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Abstract 

Purpose:  The primary objective of this study was to evaluate the associations between centre/country-based factors 
and two important process and outcome indicators in patients with hospital-acquired bloodstream infections (HABSI).

Methods:  We used data on HABSI from the prospective EUROBACT-2 study to evaluate the associations between centre/
country factors on a process or an outcome indicator: adequacy of antimicrobial therapy within the first 24 h or 28-day 
mortality, respectively. Mixed logistical models with clustering by centre identified factors associated with both indicators.

Results:  Two thousand two hundred nine patients from two hundred one intensive care units (ICUs) were included 
in forty-seven countries. Overall, 51% (n = 1128) of patients received an adequate antimicrobial therapy and the 
28-day mortality was 38% (n = 839). The availability of therapeutic drug monitoring (TDM) for aminoglycosides eve‑
ryday [odds ratio (OR) 1.48, 95% confidence interval (CI) 1.03–2.14] or within a few hours (OR 1.79, 95% CI 1.34–2.38), 
surveillance cultures for multidrug-resistant organism carriage performed weekly (OR 1.45, 95% CI 1.09–1.93), and 
increasing Human Development Index (HDI) values were associated with adequate antimicrobial therapy. The pres‑
ence of intermediate care beds (OR 0.63, 95% CI 0.47–0.84), TDM for aminoglycoside available everyday (OR 0.66, 95% 
CI 0.44–1.00) or within a few hours (OR 0.51, 95% CI 0.37–0.70), 24/7 consultation of clinical pharmacists (OR 0.67, 95% 
CI 0.47–0.95), percentage of vancomycin-resistant enterococci (VRE) between 10% and 25% in the ICU (OR 1.67, 95% 
CI 1.00–2.80), and decreasing HDI values were associated with 28-day mortality.
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Conclusion:  Centre/country factors should be targeted for future interventions to improve management strategies 
and outcome of HABSI in ICU patients.

Keywords:  Hospital-acquired bloodstream infections, Bacteraemia, Centre, Process indicator, Outcome indicator

Introduction
Hospital-acquired bloodstream infections (HABSI) are 
one of the hospital-acquired infections with the high-
est health burden measured in disability-adjusted life 
years [1, 2]. HABSI are frequently observed in the inten-
sive care unit (ICU) setting and are associated with high 
morbidity, and increased hospital costs and length of 
stay. To investigate HABSI, initial adequate therapy and 
mortality represent one of the most important process 
and outcome indicators [3–5]. Interestingly, interna-
tional cohorts investigating indicators focussed mostly 
on individual patient factors [6, 7]. Due to the difficulty 
to perform large multicentre cohorts, the role of centre-/
country-based factors has been widely disregarded in the 
literature. Several surveys or international surveillance 
systems showed that the structure of the ICU and micro-
biological laboratory as well as epidemiological resistance 
data may substantially differ between different centres 
and countries [8–11]. However, associations between 
these structural indicators and the adequacy of antimi-
crobial therapy or mortality remain unknown due to the 
paucity of standardised data globally.

From 2019 to 2021, we conducted the EUROBACT-2 
study, a prospective cohort that was designed to update 
the epidemiology and main factors associated with mor-
tality in ICU patients with HABSI from ICUs worldwide 
[12]. We sought to use data from this high-quality cohort 
to evaluate the associations between centre-/country-
based factors and two important process and outcome 
indicators, the adequacy of antimicrobial therapy within 
the first 24 h, and the 28-day mortality, respectively.

Material and methods
EUROBACT‑2 study design
The EUROBACT-2 was a prospective multicontinental 
cohort study performed between September 2019 and 
June 2021 [12]. This clinical study was registered within 
ClinicalTrials.org (NCT03937245) and the results are 
reported in accordance with the STrengthening the 
Reporting of OBservational studies in Epidemiology 
guidelines [13].

Setting
Endorsement, logistic, and financial support was 
obtained from the European Society of Clinical Micro-
biology and Infectious Diseases (ESCMID) study Group 
for Infections in Critically Ill Patients (ESGCIP) and the 

European Society of Intensive Care Medicine (ESICM). 
An operational committee (AT, JFT, FB, SR, and NB) 
oversaw all study operations. National coordinators 
(NCs) recruited participating centres, applied for regu-
latory and ethical approvals, and facilitated communica-
tion within different countries.

