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Mihai Gabriel Ştefan, l Marcus Vollmer, ab Natalija Vuković, ac Kyriakos Zaragkoulias, ad,ae Konrad Reinhart, af,al,at Ricard Ferrer, ag,aj,ak,al,an and 
Evgeny A. Idelevich, ah,ai,ao for the European Sepsis Care Study Group on behalf of the ESCMID Study Group for Bloodstream Infections, Endocarditis 
and Sepsis (ESGBIES) and the European Sepsis Alliance (ESA) av

a Department of Anaesthesiology, Intensive Care Medicine, Emergency Medicine and Pain Medicine, University Medicine Greifswald, 
Greifswald, Germany
b 4th Department of Internal Medicine, National and Kapodistrian University of Athens, Medical School, Athens, Greece
c Service de Réanimation, Hôpital Raymond Poincaré, Assistance Publique—Hôpitaux de Paris, Université Versailles Saint-Quentin, 
Garches, Versailles, France
d Critical Care Center, Parc Taulí Hospital Universitari, CIBERes, Institut d’Investigació i Innovació Parc Taulí (I3PT-CERCA), 
Autonomous University of Barcelona, Sabadell, Spain
e Department of Internal Medicine, Hacettepe University, Ankara, Türkiye
f Paediatric Intensive Care Unit, Department of Emergency and General Pediatrics, Bambino Gesù Children’s Hospital, IRCCS, Rome, 
Italy
g Department of Internal Medicine, Clinical Pharmacy and Pharmacology, University Medical Center Groningen, University of 
Groningen, Groningen, Netherlands
h Dept. of Anaesthesia and Intensive Care Medicine, Charles University in Prague, 3rd Faculty of Medicine, Prague, Czech Republic 
i Constantine the Philospher University in Nitra, Faculty of Social Sciences and Health Care, Slovak Republic
j Department of Anaesthesiology, Resuscitation and Intensive Care, Zagreb University Hospital Centre, Zagreb, Croatia
k Emergency Department, Antwerp University Hospital, Antwerp, Belgium
l Department of Anaesthesiology and Intensive Care, “Prof Dr CC Iliescu” Emergency Institute for Cardiovascular Diseases, Bucharest, 
Romania
m University of Medicine and Pharmacy Carol Davila, Bucharest, Romania
n Department of Anesthesia and Intensive Care, Tampere University Hospital, Wellbeing Services County of Pirkanmaa and Tampere 
University, Tampere, Finland
o Tours University, School of Medicine and Tours University Hospital, CHU Tours, Emergency Medicine Department, 37044, Tours, 
France
p Department of Emergency Medicine, Odense University Hospital, Odense, Denmark
q North-West State Medical University named after I.I. Mechnikov, Federal Research and Clinical Center of Intensive Care Medicine and 
Rehabilitology, Saint Petersburg, Russian Federation
r Division of Infection Medicine, Faculty of Medicine, Department of Clinical Sciences Lund, Lund University, Lund, Sweden
s Department of Anaesthesiology and Intensive Care Medicine, Faculty of Medicine, University Hospital Ostrava and University of 
Ostrava, Ostrava-Poruba, Czech Republic
t First Department of Anaesthesiology and Intensive Therapy, Medical University of Lublin, Lublin, Poland

*Corresponding author. Department of Anaesthesiology, Intensive Care Medicine, Emergency Medicine and Pain Medicine, University Medicine 
Greifswald, Ferdinand-Sauerbruch-Straße, 17475, Greifswald, Germany.

E-mail address: christian.scheer@med.uni-greifswald.de (C.S. Scheer).
al Representative of the European Sepsis Alliance (ESA).
am Representative of the European Shock Society (ESS).
an Representative of the European Society of Intensive Care Medicine (ESICM).
ao Representative of the European Society of Clinical Microbiology and Infectious Diseases Study Group for Bloodstream Infections, Endocarditis and 
Sepsis (ESGBIES).
ap Representative of the European Society of Paediatric and Neonatal Intensive Care (ESPNIC).
aq Representative of the European Society for Emergency Medicine (EUSEM).
ar Representative of the International Fluid Academy (IFA).
as Representative of the Intensive Care Society United Kingdom (ICS).
at Representative of the Global Sepsis Alliance (GSA).
au Representative of the European Society of Anaesthesiology and Intensive Care (ESAIC).
av The members of collaborative group are listed in the Acknowledgements.

