
Journal of Infection 81 (2020) 882–894 

Contents lists available at ScienceDirect 

Journal of Infection 

journal homepage: www.elsevier.com/locate/jinf 

Intercontinental study on pre-engraftment and post-engraftment 

Gram-negative rods bacteremia in hematopoietic stem cell 

transplantation patients: Risk factors and association with mortality 

Diana Averbuch 

a , ∗, Gloria Tridello 

b , Jennifer Hoek 

c , Malgorzata Mikulska 

d , Thomas Pabst e , 
Lucrecia Ya ̌nez San Segundo 

f , Hamdi Akan 

g , Tülay Özçelik 

h , Irene Donnini i , 
Galina Klyasova 

j , Aida Botelho de Sousa 

k , Tsila Zuckerman 

l , Cristina Tecchio 

m , Rafael de la 

Camara 

n , Sahika Zeynep Aki o , Per Ljungman 

p , Zafer Gülbas q , 
Emmanuelle Nicolas-Virelizier r , Elisabetta Calore 

s , Katia Perruccio 

t , Ron Ram 

u , 
Claudio Annaloro 

v , Rodrigo Martino 

w , Batia Avni a , Peter J. Shaw 

x , Alexandra Jungova 

y , 
Katia Codeluppi z , Tracey O’Brien 

β, Anna Waszczuk-Gajda 

γ , Montserrat Batlle 

δ, 
Anastasia Pouli ε, Catherina Lueck 

λ, Lidia Gil θ, Simona Iacobelli μ, Jan Styczynski π, 
Dan Engelhard 

a , 1 , Simone Cesaro 

b , 1 

a Hadassah University Hospital, Jerusalem, Israel 
b Pediatric Hematology Oncology, Mother and Child Hospital, Azienda Ospedaliera Universitaria Integrata Verona, Verona, Italy 
c EBMT Data Office, Leiden, the Netherlands 
d Division of Infectious Diseases, University of Genoa and Ospedale Policlinico San Martino, Genova, Italy 
e Department of Medical Oncology, University Hospital Bern, Bern, Switzerland 
f Hospital U. Marqués de Valdecilla, Santander, Spain 
g Ankara University Faculty of Medicine, Ankara, Turkey 
h Bilim University, Florence Nightingale Hospital, Istanbul, Turkey 
i Azienda Ospedaliera Universitaria Careggi, Firenze, Italy 
j National Research Center for Hematology, Moscow, Russian Federation 
k Hospital dos Capuchos, Lisboa, Portugal 
l Rambam Medical Center, Haifa, Israel 
m Department of Medicine, Hematology and Bone Marrow Transplant Unit, University of Verona, Verona, Italy 
n Hospital de la Princesa, Madrid, Spain 
o Gazi University Faculty of Medicine, Ankara, Turkey 
p Karolinska University Hospital, Stockholm, Sweden 
q Anadolu Medical Center Hospital, Kocaeli, Turkey 
r Centre Leon Berard, Lyon, France 
s Clinica di Oncoematologia Pediatrica, Padova, Italy 
t Ospedale Santa Maria della Misericordia, Università di Perugia, Perugia, Italy 
u Tel Aviv Sourasky Medical Center, Sourasky Medical School, Tel Aviv University, Tel Aviv, Israel 
v Fondazione IRCCS Ca’ Granda, Ospedale Maggiore Policlinico, Milano, Italy 
w Hospital Santa Creu I Sant Pau, Barcelona, Spain 
x The Children’s Hospital at Westmead, Sydney, Australia 
y Charles University Hospital, Pilsen, Czech Republic 
z Hematology, Azienda Unità Sanitaria Locale –IRCCS di Reggio Emilia, Italy 
β Sydney Children’s Hospital, Randwick Sydney, Australia 

∗ Correspondence to: Pediatric Infectious Diseases, Hadassah-Hebrew University 

Medical Center, Jerusalem, Israel. 

E-mail addresses: dina8282@walla.co.il , adiana@hadassah.org.il (D. Aver- 

buch), gloria.tridello@aovr.veneto.it (G. Tridello), idwp.ebmt@lumc.nl (J. 

Hoek), m.mikulska@unige.it (M. Mikulska), thomas.pabst@insel.ch (T. Pabst), 

lucrecia@humv.es (L. Ya ̌nez San Segundo), hamdiakan@gmail.com (H. 

Akan), tulay.ozcelik@hotmail.com (T. Özçelik), irdonni@tin.it (I. Donnini), 

klyasova.g@blood.ru (G. Klyasova), aida.botelho@chlc.min-saude.pt (A. Botelho de 

Sousa), t_zuckerman@rambam.health.gov.il (T. Zuckerman), cristina.tecchio@univr.it 

(C. Tecchio), jrcamara@telefonica.net (R. de la Camara), sahikazeynep@gmail.com 

(S.Z. Aki), per.ljungman@ki.se (P. Ljungman), zafer.gulbas@anadolusaglik.org 

(Z. Gülbas), emmanuelle.nicolas@lyon.unicancer.fr (E. Nicolas-Virelizier), 

elisabetta.calore@unipd.it (E. Calore), katia.perruccio@ospedale.perugia.it 

(K. Perruccio), ronr@tlvmc.gov.il (R. Ram), cannaloro@gmail.com (C. An- 

naloro), rmartino@santpau.cat (R. Martino), batiaa@hadassah.org.il (B. Avni), 

peter.shaw@health.nsw.gov.au (P.J. Shaw), jungovaa@fnplzen.cz (A. Jungova), 

codeluppi.katia@asmn.re.it (K. Codeluppi), t.obrien@unsw.edu.au (T. O’Brien), 

annawaszczukgajda@gmail.com (A. Waszczuk-Gajda), mbatlle@iconcologia.net 

(M. Batlle), a.pouli@hotmail.gr (A. Pouli), Lueck.Catherina@mh-hannover.de (C. 

Lueck), lidia.gil@skpp.edu.pl (L. Gil), simona.iacobelli@ebmt.org (S. Iacobelli), 

jstyczynski@cm.umk.pl (J. Styczynski), engelhard@hadassah.org.il (D. Engelhard), 

simone.cesaro@aovr.veneto.it (S. Cesaro). 
1 Contributed equally to this manuscript. 

https://doi.org/10.1016/j.jinf.2020.11.002 

0163-4453/© 2020 The British Infection Association. Published by Elsevier Ltd. All rights reserved. 

