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Abstract

Background: The study aimed to describe the epidemiology and outcomes of hospital-acquired bloodstream infec-
tions (HABSIs) between COVID-19 and non-COVID-19 critically ill patients.

Methods: We used data from the Eurobact Il study, a prospective observational multicontinental cohort study on
HABSI treated in ICU. For the current analysis, we selected centers that included both COVID-19 and non-COVID-19
critically ill patients. We performed descriptive statistics between COVID-19 and non-COVID-19 in terms of patients’
characteristics, source of infection and microorganism distribution. We studied the association between COVID-19
status and mortality using multivariable fragility Cox models.

Results: A total of 53 centers from 19 countries over the 5 continents were eligible. Overall, 829 patients (median age
65 years [IQR 55; 74]; male, n= 538 [64.9%]) were treated for a HABSI. Included patients comprised 252 (30.4%) COVID-
19 and 577 (69.6%) non-COVID-19 patients. The time interval between hospital admission and HABSI was similar
between both groups. Respiratory sources (40.1 vs. 26.0%, p < 0.0001) and primary HABSI (25.4% vs. 17.2%, p=0.006)
were more frequent in COVID-19 patients. COVID-19 patients had more often enterococcal (20.5% vs. 9%) and Aci-
netobacter spp. (18.8% vs. 13.6%) HABSIs. Bacteremic COVID-19 patients had an increased mortality hazard ratio (HR)
versus non-COVID-19 patients (HR 1.91, 95% Cl 1.49-2.45).

Conclusions: We showed that the epidemiology of HABSI differed between COVID-19 and non-COVID-19 patients.
Enterococcal HABSI predominated in COVID-19 patients. COVID-19 patients with HABSI had elevated risk of mortality.
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Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) virus emerged in 2019 and its disease (COVID-
19) caused millions of deaths worldwide. Probably due
to various reasons, critically ill patients infected with
SARS-CoV-2 were more prone to hospital-acquired
infections [3], more specifically bloodstream infections
(BSIs) [4]. A recent systematic review showed a pooled
estimated occurrence of BSIs of almost 30% in patients
admitted to intensive care unit (ICU) [5]. Several epide-
miological studies suggested that HABSI acquired in the
ICU occurred more often during the different COVID-19
waves [6, 7]. Multicentric analyses illustrated that ICU-
BSI in COVID-19 patients were associated with pro-
longed length of ICU stay and increased mortality [8].

Most of the literature has focused on COVID-19
patients and little is known about differences in the
pathogen distribution between COVID-19 and non-
COVID-19 patients. In August 2019, we started the Euro-
bact II study which included critically ill ICU patients
with HABSIs, regardless of their status with respect to
COVID-19 infection. The data collection was contin-
ued during the different COVID-19 waves, thus allowing
an accurate evaluation of the epidemiology of HABSIs
in ICU patients during the study period. The primary
objective of this study was to describe the epidemiol-
ogy of HABSI between COVID-19 and non-COVID-19
critically ill patients in terms of patients’ characteristics,
source of infection, microorganism distribution and
mortality.

Material and methods

Eurobact Il study design

The Eurobact II study was a prospective observational
multicontinental cohort study conducted between
August 2019 and June 2021 [9]. This observational study
was registered within ClinicalTrials.org (NCT03937245)
and was reported in accordance with the STrengthening
the Reporting of OBservational studies in Epidemiology
(STROBE) guidelines [10].

Setting

Endorsement, financial and logistical support was
obtained from the European Society of Intensive Care
Medicine (ESICM), the Infectious Diseases (ESCMID)
study Group for Infections in Critically Ill Patients
(ESGCIP) and the European Society of Clinical Micro-
biology. An operational committee (AT, NB, FB, SR and
JET) was constituted to oversee all study operations.
Study oversight and logistics were provided through a
non-profit research organization, the OUTCOMEREA®
study group (Paris, France). A Scientific Committee and
National coordinators (NCs) were recruited for each
participating country by the operational committee with
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assistance from the endorsing societies. Main respon-
sibilities of NCs included recruiting participating ICUs,
applying for ethical and regulatory approvals at national
level where applicable, and facilitating communication
with ICUs within their countries.

