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Abstract

Background: Patients infected with the severe acute respiratory syndrome coronavirus 2 (SARS-COV 2) and requir-
ing intensive care unit (ICU) have a high incidence of hospital-acquired infections; however, data regarding hospital
acquired bloodstream infections (BSI) are scarce. We aimed to investigate risk factors and outcome of BSI in critically ill
coronavirus infectious disease-19 (COVID-19) patients.

Patients and methods: We performed an ancillary analysis of a multicenter prospective international cohort study
(COVID-ICU study) that included 4010 COVID-19 ICU patients. For the present analysis, only those with data regarding
primary outcome (death within 90 days from admission) or BSI status were included. Risk factors for BSI were analyzed
using Fine and Gray competing risk model. Then, for outcome comparison, 537 BSI-patients were matched with 537
controls using propensity score matching.

Results: Among 4010 included patients, 780 (19.5%) acquired a total of 1066 BSI (10.3 BSI per 1000 patients days at
risk) of whom 92% were acquired in the ICU. Higher SAPS Il, male gender, longer time from hospital to ICU admission
and antiviral drug before admission were independently associated with an increased risk of BSI, and interestingly,
this risk decreased over time. BSI was independently associated with a shorter time to death in the overall population
(adjusted hazard ratio (aHR) 1.28, 95% Cl 1.05-1.56) and, in the propensity score matched data set, patients with BSI
had a higher mortality rate (39% vs 33% p=0.036). BS| accounted for 3.6% of the death of the overall population.
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Conclusion: COVID-19 ICU patients have a high risk of BSI, especially early after ICU admission, risk that increases
with severity but not with corticosteroids use. BSI is associated with an increased mortality rate.

Background
As a consequence of severe acute respiratory syndrome
coronavirus-2 (SARS-COV 2) epidemic, intensive care units
(ICU) worldwide faced a surge of critically ill patients who
are at risk of developing bacterial infections, in particu-
lar patients requiring mechanical ventilation (MV) [1-3].
Although pulmonary bacterial infections (co-infection and
nosocomial infections) have been extensively studied in ICU
patients [1, 2, 4], conflicting results are reported, due to dif-
ferences in infection definitions. Conversely, bloodstream
infection (BSI) have been less studied, and among the 10
studies published to date [3, 5-12], only 2 focused on ICU
patients [3, 9]. The first one was a single-center study that
included 78 patients, and found a high incidence of BSI (45
episodes in 31 patients, e.g., 39% of patients with at least
one episode) [9]. The second one, a case—cohort study that
matched 235 ICU patients with coronavirus disease 2019
(COVID-19) to 235 patients without, found that COVID-
19 patients had a higher rate of BSI than non-COVID-19
patients [3]. A third study included 100 BSI out of a cohort
of 2005 patients, but although most bacteremia occurred in
ICU patients, the baseline population was not exclusively
hospitalized in the ICU [11]. Therefore, data regarding BSI
(incidence, risk factors and prognosis) specifically in ICU
patients are lacking.

We conducted this study to evaluate the incidence, risk
factors and prognosis of hospital acquired BSI in patients
with SARS-CoV-2 pneumonia hospitalized in the ICU.

Methods
Study design, patients
We performed an ancillary analysis of the COVID-ICU
study. COVID-ICU was a multi-center, observational,
and prospective cohort study conducted in 149 ICUs
from 138 centers, across three countries (France, Swit-
zerland, and Belgium) and has been described elsewhere
[13]. It received approval from the ethical committee of
the French Intensive Care Society (CE-SRLF 20-23) and
Swiss and Belgium ethical committees following local
regulations. All patients or close relatives were informed
that their medical data were anonymously included in the
COVID-ICU cohort. Patients and relatives had the possi-
bility not to participate in the study. In case of refusal, the
data were not collected accordingly. This manuscript fol-
lows the STROBE statement for reporting cohort studies.
For this report, we restricted the analysis to patients
in whom the BSI status (yes/no) and day 90 status were
known: these data were available for 4010 out of the 4747

patients included in the COVID-ICU study [13]. Data
regarding incidence and risk factors were analyzed from
this population. In a second set of analysis, to assess the
attributable mortality of BSI, we matched 537 patients
with BSI to 537 controls (patients without BSI) using a
propensity score matching [14].