https://doi.org/10.1016/j.jinf.2020.11.002
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jinf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jinf.2020.11.002&domain=pdf
mailto:dina8282@walla.co.il
mailto:adiana@hadassah.org.il
mailto:gloria.tridello@aovr.veneto.it
mailto:idwp.ebmt@lumc.nl
mailto:m.mikulska@unige.it
mailto:thomas.pabst@insel.ch
mailto:lucrecia@humv.es
mailto:hamdiakan@gmail.com
mailto:tulay.ozcelik@hotmail.com
mailto:irdonni@tin.it
mailto:klyasova.g@blood.ru
mailto:aida.botelho@chlc.min-saude.pt
mailto:t_zuckerman@rambam.health.gov.il
mailto:cristina.tecchio@univr.it
mailto:jrcamara@telefonica.net
mailto:sahikazeynep@gmail.com
mailto:per.ljungman@ki.se
mailto:zafer.gulbas@anadolusaglik.org
mailto:emmanuelle.nicolas@lyon.unicancer.fr
mailto:elisabetta.calore@unipd.it
mailto:katia.perruccio@ospedale.perugia.it
mailto:ronr@tlvmc.gov.il
mailto:cannaloro@gmail.com
mailto:rmartino@santpau.cat
mailto:batiaa@hadassah.org.il
mailto:peter.shaw@health.nsw.gov.au
mailto:jungovaa@fnplzen.cz
mailto:codeluppi.katia@asmn.re.it
mailto:t.obrien@unsw.edu.au
mailto:annawaszczukgajda@gmail.com
mailto:mbatlle@iconcologia.net
mailto:a.pouli@hotmail.gr
mailto:Lueck.Catherina@mh-hannover.de
mailto:lidia.gil@skpp.edu.pl
mailto:simona.iacobelli@ebmt.org
mailto:jstyczynski@cm.umk.pl
mailto:engelhard@hadassah.org.il
mailto:simone.cesaro@aovr.veneto.it
https://doi.org/10.1016/j.jinf.2020.11.002


D. Averbuch, G. Tridello, J. Hoek et al. Journal of Infection 81 (2020) 882–894 

γ The Medical University of Warsaw, Warsaw, Poland 
δ ICO-Hospital Universitari Germans Trias I Pujol, Badalona, Spain 
ε St. Savvas Oncology Hospital, Athens, Greece 
λ Hannover Medical School, Hannover, Germany 
θ University of Medical Sciences, Poznan, Poland 
μ Tor Vergata University, Rome, Italy 
π Collegium Medicum, Nicolaus Copernicus University Torun, Bydgoszcz, Poland 

a r t i c l e i n f o 

Article history: 

Accepted 5 November 2020 

Available online 10 November 2020 

Keywords: 

Bacteremia 

Stem cell transplantation 

Risk factors 

Gram-negative 

Mortality 

Fluoroquinolone prophylaxis 

Pre-engraftment 

Post-engraftment 

s u m m a r y 

Objectives: We present here da  

ciated mortality. 

Methods: Data on GNRB episo  

countries (Europe, Asia, Austral  

derlying disease, HSCT-related  

status, and involvement of infec

Results: The GNRB cumulative  

HSCT), 8.4 (95% CI 7–9%), post-  

HSCT, pre-eng-auto-HSCT, 6.6%  

cially MDR, was associated with

Multivariate analysis reveale

(a) pre-eng-allo-HSCT: south  

mission, and cord blood source

(b) post-eng-allo-HSCT: cen  

ease, not providing FQP and ne

(c) pre-eng-auto-HSCT: olde  

sence. 

Conclusions: Benefit of FQP sho  

patients transplanted for autoi  

possibly protective against bact

© 2020 The B

I

a

t

i

v

7

a

a

p

r

l

l

i

r

h

G

c

s

a

e

w

M

S

i

i

g

i

t

d

p

r

D

d

i

o

d

a

o

r

e

N

D

m

r

t

ntroduction 

Bacteremia develops in 11–65% of allogeneic 1–4 and 7–20% 

utologous hematopoietic stem cell transplantation (HSCT) pa- 

ients, 5 , 6 it is reportedly associated with adverse outcomes, includ- 

ng prolonged hospitalization, engraftment delay, increased graft- 

ersus-host disease (GVHD) risk and mortality. 7–9 Between 15 and 

4% of bacteremia episodes are due to Gram-negative rods (GNR), 10 

nd their incidence and proportion is increasing in some centers 

nd countries, 11 , 12 with GNR bacteremia (GNRB) an independent 

redictor of post-HSCT mortality in several studies. 2 , 7 , 13 The GNRB 

ate varies between centers, influenced by patients’ age, under- 

ying disease, transplant-related factors, fluoroquinolone prophy- 

axis policy, infection control measures and more. Several stud- 

es (mainly single-center retrospectives) focus on assessing GNRB 

isk factors in allo-HSCT patients during the past decade. 2 , 14 We 

ave previously prospectively analyzed rates and risk factors for 

NRs‘ antimicrobial resistance in HSCT patients in a large inter- 

ontinental cohort of the European Bone Marrow Transplantation 

ociety (EBMT) transplant centers. 15 In the present study, we ex- 

mined rates and risk factors for GNRB during the pre- and post- 

ngraftment periods in allogeneic and autologous HSCT recipients 

ithin the same cohort. 

aterials and methods 

tudy design and data collection 

A questionnaire was distributed among the EBMT centers ask- 

ng about their willingness to participate in this study. Participat- 

ng centers were requested to provide information regarding their 

eneral policy, including routine fluoroquinolone prophylaxis (FQP) 
883 
ta on Gram-negative rods bacteremia (GNRB) rates, risk factors and asso-

des were prospectively collected in 65 allo-/67 auto-HSCT centers in 24

ia). In patients with and without GNRB, we compared: demography, un-

data, center‘ fluoroquinolone prophylaxis (FQP) policy and accreditation

tion control team (ICT). 

 incidence among 2818 allo-HSCT was: pre-engraftment (pre-eng-allo-

engraftment (post-eng-allo-HSCT), 5.8% (95%CI: 5–7%); among 3152 auto-

 (95%CI: 6–7%), post-eng-auto-HSCT, 0.7% (95%CI: 0.4–1.1%). GNRB, espe-

 increased mortality. 

d the following GNRB risk factors: 

-eastern Europe center location, underlying diseases not at complete re-

; 

ter location not in northwestern Europe; underlying non-malignant dis-

ver accredited. 

r age, autoimmune and malignant (vs. plasma cell) disease, and ICT ab-

uld be explored in prospective studies. Increased GNRB risk in auto-HSCT

mmune diseases is worrying. Infection control and being accredited are

eremia. GNRB are associated with increased mortality. 

ritish Infection Association. Published by Elsevier Ltd. All rights reserved. 

n HSCT patients and active involvement of the infection control 

eam (ICT) in their department during the study period. 

Patients in whom allogeneic or autologous HSCT was performed 

uring February 2014-May 2015 in the participating centers were 

rospectively followed. Their background demographic and HSCT- 

elated data were obtained using the EBMT database (ProMise). 

ata on GNRB episodes that occurred from the beginning of con- 

itioning regimen until six months after HSCT were reported us- 

ng special case reporting form, including pathogen and presence 

f certain factors at the time of bacteremia, such as neutropenia 

uration and GVHD. 15 

The primary endpoint was to determine the GNRB incidence 

nd risk factors before and after engraftment either in allo-HSCT 

r in auto-HSCT patients. 

This study was performed in accordance with the appropriate 

egulations in the participating countries including approval by the 

thical committees as required; and registered at Clinicaltrials.gov: 

TC02257931. 

efinitions 

Myeloablative and non-myeloablative conditioning and engraft- 

ent were defined according to the EBMT guidelines. 16 Geographic 

egions included 

15 : 

1) North-western Europe: Austria, Belgium, Denmark, Finland, 

France, Germany, Netherlands, Sweden, Switzerland, UK; 

2) South-eastern Europe: Croatia, Cyprus, Czech Republic, Greece, 

Israel, Italy, Lithuania, Poland, Portugal, Russia, Slovakia, Spain, 

Turkey; 

3) Other countries: Australia, China. 