ICU and patient recruitment

ICUs eligible to participate were defined as a depart-
ment specifically designed to manage patients with organ
failures within a health-care facility and able to provide
invasive mechanical ventilation for a duration of at least
24 h. For this observational study, among all Eurobact II
participating ICUs, we selected only those that recruited
both COVID-19 and non-COVID-19 patients.

Patients > 18 years old with a first episode of HABSI
treated in ICU were included. HABSI was defined as a
positive blood culture sampled 48 h after hospital admis-
sion. Both patients with blood cultures sampled in ICU
(i.e., ICU-acquired HABSI) and patients transferred (i.e.,
in 48 h) to the ICU for the treatment of the HABSI were
enrolled.

Blood cultures with typical skin contaminants (e.g.,
coagulase-negative staphylococci, Corynebacterium spe-
cies, Bacillus species, Propionibacterium species, Mic-
rococcus species) were included if at least two blood
cultures with the same antimicrobial susceptibility profile
were observed or strong clinical grounds that the blood
culture was not a contaminant (e.g., infected material
proven as a source for the HABSI). All HABSIs including
typical skin contaminants were carefully reviewed by at
least one member of the scientific committee (AT, FB or
NB). Only the first bloodstream infection during the eli-
gibility period was included for the current analysis. We
excluded community-acquired bloodstream infections,
typical skin contaminants that did not fulfill inclusions
criteria, cases with missing core outcome data (i.e., dates
of bloodstream infections and hospital/ICU admission,
dates of discharge and/or death as applicable, pathogen
and treatment inclusive of antimicrobials and source
control as applicable) and retrospective inclusions.

The Eurobact II study recruited centers with HABSI
from 1st August 2019 to 30th January 2021. The mini-
mal recruitment period was 3 months or 10 consecutive
HABSIs (whichever came first) and could be extended on
request from the local investigator for the whole dura-
tion of the study. Of note, a flexible start of the inclusion
period was allowed for each ICU to facilitate participa-
tion in the study.

Data collection

The Eurobact II was an observational study, pre-speci-
fying that all data had to be collected from the patients’
chart without additional diagnostic tests or interventions.
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The study website and case report form (CRF) com-
prised a center form that collected data which described
the ICU, antimicrobial stewardship features and microbi-
ology laboratory specifics. For each patient, we collected
demographic data and the main diagnosis at ICU admis-
sion, including ICU admission for SARS-CoV-2 infection.
Comorbidities were assessed using the five markers of
the Chronic Health Evaluation of the APACHE II score
and the Charlson index [11, 12]. Severity of illness was
defined at ICU admission by the Simplified Acute Physi-
ology Score II (SAPS II) [13], and at HABSI diagnosis
using the Sequential Organ Failure Assessment (SOFA)
score. Data on antimicrobial exposure from one week
prior to the study infection were routinely collected. Fur-
ther information on definitions is illustrated in the elec-
tronic supplementary material (ESM).

For each microorganism, we routinely collected: date
and time of blood culture sampling, category according
to Gram-stain, phenotypical resistance and, when avail-
able, genotypical resistance mechanisms. Carbapenem
resistance for Enterobacterales was defined according
to the U.S. Centers for Diseases Control and Preven-
tion (CDC) as resistant to at least one carbapenem [14].
Difficult-to-treat resistance (DTR) in Gram-negative bac-
teria was defined as resistance to all first-line antimicro-
bials (carbapenems, fluoroquinolone, cephalosporins).
It was assessed for Enterobacterales, Pseudomonas spp.,
and Acinetobacter spp., and required all three categories
reported plus an assessment of sensitivities to piperacil-
lin-tazobactam or aztreonam if available as outlined by
Kadri et al. [15]. Our primary outcome was the distri-
bution of microorganism. Our secondary outcome was
mortality. Patients were followed for up to 28 days or
until hospital discharge, for further HABSI, duration of
organ support, length of ICU and hospital stay, and vital
status. Data quality and processes were detailed in the
ESM.