Centres and patients
The included centres were ICUs, defined as a unit spe-
cifically designed to manage patients with organ failure 
within an hospital and able to provide invasive mechan-
ical ventilation for at least 24  h. The EUROBACT-2 
study recruited centres with patients with HABSI from 
1st June 2019 to 30th January 2021. For this specific 
analysis, amongst all EUROBACT-2 participating cen-
tres, we selected those that included a minimum of ten 
consecutive HABSI patients or those that recruited 
patients for a period > 2 months. A flexible start of the 
inclusion period was allowed for each centre to facili-
tate participation in the cohort.

Adult patients (≥ 18  years old) with a first episode 
of HABSI treated in ICU were enrolled. A HABSI was 
defined as a positive blood culture sampled 48  h after 
hospital admission. Treatment in the ICU was defined 
as either the blood culture having been sampled in the 
ICU or the patient having been transferred to the ICU 
(i.e. in 48 h) for the treatment of the HABSI.

Data collection, definitions, and indicators
Hospital, centre (ICU), and country data.

Data on hospital and centre characteristics were strati-
fied into the following subgroups: (1) structure of the 
ICU (i.e. variables that described type of ICU, personal, 
[infra]structure and organisation), (2) organisation of the 
microbiology laboratory (i.e. microbiological processing 
and reporting) and infectious diseases (i.e. variables that 

Take‑home message 

The role of different structural indicators or centre-/country-based 
factors has been widely disregarded in the literature
Therapeutic drug monitoring strategies, availability of clinical phar‑
macists, weekly screening for multidrug-resistant microorganism 
carriage, vancomycin-resistant enterococci prevalence in hospital-
acquired bloodstream infections, and Human Development Index 
could be associated with adequacy of antimicrobial therapy and 
mortality
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described availability of specialists, therapy drug moni-
toring [TDM] and institutional policy about treatments) 
and (3) aggregated ICU antimicrobial resistance (AMR)-
related factors (i.e. variables that described or could 
influence AMR). We also collected data from countries of 
each of the included centres (e.g. geographical, life expec-
tancy, education and income data). We extracted Human 
Development Index [HDI] data which is composite index 
of life expectancy, education and per capita income indi-
cators [14, 15]. Further, country data from WHO Tripar-
tite AMR Country Self-Assessment Survey [TrACSS] 
were also extracted [16, 17].

Individual patient data and outcomes.
We collected patient data from the hospital charts and 

no additional tests or interventions were performed. Our 
primary process indicator was adequate antimicrobial 
therapy within the first 24 h after HABSI. It was defined 
as a therapy with at least one antimicrobial with in vitro 
activity for the microorganism at the first day, with ade-
quacy of antimicrobial selection, dosing and administra-
tion manually reviewed for all infections and sources of 
HABSI by three experts (NB, AT and FB). Antimicrobials 
administered at ineffective or very low dose and/or route 
of administration, relative to the source of infection, were 
considered as not adequate.

Our primary outcome indicator was 28-day mortality. 
Patients were followed for up to 28 days or until hospital 
discharge and vital status was assessed on day 28.

Statistical analyses
Continuous variables were expressed as medians (inter-
quartile range [IQR]) and categorical variables as abso-
lute frequencies and percentages.

The statistical plan consisted of two steps. First, we 
described the differences in adequacy of antimicrobial 
therapy within the first 24 h and 28-day mortality using 
Chi-square (or Fisher) and Student T (or Wilcoxon) tests 
for categorical and numeric variables, respectively, for 
the following subgroups: (1) structure of the ICU, (2) 
organisation of the microbiology laboratory and infec-
tious diseases, (3) aggregated ICU AMR-related factors 
and (4) country factors. Second, to identify factors asso-
ciated with adequate antimicrobial therapy in the first 
24 h or day-28 mortality, we built a two-tiered hierarchi-
cal logistic mixed model using the GLIMMIX procedure 
of the SAS software for each subgroup. The effects of 
centre-based variables were included as random inter-
cepts. Multilevel modelling considered the hierarchical 
structure of the data, which may manifest as intraclass 
correlations. We performed mixed univariable and 

multivariable logistic models for each subgroup. All non-
colinear clinically relevant variables with p values < 0.10 
by univariate analysis were introduced into the multivari-
able model. A backward process was then used for fur-
ther variable selection. To mitigate bias introduced by 
severity of patients at the time of HABSI diagnosis, we 
forced in our multivariable models the variable “pres-
ence of septic shock” at the individual level. Moreover, 
we performed sensitivity analysis excluding centres that 
recruited patients affected by coronavirus disease 2029 
(COVID-19).

