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s u m m a r y

Background: Patients with hematological malignancies (HM) or undergoing hematopoietic cell transplan
tation (HCT) face high risk of bloodstream infections (BSI) during febrile neutropenia. Rising antimicrobial 
resistance (AMR), especially among Gram-negative (GN) bacteria, challenges effective empirical antibiotic 
therapy (EAT) selection. This ECIL-10 systematic review updates European resistance epidemiology since 
the 2011 ECIL-4 guidelines publication to inform clinical recommendations.
Methods: We conducted a systematic review (ID: CRD42025638003) of bacterial epidemiology and re
sistance in HM/HCT patients across Europe, from June 2011 to September 2024, using PubMed, Embase, and 
Web of Science according to PRISMA guidelines. We included studies reporting BSI or colonization rates and 
resistance patterns, including extended-spectrum beta-lactamase-producing/third-generation cephalos
porin-resistant (ESBL/3GCR), fluoroquinolone-resistant (FQ-R) carbapenem-resistant (CR), and multidrug- 
resistant (MDR) for GN bacteria; methicillin-resistant Staphylococcus aureus (MRSA) and vancomycin-re
sistant enterococci (VRE) for Gram-positive (GP) bacteria. Two reviewers independently extracted data with 
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ECDC/EARS-Net surveillance 2011 and 2022 data providing supporting analysis. We examined fluor
oquinolone prophylaxis (FQ-P) impact on BSI rate and resistance.
Results: Analysis included 40 studies (33,387 patients/febrile episodes from observational studies and 
21,402 patients from one meta-analysis) across 12 European countries. BSI prevalence averaged 30% (range, 
15–59%), with 42% GN and 51% GP distribution. Median resistance rates among GN BSI were: 55% for FQ-R, 
30% for ESBL/3GCR, 13% for both CR and MDR. CR reached 26% in P. aeruginosa (PsA) and 38% in K. pneu
moniae (KPn). Among GP BSI resistance was 3% for MRSA and 1% for VRE. Colonization studies demon
strated 20% ESBL/3GCR and 5% CR rates. We identified a southeastern European resistance gradient and 
significant temporal increase in ESBL/3GCR, CR KPn, and MDR PsA, confirmed in ECDC/EAR-Net analysis. FQ- 
P reduced overall and GN BSI incidence but increased FQ-R and ESBL/3GCR GN infections in adults. In 
children, FQ-P reduced BSI in leukemia but not in HCT and data on resistance were inconclusive. ECIL-10 
proposed resistance reporting aligned with ESCMID/IDSA guidelines.
Conclusions: AMR presents an escalating challenge in febrile neutropenic HM/HCT patients with geo
graphical variability and increasing resistance trends. These findings strongly support the need for updated 
guidelines, antimicrobial stewardship programs, rapid diagnostics implementation, and prospective studies 
to optimize effective empirical therapy strategies.
© 2025 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. This is an open 

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Background

Patients with hematological malignancies (HM) or undergoing 
hematopoietic cell transplantation (HCT) are particularly vulnerable 
to infectious complications,1,2 being bloodstream infections (BSI) a 
frequent cause of febrile neutropenia.3–5 Infections by resistant pa
thogens have significant implications on therapeutic choices and 
outcomes.6 Concerns about antimicrobial resistance (AMR) have 
further intensified over the last decade.7 The epidemiology of bac
terial infections has undergone significant changes with numerous 
studies reporting a marked increase in BSI caused by resistant pa
thogens, particularly Gram-negative (GN) bacteria.7,8 The emergence 
of resistant bacterial strains, particularly with extended-spectrum 
beta-lactamase-producing/third-generation cephalosporin-resistant 
(ESBL/3GCR), carbapenem-resistant (CR), and multidrug-resistant 
(MDR) GN bacteria has dramatically complicated therapeutic stra
tegies.9 The rising prevalence of fluoroquinolone-resistance (FQ-R), 
in both inpatient and outpatient settings, has further challenged 
traditional prophylactic antibiotic approaches.10

Consequently, selecting appropriate empirical antibiotic therapy 
(EAT) for FN has become increasingly challenging for improving 
patient outcomes. Recognizing these challenges, in 2011, 4th 
European Conference on Infections in Leukemia (ECIL-4) published 
consensus-based recommendations for antibacterial therapy in FN in 
an era of growing AMR.11 In centers with a high resistant pathogen 
prevalence, the guidelines recommended upfront broad-spectrum 
empirical antibiotics, coupled with antibiotic stewardship inter
ventions and rigorous infection control measures.8,12 A compre
hensive understanding of epidemiology of resistant bacterial BSI in 
Europe is essential for developing optimal empirical antibiotic re
gimens for these high-risk patients.13

This systematic review, developed in the context of the ECIL-10 
conference (19th - 21st September 2024), aims to provide an es
sential background for updating EAT guidelines.