Statistical analyses

Characteristics of centers and patients were described as
count (percent) or median (interquartile range) for quali-
tative and quantitative variables, respectively. Only first
episodes of HABSI were analyzed. First, we described
the differences between patients using chi-square (or
Fisher) and Wilcoxon tests for categorical and numeric
variables, respectively. Second, we described the differ-
ence in sources of infection and microorganisms’ distri-
bution. In order to mitigate the bias of time-to-HABSI,
we performed a sensitivity analysis including only ICU-
acquired HABSI, thus excluding patients transferred to
the ICU for HABSI management. Third, we performed
an explanatory analysis that compared COVID-19 and
non-COVID-19 with HABSIs due only to enterococci or
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DTR Gram-negative microorganisms. Fourth, a graphi-
cal representation with Kaplan—Meier curves (with log-
rank test) using mortality as an outcome was performed.
Finally, we tested the association between COVID-19
status and mortality using a multivariable fragility Cox
model. A random effect for center was included. For
the multivariable analysis, we imputed the solely miss-
ing value (i.e., BMI) among the included covariates at the
median. Further details on methods were illustrated in
the ESM.

All statistical analyses were performed with SAS (ver-
sion 9.4) and R (Version 3.5.3).

Ethics

This study was approved by the ethics Committee from
the Royal Brisbane & Women’s Hospital Human Research
(LNR/2019/QRBW/48376); further details were illus-
trated in the ESM.

Results

Centers

Among the 333 centers recruited in the Eurobact II study,
we excluded 278 centers that did not include HABSI in
COVID-19 patients (Fig. 1). In addition, two centers
included only HABSI in COVID-19 patients and were
therefore excluded.

Finally, 53 centers from 19 countries were included
(Additional file 1: Fig. S1, Additional file 1: Table S1).
Centers were mostly located in Europe and central Asia
(n=42, 79%) and were mostly from high-income coun-
tries (n=33, 62%). We recruited in median 10 (IQR 7; 20)
patients per center, with 25% (IQR 14; 46) of them being
COVID-19 patients.

Patients, HABSIs characteristics and microorganisms

We included 829 patients with a HABSI. Their median
age was 65 years old (IQR 55; 74) and 538 (64.9%) were
male (Table 1).

The most frequently observed comorbidities were the
metabolic ones (n=326, 39.3%), followed by cardio-
vascular (=191, 23%) and respiratory (n =147, 17.7%),
and malignancies (n=143, 17.2%). More than 80% of
patients were admitted to ICU for a medical reason, with
a median SAPS II on admission at 47 (IQR 37; 58); 617
(74.4%) were receiving invasive mechanical ventilation at
HABSI onset.

The most frequently observed sources of infection were
an intravascular catheter (n=257, 31%) and the respira-
tory tract (n=251, 30.3%, Table 2).

We identified 939 microorganisms: Klebsiella spp.
(n=147, 15.7%), Acinetobacter spp (n=143, 15.2%)
and enterococci (=118, 12.6%) were the most fre-
quently detected microorganisms. The rate of DTR
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333 Centers
2,600 patients

2,927 microorganisms

278 centers without COVID-19
inclusions:

- 1,747 patients
- 1,959 microorganims

55 Centers
853 patients

968 microorganisms

2 centers with only COVID-19
inclusions:

- 24 patients
- 29 microorganims

53 Centers

829 patients

939 microorganims

COVID-19 patients
(n=252 ; 30.4%)

Fig. 1 Flowchart

Non-CQOVID-19 patients
(n=577 ; 69.6%)

Gram-negative microorganisms was 15%. S. aureus was
identified only in 79 HABSIs (8.4%).