Centers that had obtained accreditation by the Joint Accredi- 

ation Committee International Society Cell Therapy (ISCT-Europe) 
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nd EBMT (JACIE) or The Foundation for the Accreditation of Cel- 

ular Therapy (FACT) at or before the study period were defined as 

ACIE/FACT accredited. 

Multidrug-resistant (MDR) GNR was defined as bacteria 

esistant to ≥1 agent in ≥3 of the following categories: a) 

road-spectrum cephalosporin (ceftazidime or cefepime); b) 

nti- Pseudomonas beta-lactam beta-lactamase inhibitor; c) 

arbapenems; d) aminoglycosides; e) fluoroquinolones. All 

tenotrophomonas maltophilia strains were considered MDR. 15 

tatistical analysis 

The main characteristics of patients were reported by descrip- 

ive statistics on the total of the available information. The cumu- 

ative incidence of bacteremia was calculated by the cumulative 

ncidence method, considering the relapse, secondary malignancy, 

eath and a subsequent transplant as competing events. Due to 

he limited sample size in some countries, it was not possible to 

stimate the cumulative incidence of bacteremia per country. To 

eport results per country homogenously way, the rates were re- 

orted. For incidence and risk factors analysis of pre-engraftment 

NRB bacteremia, the period since conditioning onset and during 

he pre-engraftment neutropenia was taken into account; engraft- 

ent was considered as a competing event. For post-engraftment 

NRB bacteremia analysis, the period since documented neutrophil 

ngraftment and during six months after HSCT was considered; 

elapse of the underlying disease was considered as a competing 

vent. For risk factors analysis of total GNRB, the period since con- 

itioning onset and during six months after HSCT was considered; 

elapse of the underlying disease was considered as a competing 

vent. 

The following baseline parameters were compared in patients 

ho developed vs. those who did not develop at least one GNRB: 

emography, underlying disease, Karnofsky/Lansky score, HSCT 

ype and conditioning, CMV donor and recipient status, center FQP 

olicy and ICT involvement. Based on center‘ responses to the pre- 

tudy questionnaire, we divided patients to those who were trans- 

lanted in centers that provide or not provide FQP routinely; and 

n centers where ICT was or was not routinely involved in the de- 

artment during the study period. Data on FQP and ICT involve- 

ent in each patient is not available in the EBMT registry. In the 

nalysis of the post-engraftment bacteremia, we included two ad- 

itional factors: whether engraftment occurred within two weeks 

fter HSCT or later; and the presence of the pre-engraftment GNRB. 

Differences between groups were tested using linear or lo- 

istic regression models, using the generalized estimating equa- 

ion methods to take into account the dependence of observations 

ested by patient and center. 17 Variables that were found signif- 

cant in the univariate model were included in the multivariate 

nalysis. Pre- and post-engraftment bacteremia were analyzed sep- 

rately. 

For a subgroup of patients, with the date of GVHD available, the 

mpact of GVHD on the post-engraftment bacteremia was assessed, 

s a time-dependent covariate, by the Cox model. We performed 

 separate subanalysis of risk factors for the MDR and non-MDR 

NRB. The results obtained from these analyses are considered as 

xploratory and hypothesis-generating. 

The impact of pre- and post-engraftment bacteremia on mortal- 

ty was assessed by using the cause-specific Cox regression model. 

ortality before and after engraftment was analyzed separately, 

onsidering the engraftment as a competing event for the pre- 

ngraftment period; and the cause-specific hazard ratios were es- 

imated. The models have been adjusted by the main confounders 

aken into account. 
884 
A p -value < 0.05 was considered statistically significant. All p - 

alues are two-sided. All the analyses were performed using the 

tatistical software SAS v. 9.4 (SAS Institute Inc., Cary, NC, USA). 

esults 

llogeneic HSCT 

articipating centers and bacteremia rates 

Sixty-five centers from 24 countries performed allo-HSCT; of 

hem, 38 centers performed it in adults, 17 in children and 10 

enters in both. Three centers from two middle-outcome countries 

articipated in our study; others were from high-outcome coun- 

ries. Three centers from middle-outcome countries; and 23/62 

llo-HSCT centers from high-outcome countries were never JA- 

IE/FACT accredited. Among centers where involvement of ICT 

as reported, it was involved in 45/62 allo-HSCT centers in high- 

utcome countries; and in all three centers in middle-outcome 

ountries. 

1965/2258 (87.0%) of patients were transplanted in centers pro- 

iding FQP; 2229/2509 (88.8%) of patients were transplanted in 

enters with ICT operating. Among 2040 patients transplanted in 

5 centers where information on both FQP policy and ICT involve- 

ent was available, 1714 (84%) were from 28 centers where ICT 

perated and FQP was provided; and 7.9% - in two centers where 

CT was not involved and FQP was not provided. 

Background information on 2818 allo-HSCTs performed during 

he study period is presented in Table 1 . The incidence of GNRB 

as 13.7% (95% CI 12.2–15.2) for adults and 14.2% (95% CI 11.4–

7.3) for children; rates per country are presented in Supplemen- 

ary Table 1. The incidence was 5.3 (95% CI 3.8–7.1) in the north- 

estern vs. 17.6% (95% CI 15.8–19.5) in south-eastern Europe and 

6.8% (95% CI 10.0–25.2) in the other countries. 

The cumulative incidence of pre-engraftment GNRB was 8.4% 

95% CI 7–9%) and post- engraftment GNRB 5.8% (95% CI: 5–7%). 

icrobiological results 

A total of 392 GNRs were isolated, including 277 (70.7%) En- 

erobacteriaceae ; 107 (27.3%) non-fermentative GNRs and 8 (2.0%) 

ther GNRs. 

The cumulative incidence of Enterobacteriaceae bacteremia in 

llo-HSCT patients was 9.6% (95% CI: 8.5–10.9) and of non- 

ermentative rods was 3.6% (95% CI: 2.9–4.4). 

Distribution of pathogens in the pre- and post-engraftment pe- 

iod in allogeneic HSCT is presented in Supplementary Table 2. 

he median time to GNRB was 18 (range 3–191) days since con- 

itioning, it was 17 (range 5–188) days for monomicrobial Enter- 

bacteriaceae and 26 (range 3–191) days for monomicrobial non- 

ermentative rods ( p = 0.003). The incidence of episodes in allo- 

eneic transplants is presented in Supplementary Fig. 1. 

isk factors for Gram-negative bacteremia ( Table 1 ) 

re-engraftment bacteremia 

In the univariate analysis, south-eastern Europe center location, 

nderlying diseases not at complete remission at the time of HSCT, 

ismatched donor, CMV-seropositive recipient status, cord blood 

tem cell source, lower Karnofsky/Lansky score, HSCT in center 

roviding FQP, and GVHD prophylaxis including steroids, were as- 

ociated with increased risk of GNRB. 