Methods

Design of study and objectives

ECIL is a non-profit organization cofounded by the Infectious 
Diseases Working Party of the European Society for Blood and Marrow 
Transplantation (EBMT), the International Immunocompromised Host 
Society (ICHS), the European Leukemia Net (ELN), and the European 
Organization for Research and Treatment of Cancer (EORTC).

The bacterial committee of the ECIL-10 consortium conducted a 
comprehensive systematic review focusing on the epidemiology of 

resistant infections among patients with HM and in HCT recipients 
across Europe. The main objective was to provide robust scientific 
evidence to support the revision of ECIL-4 guidelines for FN man
agement. Primary aims were (1) to determine the rate of BSI, 
quantify the proportion of GN and Gram-positive (GP) BSIs, and 
assess the prevalence of the main bacterial resistance patterns in 
BSIs and (2) to document colonization rates of resistant bacterial 
strains. The secondary aims were (1) to conduct a temporal and 
geographical analysis of resistance trends to examine resistance 
evolution over time and to investigate regional variations in anti
biotic resistance prevalence across European healthcare settings and 
(2) to investigate the potential relationship between fluoroquinolone 
prophylaxis (FQ-P) and the emergence of bacterial resistance pat
terns. This systematic review has been formally registered with 
PROSPERO (registration ID: CRD42025638003), ensuring methodo
logical transparency and adherence to established systematic review 
protocols.

Search strategy

Database
We searched PubMed, Embase, and Web of Science databases for 

studies published between June 2011 and September 2024. This 
period spans from the ECIL-4 conference to the ECIL-10 plenary 
discussion, ensuring a comprehensive and up-to-date analysis. The 
search strategy adhered to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines14 and is 
reported in the Supplementary Material. The search was restricted to 
English-language studies, covering both adult and pediatric popu
lations. The resistance patterns examined included ESBL/3GCR, FQ-R, 
CR, MDR, Stenotrophomonas maltophilia and MDR Acinetobacter 
baumannii for GN, and methicillin-resistant Staphylococcus aureus 
(MRSA) and vancomycin-resistant enterococci (VRE) for GP bacteria.

Studies selection, inclusion criteria for epidemiological analysis, 
quantification metrics, and quality assessment

Eligible studies included clinical trials, retrospective and pro
spective observational studies and meta-analyses conducted in 
Europe (including also Israel and Türkiye). Studies conducted by 
international consortia reporting mainly on European countries 
were included. Studies were selected based on reporting of the 
prevalence or incidence of BSIs, colonization in HM/HCT popula
tions, and resistance rates including their evolution over time. Rates 
of BSIs and colonization rates were reported as number of episodes 
per HM/HCT patients or febrile episodes occurring in HM/HCT pa
tients. Resistance rates were reported as number of resistant BSIs on 
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total BSI episodes or on BSI by specific bacteria. Two reviewers (D.A. 
and F.B.) conducted study selection and independently screened full- 
text articles for eligibility criteria. They also reviewed the reference 
list of published articles for the identification of additional relevant 
material. Any disagreement regarding eligibility and inclusion in the 
systematic review was resolved through discussion and consensus 
among the two authors. If consensus was not reached, a third author 
(M.Ak.) acted as the final arbiter. Exclusion criteria included single 
case reports, narrative reviews, congress abstracts and studies on 
patients with solid tumors if HM/HCT data could not be identified. A 
supplementary epidemiological analysis was conducted using in
ternational public datasets (ECDC/EARS-Net) by extracting data from 
the most recent 2022 update (https://www.ecdc.europa.eu/sites/ 
default/files/documents/AER-antimicrobial-resistance.pdf) com
pared with 2011 report (https://www.ecdc.europa.eu/sites/default/ 
files/media/en/publications/Publications/antimicrobial-resistance- 
surveillance-europe-2011.pdf) to analyze resistance trends.