Data collection

Day-1 was defined as the first day when the patient
was in ICU at 10:00 AM. Each day, the study investiga-
tors completed a standardized electronic case report
form. Baseline information collected at ICU admission
were: age, gender, body mass index (BMI), active smok-
ing, Simplified Acute Physiology Score (SAPS) II score
[15], Sequential Organ Failure Assessment (SOFA) [16],
comorbidities, immunodeficiency (if present), the date of
the first symptom, dates and times of hospital and ICU
admissions, and presence or not of co-infection at ICU
admission [17]. Acute respiratory distress syndrome
(ARDS) severity was assessed using Berlin definition [18].
Data collected daily from day 1 to day 15 and then at days
21, 45, 60 and 90 were the following: use of immunomod-
ulatory drugs (interferon, tocilizumab or monoclonal
antibodies), antiviral drug, antibiotics, anticoagulants
and glucocorticoids; occurrence of BSI or ventilator-
associated pneumonia (VAP); procedures during ICU
stay (mechanical ventilation (MV), extracorporeal mem-
brane oxygenation (ECMO), renal replacement therapy
(RRT)). The number of days at risk for BSI was the num-
ber of days in hospital from the 48th hour of stay until
ICU discharge for patients without BSI or until the first
occurrence of BSI for patients with BSI.

For each positive blood culture, investigators could point
out the micro-organisms responsible for infection among
a restricted list: Enterobacteriaceae, Pseudomonas aer-
uginosa, Acinetobacter baumannii, Streptococcus pneu-
monia, Group A or B Streptococcus, Enteroccoccus spp.,
methicillin-susceptible Staphylococcus aureus, methicillin-
resistant Staphylococcus aureus, Haemophilus influenza,
anaerobes or other. Therefore, “other” denotes all micro-
organisms not present in the preceding list and were not
specified. Since some patients may have polymicrobial
blood culture, investigators could declare as many micro-
organisms that needed for a single blood sample.

The following outcomes were also recorded: occur-
rence of thrombosis [19], duration of MV, vital status at
ICU and hospital discharge and 28, 60 and 90 days after
ICU admission.
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4,746 patients in 161 ICUs
from 3 countries

736 patients excluded
- 521 with missing data
- 216 lost to follow-up

4,010 patients included
from 154 ICUs

780 with BSI 3,230 without BSI

989 with missing
data*

245 with 2,241 included
missing data* for matching
Matching
process
535 patients with BSI 535 patients without BSI

Fig. 1 Flow chart of the study. ICU, intensive care unit. BSI, bloodstream infection. *1243 (989 in the no BSI group and 245 in the BSI group) patients
had missing data among variables used for matching process and were, therefore, excluded from matched analysis

Objectives and definition were to describe risk factors for BSI, and to evaluate the
Primary objective was to describe the incidence of blood-  attributable mortality of BSI.
stream infection in patients hospitalized in the ICU for Our study focused on hospital acquired BSI which

severe COVID-19 pneumonia. Secondary objectives was defined as a positive blood culture occurring >48 h
after hospital admission, whereas ICU-acquired BSI was
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Fig. 2 Cumulative incidence of bloodstream infection (BSI) as a
function of time. ICU: intensive care unit. In 40 out of the 780 patients
with BSI, BSI occurred after 21 days in the ICU. Precise day of BSI
occurrence for these 40 patients is not known

defined as a positive blood culture if it occurred >48 h
after ICU admission. Therefore, patients were at risk of
BSI from 48 h after hospital admission until hospital dis-
charge, either dead or alive. Ventilator-free days at day
90 was defined as the number of days alive and breathing
spontaneously (i.e., without mechanical ventilation) at
day 90 after ICU admission [20]. ICU-free days at day 90
was defined as the number of days alive and outside the
ICU at day 90 after ICU admission.

Statistical analysis
Statistical analysis was performed with the statistical
software R 3.4.3. Incidence rate and prevalence were
expressed with the 95 percent confidence interval (95%
CI). Categorical variables were expressed as number
(percentage) and continuous variables as median and
interquartile range [IQR]. When appropriate, the chi-
square test and the Fisher’s exact test were used to com-
pare categorical variables. The Mann—Whitney U test
and the Wilcoxon test were used for continuous variables
when applicable. All tests were two-sided, and a P value
less than 0.05 was considered statistically significant.
Competitive risk analysis was used to estimate the
probability of developing a BSI, with discharge and
death being competing events. Using the “cmprsk” pack-
age we performed a Fine and Gray model to estimate
sub-distribution hazard ratio (sdHR) of ICU death [14].
Therefore, sdHR>1 indicates that those with exposure
will be seen to have a quicker time to BSI. Conversely,
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a sdHR<«1 indicates a longer time before BSI onset for
those exposed. A multivariable cox proportional hazard
model was used for survival analysis. Variables associated
with event (either BSI or death) with a p value<0.2 in
univariate analysis were included in multivariable model.
Of note, for outcome comparison, only the first BSI was
taken into account.