In the multivariate analysis, south-eastern Europe center loca- 

ion, underlying diseases not at complete remission at the time of 

SCT, and cord blood source were associated with increased GNRB 

isk. We assessed an association between the pre-engraftment bac- 

eremia and the duration of pre-engraftment neutropenia. The rate 

f pre-engraftment bacteremia was 5.6% when neutropenia lasted 
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Table 1 

Background characteristics and factors associated with Gram-negative rods bacteremia (GNRB) in allogeneic-HSCT (total, pre- and post-engraftment). 

All HSCTs 

n = 2818 (%) 

Pre-engraftment GNRB Post-engraftment Total GNRB 

Number 

with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate 

236 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 129 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 365 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 

Center location 

Northwest 753 (26.7) 25 1.00 < 0.0001 ∗ 1.00 < 0.0001 ∗ 14 1.00 < 0.0001 ∗ 0.002 ∗ 39 1.00 < 0.0001 ∗ 1.00 < 0.0001 ∗

Southeast 1755 (62.3) 198 3.50 

(2.24–5.46) 

< 0.0001 3.85 

(2.26–6.57) 

< 0.0001 101 3.48 

(1.90–6.39) 

< 0.0001 5.90 (2.05–

16.98) 

0.001 299 3.57 

(2.48–5.15) 

< 0.0001 4.28 

(2.82–6.50) 

< 0.0001 

Other 310 (11.0) 13 1.38 

(0.70–2.75) 

0.36 1.77 (0.23–

13.62) 

0.58 14 7.48 (3.26–

17.17) 

< 0.0001 11.34 

(2.71–

47.48) 

0.001 27 2.42 

(1.42–4.13) 

0.001 3.00 

(1.31–6.86) 

0.009 

Sex NS NS NS 

Male 1705 (60.5) 133 1.00 84 1.00 217 1.00 

Female 1113 (39.5) 103 1.20 

(0.92–1.58) 

0.18 45 0.83 

(0.54–1.29) 

0.41 148 1.06 

(0.84–1.33) 

0.65 

Age at HSCT 

(years) 

Median 

41.5 (range 

0.1–74.9) 

NS NS NS 

10-year 

increase 

1.04 

(0.98–1.11) 

0.21 0.93 

(0.85–1.03) 

0.18 1.00 

(0.94–1.05) 

0.91 

Underlying 

disease 

NS NS 

Acute 

leukemia 

1582 (56.1) 142 1.00 0.31 ∗ 68 1.00 0.022 ∗ 1.00 0.03 ∗ 210 1.00 0.07 ∗

Other 

malignancies 

956 (33.9) 70 0.79 

(0.59–1.07) 

0.13 37 0.87 

(0.56–1.35) 

0.55 1.37 

(0.80–2.36) 

0.25 107 0.82 

(0.64–1.06) 

0.12 

Nonmalignant 

disease 

280 (9.9) 24 0.88 

(0.55–1.42) 

0.60 24 2.10 

(1.14–3.88) 

0.018 2.95 

(1.30–6.72) 

0.01 48 1.29 

(0.88–1.89) 

0.19 

Missing data 0 0 0 0 

Status of the 

disease at 

transplant 

NS NS 

Complete 

remission 

1553 (64.1) 109 1.00 1.00 74 1.00 183 1.00 

Other status 868 (35.9) 94 1.52 

(1.14–2.03) 

0.0045 1.48 

(1.02–2.13) 

0.037 28 0.71 

(0.45–1.12) 

0.14 122 1.23 

(0.96–1.58) 

0.098 

Missing data 397 33 27 60 

Donor type NS NS NS 

Matched 

relative 

886 (31.5) 55 1.00 0.017 ∗ 46 1.00 0.65 ∗ 101 1.00 0.074 ∗

Matched 

unrelated 

1410 (50.1) 121 1.37 

(0.99–1.91) 

0.06 63 0.81 

(0.52–1.27) 

0.35 184 1.13 

(0.86–1.48) 

0.39 

Mismatched 519 (18.4) 59 1.74 (1.19- 

2.54) 

0.004 20 0.90 

(0.47–1.71) 

0.74 79 1.45 

(1.05–2.01) 

0.02 

Missing data 3 1 0 1 

Donor sex NS NS NS 

Male 1649 (59.4) 131 1.00 83 1.00 214 1.00 

Female 1126 (40.6) 97 1.11 

(0.84–1.46) 

0.46 45 0.80 

(0.53–1.20) 

0.28 142 0.99 

(0.78–1.25) 

0.90 

Missing data 43 8 1 9 

CMV serology 

in patient and 

donor 

NS NS NS 

( continued on next page ) 
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Table 1 ( continued ) 

All HSCTs 

n = 2818 (%) 

Pre-engraftment GNRB Post-engraftment Total GNRB 

Number 

with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate 

236 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 129 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 365 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 

-/- 665 (26.2) 33 1.00 0.018 ∗ 27 1.00 0.93 ∗ 60 1.00 0.14 ∗

-/ + 215 (8.5) 16 1.48 

(0.80–2.75) 

0.21 9 0.76 

(0.29–1.99) 

0.57 25 1.15 

(0.67–1.97) 

0.62 

+ /- 563 (22.2) 54 1.90 

(1.20–3.00) 

0.0061 26 0.84 

(0.44–1.63) 

0.61 80 1.43 

(0.98–2.08) 

0.066 

+ / + 1095 (43.1) 107 1.89 

(1.25–2.84) 

0.0025 51 0.88 

(0.50–1.54) 

0.66 158 1.46 

(1.04–2.04) 

0.027 

Missing data 280 26 16 42 

Stem cell 

source 

NS 

Bone 

marrow + /- 

Peripheral 

blood 

866 (30.7) 82 1.00 0.01 ∗ 1.00 0.013 ∗ 36 1.00 0.74 ∗ 118 1.00 0.004 ∗ 1.00 0.001 ∗

Peripheral 

blood 

1792 (63.6) 129 0.84 

(0.63–1.12) 

0.22 0.72 

(0.49–1.07) 

0.10 85 1.04 

(0.65–1.66) 

0.88 214 0.84 

(0.66–1.09) 

0.18 0.90 

(0.67–1.20) 

0.46 

Cord blood 160 (5.7) 25 1.68 

(1.04–2.73) 

0.034 2.25 

(0.98–5.20) 

0.057 8 1.41 

(0.59–3.36) 

0.44 33 1.66 

(1.08–2.55) 

0.02 2.51 

(1.44–4.39) 

0.001 

Missing data 0 0 0 0 

HSCT number NS NS NS 

First 2421 (86.0) 204 1.00 114 1.00 318 1.00 

Second or 

more 

395 (14.0) 32 1.01 

(0.69–1.47) 

0.97 15 0.80 

(0.45–1.42) 

0.45 47 0.91 

(0.66–1.25) 

0.55 

Missing data 2 0 0 0 

Ex-vivo 

manipulation 

of the cells 

NS NS NS 

None 2597 (93.7) 212 1.00 120 1.00 332 1.00 

Yes 175 (6.3) 20 1.52 

(0.95–2.45) 

0.08 8 0.97 

(0.41–2.27) 

0.94 28 1.28 

(0.84–1.95) 