Secondary analysis
We also investigated the correlation between FQ-P and BSI risk, 

GN-BSI and resistant BSI in HM/HCT patients using the same 
methodology (see Supplementary Material). Included studies com
prised prospective trials on FQ-P versus placebo, before and after 
reports on FQ-P implementation or discontinuation, comparative 
prophylaxis strategies studies (FQ-P versus no prophylaxis), and 
observational studies examining FQ-P as a risk factor for resistant 
BSI. Exclusion criteria included the use of other prophylaxis regi
mens and generic previous antibiotic use. This search was geo
graphically expanded to include high-medium income countries, not 
restricted to Europe.

Data extraction and analysis

Populations, data extraction process, inclusion criteria
Specific sub-analyses were conducted when pediatric data were 

available. The data extraction was conducted independently by two 
reviewers (D.A. and F.B.) with direct supervision from a third author 
(M.Ak.). Results were then discussed between members of the bac
terial committee within several dedicated teleconferences. The 
comprehensive review process culminated in a panel conference of 
the ECIL-10 consortium in September 2024, where results were 
thoroughly discussed and received definitive approval. Analytical 
tools included Microsoft Office Excel for Mac 2022 (Microsoft, 
Redmond, WA) and Stata 13 (StataCorp, College Station, TX). Articles 
were selected based on the reporting of the prevalence of one or 
more resistant patterns among total BSI, GN or GP BSI. Prevalence of 
BSI or colonization among the total HM/HCT patients or FN episodes 
was included in the quantitative synthesis.

Geographical analysis
Countries were stratified into two geographical zones to evaluate 

resistance rate variations: 1) Northwestern countries (Belgium, 
Germany, Netherlands, Sweden and United Kingdom), and 2) 
Southeastern countries (Czechia, Greece, Israel, Italy, Russia, Spain 
and Türkiye).8

Statistical analysis
Descriptive statistics applied and data reporting included rates 

expressed as percentages, median of percentage with ranges 
(minimum and maximum values), and frequencies of absolute 
numbers across included studies.

Quality assessment

Quality assessment was conducted through a rigorous, in
dependent evaluation process by F.B. to ensure a comprehensive and 

objective analysis of the included studies. The assessment tools used 
included the Newcastle–Ottawa Scale (NOS) and the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) 
statement, both applied to observational studies. For the NOS, nu
merical scores were reported (maximum score: 9). For the STROBE 
assessment, a three-tier scoring system was used to categorize study 
quality as low, intermediate, or high. Further details of the quality 
assessment procedure are provided in the Supplementary Material.

ECIL consensus proposal for resistance reporting

In preparation for revising the ECIL guidelines on empirical 
therapy for FN, the ECIL-10 bacterial committee undertook a critical 
review of existing international resistance definitions and provided a 
proposal for main resistance reporting to be adopted for guideline 
revision. The process included a comprehensive review, consensus 
development, collaborative validation and final approval by the ECIL- 
10 panel.

Results

Selection of studies

Primary analysis
Fig. 1 depicts the flow diagram for the selection of studies. The 

literature search initially identified 423 records. After removing 
duplicates and screening titles, 195 records were left for full-text 
analysis. Of these, 60 studies underwent eligibility evaluation, 
and 40 ultimately met inclusion criteria (Supplementary Table S1). 
The key characteristics of these studies are summarized in Table 1. 
Details of quality assessment are reported in Supplementary Table 
S2 and S3. The final dataset comprised 37 observational studies from 
12 European countries, 2 international consortium studies, and one 
meta-analysis. Study design included 34 studies focusing on adult 
patients and 6 involving adult and pediatric patients’ populations. Of 
the included 39 observational studies, 27 were retrospective and 12 
prospective, 15 were multicenter, and 24 were single-center. The 
analysis included 33,387 patients or febrile episodes from original 
studies and 21,402 from the meta-analysis. Patient population dis
tribution across original studies included: 13 studies combining HM, 
autologous and allogenic HCT with 9325 patients/episodes; nine 
studies focusing on HM only with 3061 patients, eight studies 
combining autologous and allogenic HCT with 18,133 patients; seven 
studies on allogenic HCT with 2750 patients; and two studies on 
autologous HCT only with 288 patients. The meta-analysis in
corporated HM, autologous HCT and allogenic HCT. The reporting 
characteristics covered BSI rates in 10 studies (6489 patients/epi
sodes), GN/GP BSI ratio in 17 studies (6258 BSI), resistant BSI pre
valence in 23 studies (18,474 BSI episodes) and colonization rates in 
18 original studies (17,731 patients) plus meta-analysis. Six studies 
(3882 patients) reported trends in resistant bacteria over time.