Because BSI acquisition was considered as a transition
state from admission to discharge or death, patients with
BSI were included in the group with BSI from first BSI
onset only, to take into account immortal time bias asso-
ciate with exposure.

To draw unbiased marginal estimates of exposure
effect, a propensity-score matched analysis was per-
formed. Propensity score was calculated for each
patient and correspond to his probability to develop
BSI and to die. As potential confounders, we included
for propensity-score calculation all non-redundant var-
iables associated with BSI (event) or death (outcome)
with p value <0.05 in the Fine and Gray (BSI) or Cox
model (death) multivariable analysis. Then, using the
“Matchlt” package, a k-nearest neighbor algorithm was
used for propensity-score matching with a 1:1 ratio:
each patient with BSI was matched with 1 patient with-
out BSI with the nearest propensity-score. The balance
between matched groups was evaluated by the analysis
of the standardized differences before and after weight-
ing. A post-matching difference <0.1 was considered as
an optimal bias reduction. Multivariable Cox propor-
tional hazard model and Kaplan—Meier survival curves
were used for survival analysis in the propensity-
matched analysis.

Results

Among the 4747 patients included in the COVID-ICU
database, 4010 had all data available and were included
in the current analysis (Fig. 1). Their median [IQR] age
was 62 [54-70] years, with admission SAPS II and SOFA
scores of 37 [28—49] and 5 [3-8], respectively. ARDS cri-
teria were objective in 3231 (81%), of whom 776 (19%),
1,635 (41%) and 820 had mild, moderate and severe
ARDS, respectively. Finally 283 (7%) had a bacterial co-
infection on admission.

Among these 4,010 patients, 780 (19.5%) experienced a
total of 1066 episodes of BSI (1 [1, 2] episode per patient
with BSI) through 103,293 patients-days at risk. There-
fore, incidence rate was 10.3 BSI per 1000 patients-days.
First episode of BSI occurred after a median [IQR] of 9
[5-13] days after hospital admission (Fig. 2). BSI was con-
sidered as ICU-acquired in 714 (92%) of patients with at
least one BSI episode. Baseline characteristics of patients,
according to their status (BSI or not) are displayed in
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Table 1 Baseline characteristics of patients according to their status, namely, bloodstream infection or not
Number with Patients with BSI Patients without BSI p-value
missing data n=780 n=3230
Age, years 0 62 [53-69] 63 [54-71] 0.019
Frailty scale 395 21[2,3] 21[2,3] 0.80
Male gender 23 607 (78) 2346 (73) 0.004
Body mass index, kg/m? 292 29 [26-33] 28 [25-32] 0.006
Living place 69 3175 0.006

Admission from a long-term care facility 25(3) 48 (2)

Admission from nursing home 3(0) 29(1)

Admission from home 738 (96) 3098 (3)

Severity on admission

SAPS I 323 40 [30-54] 36 [27-48] <0.001

SOFA score 562 7 [4-9] 4[3-8] <0.001
ARDS severity on admission 820 <0.001

No ARDS 54(7) 365 (13)

Mild ARDS 146 (19) 630 (22)

Moderate ARDS 343 (46) 1292 (44)

Severe ARDS 190 (26) 630 (22)

Comorbidities

No comorbidities 27 126 (16) 588 (18) 0.18

Alcohol consumption 827 26 (4) 134 (5) 0.28

Tabaco consumption 839 32 (5) 135 (5) 0.89

Chronic respiratory disease 677 183 (28) 671 (26) 0.23

Chronic heart failure 6 20 (3) 131 (4) 0.064

Hypertension 4 379 (49) 1523 (47) 047

Coronary artery disease 1 82(11) 348 (11) 0.89

Diabetes mellitus 2 231 (30) 866 (27) 0.12

Hematological malignancy 0 22 (3) 87 (3) 0.94

Immunodepression 773 62 (10) 221 (9) 045

Solid malignancy 0 9(1) 50(2) 0.51

Transplantation 0 21(3) 62 (2) 0.22

Chronic renal failure 773 77 24) 301 (23) 0.90

Cirrhosis 668 3(0) 25 (1) 032

Neuromuscular disease 774 28 (4) 69 (3) 0.037
Home treatment

Long-term corticosteroids treatment 1 36 (5) 129 (4) 049

Immunomodulatory drugs 1 42 (5) 125 (4) 0.072

Treatment with NSAID 536 58 (9) 171 (6) 0.022
Time from hospital admission to ICU, days 153 1[0-3] 1[0-3] 0.49
Period of admission 326 0.94