www.thelancet.com Vol 62 March, 2026 1

Articles

http://creativecommons.org/licenses/by/4.0/
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
Delta:1_given-name
Delta:1_surname
mailto:christian.scheer@med.uni-greifswald.de
http://crossmark.crossref.org/dialog/?doi=10.1016/j.lanepe.2025.101570&domain=pdf
http://www.thelancet.com


u Medical Data Management, Medaman, Geel, Belgium
v Anestesia e Rianimazione dei Trapianti Dipartimento Chirurgico Polispecialistico ASST Grande Ospedale Metropolitano Niguarda 
Milano, Milan, Italy
w Department of Critical Care, King’s College London, Guy’s & St Thomas’ Hospital, London, United Kingdom
x Division of Internal Medicine, University Hospital Basel and Department of Biomedicine and Department of Clinical Research, 
University of Basel, Basel, Switzerland
y Intensive Care Medicine Service, Centro Hospitalar Universitário São João, Porto, Portugal
z Department Infectious Diseases, Italian National Institute of Health, Rome, Italy
aa Clinical Department of Anesthesiology and Intensive Therapy, Wroclaw Medical University, Wroclaw, Poland
ab Institute of Bioinformatics, University Medicine Greifswald, Greifswald, Germany
ac Clinic for Anesthesiology, Reanimation and Intensive Care, University Clinical Center Niˇ s, Niˇ s, Serbia
ad Section for Medical Microbiology, Department of Laboratory Medicine Nord-Trøndelag Hospital Trust, Levanger, Norway
ae Department of Medical Microbiology, St Olavs Hospital, Trondheim University Hospital, Trondheim, Norway
af Charité Universitätsmedizin Berlin, Department of Anesthesiology and Operative Intensive Care Medicine, Berlin, Germany
ag Intensive Care Department, Vall d’Hebron Hospital Universitari, Barcelona, Spain
ah Friedrich Loeffler-Institute of Medical Microbiology, University Medicine Greifswald, Greifswald, Germany
ai Institute of Medical Microbiology, University Hospital Münster, Münster, Germany
aj SODIR Research Group, Vall d’Hebron Institut de Recerca (VHIR), Barcelona, Spain
ak Department of Medicine, Universitat Autònoma de Barcelona Vall d’Hebron Barcelona Hospital Campus, Barcelona, Spain

Summary
Background Blood cultures (BCs) are key diagnostic elements for sepsis patients. Accurate preanalytical procedures 
are substantial, and results should be available as soon as possible to guide adequate antimicrobial treatment. This 
study aimed to evaluate BC collection practices and diagnostic capacity across European hospitals.

Methods This cross-sectional survey investigated BC diagnostics in acute care hospitals across 37 European 
countries in the years 2021 and 2022. Analyses included BC guidelines, collection sites, number of BC sets in 
emergency departments (EDs), wards, and intensive care units (ICUs). We also examined transfer after 
collection, the use of on-site vs. external laboratories, opening hours, rapid testing capacity, and turn-around 
times of BCs processed in microbiology laboratories with different infrastructures.

Findings Responses were collected from 907 hospitals in Europe. BC guidelines were available in 84⋅4% (741/878) 
of the hospitals. BCs were preferably collected by multiple-site sampling in EDs (62⋅7%, 461/735), in wards 
(64⋅0%, 513/802) and ICUs (68⋅5%, 518/756). One BC set was preferred in EDs in 38⋅4% (270/704), in wards 
in 40⋅5% (314/775), and ICUs in 34⋅9% (261/748). Two BC sets were preferred in EDs in 31⋅0% (218/704), in 
wards in 28⋅1% (218/775), and ICUs in 39⋅2% (293/748). 48⋅0% (402/838) of hospitals used on-site and 52⋅0% 
(436/838) external microbiology laboratories. Around-the-clock microbiological services were available in 10⋅0% 
(91/907), and rapid pathogen identification in 43⋅7% (396/907) of hospitals. Infrastructure with around-the-
clock microbiological service and rapid testing was available in 7⋅4% (62/840) of hospitals, and probability of a 
final microbiological result within two days was highest in these hospitals compared to hospitals with limited 
microbiology service (for BC collected on wards: 19⋅6% vs. 52⋅7%, Odds Ratio 4⋅59 [95% CI 2⋅50–7⋅79], 
p < 0⋅0001).

Interpretation Despite the availability of BC guidelines in many hospitals, current recommendations for BC 
collection were often neglected. Rapid testing capacity was limited in most microbiological laboratories, and around-
the-clock service for BCs was very rare. As delay in results may have a detrimental impact on patient outcomes, 
strategies to improve these processes are urgently needed.
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Introduction
Blood cultures (BC) are the gold standard for detecting 
bloodstream infections, especially in patients with 
sepsis. They are important for identifying the causative 
pathogens and support the correct choice of antimi-
crobials. 1 Although broad-spectrum antibiotics are in 
most cases part of the initial treatment of sepsis, in a 
substantial number of cases, antibiotic prescriptions 
have gaps in coverage or encounter pathogens resistant 
to the administered agents, resulting in inadequate 
treatment. 2,3 The BC findings inform management,

guide clinicians to tailor antimicrobial therapy for 
optimal efficacy, and allow de-escalation of antimicro-
bials to minimize collateral damage. 4,5 There are several 
practice guidelines about how to collect a BC, 6–11 but 
many aspects related to the process of taking BCs are 
subject of intensive research and scientific debate. This 
includes, for example, the collection site, the number of 
punctures (single-site vs. multiple-site sampling), the 
optimal number of BC sets and blood volume. 1,12–25 BC 
analysis is a complex process, involving multiple steps 
that require considerable time and expertise. There are