Further details on skin contaminants, centre/country 
or individual patient variables, data quality, definitions, 
missing data and statistical analyses are described in the 
electronic supplementary material (ESM).

Results
Participating ICUs and patients
Amongst the 333 ICUs included in the EUROBACT-2 
cohort, we excluded 132 ICUs that included less than 10 
patients or for a period < 3  months (eFigure  1), leaving 
201 ICUs from 47 countries eligible for the study (eFig-
ure  2). Half of them were located in Europe (n = 105, 
52%) and two thirds were in Organization for Economic 
Cooperation and Development (OECD) member coun-
tries (n = 137, 68%).

We included 2209 patients with a HABSI. Most 
patients were male (n = 1388, 63%) with a median age of 
64 (IQR 52; 73) years. The most common admission diag-
noses were respiratory diseases (n = 472, 21%) and sepsis 
or septic shock (n = 427, 19%). Most HABSI (n = 1766, 
80%) were acquired in ICU.

Overall, 51% (n = 1128) of patients received an ade-
quate antimicrobial therapy within the first 24 h and 38% 
(n = 839) died in-hospital within 28 days.

Structure of the ICU
In descriptive analyses, patients recruited from teaching 
hospitals received less frequently adequate antimicrobial 
therapy within the first 24 h, whereas patients recruited 
from burn units and in ICUs with higher number of sen-
ior doctors received more frequently adequate antimi-
crobial therapy within the first 24 h (Table 1). However, 
when univariable and multivariable mixed logistic mod-
els were used, these variables were not associated with 
adequate therapy within the first 24 h (eTable 1).

In descriptive analyses, type of ICU, number of beds per 
doctor, number of senior doctors, number of beds in the 
ICU, number of ventilator and non-ventilator beds in the 
ICU, and recruitment from general and paediatric wards 
were associated with increased 28-day mortality (Table 1). 
Using multivariable mixed logistic models with adjustment 
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Adequate antimicrobial therapy within the first 24 hours

Country factors OR (95% CI) p−value

Human development index <0·0001

ref.

0·86 (0·59;1·25)

1·46 (0·97;2·19)

1·78 (1·26;2·52)

<0·82

[0·82−0·86[

[0·86−0·90[

=0·90

ICU AMR−related factors OR (95% CI) p−value

Surveillance cultures and screening for multidrug resistant organism carriage 0·028

ref.

1·07 (0·75;1·53)

1·45 (1·09;1·93)

Never/Only when clinically indicated

For all (most) patients, on admission

For all (most) patients, on admission and at least once weekly during the ICU stay

Organization of the microbiology laboratory and infectious diseases OR (95% CI) p−value

Therapeutic Drug Monitoring for aminoglycosides 0·0006

ref.

1·22 (0·76;1·95)

1·48 (1·03;2·14)

1·79 (1·34;2·38)

TDM is not available

TDM is available at least once a week

Available everyday

Available everyday within few hours

0.3 0.5 1.0 2.0 4.0

Odds Ratio

28−day mortality

Country factors OR (95% CI) p−value
Human development index 0·0002

ref.
1·80 (1·18;2·77)
1·41 (0·89;2·24)
0·84 (0·56;1·25)

<0·82
[0·82−0·86[
[0·86−0·90[
=0·90

ICU AMR−related factors OR (95% CI) p−value
Percentage of Enterococcus spp. isolates resistant to vancomycin in the ICU 0·040

ref.
1·67 (1·00;2·80)
0·67 (0·38;1·19)
1·37 (0·91;2·08)

Less than 10%
10 to 24·9%
25 to 100%
Unknown

Organization of the microbiology laboratory and infectious diseases OR (95% CI) p−value
Therapeutic Drug Monitoring for aminoglycosides 0·012

ref.
0·83 (0·49;1·40)
0·72 (0·47;1·09)
0·57 (0·41;0·80)

TDM is not available
TDM is available at least once a week
available everyday
available everyday within few hours

Consultation of clinical pharmacists 
Never
Business
24h/7

0·049
ref.
0·75 (0·53;1·06)
0·67 (0·47;0·95)

Structure of ICU OR (95% CI) p−value
Presence of intermediate care beds 0·00170·63 (0·47;0·84)

0.3 0.5 1.0 2.0 4.0

Odds Ratio

Fig. 1  Multivariable mixed logistical models for adequate antimicrobial therapy within the first 24 h and 28-day mortality. The first panel relates to 
adequate antimicrobial therapy within the first 24 h, the second panel 28-day mortality. ICU intensive care unit, OR odds ratio, CI confidence interval, 
TDM therapeutic drug monitoring, AMR antimicrobial resistance
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for the presence of septic shock, the availability of interme-
diate care beds in the ICU was associated with decreased 
28-day mortality (odds ratio [OR] 0.63, 95% confidence 
interval [CI] 0.47–0.84, p = 0.0017, Fig. 1, eTable 2).