Before 15th of March 2020 46 (6) 187 (6)

From 15th March to 31th of March 2020 439 (61) 1766 (60)

From 1st April to 15 April 2020 193 (27) 841 (28)

After 15th of April 2020 40 (5) 172 (5)

Nurse/patient ratio 713 21[2,3] 2102 3] 061
Admission during night-hours* 0 393 (50) 1570 (48) 0.39
Fever before admission 146 634 (85) 2567 (82) 0.16
Abdominal symptoms before admission 140 211 (27) 901 (28) 0.67
Co-infection at admission 123 76 (10) 247 (7.9) 0.070

Bacterial co-infection 66 (8) 217.(7) 0.10

Viral co-infection 4(0) 21(0) 0.86
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Table 1 (continued)
Number with Patients with BSI Patients without BSI p-value
missing data n=780 n=3230
Hospital/ICU treatment
Antiviral treatment before admission 13 384 (49) 1451 (45) 0.033
Immunomodulatory drugs 12(2) 47 (1) 0.99
Tocilizumab use 5(1) 26 (1) 0.81
Intubation before admission 26 243 (31) 629 (20) <0.001
Management during period at risk for BSI
Number of day at risk for BSI, days 143 7 [3-11] 12 [15-22] <0.001
ICU-acquired pneumonia during period at risk for BSI 165 238 (31) 1096 (34) 0.075
Corticosteroids during period at risk for BSI 21 171 (22) 969 (30) <0.001
Renal replacement therapy during period at risk for BSI 14 18 (2) 569 (18) <0.001
ECMO support during period at risk for BSI 14 68 (9) 195 (6) 0.009
Antibiotics use during period at risk for BSI 7 618 (79) 2871 (89) <0.001

Categorical variables are expressed as n (%) and continuous variables as median [interquartile range]

BSI: Bloodstream infection; SOFA: sequential-organ failure assessment; ARDS: Acute respiratory distress syndrome; NSAID: Non-steroidal anti-inflammatory drugs; ICU:
Intensive care unit; RRT: renal replacement therapy; ECMO: Extra corporeal membrane oxygenation

*Admission during night hours was arbitrarily defined as admission in between 8:00 PM to 8:00 AM

Table 1. Briefly, patients experiencing BSI had higher dis-
ease severity on ICU admission, and were more likely to
have severe lung disease, as assessed by the ARDS sever-
ity and the higher number of patients intubated upon
admission. Micro-organisms responsible for infections
are given in the Additional file 1: Table S1 (see Online
Supplement). Of note, 104 (13%) of the 780 BSI patients
relapsed (>1 BSI episode with the same micro-organ-
ism), especially those infected with Methicillin-resist-
ant Staphylococcus aureus (OR 4.2, 95% CI [1.4-12.8];
p=0.012) or Pseudomonas aeruginosa (OR 2.9, 95% CI
[1.2-6.8]; p=0.017).

Risk factors for BSI

Risk factors for BSI in univariate and multivariable analy-
sis are given in Table 2. Higher SAPS II, male gender,
longer time from hospital to ICU admission, antiviral
drug before admission, intubation during period at risk
for BSI, renal replacement therapy during period at risk
for BSI, antibiotic use prior to BSI were independently
associated with occurrence of BSI and interestingly, the
risk to develop BSI decreased over time (Table 2 and
Fig. 2).

Risk factors for day-90 death

Risk factors associated with death at day 90 are reported
in Table 3. After adjusting for potential confounders using
Cox model multivariable analysis, BSI occurring during
hospital stay remained associated with day-90 mortal-
ity (HR 1.28, 95% CI 1.05-1.56). In a sensitive analysis in
which BSI patients in whom the micro-organism respon-
sible for infection was notified as “others” were excluded

(n=434), BSI remained independently associated with a
shorter time to death (aHR1.41, 95% CI 1.08-1.84).

Univariate and multivariable Cox analysis of factors
associated with day-90 death in the 780 patients with BSI
is shown in Additional file 1: Table S3. Age, frailty scale
[21], SOFA score the day of BSI, co-infection at admis-
sion, antibiotic and tocilizumab use during period at risk
for BSI were associated with increased risk of day-90
death.