Research in context

Evidence before this study
Blood culture collection is a key element in sepsis 
diagnostics, as it supports the identification of the pathogen 
causing the infection. Appropriate preanalytical practices and 
rapid processing of blood cultures are essential to provide 
clinicians with valid microbiological results as promptly as 
possible. We conducted a PubMed search for studies 
published between January 2000, and September 2025 that 
reported on preanalytical practices of blood culture collection 
in patients with sepsis and/or on the infrastructure and 
capacity of microbiological laboratories processing blood 
cultures. We used the search terms “(“blood culture”) AND 
(“practice” OR “infrastructure“ OR “capacity“ OR 
“microbiological diagnostics“), and limited the search to 
multi-centre studies describing practices and infrastructure at 
the level of countries. Up to now, there was one study in 
2013 that investigated 79 microbiological laboratories and 
59 ICUs across four European countries. This study revealed 
considerable differences in the quality of blood culture 
testing. In particular, time to incubation was a considerable 
problem, largely due to the increasing number of remote 
laboratories. A 2017 study from Germany involving 706 
medical doctors and final-year medical students suggests 
that there are substantial deficits in blood culture ordering 
and in the application of guidelines for blood culture 
practice. The largest study, published in 2019, collected data 
from 209 laboratories across 25 European countries on 
microbiological diagnostics of bloodstream infections at the 
laboratory level. This study demonstrated that laboratories 
have begun to use novel methods for rapid identification and 
antimicrobial susceptibility testing. However, this 
improvement was hampered by limited operating hours, 
meaning that current practices of blood culture diagnostics 
in Europe only partially meet the requirements for optimal 
management of bloodstream infections. A 2022 study from 

Nordic countries investigated blood culture diagnostics in 49 
clinical microbiology laboratories in Denmark, Finland, 
Iceland, Norway and Sweden. The study reported limited 
opening hours and restricted availability of clinical 
microbiologists. Overall, there is little comparative 
information on the practice of blood culture diagnostics in

Europe, taking into account the clinical aspects, the processes 
and the available laboratory infrastructure.

Added value of this study
Compared to previous studies, we extended the analyses to 
include both blood culture processing in microbiology 
laboratories and preanalytical practices of blood culture 
collection in hospitals, differentiating between emergency 
departments, wards, and intensive care units. We increased 
the number of countries studied and included a substantial 
sample of European hospitals of all sizes and types. This 
study provided a comprehensive analysis of blood culture 
diagnostics including preanalytical aspects, transportation, as 
well as infrastructure of microbiology diagnostics and its 
availability. The differences in laboratory infrastructure 
observed were contextualized with the reported turn-around 
times of blood cultures. This approach allowed us to 
demonstrate the impact of microbiology laboratories 
providing 24/7 service and using rapid testing on turn-
around times, in contrast to laboratories with limited 
capacity.

Implications of all the available evidence
In this study, involving a large sample of European hospitals 
of all categories, preanalytical practices of blood culture 
collection were often not in accordance with current 
recommendations. Particularly the recommended number of 
blood culture sets was frequently not followed. Shipping to 
laboratories was often delayed, and most laboratories had 
limited opening hours. The results of our study, along with 
previous research on these aspects, provide convincing 
evidence that there is substantial room for improvement at 
preanalytical stages of blood culture diagnostics. 
Additionally, there is potential for enhancing the capacity of 
microbiology laboratories, including extending opening 
hours and implementing rapid testing. These findings are 
important because delays in time to result may have a 
detrimental impact on patient outcomes. Urgent measures 
at national and international levels are needed to ensure 
timely and effective care for patients with sepsis.
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only limited data regarding BC sampling strategies, 
microbiological handling of BCs, laboratory operating 
hours, and the use of rapid testing for BCs in European 
countries. 26–29 Overall, there is little comparative infor-
mation on the practice of blood culture diagnostics in 
Europe, taking into account the clinical aspects, the 
processes and the available laboratory infrastructure. 
However, such organizational and infrastructural 

aspects are essential for the optimal management of 
sepsis patients. 1,26,30

In this study, we aimed to evaluate practices in BC 
collection and diagnostic capacity across European 
hospitals and examine their relationship with diag-
nostic turnaround time.