Differences between COVID-19 and non-COVID-19 patients
We included 252 COVID-19 and 577 non-COVID-19
patients. COVID-19 patients had fewer comorbidities
(Table 1). On ICU admission, COVID-19 patients had
lower SAPS II scores (median 42 [IQR 33; 50] vs. 49 [IQR
38;62], p<0.0001) and were frequently receiving high-
flow oxygen nasal cannula (13.9% vs. 7.1%) and non-
invasive mechanical ventilation (15.1% vs. 9%, p <0.0001)
compared to non-COVID-19 patients.

The time between hospital admission and HABSI was
similar between COVID-19 (14 [IQR 9; 23] days) and
non-COVID-19 patients (15 [IQR 8; 29] days, p=0.69).
However, ICU-acquired HABSI in COVID-19 patients
(10 days, IQR 6; 16) occurred later compared to non-
COVID-19 patients (8, [IQR 2; 17], p=0.02). COVID-19
patients were more frequently exposed to antimicrobials
in the week before the occurrence of HABSI (81.0% vs.
72.4% in non-COVID-19 patients, p =0.009). Ceftriaxone
was most frequently administered in COVID-19 patients

(9.0% vs. 6.4% in non-COVID-19 patients, p=0.089,
Additional file 1: Table S2). No significant differences in
other antimicrobials were observed (Additional file 1:
Table S2).

HABSIs in COVID-19 patients were most often from
respiratory sources (40.1% vs. 26.0%, p <0.0001) and pri-
mary HABSI (25.4% vs. 17.2%, p =0.006), whereas HAB-
SIs in non-COVID-19 patients were most often related to
intraabdominal (12.5% vs. 1.2%, p <0.0001) and bone/soft
tissues (6.6% vs. 2.0%) infections (Table 2). Gram-positive
bacteria were most often involved in COVID-19 patients
HABSIs (39.7% vs. 32.1%, p=0.033). Interestingly,
HABSI due to DTR Gram-negative were more often
observed in COVID-19 patients. Of note, a sensitivity
analysis including only ICU-acquired HABSI showed
similar sources of infection and microorganism distribu-
tion compared to the main analysis between COVID-19
and non-COVID-19 patients (Additional file 1: Tables
$3-54).