0.25 

Missing data 46 4 1 5 

Total body 

irradiation 

given 

NS NS NS 

No 2160 (77.6) 181 1.00 106 1.00 287 1.00 

Yes 623 (22.4) 53 1.03 

(0.75–1.41) 

0.87 23 0.67 

(0.39–1.15) 

0.15 76 0.88 

(0.67–1.16) 

0.38 

Missing data 35 2 0 2 

Karnofsky or 

Lansky status 

Median 90 

(range 

0–100) 

NS NS 

10-point 

increase 

0.82 

(0.74–0.91) 

0.0002 0.96 

(0.67–1.36) 

0.81 0.84 

(0.76–0.94) 

0.001 0.84 

(0.75–0.94) 

0.003 

Missing data 420 23 19 42 

Center 

provides fluo- 

roquinolone 

prophylaxis 

NS NS 

No 293 (13.0) 10 1.00 25 1.00 1.00 35 1.00 

Yes 1965 (87.0) 167 2.58 

(1.29–5.13) 

0.007 69 0.47 

(0.26–0.83) 

0.01 0.23 

(0.10–0.51) 

0.0004 236 1.11 

(0.72–1.71) 

0.64 

( continued on next page ) 
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Table 1 ( continued ) 

All HSCTs 

n = 2818 (%) 

Pre-engraftment GNRB Post-engraftment Total GNRB 

Number 

with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate 

236 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 129 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 365 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 

Missing data 560 59 35 94 

Infection 

control team 

NS NS NS 

No 280 (11.2) 22 1.00 13 1.00 35 1.00 

Yes 2229 (88.8) 189 1.07 

(0.69–1.65) 

0.78 107 1.30 

(0.66–2.58) 

0.45 296 1.16 

(0.78–1.74) 

0.46 

Missing data 309 25 9 34 

Conditioning 

regimen 

NS NS NS 

Total body 

irradiation 

myeloablative 

439 (15.9) 39 1.00 0.84 ∗ 16 1.00 0.20 ∗ 55 1.00 0.36 ∗

Busulfan 

based 

myeloablative 

1164 (42.1) 102 0.99 

(0.68–1.45) 

0.97 58 1.66 

(0.82–3.36) 

0.16 160 1.17 

(0.83–1.64) 

0.37 

Other 

myeloablative 

288 (10.4) 21 0.82 

(0.47–1.42) 

0.48 7 0.78 

(0.29–2.07) 

0.62 28 0.81 

(0.49–1.32) 

0.40 

Non 

myeloablative 

877 (31.7) 70 0.91 

(0.61–1.35) 

0.63 47 1.43 

(0.70–2.93) 

0.33 117 1.03 

(0.73–1.47) 

0.86 

Missing data 50 4 1 5 

Steroids given 

as GVHD 

prophylaxis 

NS NS NS 

No 2621 (96.3) 211 1.00 117 1.00 328 1.00 

Yes 100 (3.7) 16 1.97 

(1.14–3.40) 

0.0145 8 1.82 

(0.82–4.06) 

0.14 24 1.94 

(1.23–3.08) 

0.005 

( continued on next page ) 
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Table 1 ( continued ) 

All HSCTs 

n = 2818 (%) 

Pre-engraftment GNRB Post-engraftment Total GNRB 

Number 

with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate Number with 

bacteremia 

Univariate Multivariate 

236 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 129 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 365 HR 

(95% C.I.) 

p HR 

(95% C.I.) 

p 

Missing data 97 9 4 13 

Graft-vs-host 

disease 

prophylaxis 

regimen 

NS NS NS 

Cyclosporin A 

or Tacrolimus 

1164 (42.8) 108 1.00 0.22 ∗ 62 1.00 0.34 ∗ 170 1.00 0.085 ∗

Cyclosporin A 

or 

Tacrolimus + methotrexate 

1466 (53.9) 109 0.80 

(0.61–1.06) 

0.12 57 0.82 

(0.53–1.26) 

0.36 166 0.81 

(0.64–1.03) 

0.09 

Other 91 (3.3) 10 1.16 

(0.60–2.25) 

0.66 6 1.49 

(0.65–3.43) 

0.35 16 1.33 

(0.77–2.28) 

0.31 

Missing data 97 9 4 13 

Jacie/FACT 

accreditation 

2016 

NS NS 

Accredited 1478 (52.5) 128 1.00 58 1.00 1.00 186 1.00 

Not accredited 1340 (47.6) 108 0.96 

(0.74–1.26) 

0.77 71 1.69 

(1.12–2.56) 

0.01 2.00 

(1.12–3.55) 

0.02 179 1.16 

(0.92–1.47) 

0.20 

Missing data 0 0 0 0 

Time to 

engraftment 

Not 

relevant 

not 

performed 

> 14 days 1734 71 1.00 NS 

≤ 14 days 900 51 1.66 

(1.08–2.56) 

0.02 

Missing data 184 7 

Pre- 

engraftment 

Gram-negative 

bacteremia 

Not 

relevant 

NS not 

performed 

No 2557 118 1.00 

Yes 223 11 1.09 

(0.52–2.26) 

0.82 

Missing data 38 0 

Acute GVHD Not 

relevant 

NS not 

performed 

No 1898 1.00 

Yes 237 3.96 

(0.55–28.8) 

0.17 

Missing data 683 55 

HSCT - hematopoietic stem cell transplantation; GVHD - graft versus host disease; NS – not significant 
∗ overall comparison 

8
8
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Table 2 

Factors associated with mortality in allogeneic HSCT (multivariate analysis). 

Parameter Number 

(%) 

Pre-engraftment mortality Post-engraftment mortality 

HR (95% C.I.) P value HR (95% C.I.) P value 

Pre-engraftment GNR bacteremia 

No 2563 (93.1) 1.00 1.00 

Yes, MDR 88 (3.2) 1.97 (1.34–2.88) 0.0005 2.05 (1.21–3.48) 0.008 

Yes, non-MDR 101 (3.7) 1.37 (0.93–2.04) 0.11 1.33 (0.74–2.38) 0.34 

Missing data 45 

Post-engraftment GNR bacteremia Not relevant 

No 2561 (96.1) 1.00 

Yes, MDR 45 (1.7) 7.48 (4.14–13.51) < 0.0001 

Yes, non-MDR 59 (2.2) 2.73 (1.19–6.23) 0.017 

Missing data 132 

Center location NS 

Northwest 748 (26.7) 1.00 0.03 ∗

Southeast vs Northwest 1740 (62.2) 1.32 (1.08–1.62) 0.0074 

Other (China, Australia) vs Northwest 309 (11.1) 1.35 (0.66–2.76) 0.41 

Stem cell source NS 

Bone marrow + /- Peripheral blood 858 (30.7) 1.00 0.0001 ∗

Peripheral blood 1779 (63.6) 1.19 (0.95–1.49) 0.14 

Cord blood 160 (5.7) 2.43 (1.61–3.67) < 0.0001 

HSCT number 

First 2401 (85.9) 1.00 1.00 

Second or more 394 (14.1) 1.37 (1.10–1.71) 0.005 1.51 (1.16–1.97) 0.003 

Missing data 2 

Age at HSCT 

10-year increase 2797 1.17 (1.11–1.23) < 0.0001 1.12 (1.05–1.20) 0.0005 

Karnofsky or Lansky status 

10-point increase 2475 0.76 (0.70–0.83) < 0.0001 0.78 (0.70–0.86) < 0.0001 

Missing data 322 

HSCT - hematopoietic stem cell transplantation; GNR - Gram-negative rod; MDR – multidrug resistant; NS – not significant 
∗ overall comparison 
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4 days or less; and it was 8.5% when neutropenia lasted over 14 

ays ( p = 0.1). 