Secondary analysis
The secondary literature analysis investigating the impact of FQ-P on 

BSI rate and resistance identified 1364 records. Having checked dupli
cates and screening titles, 1114 records were excluded, leaving 250 stu
dies for full-text analysis. Of these, 47 studies were deemed eligible for 
final analysis, with the primary findings detailed in Supplementary Table 
S4. The analysis comprised two distinct sub-analyses. The adult-focused 
investigation included 35 original studies (26 single-center, 9 multi
centric; 28 retrospective, 4 observational prospective; 3 randomized- 
controlled trials (RCT) encompassing 20,959 patients) and 4 meta-ana
lyses. The pediatric analysis comprised 7 original studies (5 single-center, 
2 multicenter; 6 retrospective, 1 RCT) involving 2725 patients and one 
meta-analysis. Notably, one original study examining both adult and 
pediatric population was included in both sub-analyses.
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Rates of BSI, Gram-negative/Gram-positive BSI and BSI caused by 
resistant bacteria

Twenty-eight studies analyzed BSI episodes in HM/HCT setting 
(Table 2). The overall BSI prevalence rate was 30% (range, 15–59%) in 
10 studies.3,15–23 Bacterial distribution in 17 studies (6258 BSI) re
vealed GN at 42% (range, 13–67%) and GP at 51% (range, 
26–79%).3,7,15–29

Regarding resistant GN bacterial patterns, the median FQ-R rate 
was 55% (range, 35–89%) 9,15,17,19,20,22,24,26,29 among total GN BSI, 
with specific patterns including 30% (range, 27–36%) among Pseu
domonas aeruginosa (PsA) 30–32 and 51% (range, 32–71%) among 
Enterobacteriaceae BSI.33,34 Overall, the median ESBL/3GCR re
sistance was 30% (range, 6–51%) 7,9,15–17,19,20,22,24–27,29,35 with varia
tions: 27% in PsA 30–32 (range, 22–34%) and 26% in E. coli.33 The 
median CR rate was 13% (range, 1–35%) 9,15–17,19,20,22,25,29,35–38 in GN 
BSI with notable variations: 26% (range, 23–30%) in PsA,30–32 38% 
(range, 18–58%) in Klebsiella pneumoniae (KPn) 37,39 and < 1% in E. 
coli.33 Finally, the median GN MDR was 13% (range, 1–35%) 
7,9,20,25,26,28,35 and 29% (range, 4–37%) in PsA BSI.24,27,30–32,40

For resistant patterns in GP BSI, percentage of VRE was 1% 
(median, 1–4%) among all GP BSI and 6% (range, 2–16%) among en
terococcal BSI.7,19,20,26,29 MRSA accounted for 3% (range, 1–5%) of all 

GP BSI and 26% (range, 21–80%) of Sthapylococcus aureus 
BSI.7,15,20,26–29 Detailed studies information is provided in 
Supplementary Table S5.

Rates of colonization by resistant bacteria

Colonization rates were reported in 18 original studies (17,731 
patients) and in one meta-analysis (21,402 patients) (Table 3). Co
lonization analysis techniques consisted of rectal or perianal swab in 
all 18 original studies and meta-analysis, pharyngeal or nasal swab 
in 8 studies and urine sample in 6 studies. The analysis of bacterial 
colonization rates revealed the following median colonization per
centages: 20% (range, 8–50%) for ESBL/3GCR,15–17,23,25,41–44 5% (range 
2–11%) for CR Enterobacterales,15,17,23,25,41,45–47 3% (range, 2–4%) for 
MDR PsA,3,23,25,42,48,49 2% (range, 1–7%) for Stenotrophomonas mal
tophilia,15,16,25,48,50 and 21% (range, 7–40%) for VRE.23,41,42,48,51 Ad
ditionally, colonization rates were 1% for MRSA,41,48 2% for 
Acinetobacter baumannii 25,48 and 35% for FQ-R GN bacteria.18 A 
global meta-analysis by Luo et al. comprising 32 worldwide studies 
reported a median colonization rate of 19% for ESBL and 21% for CR 
bacteria.52 Detailed study information is provided in Supplementary 
Table S6.