Figure 2 shows the distribution of microorganisms
between COVID-19 and non-COVID-19 patients.
HABSIs in COVID-19 patients were most frequently
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Table 1 Patients' characteristics on admission, at HABSI time and outcome
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Variable All HABSI (n =829) COVID-19 patient Non-COVID-19 patient p value
(n=252) (n=577)
Patient characteristics on ICU admission:
Time from hospital admission to HABSI onset 15 [8; 27] 14 [9; 23] 15 [8; 29] 0.69
Time from ICU admission to HABSI 91[4;17] 10 [6; 16] 81[2;,17] 0.017
Age, years 65 [55; 74] 66 [56; 74] 65 [55; 74] 030
Gender
Female 291 (35.1) 80 (31.7) 211 (36.6) 0.18
Male 538 (64.9) 172 (68.3) 366 (63.4)
BMmI! 26.8[24.1;304] 27.8124.9;31.7] 26.3[234;294] <0.0001
Comorbidities
Respiratory 147 (17.7) 33(13.1) 4(19.8) 0.021
Cardio-vascular 191 (23) (22 6) 134 (23.2) 0.85
Neurological 137 (16.5) 7(10.7) 0(19.1) 0.0029
Metabolic disorders 326 (39.3) 07 (42.5) 9 (38) 0.22
Gastro-intestinal 49 (5.9) 3(5.2) (6 2) 0.54
Immunosuppression 122 (14.7) 5(6) 107 (18.5) <0.0001
Malignancy 143 (17.2) 9(7.5) 24 (21.5) <0.0001
Steroids for sepsis or septic shock? 204 (25) 74 (29.7) 130 (22.9) 0.038
ICU admission origin
Emergency department 277 (334) 73 (29) 204 (35.4) <0.0001
Hospital ward/floor 327 (394) 111 (44) 216 (37.4)
Operating room/recovery 67 (8.1) 1(0.4) 66 (11.4)
Other hospital 118 (14.2) 47 (18.7) 71(12.3)
Other intermediate care unit 26(3.1) 10 (4) 16 (2.8)
Other 14(1.7) 10 (4) 4(0.7)
Admission type
Medical 693 (83.6) 249 (98.8) 444 (76.9) <0.0001
Surgical elective 30(3.6) 2(0.8) 28(4.9)
Surgical emergency 106 (12.8) 1(04) 105 (18.2)
SAPSII 47 (37; 58] 42 [33;50] 49 [38;62] <0.0001
Glasgow coma scale? 14 [8;15] 15[13;15] 12 [6;15] <0.0001
Ventilation status
High-flow oxygen nasal cannula 76 (9.2) 35(13.9) 41(7.1) <0.0001
Invasive mechanical ventilation 510 (61.5) 147 (58.3) 363 (62.9)
Low-flow oxygen or no oxygen 153 (18.5) 32(12.7) 121 (21)
Non-invasive mechanical ventilation or CPAP 90 (10.9) 38 (15.1) 52(9)
Patient characteristics at HABSI diagnosis:
Adrenaline 37 (4.5) 13(5.2) 24 (4.2) 0.52
Noradrenaline* 413 (49.9) 127 (50.4) 286 (49.7) 0.84
SOFA 81[5;11] 81[4;11] 81[5;12] 0.13
Glasgow coma scale® 12 [7:15] 14 [8;15] 10 [6; 15] <0.0001
Ventilation status
High-flow oxygen nasal cannula 42 (5.1) 13(5.2) 29 (5) 0.0003
Invasive mechanical ventilation 617 (74.4) 210 (83.3) 407 (70.5)
Low-flow oxygen or no oxygen 123 (14.8) 23(9.1) 100 (17.3)
Non-invasive mechanical ventilation or CPAP 47 (5.7) 6(2.4) 41(7.1)
Source control required but not achieved 80 (9.7) 20(7.9) 60 (10.4) 027
Adequate empirical therapy within the first 24h° 343 (48.5) 96 (48.2) 247 (48.4) 0.96
Corticosteroids for sepsis or septic shock 204 (25%) 74(29.7) 130 (22.9) 0.038
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Variable All HABSI (n =829) COVID-19 patient Non-COVID-19 patient p value
(n=252) (n=577)
Status at day 28
Alive in the Hospital 133 (16) 25(9.9) 108 (18.7) <0.0001
Alive in the ICU 206 (24.8) 55(21.8) 151 (26.2)
Death in the Hospital 16 (1.9) 3(1.2) 13(2.3)
Death in the ICU 363 (43.8) 145 (57.5) 218(37.8)
Discharged from the Hospital 111 (134) 24(9.5) 87 (15.1)
28-day mortality 379 (45.7) 148 (58.7) 231 (40) <0.0001

HA-BSI hospital-acquired bloodstream infection, ICU intensive care unit, SAPS Simplified Acute Physiology Score, SOFA sequential organ failure assessment score, CPAP

continuous positive airway pressure

Results reported as n (%) for categorical variables and median [IQR] for continuous variables. Missing Data (MD): 'BMI: 1 MD. 2Steroids for sepsis or septic shock: 12
MD. 3Glasgow coma scale on admission: 10 MD. *Noradrenalin at HA-BSI onset: 1 MD. *Glasgow coma scale at HA-BSI onset: 7 MD. °Adequate treatment in the first