Organisation of the microbiology laboratory and infectious 
diseases
Having an infectious diseases (ID) specialist in the 
ICU, scheduled ID rounds or multidisciplinary meet-
ings with ID specialists, the presence of a clinical phar-
macist as part of the permanent ICU staff, empirical 
antibiotic treatment determined by local infection treat-
ment guidelines, TDM for aminoglycosides, vancomycin 
and beta-lactam, automated blood culture incubation, 
monitoring for positive blood cultures every 24  h and 
7  days a week, and performing molecular tests in case 
of multidrug-resistant bacteria were associated with an 
increased percentage of adequate therapy within the first 
24  h (Table  2). Using multivariable mixed logistic mod-
els with adjustment for the presence of septic shock, 
only TDM for aminoglycosides was associated with an 
increased probability of adequate therapy within the first 
24 h (TDM available at least once a week, OR 1.22 [95% 
CI 0.76–1.95]; TDM available every day, OR 1.48 [95% CI 
1.03–2.14]; TDM available every day within a few hours, 
OR 1.79 [95% CI 1.34–2.38]; p < 0.01, Fig. 1, eTable 3).

Scheduled ID rounds or multidisciplinary meetings, fre-
quent consultation with clinical pharmacists, the presence 
of a clinical pharmacist as part of the permanent ICU staff, 
empirical antibiotic treatment determined by national/inter-
national or local guidelines, collection of microbiological 
surgical site or procedural site specimens, TDM for amino-
glycosides, vancomycin and beta-lactam, results of positive 
blood culture reported on personal contact and 24/7, anti-
biotic susceptibility test directly performed from the posi-
tive blood culture, and molecular test performed in case of 
multidrug-resistant bacteria were associated with decreased 
28-day mortality. Using multivariable mixed logistic models 
with adjustment for the presence of septic shock, TDM for 
aminoglycosides was associated with decreased probability 
of 28-day mortality (TDM available at least once a week, OR 
0.81 [95% CI 0.48–1.36]; TDM available every day, OR 0.66 
[95% CI 0.44–1.00]; TDM available every day within a few 
hours, OR 0.51 [95% CI 0.37–0.70]; p < 0.01, Fig. 1, eTable 4). 
Moreover, consultation of clinical pharmacists was associ-
ated with decreased 28-day mortality (24/7 consultation, 
OR 0.67 [95% CI 0.47–0.95]; business hours consultation, 
OR 0.75 [95% CI 0.53–1.06]).

ICU AMR‑related factors
Selective oropharyngeal and/or digestive tract decon-
tamination, surveillance cultures and screening for multi-
drug-resistant organism carriage, different percentage of 
vancomycin-resistant enterococci (VRE) and extended-
spectrum beta-lactamase (ESBL)-producing Enterobac-
terales were associated with adequate therapy within the 
first 24  h (Table  3). Using multivariable mixed logistic 
models with adjustment for the presence of septic shock, 
surveillance cultures and screening for multidrug-resistant 
organism carriage were associated with an increased prob-
ability of adequate therapy within the first 24 h (screening 
for all patients on admission, OR 1.07 [95% CI 0.75–1.53]; 
screening for all patients on admission and at least once 
weekly, OR 1.45 [95% CI 1.09–1.93]; Fig. 1, eTable 5).

Surveillance cultures and screening for multidrug-
resistant organism carriage, different percentage of 
methicillin-resistant Staphylococcus aureus (MRSA), 
VRE, ESBL-producing Enterobacterales and carbap-
enemase-producing Enterobacterales were associated 
with 28-day mortality (Table  3). Using multivariable 
mixed logistic models with adjustment for the pres-
ence of septic shock, percentage of VRE between 10 
and 25% was associated with increased 28-day mortal-
ity (OR 1.67 [95% CI 1.00–2.80], Fig. 1, eTable 6).