Propensity score matched analysis

None redundant baseline characteristics independently
associated with day-90 death and/or BSI (i.e., SAPS II,
frailty scale, ARDS severity, hypertension, diabetes mel-
litus, male gender, time from hospital admission to ICU
admission, antiviral before admission, intubation before
admission, nurse/patients ratio) were included for pro-
pensity score calculation. Only patients without missing
data regarding these variables were included for match-
ing procedure (Fig. 1). Thereafter 537 patients with BSI
were matched with 537 without BSI. Density of propen-
sity scores in each groups are reported in Additional
file 1: Fig. S1, and baseline characteristics were well bal-
anced (Additional file 1: Table S2).

Outcomes of matched patients with and without BSI
are given in Table 4: patients with BSI had worse out-
comes than patients without BSI with longer hospital and
ICU length of stay, less day-90 ICU- and ventilator-free
days, and higher mortality rate. Probability of death with
time was higher among patients with BSI (HR 1.26; 95%
CI [1.03-1.54]) (Fig. 3). Relative risk of death was 1.19
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Table 2 Risk factors for bloodstream infection, using a Fine and Gray competing risk analysis
Univariate analysis Multivariable analysis
sdHR 95% Cl p-value sdHR 95% Cl p-value

Age, per supplementary year 0.99 0.99-1.00 0.16 0.99 0.98-1.00 0.084
SAPS Il score, per one point increment 1.01 1.01-1.01 <0.001 1.01 1.00-1.02 0.046
SOFA at admission, per supplementary point 1.05 1.03-1.07 <0.001 0.01 0.98-1.05 048
Mild ARDS 093 0.78-1.11 0.41
Moderate ARDS 1.06 093-1.23 038
Severe ARDS 1.21 1.02-1.42 0.025 1.00 0.77-1.30 0.99
Frailty scale, per supplementary point 0.98 0.92-1.05 061
Male 1.23 1.04-1.46 0.013 141 1.08-1.84 0.011
BMI, per supplementary point 1.01 1.00-1.02 0.017 1.01 0.99-1.03 0.13
No comorbidities 0.99 0.83-1.19 0.96
Tabaco consumption 0.94 0.65-1.35 0.72
Chronic respiratory disease 1.2 1.01-1.42 0.037 1.01 0.79-1.28 0.96
Chronic heart failure 0.81 0.55-1.19 0.27
Hypertension 1.02 0.88-1.17 0.83
Coronary artery disease 1.04 0.83-1.29 0.76
Diabetes mellitus 1.06 091-1.24 044
Hematological malignancy 1.32 0.90-1.94 0.16 1.50 0.86-2.63 0.15
Immunodepression 1.02 0.78-1.34 0.89
Solid malignancy 067 0.34-1.33 0.25
Solid organ transplantation 1.08 0.67-1.75 0.74
Chronic renal failure 0.89 0.74-1.07 0.23
Cirrhosis 0.87 0.37-2.06 0.75
Neuromuscular disease 1.5 1.02-2.21 0.042 1.29 0.73-2.30 038
Long-term corticosteroids treatment 1.07 0.76-1.5 0.69
Immunomodulatory drugs 1.12 0.80-1.56 0.52
Treatment with NSAID 1.18 0.88-1.58 0.27
Admission from a long-term care facility 1.99 1.32-3.02 0.001 2.78 0.80-9.55 0.11
Admission from nursing home 061 0.23-1.59 0.31
Admission from Home 0.75 0.55-1.03 0.072 2.34 0.93-5.85 0.070
Time from hospital admission to ICU, per supplementary day 1.01 0.99-1.03 0.2 1.03 1.02-1.05 <0.001
Period of admission

Before 15th of March 2020 094 0.70-1.28 0.71

From 15th March to 31th of March 2020 1.07 0.93-1.23 034

From 1st April to 15 April 2020 0.9 0.76-1.06 0.21

After 15th of April 2020 1.01 0.74-1.39 093
Nurse/patient ratio 0.93 0.84-1.04 0.20 0.91 0.78-1.06 023
Admission during night hours* 1.01 0.88-1.16 0.86
Fever before admission 1.17 0.96-143 0.12 0.95 0.71-1.27 0.72
Abdominal symptoms before admission 0.90 0.77-1.06 0.20 1.19 0.93-1.51 0.17
Co-infection at admission 1.28 1.02-1.61 0.032 1.47 1.07-2.02 017