24 h with 120 MD

Table 2 Source of infections and microorganism groups

Variable All HABSI (n =829) COVID-19 patient Non-COVID-19 p value
(n=252) patient (n=577)
Previous antibiotics:
Antimicrobials received within the 7 days prior HABSI 622 (75 204 (81) 418 (72.4) 0.0092
Source of infection:
Intravascular catheter 257 (31) 74 (29.4) 183 (31.7) 0.50
Respiratory tract 251 (30. 101 (40.1) 150 (26) <0.0001
Primary HABSI 163 (19. 64 (25.4) 99(17.2) 0.0060
Intra-abdominal tract 75 (9 3(1.2) 72 (12.5) <0.0001
Bones and soft tissues 43 (5.2 5(2) 38(6.6) 0.0060
Urinary tract 3542 8(3.2) 27 4.7) 032
Other (endocarditis, mediastinitis, central nervous system) 2834 4(1.6) 24 (4.2) 0.059
Multiple first sources of infection 23 (2.8 7(2.8) 16 (2.8) 0.997
Microorganism group:
Gram-positive bacteria 285 (34.4) 100 (39.7) 185(32.1) 0.033
Resistant* Gram-positive bacteria 108 (13) 32(12.7) 76 (13.2) 0.85
Gram-negative bacteria 505 (6 151 (59.9) 354 (61.4) 0.70
DTR Gram-negative bacteria 124 (1 49 (19.4) 75(13) 0.017
Fungi 79 (9. 19 (7.5) 60 (10.4) 0.20
Anaerobic bacteria 16 (1. 1(04) 15(2.6) 0.050
Polymicrobial HABSI 97 (1 37 (14.7) 60 (10.4) 0.078

Results reported as n (%) for categorical variables and median [IQR] for continuous variables.

HABSI hospital-acquired bloodstream infection, DTR difficult-to-treat resistance.

*For example methicillin-resistant S. aureus.

caused by enterococci (20.5% vs. 9.0%) and Acineto-
bacter spp. (18.8% vs. 13.6%), whereas those in non-
COVID-19 patients were most frequently caused by
Klebsiella spp. (17.5% vs. 11.6%, p<0.0001). Distribu-
tion of microorganism during the ICU length-of-stay is
illustrated in Additional file 1: Fig. S2.

Enterococcal HABSIs
E. faecalis accounted for 45% (n=27) and 34.5%
(n=20) of enterococcal HABSIs in the COVID-19 and

non-COVID-19 group, respectively. E. faecium propor-
tion were similar in COVID-19 (n=32, 53.3%) and non-
COVID-19 (n=33, 56.9%) patients. Similar proportions
of vancomycin-resistant E. faecium (VRE) were observed
in both groups. COVID-19 patients with enterococ-
cal HABSI were less often immunosuppressed (3.4% vs.
29.3% in non-COVID-19; p=0.0002) and had less often
malignancy (5.2% vs. 25.9%, p=0.002, Additional file 1:
Table S5). Primary (n=26, 44.8%) enterococcal HABSIs
were more frequent in COVID-19 patients compared
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to non-COVID-19 patients (n=11, 19.0%, p=0.0028).
HABSI were frequently assigned to an abdominal source
in non-COVID-19 patients (n=13, 22.4%). Polymicro-
bial enterococcal HABSI were more frequently but non-
statistically significantly observed in non-COVID-19
patients (36.2% vs. 25.6%, p =0.23).

Gram-negative DTR HABSIs

HABSIs due to DTR Gram-negative pathogens occurred
a median 11 days (IQR 8;18) after hospital admission in
COVID-19 patients, whereas in non-COVID-19 were
observed after 20 days (IQR 10; 40, p=0.001, Additional
file 1: Table S6).

Acinetobacter spp. accounted for 60.3% (n=35) of
Gram-negative DTR in COVID-19 patients and Kleb-
siella spp. accounted for 40.2% (n=35) of Gram-nega-
tive DTR in non-COVID-19 patients (Additional file 1:
Table S7).