Methods
Design and population
The European Sepsis Care Survey (ESCS) was a cross-
sectional survey project investigating sepsis care in 
acute care hospitals in a convenience sample. A self-
reported 94-item questionnaire (see Supplemental 
Material), harmonized by a multiprofessional steering 
committee led by the European Sepsis Alliance and 
peer-reviewed by the scientific committees of four Eu-
ropean professional scientific societies (see 
Supplemental Material) was distributed to health-care 
professionals working in acute care hospitals in 69 
countries. Participants registered online and completed 
the survey via a web-based platform (LamaPoll Platin 
Edition, Germany) using a hospital-specific, unique 
access link. They were encouraged to obtain the 
necessary details from other services or departments 
within the hospital. Each hospital was permitted to 
submit only one entry, including sections for the 
emergency department, wards, and intensive care units. 
The data were collected in 2021 and 2022, and were 
handled confidentially. The questionnaire contained 
questions about sepsis screening and sepsis manage-
ment, as well as BC collection practices and the diag-
nostic capacity of microbiology laboratories. The 
general part of the ESCS was published previously. 31 

Here, we report the analysis of ESCS data regarding 
BC collection practices and microbiological diagnostics. 
The study protocol received ethical approval from the 
ethics committee of University Medicine Greifswald, 
Germany (BB 124/21), where data were stored and 
processed. Written consent from the participants was 
not required. The ESCS complied with the EQUATOR 
network reporting guidelines CHERRIES 32 and 
CROSS 33 and was registered at ClinicalTrials.gov 
(Identifier: NCT05059808). For this analysis we used 
data from acute care hospitals located in 37 countries in 
Europe, including Albania, Austria, Belarus, Belgium, 
Bulgaria, Croatia, Cyprus, Czechia, Denmark, Estonia, 
Finland, France, Germany, Greece, Hungary, Iceland, 
Ireland, Italy, Luxembourg, Malta, Netherlands, North

Macedonia, Norway, Poland, Portugal, Republic of 
Moldova, Romania, Russian Federation, Serbia, 
Slovakia, Slovenia, Spain, Sweden, Switzerland, 
Türkiye, Ukraine and United Kingdom. Data from 
countries outside the European continent were 
excluded due to fundamental differences in procedures 
used in European and non-European countries.

Variables of interest
The following aspects were analysed: availability of a 
hospital protocol or guideline for the collection of BCs, 
BC collecting staff, BC sampling sites including single-
site vs. multiple-site sampling, the number of BC sets 
per collection and surveillance of the number of BCs. 
We further investigated the processing of BC after 
collection, the availability of on-site or external micro-
biology, transfer priority to the microbiology, and the 
availability of around-the-clock microbiological service. 
Around-the-clock service was defined as including BC 
incubation, pathogen identification, antimicrobial sus-
ceptibility testing (AST) and result reporting. We also 
assessed the availability of rapid testing, i.e., rapid 
pathogen identification by PCR, direct MALDI-TOF 
MS, or MALDI-TOF MS after short incubation, and 
rapid AST directly from positive blood cultures, as well 
as BC tracking and reporting systems. Turn-around-
times (TAT) to preliminary results (e.g., Gram stain) 
and TAT to final microbiological result (including 
pathogen identification and AST) reported by the par-
ticipants were analysed.

Statistical analyses
Analyses were performed by using Excel Version 16, 
RStudio and Datawrapper. Due to the lack of stand-
ardised information on the total number of hospitals in 
the individual countries and therefore the impossibility 
of making a statement on the response rate, represen-
tativity per country was calculated based on number of 
beds in the included hospitals divided by total bed 
capacity per country according to Organisation for 
Economic Co-operation and Development (OECD) and 
European Statistics Office (Eurostat) data (Supplemental 
Table S2). Only definitive answers (yes/ no) were used to 
calculate proportions. Responses of the category “I don’t 
know” were not considered since they could shift the 
results in either direction. Since not all questions where 
mandatory, the number of participants included in 
each analysis varied. Results were presented as 
numbers and proportions. To avoid biased represen-
tation from countries with only a few participating 
hospitals, we presented country-specific results only if 
a country contributed at least 10% of its total hospital 
bed capacity, or at least 10 hospitals.
In a second step, we put the available diagnostic 

infrastructure and capacities in context with the BC 
TAT. The TAT of different settings (with and without 
around-the-clock BC processing; with and without rapid
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testing) were compared. Odds ratios with 95% confi-
dence intervals were calculated for the probability of 
having a microbiological result within two days. Hos-
pitals without 24/7 microbiology service and without 
rapid testing were set as reference. The Chi-squared test 
was used to compare contingency tables. p-values below 
an alpha level of 0⋅05 were considered statistically sig-
nificant. Due to the multiple comparisons, a Bonferroni 
correction was performed to adjust all p-values.

Role of the funding source
The study was supported by a grant from Becton 
Dickinson SA for technical realisation of the study. 
Becton Dickinson SA was not involved in the study 
design or recruitment or in writing, reviewing, or sub-
mission of the manuscript. This article represents the 
views of the named authors only.