Country factors
Median values of HDI and current health expenditure 
were increased in patients who received an adequate 
therapy within the first 24 h. Moreover, patients recruited 
in countries with training and professional education on 
AMR, in countries with data on reports from national 
surveillance system for AMR, and in countries with 
policies for optimising antimicrobial use implemented 
in most healthcare facilities had higher proportions of 
adequate therapy within the first 24  h (Table  4). Using 
multivariable mixed logistic models with adjustment 
for the presence of septic shock, increasing HDI values 
were associated with increased OR for adequate therapy 
within the first 24 h (Fig. 1, eTable 7).

Median values of HDI and current health expendi-
ture were decreased in patients who died within 
28  days (Table  4). Moreover, patients recruited in 
countries with training and professional education 
on AMR, in countries with data reports from national 
surveillance system for AMR and with policies for 
optimising antimicrobial use implemented in most 
healthcare facilities were associated with decreased 
28-day mortality. Using multivariable mixed logistic 
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models with adjustment for the presence of septic 
shock, decreasing values of HDI were associated with 
increased 28-day mortality (Fig. 1, eTable 8).

Sensitivity analysis excluding the centres that recruited 
COVID‑19 patients
A sensitivity analysis excluding centres (n = 59) that 
recruited COVID-19 patients (980 patients, 319 patients 
with COVID-19) during the study period showed similar 
results regarding the structure of the ICU factors, organi-
sation of the microbiology laboratory and infectious dis-
eases, ICU AMR-related and country factors for both 
indicators (eFigure 3).

Discussion
Using a large international prospective cohort, we pro-
vided a detailed description of the organisation of ICUs, 
microbiology laboratories and antimicrobial stewardship 
processes worldwide. We showed that several factors 
related to the centre and country were associated with 
the adequacy of antimicrobial therapy and mortality in 
critically ill patients with HABSI. To our knowledge, such 
an in-depth analysis on centre- and country-specific fac-
tors has never been performed. Compared to the initial 
EUROBACT-2 publication [12], this analysis differs in 
the study population by including only the largest cen-
tres, centre-related factors were investigated in detail that 
were not investigated in the initial publication, includ-
ing those relevant to the organisation of the microbiol-
ogy laboratory, infectious diseases and AMR, as were 
country-level factors. Individual HABSI data were used 
only as adjustment factors, and this analysis provides an 
in-depth analysis of a process indicator (i.e. adequacy of 
antimicrobial therapy).

Indeed, cohort studies analysing adequacy of antimi-
crobial therapy or mortality have mostly focussed on 
individual risk factors [18, 19].

Aminoglycoside TDM was associated with an 
increased probability of adequate antimicrobial therapy 
within the first 24 h and with decreased mortality. TDM 
is frequently used to optimise exposure whilst minimis-
ing toxicity in antibiotics with complex pharmacoki-
netics or those with a narrow therapeutic window [20]. 
Aminoglycosides could lead to acute kidney injury due 
to acute tubular necrosis; therefore, pharmacokineti-
cally monitored aminoglycoside therapy in critically ill 
patients may reduce toxicity [20]. In addition, amino-
glycoside TDM could optimise antibiotic dosing in an 
attempt to achieve pharmacokinetic/pharmacodynamic 
targets and outcomes of severe infections in critically ill 
patients [20, 21]. It is, therefore, possible that the fre-
quency of TDM may be associated with reduced mor-
tality. However, TDM for aminoglycoside may simply Ta
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represent a proxy measure for access to a highly func-
tional laboratory system in a mature healthcare setting 
with multiple other protective factors. Further analy-
sis showed that 64% (n = 128) of centres administered 
aminoglycoside during the study period and, amongst 
them, 35% (n = 45) did not perform TDM for aminogly-
coside. Interestingly, models conducted in this subpop-
ulation showed similar results (eTables 9–10).

We observed that frequent consultation with clinical 
pharmacists was significantly associated with decreased 
28-day mortality. Up to now, a positive impact of 
pharmacy consultation for ICU patients with severe 
infections has been reported only from retrospective 
database linkage [22], or by small localised studies [23, 
24]. By ensuring optimal drug choice, avoiding interac-
tions and improving delivery with pharmacodynamic/
pharmacokinetic optimisation, clinical pharmacists 
could have a significant role in providing safe and effec-
tive care to ICU patients with severe infections.