Mortality
Overall, the day-28 mortality rate was 45.7% (n=379),
reaching 58.7% in COVID-19 patients, versus 40.0% for
non-COVID-19 patients (p<0.0001, Fig. 3). In patients
with Gram-negative DTR HABSIs, the day-28 mortality
was also higher for COVID-19 (83.7% vs. 65.3% in non-
COVID-19, p=0.025, Fig. 3).

Using a multivariable fragility Cox model, we observed
a significant association between COVID-19 status and

mortality (hazard ratio 1.91, 95% CI 1.49-2.45, p <0.0001,
Additional file 1: Table S8).

Discussion

Using a large multicontinental prospective cohort, we
showed that the epidemiology of HABSI in critically
ill patients was different between COVID-19 and non-
COVID-19 patients. Enterococcal HABSIs were more
frequently observed in COVID-19 patients.

Several studies showed that enterococcal HABSIs
were frequent in critically ill COVID-19 patients, rang-
ing from 25% to almost 50% of HABSI [16, 17]. Inter-
estingly, only few studies have reported the differences
between COVID-19 and non-COVID-19 critically ill
patients with HABSI. The first study matched critically ill
COVID-19 patients with similar non-COVID-19 patients
and showed a higher rate of enterococcal HABSI among
COVID-19 patients [3]. However, this study (1) included
a limited number of patients; (2) reported a relatively
small number of all-causes HABSI without enterococ-
cal HABSI in non-COVID-19 patients; and (3) included
non-COVID-19 patients prior the COVID-19 pandemic.
The second study was a small monocentric retrospective
cohort study that compared SARS-CoV-2 or influenza
patients with inpatients without positive SARS-CoV-2
or influenza tests during the study period. Enterococci
were detected in 6 of 20 bacteremic COVID-19 patients,
whereas in critically ill influenza patients no enterococcal
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HABSI was observed [18]. Both studies, due to the small
numbers of patients included, showed only a trend
towards an increased proportion of enterococcal HABSI
in COVID-19 ICU patients. Using high-quality data from
a large multicontinental prospective cohort, we found
that enterococcal HABSIs were more frequently observed
in critically ill COVID-19 patients. A subgroup analysis
including only ICU-acquired HABSI illustrated that the
enterococcal frequency was increased in this subpopula-
tion. This finding could have several explanations. First,
enterococci colonized the gastrointestinal tract [19].
Even if Eurobact II investigators rarely allocated HAB-
SIs to the abdominal source in COVID-19 patients, it is
conceivable that more abdominal translocations could
occur in COVID-19 patients and were allocated by our
investigators to primary HABSI. Critically ill COVID-19
were at a particularly high risk for developing gastroin-
testinal complications ranging from acute cholecystitis
or pancreatitis to ileus or mesenteric ischemia [20-24].
Indeed, SARS-CoV-2 has been detected in the gastro-
intestinal tract and it may enter gastrointestinal cells via