Results
The original ESCS included 1023 hospitals worldwide. 
The present study analysed only European data 
including 907 hospitals from 37 European countries 
(713 hospitals from 26 countries within the European 
Union and 194 hospitals from 11 non-EU countries). 
Participants were hospital directors (6⋅0%, 54/907), 
head or deputy head of departments (44⋅4%, 403/907), 
consultants (38⋅6%, 350/907) and other (i.e., doctors, 
residents, nurses) (11⋅0%, 100/907). Details about the 
positions and specialties are provided in the 
Supplemental Material (Table S1).
The study included 312 (34⋅4%) university and 595 

(65⋅6%) non-university hospitals. We included 260 
hospitals with less than 250 beds, 268 hospitals with 
251–500 beds, 140 hospitals with 501–750 beds, and 
239 hospitals with more than 750 beds (Supplemental 
Table S3). Based on data from the OECD on hospital 
bed capacity, the study covered 13⋅9% of all acute care 
beds in the included countries. In the European Union, 
the sample covered 23⋅1% (388,574 out of 1,681,334) of 
all acute care beds in the 26 European Union countries 
and 6⋅2% of the capacity in the non-European Union 
countries (Supplemental Figure S1 and Table S2).

Blood culture guidelines
Information about the availability of a guideline or 
protocol for the collection of BCs was reported from 878 
hospitals. 84⋅4% (741/878) of the hospitals reported to 
have a BC guideline or protocol. In individual countries, 
implementation of such guiding documents varied be-
tween 55⋅6% and 100% (Fig. 1). BC guidelines were 
available in 93⋅3% (42/45) of private hospitals, followed 
by university hospitals (87⋅5%, 265/303), and general or 
community hospitals (81⋅9%, 434/530) (p = 0⋅61). The 
hospital bed size had no significant influence on the 
availability of guidelines (p > 0⋅99).

Blood culture collection practices
BCs were predominantly collected by nurses (emer-
gency departments (EDs) 78⋅4% (576/735), wards 
72⋅4% (581/802), intensive care units (ICUs) 79⋅8% 
(639/801), respectively), with a higher proportion of BC 
collecting by nurses in EDs and on ICUs (p = 0⋅029). 
Physicians collected BCs in EDs in 33⋅3% (245/735), on 
wards in 35⋅5% (285/802), and on ICUs in 40⋅2% (322/ 
801), respectively) (p = 0⋅41). Specialized phlebotomy 
teams were rarely utilized (Fig. 2A).
Direct venipuncture at two different sites (multiple-

site sampling) was the preferred method of taking 
blood cultures in EDs (62⋅7%, 461/735), on wards 
(64⋅0%, 513/802), and ICUs (68⋅5%, 518/756). Veni-
puncture at one site (single-site sampling) was the 
preferred technique in 35⋅4% (260/735) of the EDs, 
33⋅5% (269/802) of the wards and 26⋅2% (198/756) of 
the ICUs. In case of suspected catheter infection, BCs 
were taken from more than 24 h old catheters in 43⋅9% 
(323/735) of the EDs, in 40⋅0% (321/802) of the wards, 
and in 49⋅5% (374/756) of the ICUs. Other preferred 
sites for BC collection are presented on Fig. 2B and 
alternative sites in the Supplemental Table S4. Re-
sponders indicated that they preferred a specific num-
ber of BC sets to be taken but acknowledged that this 
was not always achieved (Fig. 2C). Collection of only 
one BC set was reported from wards in 40⋅5% (314/ 
775), from EDs in 38⋅4% (270/704), and ICUs in 34⋅4% 
(261/748) (p > 0⋅99). Collection of always two BC sets 
was reported from EDs in 31⋅0% (218/704), from wards 
in 28⋅1% (218/775), and from ICUs in 39⋅2% (293/748) 
(p = 0⋅0002). Sampling of three and more BC sets was 
less frequently reported (Fig. 2C and Supplemental 
Table S5).

Blood culture transfer, tracking, result reporting 
and quality indicators
Among the hospitals, 838 provided information about 
the location of their microbiology laboratory, 48⋅0% 
(402/838) used on-site microbiology laboratory and 
52⋅0% (436/838) used external microbiological services 
to process BCs (p > 0⋅99). The ratio of on-site and 
external laboratories in individual countries and hos-
pital sizes varied and is shown in Fig. 3A and 
Supplemental Material Table S7. Responders reported 
that BCs were sent to the microbiology laboratory 
immediately after collection from the EDs (69⋅7%, 495/ 
710), from the wards (67⋅7%, 525/775), and from the 
ICUs (76⋅9%, 575/748) (p = 0⋅14). In smaller pro-
portions, BCs were sent at set times throughout the day, 
were sent irrespective of collection time, or were stored 
in the department where they had been taken and 
collected by personnel from the laboratory depending 
on availability (Supplemental Table S6). Immediate 
transfer of BCs to the laboratory was reported more 
frequently in hospitals with on-site microbiology
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compared to hospitals with external microbiology (EDs 
76⋅5% (250/327) vs. 64⋅0% (245/383), p = 0⋅008); wards 
(74⋅7% (277/371) vs. 61⋅4% (248/404), p = 0⋅002); and 
ICUs (82⋅7% (296/358) vs. 71⋅5% (279/390), p = 0⋅008) 
(Fig. 3B).
The actual state of the BC processing could be 

tracked in 22⋅6% (189/837) of hospitals in the hospital 
information system in real-time, in 46⋅5% (389/837) of 
hospitals with delay, and 19⋅2% (161/837) had no sys-
tem for BC tracking (Fig. 3C). The first finding (e.g., 
microscopy result or species identification) was re-
ported by direct calls from the laboratory and via clinical 
IT systems; there were also notifications via paper and 
fax or by other ways (Fig. 3D).
In 47⋅5% (393/828) of hospitals, the number of BCs 

was systematically measured as quality indicator. 
Contamination rates within their hospitals were only 
reported by 15⋅3% (139/907) of the responders with a 
median contamination rate of 10% (IQR 5–18).