In settings with a low prevalence of multidrug-resist-
ant microorganisms, screening for multidrug-resistant 
organism carriage could prevent the spread of such 
microorganisms by allowing a prompt implementa-
tion of infection prevention and control measures, thus 
decreasing the risk of cross-transmission [25]. We also 
found that screening for multidrug-resistant organism 
carriage was associated with an increased probability of 
adequate therapy within the first 24 h. This association 
was significant when multidrug microorganisms were 
tested on admission and at least once weekly. Aware-
ness of multidrug-resistant microorganism colonisa-
tion in critically ill patients could, therefore, be crucial 
for the implementation of the best therapeutic man-
agement strategies. In this context, a recent system-
atic review and meta-regression analysis showed that 
patients colonised with carbapenem-resistant micro-
organisms were at increased risk of subsequent infec-
tion [26]. Interestingly, one third of patients included 
in the EUROBACT-2 study were not screened for mul-
tidrug-resistant organism carriage, highlighting room 
for improvement in several centres. Further discus-
sion on ICU AMR factors associated with mortality is 
described in the supplementary material.

Our study showed an association between the presence 
of intermediate care beds in the ICU and 28-day mortal-
ity in the EUROBACT-2 cohort. The role of intermedi-
ate care beds combined with ICU beds has been debated 
in the literature in the last 2 decades [27]. On one hand, 
intermediate care beds could provide more intensive 
monitoring and patient management than the general 
ward, thus impacting prognosis [27]. In this context, a 
large cohort study highlighted the benefits of intermedi-
ate care beds in term of prognosis for severely ill patients 

[28] and our international study underlined the impor-
tance of the presence of these beds, especially during 
COVID-19 pandemic. On the other hand, the presence 
of intermediate care beds may simply represent a less-
severe patient population. However, after adjusting for 
severity on admission, we observed a significant associa-
tion with mortality, thus refuting this hypothesis.

Country factors were also associated with our process 
and outcome indicators. We showed that decreasing 
values of HDI were associated with a low probability of 
adequate antimicrobial therapy and increased probability 
of mortality, respectively. To our knowledge, country fac-
tors have not been investigated as dependent variables on 
process and outcome indicators in critically ill patients 
with HABSI due to difficult to obtain worldwide data. 
HDI includes long and healthy life expectancy, educa-
tion, and a decent standard of living measured by gross 
national income per capita [29]: our findings clearly high-
lighted the need for policy-mediated large-scale improve-
ments even for critically ill patients.

Our study has several limitations. Centres were pre-
dominantly from high-income and upper-middle-income 
countries, which limits the generalisability of our results. 
Second, data collection continued during the first year of 
the COVID-19 pandemic, whereas the management of 
HABSI in the different centres may have been modified 
during this period. For this reason, we performed a sen-
sitivity analysis excluding centres that recruited COVID-
19 patients. Third, data collection was performed by 
individual investigators in several ICUs, without on-site 
monitoring. We mitigated the risk of inconsistencies with 
online checks through the electronic case report file, and 
by a close monitoring of the data quality and coherence 
within each case report by at least one expert. Fourth, for 
our multivariable models, we used backward selection 
which could be sensitive to the sample size, the order of 
variables, the correlation amongst variables, and the sig-
nificance level. Fifth, aggregated AMR ICU data on Aci-
netobacter spp. and Pseudomonas spp. were not available 
in the EUROBACT-2 database. Sixth, adequacy within 
24 h may be a debatable process outcome and could only 
represent a proxy for the true adequacy of antimicrobial 
treatment. Of note, a recent meta-analysis showed that 
24 versus 48 h cut-off showed similar impact on mortal-
ity [30]. Seventh, the number of HABSI included in each 
centre was low, thus decreasing reliability of adjusted 
analyses.

Conclusion
Using a large high-quality international database, we 
showed that TDM strategies, availability of clinical 
pharmacists, weekly screening for multidrug-resistant 
microorganisms carriage, VRE prevalence in HABSI and 



885

Ta
bl

e 
4 

Co
un

tr
y 

fa
ct

or
s

A
ll 

ce
nt

re
s 

 
(n

 =
 2

01
)

A
ll 

pa
tie

nt
s 

(n
 =

 2
20

9)
N

o 
ad

eq
ua

te
 tr

ea
t‑

m
en

t (
n 
=

 1
08

1)
24

 h
 a

de
qu

at
e 

tr
ea

t‑
m

en
t (

n 
=

 1
12

8)
p 

va
lu

e
A

liv
e 

or
 d

is
ch

ar
ge

 
al

iv
e 

at
 d

ay
-2

8 
(n

 =
 1

37
0)

28
-d

ay
 m

or
ta

lit
y 

(n
 =

 8
39

)
p 

va
lu

e

O
EC

D
 m

em
be

r
13

7 
(6

8.
2)

16
81

 (7
6.