Following the finding that centers‘ FQP was not associated 

ith a decreased rate of pre-engraftment bacteremia, we inves- 

igated the possible interaction between the FQP policy and bac- 

eremia rates in centers located in: (a) the north-western vs. south- 

astern Europe; (b) the countries with high ( > 20%) and low ( ≤20%)

ates of FQ resistance in the community, 18 based on the reported 

ommunity-acquired E. coli fluoroquinolones-resistance rates. 19 , 20 

he interactions did not result significant, meaning that the asso- 

iation between FQP policy and bacteremia rates did not vary by 

he center location or FQ resistance rate in the community. 

ost-engraftment bacteremia 

In the univariate analysis, center location other than northwest- 

rn Europe, underlying non-malignant disease, HSCT in center not 

roviding FQP, engraftment within 14 days and HSCT in center not 

ACIE/FACT accredited were associated with increased risk of GNRB. 

GVHD was not associated with increased risk of bacteremia. 

his parameter, however, was assessed only in the minority of 

ases as among 721 patients reported with GVHD in 59 centers 

n 22 countries, the exact date of GVHD onset was missing in 484 

atients in 48 centers in 20 countries. 

In the multivariate analysis, transplantation in centers not lo- 

ated in northwest Europe; underlying non-malignant disease, not 

roviding FQP and never JACIE/FACT accredited, were significantly 

ssociated with the GNRB development. 

otal GNR bacteremia 

In the univariate analysis, center location other than north- 

estern Europe, mismatched donor, positive CMV serology in both 

onor and recipient, cord blood source, low Karnofsky/Lansky score 

nd steroids given for the GVHD prophylaxis were associated with 

ncreased risk of bacteremia during six months following allo- 

eneic HSCT. 
889 
In the multivariate analysis, transplantation in centers not lo- 

ated in northwest Europe; cord blood source, and low Karnof- 

ky/Lansky score were significantly associated with the GNRB de- 

elopment. 

DR vs. non-MDR bacteremia before and after engraftment 

(Supplementary Table 3) 

In the subgroup multivariate analysis of risk factors for the pre- 

ngraftment MDR GNRB, the following risk factors revealed signif- 

cant association: south-eastern Europe center location, underlying 

isease not at complete remission at the time of HSCT, cord blood 

ource, and lower Karnofsky/Lansky score. While south-eastern Eu- 

ope center location was the only risk factor significantly associ- 

ted with non-MDR pre-engraftment bacteremia. 

The post-engraftment MDR GNRB was significantly associated 

ith center location other than northwestern Europe, nonmalig- 

ant underlying diseases and time to engraftment ≤ 14 days. While 

on-MDR post-engraftment bacteremia was associated with center 

ocation other than northwestern Europe and center policy of not 

roviding FQP. 

ortality following allogeneic HSCT ( Table 2 ) 

Overall 6-months post-HSCT mortality was 18% (95%CI 16–20%). 

re-engraftment MDR bacteremia, southeast Europe center loca- 

ion, cord blood stem cell source, second or more HSCT, older 

ge and lower Karnofsky/Lansky score were significantly associ- 

ted with mortality before engraftment. Mortality after engraft- 

ent was significantly higher in patients with pre-engraftment 

DR bacteremia, post-engraftment bacteremia, following second 

r more HSCT, older age and lower Karnofsky/Lansky score. 
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Table 3 

Background characteristics and factors associated with pre-engraftment Gram-negative rods bacteremia in autologous-HSCT. 

All HSCTs n = 3152 (%) Pre engraftment GNR bacteremia 

Number with 

bacteremia 

Univariate Multivariate 

205 HR (95% C.I.) p HR (95% C.I.) p 

Center location NS 

Northwest Europe 870 (27.6) 69 1.00 

Southeast Europe 2202 (69.9) 136 0.76 (0.57–1.02) 0.07 

Other 80 (2.5) 0 

Sex NS 

Male 1893 (60.1) 122 1.00 

Female 1259 (39.9) 83 1.03 (0.78–1.36) 0.86 

Age at HSCT (years) Median 56.1 (range 

0.5–79.6) 

10-year increase 1.14 (1.02–1.27) 0.017 1.18 (1.02–1.37) 0.03 

Underlying disease 

Plasma cell disorder 1648 (52.3) 91 1.00 0.0003 ∗ 1.00 < 0.0001 ∗

Malignancies 1469 (46.6) 106 1.38 (1.04–1.82) 0.02 1.76 (1.15–2.68) 0.009 

Autoimmune diseases 35 (1.1) 8 4.44 (2.01–9.82) 0.0002 7.51 (3.12–18.08) < 0.0001 

Missing data 0 0 

Status of the disease at transplant NS 

Complete remission 1149 (38.6) 79 1.00 

Other status 1827 (61.4) 116 0.91 (0.68–1.22) 0.52 

Missing data 176 10 

HSCT number NS 

First 2713 (86.1) 183 1.00 

Second or more 439 (13.9) 22 0.74 (0.47–1.16) 0.18 

Ex-vivo manipulation of the cells NS 

None 2472 (97.8) 156 1.00 

Yes 55 (2.2) 5 1.44 (0.51–4.07) 0.49 

Missing data 625 44 

Karnofsky or Lansky status Median 90 (range 40–100) NS 

10-point increase 0.94 (0.82–1.07) 0.35 

Missing data 251 10 

Center provides fluoroquinolone 

prophylaxis 

NS 

No 399 (25.3) 44 1.00 

Yes 1178 (74.7) 61 0.47 (0.32–0.69) 0.0001 

Missing data 1575 100 

Infection control team 

No 552 (20.3) 67 1.00 1.00 

Yes 2166 (79.7) 130 0.47 (0.35–0.64) < 0.0001 0.52 (0.35–0.79) 0.002 

Missing data 434 8 

Conditioning regimen NS 

Melphalan only 1559 (50.0) 83 1.00 0.0045 ∗

BEAM 733 (23.5) 57 1.54 (1.10–2.16) 0.01 

Melphalan + other (not BEAM) 181 (5.8) 8 0.85 (0.41–1.74) 0.65 

Other 643 (20.6) 55 1.72 (1.21–2.44) 0.002 

Missing data 36 2 

JACIE/FACT accreditation 2016 NS 

Accredited 1805 (57.3) 113 1.00 

Not accredited 1347 (42.7) 92 1.09 (0.83–1.44) 0.55 

Missing data 0 0 

GNR Gram-negative rod; HSCT hematopoietic stem cell transplantation; BEAM: B – BiCNU, carmustine; E - etoposide; A - cytarabine; M - melphalan; NS – not significant 
∗ overall comparison 
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utologous HSCT 

articipating centers and bacteremia rates 

Sixty-seven centers from 24 countries performed auto-HSCT; of 

hem, 46 centers performed it in adults, 13 in children and eight 

n both. Three centers from two middle-outcome countries par- 

icipated in our study; others were from high-outcome countries. 

ll three centers from middle-outcome countries; and 27/64 cen- 

ers from high-outcome countries, were never JACIE/FACT accred- 

ted. ICT was involved in 46/64 auto-HSCT centers in high-outcome 

ountries; and in all three centers in middle-outcome countries. 