Fig. 1. PRISMA flowchart of study selection. HM, hematological malignancies; HCT, hematopoietic cell transplantation. 
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Resistance trends over time and across different geographical areas

Fig. 2 summarizes median rates of the main resistant BSI patterns 
across European countries, including data from Italy, Spain, United 
Kingdom, Netherlands, Russia, Greece, Türkiye and Israel. Studies 
from southeastern countries, particularly Italy and Spain, were more 
frequently represented compared to northwestern countries. Table 4
provides a comparison of resistance patterns in HM/HCT studies 
with data from the 2022 ECDC/EARS-Net report, which includes both 
the entire European region (2022 ECDC/EARS-Net report), and 
southeastern European countries.53 A northwestern to southeastern 
resistance gradient was confirmed, with trends consistent across 
HM/HCT studies. Six studies from southeastern Europe analyzed BSI 
temporal trends (Fig. 3). One study21 reported a stable rate of total 
BSI in HM/HCT patients between 1975–1995 and 2001–2008. Three 
studies7,21,28 documented an increase in the proportion of GN BSI 
from 4% to 13%, 32% to 42% and 49%, respectively. A trend for in
creased resistance patterns was observed for ESBL/3GCR BSI (from 
< 1% to 20%),7 CR KP (from 0% to 65% and 20% to 70%)37,39 and MDR 
PsA (from 0% to 40% and 5% to 30%).7,31 These trends were corro
borated by ECDC/EARS-Net data comparing 2011 and 2022 updates, 
confirming rising in ESBL/3GCR bacteria, CR KPn and MDR PsA across 
European countries.54

Correlation between fluoroquinolone prophylaxis and rates of BSI and 
development of resistance

Forty-six studies, including 5 meta-analyses, were included in 
the secondary analysis assessing the impact of FQ-P on BSI with a 
specific focus on resistant BSI. The main findings are summarized in 
Table 5.

Adult setting
Twenty-two original studies (5923 patients) evaluated BSI risk 

compared to no prophylaxis. Nine studies28,52,55–57,62 including one 
RCT found no difference, 12 studies57–68 (including one RCT67) re
ported reduced BSI rates and one study68 observed an increased risk. 
Four meta-analyses confirmed a protective effect of FQ-P against 
BSI.69–72 Regarding GN BSI, 14 studies (14,349 patients) assessed its 
association: 11 studies reported reduced incidence15,26,57–59,73–78

while three studies found no significant difference.63,79,80 When 
evaluating the relationship between FQ-P and resistant BSI, all in
cluded studies reported either increased 9,58–60,63,64,66,73,80,81 or 
comparable resistant BSI rates.56,78,79,82,83 Specifically, 10 out of 15 
studies (5821 patients) documented increased of FQ-R BSI rates, a 
finding supported by one meta-analysis.71 Seven26,33,59,63,68,73,75 out 
of 10 studies (12,557 patients) associated FQ-P with higher ESBL/ 
3GCR BSI rates. However, two observational and one RCT found no 
difference in ESBL infection rates between FQ-P and placebo 
groups.64,82,84 For CR and MDR BSI, three32,73,85 out of five (1314 
patients) and two33,80 out of seven studies (2971 patients) reported 
increased risks in patients receiving FQ-P. Meanwhile, two studies 
64,68 and five studies60,68,74,78,86 found no significant difference. No 
RCT or meta-analysis data are available for CR and MDR-BSI. Ad
ditionally, three studies (1184 patients), including one RCT, found no 
association between FQ-R and MRSA BSI.56,82,84

Pediatric setting
Four studies 86–89 (2725 patients) reported reduced BSI rates with 

FQ-P. One RCT90 and one meta-analysis91 showed reduced BSI risk in 
acute leukemia patients but not in HCT recipients. Two studies found 
no difference in BSI rates between FQ-P and no prophylaxis 
groups.92,93 For GN-BSI, two92,94 out of three studies (289 patients) 
reported reduced incidence in FQ-P patients, while one found no 
difference.93 Three studies (1202 patients) assessed resistant BSI in 
children, one study reported increased FQ-R BSI,94 while two studies Ta
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Table 3 
Studies reporting on colonization by resistant bacteria. 