Microbiological infrastructure and diagnostic 
capabilities
Around-the-clock microbiological services for blood 
culture incubation, pathogen identification and result

reporting were available for 10⋅0% (91/907) of the 
hospitals. Larger hospitals with more than 500 beds had 
unlimited 24/7 service in 13⋅5% (51/379) compared to 
smaller hospitals with less than 500 beds (7⋅6%, 40/ 
528) (p = 0⋅09) (Fig. 4). There were no significant dif-
ferences in the availability of 24/7 microbiological lab-
oratory service between university (10⋅3% (32/312) and 
non-university hospitals (9⋅9% (59/595) (p > 0⋅99), 
and not between on-site microbiology (9⋅6% (42/436) 
and external microbiology (10⋅4%, 49/471) (p > 0⋅99). 
The availability of 24/7 service in individual countries is 
shown in Fig. 4.
Rapid pathogen identification from positive BCs was 

available in 43⋅7% (396/907) of hospitals. AST directly 
from positive BCs was available in 23⋅9% (217/907) of 
hospitals. Both rapid pathogen identification and AST 
were available in 14⋅4% (131/907) of hospitals. The 
availability of rapid testing varied between hospitals of 
different sizes and across countries (Fig. 5). University 
hospitals compared to non-university hospitals had 
more rapid testing for pathogen identification (63⋅5%, 
[198/312] vs. 33⋅3% [198/595], p < 0⋅0001), AST (35⋅3%, 
[110/312] vs. 18⋅0% [107/595], p < 0⋅0001) and both, 
pathogen identification and AST (24⋅0% [75/312] vs.

Country (information provided/hospitals in study) 
Austria (4/4) 

Denmark (4/4) 
Estonia (1/1) 
Iceland (1/1) 

Luxembourg (1/1) 
Malta (1/1) 

Slovenia (3/3) 
Norway (5/6) 

Ireland (14/14) 
Netherlands (26/27) 

Romania (35/36) 
Belgium (23/23) 
Poland (55/55) 

United Kingdom (21/22) 
Italy (62/63) 

Spain (49/51) 
Portugal (17/17) 

Switzerland (8/8) 
Finland (15/17) 

Germany (237/245) 
Greece (17/17) 

Sweden (34/35) 
Russian Federation (66/68) 

Croatia (20/21) 
Czechia (41/41) 
France (26/27)

Serbia (8/9)

Proportion (%)

Fig. 1: Availability of blood culture guidelines or protocols by country. The figure shows only countries that contributed at least 10% of the 
country’s hospital bed capacity, or at least 10 hospitals of the country. Due to this threshold, data from Bulgaria, Cyprus, Hungary, Slovakia, 
Belarus, Ukraine, Republic of Moldova, North Macedonia and Albania are not presented in the figure. Proportions were calculated on definitive 
answers (yes/no). The numbers in brackets present the “number of hospitals that provided information/total number of hospitals in the 
study”.
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9⋅4% [56/595], p < 0⋅0001). Detailed information about 
the overall infrastructure (opening hours and rapid 
testing) was provided by 840 hospitals (Fig. 6). Only 
7⋅4% (62/840) of the hospitals had both, rapid testing 
and 24/7 microbiological service (Fig. 6A). On-site 
microbiology used more rapid testing for pathogen 
identification (50⋅5%, [238/471] vs. 36⋅2% [158/436], 
p = 0⋅0004), and AST (28⋅5% [134/471] vs. 19⋅0% [83/ 
436], p = 0⋅02).

Blood culture turn-around times
Participants reported how long it usually took to receive 
a preliminary (e.g., Gram stain microscopy) and the 
final BC result, including pathogen identification and 
AST. The majority had a final result within 3 days, on 
wards 69⋅0% (535/775) and on ICUs 72⋅4% (535/739) 
(Supplemental Figure S2).
Depending on the available infrastructure, a higher 

proportion of final BC results were available within two 
days when BCs were processed in microbiology labo-
ratories offering around-the-clock service (24/7) and 
rapid testing compared to hospitals with limited service 
and without rapid testing (52⋅7% [29/55] vs. 19⋅6% [54/ 
276], p < 0⋅0001) (Fig. 6B). The proportion of hospitals 
with around-the-clock microbiological service and rapid 
testing was only 7⋅4% (62/840), but the likelihood for a