Bacterial co-infection 125 0.97-1.59 0.08

Viral co-infection 0.14 0.03-0.78 0.025
ICU acquired pneumonia during period at risk for BSI 0.84 0.73-0.98 0.025
Antiviral treatment before admission 112 0.98-1.29 0.11 141 1.11-1.79 0.005
Immunomodulatory drugs during period at risk for BSI 1.14 0.66-1.97 0.64

Tocilizumab during period at risk for BSI 0.8 0.33-1.92 0.62
Intubation during period at risk for BSI 2.28 1.89-2.74 <0.001 5.18 345-7.77 <0.001
ECMO during period at risk for BSI 1.21 0.94-1.55 0.15 1.26 0.82-1.93 0.30
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Table 2 (continued)

Univariate analysis Multivariable analysis

sdHR 95% Cl p-value sdHR 95% Cl p-value
Thrombosis during period at risk for BSI 0.76 0.59-0.98 0.037 0.85 0.58-1.26 042
Renal replacement therapy during period at risk for BSI 0.29 0.22-0.40 <0.001 0.30 0.18-0.49 <0.001
Antibiotic during period at risk for BSI 0.52 043-0.62 <0.001 045 0.33-0.61 <0.001
Corticosteroids during period at risk for BSI 0.74 0.63-0.87 <0.001 0.79 0.62-1.01 0.063
Number of day at risk for BSI, per supplementary days 0.97 0.96-0.98 <0.001 093 0.92-0.95 <0.001

sdHR: sub distribution hazard ratio; BSI: bloodstream infection; SAPS: simplified acute physiology score; SOFA: sequential-organ failure assessment; BMI: body mass
index; ARDS: acute respiratory distress syndrome; NSAID: non-steroid anti-inflammatory drugs; ICU: intensive care unit; ECMO: extra corporeal membrane oxygenation

* Admission during night hours was arbitrarily defined as admission in between 8:00 PM to 8:00 AM

and number needed to harm was 16. Therefore, attribut-
able mortality fraction of BSI in the overall population
(n=4010) was 3.6%.

Discussion

In this study, we show that among a large population of
COVID-19 patients requiring ICU, BSI was frequent,
occurring in 19.5% of patients. Various risk factors for
BSI were identified, with higher SAPS II, male gender,
longer time from hospital to ICU admission, antivi-
ral drug before admission, intubation being associated
with increased risk of BSI. Another result was that BSI
was independently associated with increased day-90
mortality.

Several studies having evaluated BSI in COVID-19
patients have been published to date, most of them mix-
ing ICU and non-ICU patients, with incidence of BSI
ranging from 2.7 to 5.6% [5, 6, 8, 10, 11]. Only 2 stud-
ies focused on ICU patients: a single-center study found
that 31 out of 78 patients (39%) experienced at least one
episode of BSI [9]; and a larger multicenter study of 235
COVID-19 patients found a 14.9% incidence of BSI [3]. In
this study, the authors matched their COVID-19 patients
to 235 ICU patients without COVID-19, and they found
a lower rate of BSI in patients without COVID (3.4%).
However, they did not evaluate the mortality attributable
to BSI. A more recent multicenter case—control study
matched, among 2,005 patients with COVID-19, 100
patients with BSI to 100 patients without BSI (matched
on age, gender, and severity) [11]. The authors found that
immunomodulatory drugs were not associated with an
increased risk of BSI, but that BSI was associated with a
higher mortality risk. However, this study did not focus
on ICU patients. Our results are line with these data and
complete them: our incidence of bacteremia was close to
that of the largest ICU study published to date [3], and we
showed for the first time that ICU-acquired BSI was asso-
ciate with an excess death rate. This attributable mortal-
ity was in line with previous reports in non COVID-19

patients, ranking from 2.1 to 5.2% [14, 22]. Further stud-
ies are needed to better understand association between
BSI and death in critically ill patients.