Studies reporting on colonization by resistant GN bacteria Studies reporting on colonization by 
resistant GP bacteria

ESBL/3GCR CR EC FQ-R GN MDR PsA SM AB VRE MRSA

Number of studiesa 9 8 1 6 5 2 5 2
Design of studies 5 retro, 4 pro 

8 adults 1 mixed 
6 single, 3 multi

5 retro, 3 pro 
6 adult, 2 mixed 
5 single, 3 multi

retro 
adult 
single

5 retro, 1 pro 
4 adult, 2 mixed 
5 single, 1 multi

4 retro 1 pro 
4 adult 1 mixed 
3 single 2 multi

retro 
adult 
single

retro 
adult 
single

retro 
adult 
single

Patients Allo HCT (6), 
auto HCT (5) 
HM (5)

Allo HCT (6), 
auto HCT (4) 
HM (3)

Auto HCT Allo HCT (5), 
auto HCT (3)

Allo HCT (5), 
auto HCT (2) 
HM (1)

Allo HCT (2), 
auto HCT (1)

Allo HCT (2), auto 
HCT (1) 
HM (2)

Allo HCT (1) 
HM (1)

Rates, % (median, range) 20% (8−50) 5% (2−11) 35% 3% (2−4) 2% (1−7) 2% 21% (7−40) 1%
Absolute numbers 579 / 4008 222 / 9127 36 / 104 59 /3750 26 / 3031 4 / 341 171 / 758 3 / 341

Colonization rates are reported as median of percentages per patients from included studies and as absolute numbers. HM, hematological malignancies; HCT, hematopoietic cell 
transplantation; auto, autologous; allo, allogenic; BSI, bloodstream infections; R-BSI, resistant BSI; PsA, Pseudomonas aeruginosa; pts, patients; GN, gram-negative; ESBL/3GCR, 
Extended-Spectrum Beta-Lactamases-producing / 3rd generation cephalosporin-resistant; FQ-R, fluoroquinolone-resistant; CR, carbapenem-resistant; MDR, multidrug resistant; 
MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant enterococci; retro, retrospective; pro, prospective; EC, Enterobacteriaceae; SM, Stenotrophomonas 
maltophilia; AB, Acinetobacter baumannii.

a Only original studies included in this Table.

Fig. 2. Rate of bacterial resistance patterns across European countries. Number of studies in parentheses. FQ-R, fluoroquinolone-resistant; ESBL/3GCR, extended-spectrum beta- 
lactamase-producing/third-generation cephalosporin-resistant; CR, carbapenem-resistant; MDR, multidrug resistant; VRE, vancomycin-resistant enterococci; MRSA, methicillin- 
resistant Staphylococcus aureus.

Table 4 
Comparison of resistance patterns in patients with hematological malignancies (HM) and hematopoietic cell transplantation (HCT) studies with data from the entire European 
region (2022 ECDC/EARS-Net report) and Southeastern European countries. 

HM and HCT (mainly 
southeastern Europe)

Non-IC (EARS-Net whole 
Europe 2022)

Non-IC (EARS-Net southeastern 
Europe 2022)

Non-IC ECDC/EARS-Net whole 
Europe 2011

FQ-R (median, range) GN: 55% (35−89) 
[PsA 30%; EC. 51%]

E. coli 22% (9.9−46.4%) [KPn 32%, 
PsA 18.6%]

E. coli 32.6% (28.6−37.8) 
[KPn 52%; PsA 30.3%]

E. coli 20.9% (7.9−47.4) 
[KPn 30.5%; PsA 22.5%]

ESBL / 3GCR (median, 
range)

GN: 30% (6−51) 
[PsA 27%; EC. 26%]

E. coli 14.3% (5.8−40.2) [KPn 
32.7%, PsA 16.2%]

E. coli 20.7% (14.8−24.2) 
[KPn 52.7%; PsA 26.3%]

E. coli 9.1% of E. Coli (3.0−36.2) 
[KPn 30.1%; PsA 14.2%]

CR (median, range) GN: 13% (1−35) 
[PsA 26%; KPn 38%]