final microbiological BC result within two days was 
highest in these hospitals (wards: odd ratio 4⋅59 [95% 
CI 2⋅50–7⋅79], ICUs: odds ratio 4⋅21 [95% CI 2⋅27– 
7⋅22]). The risk of a delayed final BC result was highest 
in hospitals with limited microbiological services and 
no rapid testing, of which there were 40⋅2% (338/840) 
of hospitals (Fig. 6).
When participants were asked “How could your 

microbiological diagnostic service improve?”, 64⋅4% (584/ 
907) answered “Microbiological diagnostics of sepsis should 
be more rapid”, 47⋅4% (430/907) felt that 24/7 microbi-
ological service was needed, 30⋅5% (277/907) wanted 
more specific advice (e.g., on antibiotic choice, dosage, 
duration), 26⋅5% (240/907) stated that microbiological 
diagnostics of sepsis should be more precise, and 
16⋅1% (146/907) were satisfied with the microbiology 
service.

Discussion
This study presents a comprehensive picture of BC 
collection practices and microbiological capacity for BC 
diagnostics in Europe. In total, responses from 907 
hospitals in 37 countries were analysed. With 83⋅0% 
(753/907) of participants being heads or deputy heads 
of departments or consultants (Supplemental Material,
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Fig. 2: Blood culture collection practice in case of sepsis. (A) The majority of BCs were collected by nurses. (B) Preferred site for BC collection was a multiple-site 
approach. In case of suspected catheter infection, a collection from more than 24 h old catheters was also frequently reported. Alternative collection sites for BCs are 
presented in the Supplemental Table S4. (C) In emergency departments (EDs), on wards, and intensive care units (ICUs), one or two blood culture sets were collected in 
most cases. More information about the number of BCs sets is presented in the Supplemental Table S5.
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Table S1), the data in this study predominantly reflects 
input from senior professionals, supporting its validity. 
Until now, there has been little cross-border and com-
parable information on the practice of BC diagnostics. 
Some studies pointed to significant weaknesses that 
could have a relevant impact on patient safety. 26–29

In our study, guidelines or protocols for BC collec-
tion were available in more than 80% of hospitals, but 
current recommendations were often neglected and not 
followed. A study from Germany in 2017 already re-
ported low adherence to the guideline recommendation 
of taking at least two BC sets (whereby one BC set 
consists of one aerobic and one anaerobic bottle). 29,34 

Also in our study there was a high proportion of EDs, 
wards and also ICUs, who usually collected less than 
two BC sets, a practice that is deviating from current 
recommendations, 7 but also from recommendations 
that have been in place for many years. 35,36 Interestingly,

the guideline recommendation to take at least two BC 
sets disappeared in the latest version of the sepsis 
guidelines, 37,38 which now does not clarify the needed 
number of BC sets. 1,13,17,39 A potential issue of collecting 
only one BC set is to miss detection of bloodstream 
infections due to reduced blood volume and that it is 
challenging to differentiate contamination from true 
pathogen. 23,39–43 Despite available evidence supporting 
single-site sampling, more hospitals were using 
multiple-site sampling, which has also been shown to 
increase the risk of contamination. 14–16,41,44 Our survey 
revealed contamination rates (10%) higher than those 
recommended by the Clinical and Laboratory Standards 
Institute. 7 CLSI currently recommends a contamination 
rate of <3% of all BCs collected. However, previous 
publications have reported actual overall BC contami-
nation rates ranging from of 0⋅6 to 12⋅5%. 45,46 Only a 
small proportion of respondents (15⋅3%) were able to

A C

B D

Fig. 3: Blood culture transfer, tracking and reporting. (A) Distribution of on-site and external microbiology laboratories providing service 
for hospitals in different countries. (B) Transfer priority of blood cultures to the microbiology after collection. Displayed are the proportions 
with immediate transfer. In other cases, blood cultures were transported with delay. For more information see Supplemental Table S5. (C) 
Availability of blood culture tracking systems to view the status of blood cultures. (D) Communication of information regarding the first 
microbiological finding to a clinician. Figure (A) shows countries that contributed at least 10% of the country’s hospital bed capacity, or at 
least 10 hospitals of the country. Due to this threshold, data from Bulgaria, Cyprus, Hungary, Slovakia, Belarus, Ukraine, Republic of Moldova, 
North Macedonia and Albania are not presented in the figure. Proportions were calculated on definitive answers (yes/no). The numbers in 
brackets present the “number of hospitals that provided information/total number of hospitals in the study”.
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provide information on contamination rates, indicating 
that such data are not routinely documented in many 
hospitals. High contamination rates are clinically sig-
nificant, as they may lead to unnecessary antibiotic use, 
prolonged hospital stays, and increased healthcare 
costs, highlighting the need for systematic monitoring

and targeted interventions to reduce contamination and 
improve patient care. 27,40,42,45–49