1)
81

0 
(7

4.
9)

87
1 

(7
7.

2)
0.

21
10

40
 (7

5.
9)

64
1 

(7
6.

4)
0.

79

H
um

an
 D

ev
el

op
m

en
t 

In
de

x
0.

88
 [0

.8
2;

 0
.9

0]
0.

86
 [0

.8
2;

 0
.9

0]
0.

83
 [0

.8
2;

 0
.9

0]
0.

89
 [0

.8
2;

 0
.9

0]
 <

 0
.0

1
0.

89
 [0

.8
2;

 0
.9

0]
0.

83
 [0

.8
2;

 0
.9

0]
 <

 0
.0

1

N
at

io
na

l a
ct

io
n 

pl
an

 o
n 

A
M

R 
(m

is
s =

 4
)

0.
03

 <
 0

.0
1

 N
ot

 im
pl

em
en

te
d

79
 (4

0.
1)

10
08

 (4
6.

5)
52

3 
(4

8.
8)

48
5 

(4
4.

2)
58

0 
(4

3.
3)

42
8 

(5
1.

8)

 D
ev

el
op

ed
 a

nd
 

im
pl

em
en

te
d

11
8 

(5
9.

9)
11

60
 (5

3.
5)

54
8 

(5
1.

2)
61

2 
(5

5.
8)

76
1 

(5
6.

7)
39

9 
(4

8.
2)

Tr
ai

ni
ng

 a
nd

 p
ro

fe
s‑

si
on

al
 e

du
ca

tio
n 

on
 

A
M

R 
(m

is
s =

 8
)

 <
 0

.0
1

 <
 0

.0
1

 N
ev

er
/in

 s
om

e 
pr

e-
se

rv
ic

e 
tr

ai
ni

ng
 a

nd
 

co
nt

in
ui

ng
 p

ro
fe

s‑
si

on
al

 d
ev

el
op

m
en

t

74
 (3

8.
3)

10
48

 (4
9.

2)
57

1 
(5

4.
2)

47
7 

(4
4.

2)
57

6 
(4

3.
7)

47
2 

(5
8)

 In
 a

ll 
re

le
va

nt
 p

re
-

se
rv

ic
e 

tr
ai

ni
ng

 a
nd

 
co

nt
in

ui
ng

 p
ro

fe
s‑

si
on

al
 d

ev
el

op
m

en
t

11
9 

(6
1.

7)
10

84
 (5

0.
8)

48
3 

(4
5.

8)
60

1 
(5

5.
8)

74
2 

(5
6.

3)
34

2 
(4

2)

N
at

io
na

l m
on

ito
rin

g 
sy

st
em

 fo
r c

on
su

m
p‑

tio
n 

an
d 

ra
tio

na
l u

se
 

of
 a

nt
im

ic
ro

bi
al

s 
(m

is
s =

 4
)

0.
05

0.
12

 N
on

e
7 

(3
.6

)
64

 (3
)

26
 (2

.4
)

38
 (3

.5
)

41
 (3

.1
)

23
 (2

.8
)

 N
at

io
na

l s
al

es
 a

nd
 

co
ns

um
pt

io
n

17
 (8

.6
)

11
1 

(5
.1

)
54

 (5
)

57
 (5

.2
)

62
 (4

.6
)

49
 (5

.9
)

 N
at

io
na

l a
nd

/o
r s

ub
-

na
tio

na
l s

al
es

 a
nd

 
co

ns
um

pt
io

n

46
 (2

3.
4)

55
4 

(2
5.

6)
26

3 
(2

4.
6)

29
1 

(2
6.

5)
35

9 
(2

6.
8)

19
5 

(2
3.

6)

 P
re

sc
rib

in
g 

pr
ac

tis
es

 
an

d 
an

tib
io

tic
 u

se
15

 (7
.6

)
11

4 
(5

.3
)

70
 (6

.5
)

44
 (4

)
61

 (4
.5

)
53

 (6
.4

)

 P
re

sc
rib

in
g 

pr
ac

tis
es

, 
an

tib
io

tic
 u

se
, 

na
tio

na
l s

al
es

, a
nd

 
co

ns
um

pt
io

n

11
2 

(5
6.

9)
13

25
 (6

1.
1)

65
8 

(6
1.

4)
66

7 
(6

0.
8)

81
8 

(6
1)

50
7 

(6
1.