1178/1577 (74.7%) of patients were transplanted in centers pro- 

iding FQP; 2166/2718 (79.7%) of patients were transplanted in 

enters with ICT operating. Among 1244 patients transplanted in 

4 centers where both information on FQP policy and ICT involve- 

ent was available, 680 (54.7%) were from 15 centers where both 
t

890 
CT operated and FQP was provided; and 156 (12.5%) - from one 

enter where ICT was not involved and FQP was not provided. 

Background information on 3152 auto-HSCTs performed during 

he study period, is presented in Table 3 . The GNRB incidence was 

.2% (95% CI 6.3–8.2) following adult‘ and 6.8% (95% CI 3.4–11.8) 

ollowing pediatric auto-HSCT; rates per country are presented in 

upplementary Table 4. The incidence was 8.4% (95% CI 6.7–10.4) 

n the north-western vs. 6.8% (95% CI 5.8–7.9) in south-eastern Eu- 

ope; two of 80 auto-HSCT patients in other countries developed 

NRB. 

The cumulative incidence of pre-engraftment GNRB was 6.6% 

95%CI: 6–7%); and post- engraftment GNRB 0.7% (95%CI: 0.4–1.1%). 

icrobiological results 

A total of 239 GNRs were isolated, including 182 (76.2%) En- 

erobacteriaceae , 44 (18.4%) non-fermentative GNRs and 13 (5.4%) 
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Table 4 

Factors associated with mortality in autologous HSCT (multivariate analysis). 

Parameter 

Numbers 

(%) 

Pre-engraftment mortality Post-engraftment mortality 

HR (95% C.I.) p HR (95% C.I.) p 

Pre-engraftment GNR bacteremia 

No 2938 (94.1) 1.00 1.00 

Yes, MDR 35 (1.1) 1.13 (0.33–3.84) 0.85 0.88 (0.20–3.80) 0.86 

Yes, non-MDR 149 (4.8) 1.56 (0.91–2.68) 0.11 1.72 (0.99–3.00) 0.055 

Missing data 23 

Post-engraftment GNR bacteremia Not relevant 

No 3070 (99.5) 1.00 

Yes, MDR 6 (0.2) 4.03 (1.11–14.63) 0.034 

Yes, non-MDR 10 (0.3) 1.90 (0.20–17.74) 0.58 

Missing data 59 

Karnofsky or Lansky status 

10-point increase 2894 0.69 (0.62–0.78) < 0.0001 0.70 (0.62–0.79) < 0.0001 

Missing data 251 

Conditioning regimen 

Melphalan only 1559 (50.1) 1.00 0.0001 ∗ 1.00 0.0002 ∗

BEAM 730 (23.5) 1.47 (1.03–2.09) 0.03 1.35 (0.93–1.97) 0.11 

Melphalan + other (not BEAM) 181 (5.8) 2.18 (1.32–3.60) 0.002 2.37 (1.40–4.02) 0.001 

Other 639 (20.6) 1.99 (1.42–2.80) < 0.0001 2.01 (1.40–2.88) 0.0002 

Missing data 36 

JACIE / FACT accreditation 2016 

Accredited 1800 (57.2) 1.00 1.00 

Not accredited 1345 (42.8) 0.58 (0.42–0.81) 0.001 0.55 (0.39–0.78) 0.0007 

GNR – Gram-negative rods; MDR – multidrug resistant; BEAM: B – BiCNU, carmustine; E - etoposide; A - cytarabine; M - 

melphalan 
∗ overall comparison. 
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ther GNRs. The cumulative incidence of Enterobacteriaceae bac- 

eremia in auto-HSCT patients was 5.3% (95% CI: 4.5–6.1) and of 

on-fermentative rods was 1.1% (95% CI: 0.8–1.5). 

The distribution of pathogens in the pre- and post-engraftment 

eriod are presented in Supplementary Table 2. Median time to 

NRB was 14 (range 0–143) days; it was 14 (range 0–92) for mo- 

omicrobial Enterobacteriaceae and 16 (range 8–143) for monomi- 

robial non-fermentative rods ( p = 0.02). The incidence of episodes 

n autologous transplants is presented in Supplementary Fig. 2. 

isk factors for Gram-negative bacteremia 

re-engraftment bacteremia ( Table 3 ). In the univariate analysis, 

lder age, underlying autoimmune or malignant disease vs. plasma 

ell disorder, HSCT in center not providing FQP, absence of ICT, 

nd type of conditioning regimen predisposed to pre-engraftment 

NRB. 

In the multivariate analysis, older age, underlying autoimmune 

r malignant disease vs. plasma cell disorder and absence of ICT 

ere significantly associated with pre-engraftment bacteremia. 

DR vs. non-MDR bacteremia before engraftment (supplemen- 

ary Table 5). The following factors were significantly associated 

ith MDR pre-engraftment bacteremia in the multivariate analysis: 

arnofsky or Lansky status and conditioning other than melphalan 

nly. 

None of the factors were found significantly associated with 

on-MDR pre-engraftment bacteremia in the multivariate analysis. 

Among 23 post-engraftment episodes of GNRB, 16 occurred in 

atients with malignancies and seven with plasma cell disorders. 

ighteen occurred in patients where ICT was operating. Risk factor 

nalysis of the post-engraftment GNRB was not performed due to 

he limited number of such episodes. 

ortality following autologous HSCT ( Table 4 ) 

Overall 6-months post-HSCT mortality was 5.0% (95%CI 4–6%). 

ortality either before and after engraftment following auto-HSCT 

as significantly higher in patients with lower Karnofsky/Lansky 

core, receiving conditioning other than melphalan monotherapy 
891 
nd in centers JACIE/FACT accredited. Mortality after engraftment 

as higher in patients with post-engraftment MDR bacteremia. 

iscussion 

HSCT is a curative treatment for increasing numbers of ma- 

ignant and non-malignant diseases. Bacterial infections, especially 

hose due to GNR, adversely affect the outcome of HSCT patients. 

uring the past decade, increasing numbers of HSCT have been 

erformed in populations considered at higher risk for infectious 

omplications, such as patients with advanced malignancies and 

ith alternative donors. 21 In such situations, an up-to-date analy- 

is of GNRB risk factors is important. In this large intercontinental 

tudy, we report on the rates and factors associated with increased 

NRB risks during the pre- and post-engraftment periods, follow- 

ng either allogeneic or autologous HSCT. 