Given the high number of patients included in the
COVID-ICU study and the high number of BSI, we
were able to explore risk factors for BSI in ICU patients.
Beyond traditional risk factors, unexpected results were
observed for two variables: renal replacement therapy
and number of day at risk being associated with lower
risk of developing BSI. For the first variable, we assume
that patients needing renal replacement therapy have
a high probability of early death, competing with BSI
occurrence. Similarly, use of epinephrine was not associ-
ated with an increased risk of BSI. For the second one, it
suggests that patients have a higher risk of BSI soon after
admission, while facing a more severe condition, whereas
this risk decreases over time, with clinical improvement.
Caregivers should be careful about BSI early after admis-
sion. Interestingly, corticosteroids use was not associ-
ated with increased risk of BSI. In a recent multicenter
observational study, use of dexamethasone was not asso-
ciated with an increased risk of BSI [23]. Similar results
were found in another case—control study [11]. Data
regarding immunomodulatory drug use and risk of BSI
are discordant in ICU patients: a recent randomized pla-
cebo-controlled trial found no increased risk of infection
with tocilizumab use [24]. Abelenda-Alonso et al. found
no association between tocilizumab use and BSI [11],
whereas Buetti et al. found an association between its
use and BSI; however, in that study, the small sample size
limits any firm conclusion [3]. In our study, although few
patients received tocilizumab, its use was not associated
with an increased risk of BSI. However, those experienc-
ing BSI after tocilizumab use had an increased mortality
as compared with BSI patients who did not received this
agent. Combined with the lack of effect of anti-IL6 drugs
in the most severe patients, their use should be cautiously
outweighed in ICU patients. Similarly, BSI patients with
previous antibiotic exposure had an increased risk of
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Table 3 Risk factors for death for the whole population
Univariate analysis Multivariable analysis
HR 95% ClI p-value HR 95% ClI p-value
Age, per supplementary year 1.04 1.03-1.05 <0.001 1.04 1.03-1.05 <0.001
Frailty scale 137 1.31-142 <0.001 1.33 1.24-142 <0.001
Male 1 0.98-1.26 0.096 1.15 0.95-1.39 0.16
BMI>25 0.82 0.73-0.92 <0.001 0.83 0.69-1.01 0.056
SOFA at admission, per supplementary point 1.10 1.09-1.12 <0.001 1.08 1.06-1.11 <0.001
ARDS severity at admission
No ARDS Ref Ref Ref Ref Ref Ref
Mild ARDS 1.07 0.84-1.35 0.60 1.02 0.73-143 0.90
Moderate ARDS 149 121-1.84 <0.001 1.09 0.80-1.47 0.59
Severe ARDS 210 1.69-2.61 <0.001 1.87 1.37-2.57 <0.001
Comorbidities
Alcohol consumption 1.15 0.89-1.49 0.27
Tabaco consumption 1.05 0.81-1.37 0.70
Chronic respiratory disease 1.10 0.96-1.25 0.17 0.90 0.74-1.08 0.26
Chronic heart failure 1.80 142-2.78 <0.001 1.38 0.98-1.94 0.063
Coronary artery disease 1.78 1.54-2.06 <0.001 1.16 0.92-1.46 0.21
Diabetes mellitus 1.51 1.35-1.69 <0.001 1.21 1.02-143 0.033
Hematological malignancy 1.71 1.31-2.25 <0.001 0.99 0.66-1.49 097
Immunodepression 144 1.20-1.73 <0.001 112 0.75-1.69 0.58
Solid malignancy 1.95 1.36-2.78 <0.001 1.09 0.58-2.02 0.79
Solid organ transplantation 1.98 1.48-2.66 <0.001 1.09 0.56-2.12 0.80
Chronic renal failure 141 1.26-1.58 <0.001 1.05 0.82-1.34 0.70
Cirrhosis 1.01 0.61-1.99 0.75
Neuromuscular disease 0.94 0.66-1.32 0.71
Usual medication
Long term corticosteroids treatment 1.68 1.34-2.10 <0.001 1.00 0.63-1.58 0.99
Immunomodulatory drugs 1.56 1.24-1.96 <0.001 1.04 0.62-1.74 0.90
Treatment with NSAID 0.99 0.79-1.25 0.95
Time from hospital admission to ICU, per supplementary day 1.00 0.99-1.01 0.92
Period of admission
Before 15th of March Ref Ref Ref Ref Ref Ref
From 15th March to 31th of March 0.74 0.60-0.91 0.004 092 0.67-1.25 0.58
From 1st April to 15 April 0.65 0.52-0.81 <0.001 0.86 061-121 039
After 15th of April 0.50 0.35-0.68 <0.001 0.71 044-1.14 0.15
Nurse/patient ratio 0.86 0.80-0.93 <0.001 0.89 0.80-0.99 0.037
Admission during night hours* 0.98 0.88-1.09 0.68
Fever before admission 0.84 0.73-0.96 0.013 0.85 0.69-1.04 0.1
Abdominal symptoms before admission 0.81 0.71-0.91 <0.001 0.90 0.74-1.08 0.26
Co-infection at admission 1.25 1.05-1.51 0.015 1.06 0.80-1.40 0.68
Bacterial co-infection 1.28 1.06-1.55 0012
Viral co-infection 3.82 1.22-1191 0.021
ICU acquired pneumonia during period at risk for BSI" 1.10 0.98-1.23 0.093
Antiviral treatment before admission 1.02 091-1.13 0.78
Immunomodulatory drugs before admission 0.92 0.59-1.45 0.73
Tocilizumab before admission 0.82 042-1.57 0.54
Intubation before admission 132 1.17-149 <0.001 0.88 0.71-1.09 0.25
Number of day at risk for BSI, per supplementary days 0.99 0.99-1.01 0.52
Bloodstream infection 1.31 1.15-1.48 <0.001 1.28 1.05-1.56 0.015