A previous study in four European countries re-
ported delayed BC incubation due to transportation to 
remote labs. 27 Our study confirmed delayed transfer 
due to transport to external laboratories, but there was
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Fig. 4: Availability of around-the clock microbiology service. Availability of timely unlimited (24/7) microbiological service for blood culture 
analysis in hospitals of different sizes and countries. Around-the-clock service had to include blood culture incubation, pathogen identifi-
cation, antimicrobial susceptibility testing, and result reporting. The country figure shows only countries that contributed at least 10% of the 
country’s hospital bed capacity, or at least 10 hospitals of the country. Due to this threshold, data from Bulgaria, Cyprus, Hungary, Slovakia, 
Belarus, Ukraine, Republic of Moldova, North Macedonia and Albania are not presented in the figure. Proportions were calculated on definitive 
answers (yes/no). The numbers in brackets present the “number of hospitals that provided information/total number of hospitals in the 
study”.
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also significantly delayed transfer to on-site microbio-
logical laboratories. A large survey study investigating 
209 microbiological laboratories in Europe reported the 
use of rapid technologies in two thirds of laboratories,

but only 13% had established a 24 h service to start 
immediate processing of positive blood cultures and 
only 4⋅7% of laboratories validated and transmitted the 
results of identification and AST to clinicians around-

Fig. 5: Rapid testing capacity. Availability of rapid pathogen identification (by PCR, direct MALDI-TOF MS, or MALDI-TOF MS after short 
incubation) and rapid antimicrobial susceptibility testing (AST) directly from positive blood cultures in hospitals of different size. The country 
maps show only countries that contributed at least 10% of the country’s hospital bed capacity, or at least 10 hospitals of the country. Due to 
this threshold, data from Bulgaria, Cyprus, Hungary, Slovakia, Belarus, Ukraine, Republic of Moldova, North Macedonia and Albania are not 
shown on the maps.

A B

Fig. 6: Distribution of microbiological infrastructure and capacity for blood culture analysis and time-to-result. (A) Distribution of 
microbiological infrastructure was calculated on the basis of all hospitals with complete information about around-the-clock service and rapid 
testing. Hospitals with partial information were not considered. (B) The first 48 h after blood culture collection were considered for the 
comparison of different infrastructure and capacity.
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the-clock. 26 A study in five Nordic countries in 2022 
investigated 49 microbiological laboratories and 
confirmed limited opening hours confining the poten-
tial of satellite incubators and rapid testing. 28 The very 
low number of around-the-clock microbiological service 
was confirmed in our study involving more countries 
and a larger number of hospitals. In addition, we 
observed an important association between the avail-
able microbiological capacity (opening hours and 
availability of rapid testing) and the TAT of BCs.
Hospitals with rapid testing or around-the-clock 

microbiological service reported significantly faster 
TAT compared to hospitals without these in-
frastructures, confirming the importance of each 
component. Hospitals that had both around-the-clock 
microbiological service for blood cultures and rapid 
testing reported the most accelerated TAT. The risk of a 
final microbiological result not being available within 
two days was highest in hospitals with limited micro-
biological opening hours and no rapid testing. This 
underlines the urgent need for more extensive micro-
biological service to provide clinicians as fast as possible 
with BC results to empower them to adjust antimicro-
bial treatments and to provide adequate antimicrobial 
therapy as soon as possible. 4,50,51 This becomes more 
important since several studies have highlighted the 
increased mortality with inadequate treatment and even 
more importantly, the high proportion of initial inade-
quate antimicrobial treatment in patients with life-
threatening infections. 2,52–56 The time to receiving 
adequate antimicrobial treatment is an essential factor 
to successful therapy and is associated with mortality. 3,54 

It underlines the importance of extensive microbiolog-
ical infrastructure, which means availability of around-
the-clock microbiological service and the broad use of 
rapid testing for BC analysis in critically ill patients.
This study has limitations that should be taken into 

account when interpreting the findings. Although the 
data represent a broad range of European hospitals, the 
use of convenience sampling and voluntary participa-
tion introduces the possibility of selection bias. This 
study was based on a survey, not on a site audit. 
Therefore, responses were not validated. Not all ques-
tions were definitely answered by all respondents. If 
questions were answered with “I don’t know” these 
responses were excluded from the analyses. The reality 
can therefore differ in either direction. As with any 
survey, responses may reflect more favorable or less 
favorable views. Information about the probability of a 
final microbiological BC result within two days, turn-
around times, and all other data were based on the re-
plies and estimations of the respondents and should be 
interpreted with appropriate caution.

Conclusion
Although BC guidelines were available in many 
hospitals, current recommendations for BC

collection were frequently disregarded, potentially 
leading to missed microbiological findings. In most 
hospitals, microbiology laboratories offered limited 
rapid testing and rarely provided 24-h BC services. 
Furthermore, we observed a significant association 
between microbiological capacity and reported BC 
turn-around times. These findings highlight an ur-
gent need to improve pathogen diagnostics in pa-
tients with sepsis.
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