KPn 10.9% (0−72) 
PsA 18.6% (2.8−49.2)

KPn 34% (5.2−72) 
PsA 29.2% (16.4−48.7)

K.Pn 9.1% (0.0−68.2) 
PsA 18.6% (3.5−66.7)

MDR (median, range) GN: 13% (1−35) 
[PsA 29% (20−37)]

PsA 13.4% (0−47.7) 
KPn 20% (0−66.2)

PsA 23.9% (12.5−45.5) 
KPn 37.4% (16.6−66.2)

PsA 5.3% (0.0−66.7) 
KPn 22.3% (0.0−64.1)

MRSA (median, range) GP: 3% (1−5) [SA 26%] SA 15.2% (1.1−50.8) SA 31.6% (25.8−39) SA 16.7% (0.3−54.6)
VRE (median, range) GP: 1% (1−4) [Enterococci 6%) Enterococci 17.6% (0−67.7) Enterococci 27,5% (2.8−49.1) Enterococci 7.3% (0.0−34.9)

HM, hematological malignancies; HCT, hematopoietic cell transplantation; PsA, Pseudomonas aeruginosa; ESBL/3GCR, Extended-Spectrum Beta-Lactamases-producing / 3rd 
generation cephalosporin-resistant; FQ-R, fluoroquinolone-resistant; CR, carbapenem-resistant; MDR, multidrug resistant; SA, Staphylococcus aureus MRSA, methicillin-resistant 
Staphylococcus aureus; VRE, vancomycin-resistant enterococci; EC; Enterobacteriaceae.
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found no difference in MDR BSI rates.86,89 One RCT found no sig
nificant difference in resistance acquisition among colonizing bac
teria in HM and HCT patients.89

ECIL-10 consensus on resistance reporting in patients with 
hematological malignancies and HCT

Four articles reporting international consensus-based proposals 
for resistance definition were reviewed, including 2022 European 
Society of Clinical Microbiology and Infectious Diseases (ESCMID) 
and 2024 Infectious Diseases Society of America (IDSA) guide
lines.95–98 Detailed definitions and rationales are summarized in 
Supplementary Table S7. The ECIL-10 panel proposed a refined ap
proach to resistance reporting. We recommend using specific de
scription of the most relevant resistance patterns rather than relying 
on MDR, extensively drug-resistant (XDR) and pan drug-resistant 
(PDR) terminology. Specifically, we recommend reporting of MRSA 
and VRE for GP resistance. For GN resistance we recommend aligning 
with ESCMID/IDSA guidelines focusing on key resistance patterns 
including third-generation cephalosporin-resistant (3GCR) En
terobacterales, carbapenem-resistant Enterobacterales (CRE) accom
panied by reporting the enzymatic resistance mechanism if 
available, difficult-to-treat-resistance for Pseudomonas aeruginosa 
(DTR-PsA) and carbapenem-resistant Acinetobacter bau
mannii (CRAB).

Discussion

Understanding epidemiological trends of BSI in febrile neu
tropenic patients with HM or HCT is crucial for developing evidence- 
based recommendations for empirical therapy in these highly vul
nerable patient populations. Recent global analysis of AMR has 
highlighted increasing concerning trends, with projections sug
gesting significant impact on mortality.99 Since the publication of 

the ECIL-4 guidelines, studies examining AMR patterns in patients 
with HM and those undergoing HCT across Europe have been no
tably sparse.8,11 Consequently, this review aimed to systematically 
assess the temporal trends of antimicrobial resistance in these im
munocompromised patient groups, addressing a critical gap in cur
rent medical literature.

The systematic review revealed a complex landscape of bacterial 
infections with a BSI prevalence of 30%. GN BSI showed particularly 
concerning resistance patterns with fluoroquinolone resistance 
reaching 55% and ESBL/3GCR strains 30%. CR rates varied sig
nificantly, ranging from 13% in overall GN BSI to 38% in KPn and 26% 
in PsA. MDR GN infections were notable (13%), particularly in PsA, 
where MDR rates climbed to 29%. Among GP BSI, vancomycin re
sistance was observed in 6% of Enterococcus species and MRSA ac
count for 26% of Staphylococcus aureus isolates.