3)

N
at

io
na

l s
ur

ve
ill

an
ce

 
sy

st
em

 fo
r A

M
Ra  

(m
is

s =
 9

)

 <
 0

.0
1

 <
 0

.0
1

 N
o 

re
po

rt
s

51
 (2

6.
6)

88
6 

(4
1.

5)
49

2 
(4

6.
9)

39
4 

(3
6.

4)
48

6 
(3

6.
9)

40
0 

(4
9)

 C
ol

le
ct

s 
da

ta
 a

nd
 

pr
od

uc
es

 re
po

rt
s

14
1 

(7
3.

4)
12

47
 (5

8.
5)

55
8 

(5
3.

1)
68

9 
(6

3.
6)

83
0 

(6
3.

1)
41

7 
(5

1)



886

Ta
bl

e 
4 

 (C
on

ti
nu

ed
) A

ll 
ce

nt
re

s 
 

(n
 =

 2
01

)
A

ll 
pa

tie
nt

s 
(n

 =
 2

20
9)

N
o 

ad
eq

ua
te

 tr
ea

t‑
m

en
t (

n 
=

 1
08

1)
24

 h
 a

de
qu

at
e 

tr
ea

t‑
m

en
t (

n 
=

 1
12

8)
p 

va
lu

e
A

liv
e 

or
 d

is
ch

ar
ge

 
al

iv
e 

at
 d

ay
-2

8 
(n

 =
 1

37
0)

28
-d

ay
 m

or
ta

lit
y 

(n
 =

 8
39

)
p 

va
lu

e

Po
lic

ie
s 

fo
r o

pt
im

is
in

g 
an

tim
ic

ro
bi

al
 u

se
 

(m
is

s =
 4

)

 <
 0

.0
1

 <
 0

.0
1

 N
on

e 
or

 in
 s

om
e 

he
al

th
ca

re
 fa

ci
lit

ie
s, 

n 
(%

)

91
 (4

6.
2)

11
97

 (5
5.

2)
62

8 
(5

8.
6)

56
9 

(5
1.

9)
68

2 
(5

0.
9)

51
5 

(6
2.

3)

 In
 m

os
t h

ea
lth

ca
re

/
gu

id
el

in
es

 im
pl

e‑
m

en
te

d 
fo

r a
ll,

 n
 (%

)

10
6 

(5
3.

8)
97

1 
(4

4.
8)

44
3 

(4
1.

4)
52

8 
(4

8.
1)

65
9 

(4
9.

1)
31

2 
(3

7.
7)

Re
gi

on
0.

22
0.

01

 T
he

 A
m

er
ic

as
6 

(3
)

46
 (2

.1
)

22
 (2

)
24

 (2
.1

)
30

 (2
.2

)
16

 (1
.9

)

 E
as

t A
si

a 
an

d 
Pa

ci
fic

34
 (1

6.
9)

30
4 

(1
3.

8)
13

2 
(1

2.
2)

17
2 

(1
5.

2)
21

0 
(1

5.
3)

94
 (1

1.
2)

 E
ur

op
e 

an
d 

Ce
nt

ra
l 

A
si

a
13

0 
(6

4.
7)

16
08

 (7
2.

8)
79

9 
(7

3.
9)

80
9 

(7
1.

7)
96

6 
(7

0.
5)

64
2 

(7
6.

5)

 M
id

dl
e 

Ea
st

 a
nd

 
A

fri
ca

24
 (1

1.
9)

21
4 

(9
.7

)
10

6 
(9

.8
)

10
8 

(9
.6

)
14

4 
(1

0.
5)

70
 (8

.3
)

 S
ou

th
 A

si
a

7 
(3

.5
)

37
 (1

.7
)

22
 (2

)
15

 (1
.3

)
20

 (1
.5

)
17

 (2
)

O
EC

D
 O

rg
an

is
at

io
n 

fo
r E

co
no

m
ic

 C
o-

op
er

at
io

n 
an

d 
D

ev
el

op
m

en
t, 

AM
R 

an
tim

ic
ro

bi
al

 re
si

st
an

ce
, M

is
s m

is
si

ng
 d

at
a;

 o
f n

ot
e,

 m
is

si
ng

 d
at

a 
ar

e 
co

un
te

d 
at

 c
en

tr
e 

le
ve

l i
n 

th
is

 ta
bl

e



887

Human Development Index could substantially be asso-
ciated with process and outcome indicators. Centre- and 
country-specific factors should be included in further 
prospective international studies investigating severe 
infections in critically ill patients.
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