Center‘ policy recommending FQP was not associated with de- 

reased risk of pre-engraftment bacteremia in allo-HSCT patients 

n our study. Several reports from Canada, Germany, and Italy 

ave shown that FQP does not reduce bacteremia rates in chil- 

ren and adults following allo-HSCT. 13 , 22 , 23 Other studies demon- 

trated an increase in MDR pathogens colonization and infection 

ates among HSCT patients receiving FQP. 15 , 24–27 . Recently pub- 

ished meta-analysis demonstrated that FQP did not affect mortal- 

ty. 28 These more recent data and the results of our study suggest, 

herefore, that the benefit of FQP prophylaxis is questionable with 

urrent changes of the epidemiological scenario for bacterial infec- 

ions and should be checked in a prospective multicenter study. 

he decreased benefit of the FQP can be explained by the increase 

n fluoroquinolone resistance among GNR. 15 , 18 , 29 While benefit of 

QP in neutropenic patients with a long pre-transplant history (as 

ost of allo-HSCT recipients) is doubtful; it is still can be useful in 

atients with a short pre-transplant history with few previous hos- 

italizations and limited use of antibiotics. For example, patients 

ith multiple myeloma submitted to auto-HSCT following induc- 

ion chemotherapy generally administered on an outpatient basis 

nd rarely complicated by infections requiring antibiotic therapy. 

n these patients, the intestinal flora is still presumably suscepti- 

le to FQ decontamination effect and this may explain the per- 
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istence of the effectiveness of prophylaxis in this population, as 

emonstrated in Italian multicenter study 13 and meta-analysis. 30 

ur study was not, however, designed to analyze whether FQP in- 

uences the risk of bacteremia. While the association between FQP 

nd bacteremia rates was analyzed based on each center general 

rophylaxis policy, personal per-patient decisions regarding pro- 

hylaxis could differ, and this data was unavailable. Data on FQP 

olicy in patients during induction chemotherapy was missing. 

Cord blood stem cell source was associated with higher bac- 

eremia risks, similar to Italian data. 2 , 13 Being at complete remis- 

ion at HSCT was not associated with lower GNRB risks in these 

tudies; this factor was, however, significant in our experience. 

In the majority of studies, GNRB in the post-engraftment pe- 

iod in allo-HSCT patients is mainly associated with severe acute or 

hronic, specifically gastrointestinal, GVHD. 14 , 31–33 Studies in chil- 

ren, however, do not correlate GVHD with an increased risk of 

ny kind of bacteremia. 34 Although we observed no increased bac- 

eremia risk in patients following GVHD, its influence cannot be 

xcluded, as data on GVHD onset were unavailable for the major- 

ty of patients. 

Similarly to the data from prospective countrywide Spanish and 

talian studies, we demonstrated that older age and underlying ma- 

ignancy predispose to pre-engraftment GNRB in auto-HSCT pa- 

ients. 5 , 13 Interestingly, whereas GNRB rates were generally lower 

n auto- as compared with allo-HSCT patients, we found a very 

igh bacteremia rate (23%) in a small cohort of auto-HSCT patients 

ransplanted because of autoimmune diseases. This can probably 

e related to a long interval between initial diagnosis and the 

SCT, during which patients are exposed to immunosuppressive 

herapy, involving biological agents; conditioning including anti- 

hymocyte globulin and T-cell depletion. Our findings shall be veri- 

ed by prospective follow-up after infection complications in these 

atients, as HSCT is increasingly performed for autoimmune dis- 

ases. 35 

Interestingly, we demonstrated a lower pre-engraftment bac- 

eremia risks in auto-HSCT patients in centers with active ICT 

uring the study period. Although adherence to infection control 

uidelines, as well as the involvement of ICT in each patient, were 

ot checked in our study, and these factors may correlate with 

ther advances that reduce GNRB rates, this association may indi- 

ate the importance of strict adherence to protocols and infection 

ontrol measures in bacteremia prevention, as was demonstrated 

y other studies. 36 The fact that we demonstrated a significant as- 

ociation between this parameter and bacteremia in auto-HSCT pa- 

ients only, may be explained by the stronger influence of other 

actors in more immune-suppressed allo-HSCT patients, e.g. stem 

ell source. 

We also demonstrated lower post-engraftment bacteremia risks 

n allo-HSCT patients in JACIE/FACT-accredited centers. Implemen- 

ation of a quality management system was previously described 

s being associated with improved survival after allogeneic stem 

ell transplantation. 37 

In our study, the GNRB rate in allo-HSCT patients was three 

imes higher in south-eastern European countries compared with 

hose in the north-west. Our previous study demonstrated higher 

NR resistance rates in south-eastern Europe than in the conti- 

ent’s north-west. 15 This data, on the background of the striking 

ncrease in allo-HSCT activity in some East European countries, 38 

nderscores the importance of infection control measures. Interest- 

ngly, a significant increase in GNRB rates was demonstrated dur- 

ng the last decade in the northern European countries. 12 

In our previous paper, we analyzed risk factors for the MDR 

NRB by prospective comparison of MDR vs. non-MDR episodes. 15 

n this manuscript, a comparison to the non-bacteremic patients 

evealed additional associations. Among them, the association of 

DR GNRB before engraftment with being not at complete re- 
892 
ission; and after engraftment – with nonmalignant underlying 

iseases. In our study, GNRB, and specifically MDR phenotype, 

as associated with increased mortality following transplantation. 

re-engraftment GNRB was an independent risk factor for post- 

ransplant mortality in two Italian studies. 2 , 13 The association be- 

ween bacteremia and mortality following neutrophil recovery is 

ess clear. Several studies report similar post-HSCT survival rates 

n patients with and without post-engraftment bacteremia, 3 , 39–41 

hile others demonstrated opposite results. 31 , 32 Our data under- 

ine the importance of appropriate management of patients with 

NRB and the prevention of infections by resistant bacteria for pa- 

ients‘ outcomes. 

Our study has several limitations. Data for non-bacteremic pa- 

ients were obtained from the ProMise EBMT database, and some 

ertinent information was missing. We could not assess the asso- 

iation between bacteremia rates and the presence and severity of 

ucositis and GVHD; and the bacterial colonization status. For the 

easons mentioned above, conclusions regarding a decreased ben- 

fit of FQP cannot be directly drawn from our findings. 

Our research also has important strengths. It is the first 

rospective, intercontinental study summarizing GNRB rates and 

isk factors data in children and adult HSCT populations. This siz- 

ble database enabled risk factor analysis in either allogeneic or 

utologous HSCT recipients, separately before and after engraft- 

ent, uncovering important correlations that should be investi- 

ated in further prospective research. To summarize, we demon- 

trated that: 

a) In allo-HSCT patients, GNRB rates were higher centers located 

not in north-western Europe; pre-engraftment bacteremia rates 

were higher in patients transplanted not at complete remission, 

and from cord blood source; while post-engraftment GNRB rate 

was higher in centers not providing FQP, never JACIE/FACT ac- 

credited and in patients with underlying non-malignant dis- 

ease; 

b) In auto-HSCT patients, GNRB rates were higher in patients with 

older age, autoimmune and malignant underlying disease, 

c) GNRB, especially with MDR bacteria, was associated with in- 

creased mortality. 

The partial results of this study were presented orally at the 

4th annual EBMT Conference, Lisbon, Portugal, 2018. 
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