angiotensin-converting enzyme 2 receptors, which are
highly expressed in the gastrointestinal tract, to cause
direct damage to gastrointestinal organs [25-29]. The
microvascular inflammatory coagulopathy of COVID-19
leading to higher incidence of deep vein thrombosis may
be another pathophysiological mechanism possibly lead-
ing to bacterial translocation. An inflammatory coagu-
lopathy may be associated with deep vein thrombosis or
cerebrovascular accidents [30—32]: it is conceivable that a
similar mechanism may lead to mesenteric ischemia and,
therefore, may increase the proportion of detected ente-
rococcal BSI. Second, our study suggested that COVID-19
patients were more frequently exposed to antimicrobials.
Cephalosporins are often ineffective against enterococ-
cal species and their prior use was demonstrated to be a
major risk factor for the acquisition of enterococcal infec-
tions [33, 34]. Previous exposure to antibiotics is unlikely
to be the sole explanation for our findings but it can be
an instrumental concomitant factor leading to increased
proportion of enterococcal HABSI in critically ill patients
with COVID-19. Third, enterococci, in particular VRE,
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may be a marker for poor infection prevention and con-
trol (IPC) measures and hand hygiene compliance [35].
The COVID-19 pandemic produced many challenges for
IPC, including unit over-crowding, fatigue and sessional
use of PPE. These factors likely reduced compliance with
IPC measures and contributed to a rise in nosocomial
infections. In this context, it is possible that intravascular
catheters were more frequently contaminated and sub-
sequently infected with enterococci. However, HABSI
patients with and without COVID-19 were recruited for
this study during the same period and we did not observe
a predominance of VRE or a specific enterococcal species
(faecalis vs. faecium) in COVID-19 patients, thus suggest-
ing this was not the dominant cause of the effects seen.
Interestingly, a tendency towards more HABSI due to Aci-
netobacter spp. [36] in COVID-19 patients was observed.
This result remains intriguing: several outbreaks of Acine-
tobacter spp. were observed during the COVID-19 pan-
demic and, therefore, a possible impact of reduced IPC
measures in the solely COVID-19 population might be
hypothesized [37].

Our results have several clinical implications. Whether
empirical therapy with glycopeptides or oxazolidinones
should be administered in septic in critically ill patients
with abdominal sepsis is still debated [38]. A recent mul-
ticentric study showed that an initial antibiotic treatment
which did not cover enterococci was associated with an
increased mortality in critically ill patients with a micro-
biologically confirmed intra-abdominal infection with
Enterococcus spp. [39]. In light of these considerations,
for septic critically ill COVID-19 patients, an empiri-
cal therapy covering all enterococcal species should be
considered, especially when a third-generation cephalo-
sporin was previously used. Due to the less pronounced
results for resistant Gram-negative microorganisms,
no firm conclusions on empirical antibiotic therapy for
Gram-negative can be provided.

Our study has several limitations. First, on one hand,
the Eurobact II was designed prior to the COVID-19
pandemic. Therefore, several important SARS-CoV-2
variables (e.g., SARS-CoV-2 specific therapies [corticos-
teroids, tocilizumab] that could affect bacterial infec-
tious risk, SARS-CoV-2 genotype and ICU overcrowding
data) were not routinely collected and could not be
analyzed. Immunosuppressive drugs administered for
COVID-19 may impact on HABSI epidemiology even if
large randomized controlled trials did [40, 41] not show
a substantial impact on subsequent infections. Moreo-
ver, several HABSI patients in our cohort did not receive
immunosuppressive drugs according to our definitions,
thus highlighting a COVID-19 population during the
pre-tocilizumab era. On the other hand, the Eurobact II
study, thanks to huge efforts from the local investigators
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despite the pandemic crisis, allowed an analysis in ICU
that prospectively recruited HABSI in both COVID-19
and non-COVID-19 patients, thus mitigating this selec-
tion bias. Second, centers recruited patients during dif-
ferent periods, and COVID-19 were not matched with
non-COVID-19 patients. Third, four countries (Turkey,
France, United Kingdom, and Italy) recruited 50% of
patients, thus potentially limiting the generalizability of
our results. However, at least one country of all five con-
tinents recruited patients for this study. Fourth, centers
were allowed to extend the number of inclusions, thus
leading to an imbalance of the total number of HABSI
recruited between the various centers. Finally, denomina-
tor data (i.e., ICU admissions) were not provided by all
centers, thus limiting the interpretation of our results.

Conclusions

Using a large multicontinental prospective cohort, we
showed that the epidemiology of HABSI differed between
COVID-19 and non-COVID-19 patients, with enterococ-
cal HABSI being disproportionately more common in
COVID-19 patients. Despite less comorbidities and lower
severity scores on admission, COVID-19 patients with
HABSI had significantly higher mortality than patients
with HABSI but without COVID-19.
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