
ship between steroid dose and infection risk [34]. It is
possible that steroids were prescribed because of second-
ary infection i.e. a reverse causal relationship, though we
did not find an excess of shock amongst patients receiv-
ing steroids who developed secondary infection (Addi-
tional file 2: Table S5). It was, perhaps, surprising to find
that tocilizumab was not associated with an increased
risk of ICU-acquired infection and indeed the effect seen
was in the opposite direction. We note a similar finding
recently reported in a single centre study of catheter-
related blood stream infections, where dexamethasone
but not tocilizumab was associated with increased risk of
infection [44]. It is possible that this finding resulted from
failure to diagnose infection due to supressed inflamma-
tory responses, most especially C-reactive protein and
procalcitonin concentrations [45]. Alternatively, if toci-
lizumab was reserved for later in patient stays, it may
have been withheld in patients in whom there was suspi-
cion of secondary infection; however, lack of data on the
relative timing of these events makes these hypotheses
speculative.

This study has a number of strengths, among them that
it is the largest study of critically ill patients with COVID-
19 reported to date and provides data from a wide range
of geographic locations and healthcare settings. However,
the data collected were limited by the feasibility of col-
lecting data from hundreds of geographically diverse sites
during the early phase of the pandemic. As such we had
to rely on investigator ascertainment of the presence of
infection, which may not have been standard across sites
and did not collect details of microbiological cultures
beyond the presence or absence of specific MDROs. That
the rates of ICU-AI were similar to those reported from
smaller, but more rigorously controlled studies are reas-
suring [4-6, 11, 12], and patterns seen were similar across
all infections, as well as the more objective measures of
MDRO rates and antibiotic use. With widespread use of
antibiotics noted, it is possible that these would mask
the detection of ICU-AI and that the rates of ICU-AI are
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actually higher than we report, although this is unlikely
to alter the relationships seen with the therapeutic agents
examined. We did not collect data on formulation or
dose of corticosteroid used and therefore cannot assess
the impact that variations in these may have had.

Conclusions

In conclusion, this study has demonstrated widespread
use of antibiotics in critically ill patients during the
first wave of COVID-19. Although this use may appear
indiscriminate, their use at admission was in line with
guidelines extant at the time of patient inclusion [20].
Admissions with bacterial co-infection were relatively
rare, and there was significant potential to limit antibiotic
use at this point. Although ICU-AI were common, driv-
ing antibiotic use, this use extended beyond patients with
secondary infections, indicating potential for further
reduction in antibiotic utilisation. The finding of an asso-
ciation between corticosteroid use and ICU-AI requires
further exploration, as do strategies for infection diagno-
sis in the presence of concurrent anti-cytokine therapies.
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