Colonization analysis provided additional insights, demon
strating ESBL/3GCR colonization rates of 20%, comparable to ESBL 
rates (19%) reported in a global meta-analysis, and lower CR colo
nization rates of 5%.52 Notably, colonization with VRE and Steno
trophomonas maltophilia reached 21% and 2%, respectively.100

Geographical variations emerged as a critical factor in the resistance 
landscape. As colonization studies are often conducted in high-re
sistance regions, assessing the overall prevalence across Europe is 
challenging.101 These findings have significant implications for EAT, 
as highlighted in the ECIL-4 guidelines, particularly regarding the 
potential development of resistant BSI in colonized patients.11

Most studies on HM/HCT patients originated from southeastern 
European countries, creating a notable geographical gap in under
standing resistance patterns across the continent. To address this 
limitation, we conducted an analysis using public European data
bases that provided continent-wide coverage. The investigation re
vealed a consistent trend of increasing resistance from northwestern 
to southeastern European regions, aligning with previous research 
findings. This gradient of resistance underscores the critical 

Fig. 3. Temporal trends of bloodstream infections (BSI) and resistant BSI rates in selected studies. BSI, bloodstream infections; GN, gram-negative; ESBL/3GCR, extended-spectrum 
beta-lactamase-producing/third-generation cephalosporin-resistant; CR-KP, carbapenem-resistant Klebsiella pneumoniae; MDR-PsA, multidrug resistant Pseudomonas aeruginosa.
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importance of implementing ongoing nationwide surveillance me
chanisms and developing EAT strategies tailored to local epidemio
logical characteristics.102

Limited research has systematically evaluated AMR trends over 
time, with existing studies predominantly originating from south
eastern Europe and examining broad temporal intervals. Despite 
these limitations, our analyses showed a consistent pattern of in
creasing rates of high-risk infections, particularly CR-KP and MDR- 
PsA. These observations were subsequently corroborated by 
European dataset analyses from the ECDC/EARS-Net network, 
highlighting significant implications for empirical and targeted an
timicrobial therapeutic approaches in managing these challenging 
infections.31,103

The role of FQ-P presented a particularly nuanced landscape. 
While generally associated with reduced GN BSI,24,35,104 the re
lationship between prophylaxis and antibiotic resistance remained 
complex and variable across studies.10,105 Some reports suggested an 
increased risk of ESBL BSI risk in FQ-P recipients. However, the 
heterogeneous nature and retrospective design of these studies limit 
the ability to draw definitive conclusions on the complex interac
tions between FQ-P and antimicrobial resistance patterns.

Only six studies included mixed pediatric and adult populations, 
with no study focusing exclusively on pediatric patients. This gap 
made it challenging to assess epidemiological differences between 
children and adults, highlighting the need for European studies 
specifically examining infection epidemiology in pediatric popula
tion.106,107 While limited, existing pediatric data provided some in
sights, particularly regarding the association between FQ-P and BSI 
in children with acute leukemia.90

Finally, methodological challenges were present throughout the 
existing research. Significant variability in definitions complicated 
direct comparisons and consistent conclusions. The review identi
fied a critical need for standardized definitions to ensure uniformity 
in future research and guideline development. To address this 
challenge, we reviewed definitions from international consortia and 
expert consensus statements, developing a proposed standardized 
framework for defining AMR that could be incorporated into future 
ECIL guidelines.95,98

Conclusions

This systematic review highlights the substantial burden of AMR 
in patients with HM and those undergoing HCT. The investigation 
revealed a complex landscape of resistance driven by significant 
geographic variability and escalating resistance to frontline anti
microbials agents across European regions. The findings underscore 
the need for updated ECIL guidelines that can support more 
nuanced, tailored empirical antibiotic therapy, particularly for pa
tients colonized by resistant bacterial strains. Critically, strength
ening antimicrobial stewardship programs and integrating rapid 
diagnostic technologies emerge as essential strategies for mitigating 
resistance challenges and optimizing management of febrile neu
tropenic patients. Moreover, the review highlights ongoing un
certainty surrounding the impact of FQ-P on resistant BSI risk, 
emphasizing the imperative for additional focused, prospective re
search to clarify these complex interactions.
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