HR: hazard ratio; BSI: bloodstream infection; SOFA: sequential organ failure assessment; ARDS: acute respiratory distress syndrome; NSAID: non-steroid anti-inflamma-

tory drugs; ICU: intensive care unit; ECMO: extracorporeal membrane oxygenation

* Admission during night hours was arbitrarily defined as admission in between 8:00 PM to 8:00 AM

* Since ICU acquired pneumonia did not respect proportional assumption, the cox multivariable model was stratified on this variable
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Table 4 Outcomes among 537 patients with bloodstream
infection and their 537 propensity-matched patients without
bloodstream infection

Patients with BSI  Patients p-value
n=537 without
BSIn=537

Length of stay in ICU, days 24 [15-36] 13 [6-25] <0.001
Length of stay in hospital, 40 [27-58] 24[13-40]  <0.001
days
ICU-free days at day 90, 52[0-74] 65 [0-81] <0.001
days
Ventilator-free days at day 61 [0-81] 70 [0-88] <0.001
90, days
Death at day 90 212 (39) 178 (33) 0.036

Data are expressed as median [interquartile range] or n (%)
BSI: bloodstream infection; ICU: intensive care unit
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Fig. 3 Kaplan—-Meier analysis of survival in the matched patients
with (n=537) and without (n=537) bloodstream infection (BSI). ICU:
intensive care unit

death. We hypothesized that antibiotic pressure selected
resistant microorganisms in which empiric therapy was
more likely to fail. This result supports a strict antibiotic
stewardship program in COVID-19 setting.

Several limitations of our study should be underlined.
First, some data are missing, which is inherent to this kind
of multicenter observational study [13]. In particular, the
main objective of the COVID-ICU study was not to eval-
uate infectious complications of ICU patients suffering
from COVID-19. Therefore, we lack of important data,
such as pathogen responsible for BSI (the list of bacteria
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available was restricted and for more than 50% of BSI epi-
sodes, pathogen responsible for infection is not known).
Other relevant missing values were date of BSI occurrence
after day 21 (for 40 patients, BSI occurred after day 21 but
without additional precision), susceptibility of pathogen
responsible for infection (wild type, multi-drug resistant...)
appropriateness and duration of antimicrobial treatment.
Second, this study was performed during the first wave,
between March and May 2020. Since care of COVID-19
ICU patients has changed with improvement over time,
and differ from one country to another, results might be
different in different countries and among different waves
of the pandemic. In particular, with the widespread use of
corticosteroids and the increased use of anti-IL-6 drugs,
incidence of BSI and outcomes may be different. Third,
we defined BSI as a single positive blood culture. For some
pathogens such as Staphylococcus epidermidis, 2 blood
cultures taken apart are required to define BSI. We, there-
fore, might have overestimated the rate of BSL. However,
the rate of BSI in our study was similar to other reports
[3, 11] and lower than other [9]. Moreover, other studies
found a high rate of BSI due to Staphylococcus epidermidis
[12]. In our study, BSI patients infected with unknown
pathogen and those infected with an identified micro-
organism had similar outcomes, and should be both simi-
larly considered. Fourth, as BSI occurred during ICU stay,
we should acknowledge immortal time bias [25]. However,
this bias would lead to underestimation of mortality risk
associated with BSI, since patients experiencing this event
are those surviving longer enough, whereas those who
died early have short time of exposition but were even
included in control group.

In conclusion, BSI is a frequent complication of criti-
cally ill COVID-19 patients, especially early after ICU
admission and is associated with increased severity at
admission but not with corticosteroids use. BSI is associ-
ated with an increased mortality rate.
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