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a b s t r a c t 

Bloodstream infections (BSI) caused by Gram-negative bacteria (GNB) in patients with hematological ma- 

lignancies (HM) have been associated with high mortality rates, particularly with infections caused by 

antibiotic-resistant strains. 

A multicenter cohort study including all consecutive episodes of GNB BSI in HM patients was con- 

ducted to update the epidemiology and antibiotic resistance patterns (compared to our previous survey 

conducted between 2009 and 2012) and investigate risk factors for GNB BSI due to multidrug-resistant 

(MDR) isolates. 

A total of 834 GNB were recovered in 811 BSI episodes from January 2016 to December 2018. Com- 

pared to the previous survey, there was a significant reduction in use of fluoroquinolone prophylaxis and 

a significant recovery in susceptibility rates to ciprofloxacin among Pseudomonas aeruginosa, Escherichia 
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. Introduction 

Improvements in the medical field have ensured better treat- 

ent for patients with hematological malignancies (HM). However, 

he use of invasive devices (e.g., urinary catheters, central venous 

atheters), and the deep depression of the immune system sec- 

ndary to the underlying malignancy and chemotherapy, renders 

hese patients particularly susceptible to severe infections. Among 

hese, bloodstream infections (BSI) remain the most common and 

ife-threatening infectious complications, with a described preva- 

ence ranging from 11% to 38% and a crude mortality rate that 

eaches 40% [1] . 

Gram-negative bacteria (GNB) have recently been reported to 

e a more frequent cause of BSI than Gram-positive bacteria in HM 

atients, particularly in South-Eastern Europe and Asia, and high 

ortality rates have been reported in patients with GNB BSI, espe- 

ially those caused by antibiotic-resistant strains [1–8] . 

Results from our previous Italian survey, conducted between 

009 and 2012, on the epidemiology and antimicrobial resistance 

atterns of bacterial BSI in patients with HM, showed that GNB 

ere isolated in 52.8% of episodes of bacterial BSI [9] . In ad- 

ition, a worrisome trend of decreasing susceptibility rates to 

he main antibiotic drugs among GNB was observed. In partic- 

lar, only 20.1% of GNB were susceptible to ciprofloxacin, 36.9% 

f Enterobacteriaceae isolates were resistant to third-generation 

ephalosporins, carbapenem-resistant K. pneumoniae amounted to 

4.9%, and multidrug-resistant (MDR) P. aeruginosa isolates ac- 

ounted for 69.7% [9] . 

Herein is reported a prospective multicenter cohort study that 

as conducted between 2016 and 2018 to update the epidemiology 

nd antimicrobial resistance patterns of GNB causing BSI in HM 

atients compared to our previous survey [9] , and to investigate 

isk factors for MDR GNB BSI Fig. 1 . 

. Methods 

A prospective cohort study was conducted in Italy in 15 hema- 

ological wards of tertiary care centers or university hospitals tak- 

ng part in the Hematologic Malignancies Associated Bloodstream 

nfections Surveillance (HeMABIS) registry–Sorveglianza Epidemio- 

ogica InFezioni nelle EMopatie (SEIFEM) group from January 2016 

o December 2018. All consecutive episodes of BSI caused by Gram- 

egative bacteria (GNB-BSI) occurring in hospitalized HM adult pa- 

ients were included. 

Antimicrobial prophylaxis was administered to high-risk pa- 

ients according to the Gruppo Italiano Malattie Ematologiche 

ell’Adulto (GIMEMA) criteria [10] . Of note, many hematology cen- 

ers belonging to our registry autonomously decided to discontinue 

he administration of fluoroquinolone prophylaxis due to previous 

utbreaks of carbapenem-resistant BSI, as reported elsewhere [5] . 

A rectal swab was performed on all HM patients admitted to 

articipating centers at admission as a screening for colonization 
2

olates. In addition, there was a shift to a significantly increased suscep-

 to ceftazidime, meropenem, and gentamicin. A total of 256/834 (30.7%)

able analysis, MDR bacteria culture-positive surveillance rectal swabs, pre-

ides and carbapenems, fluoroquinolone prophylaxis, and time at risk were

MDR GNB BSI. 

rsistence of a high prevalence of MDR GNB, there was a shift to a reduced

laxis and increased rates of susceptibility to fluoroquinolones in almost

ntibiotics tested among P. aeruginosa isolates, compared to our previous

laxis and previous rectal colonization by MDR bacteria were independent

 the present study. 

© 2023 The Authors. Published by Elsevier Ltd. 

icle under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ )

y multidrug-resistant (MDR) bacterial isolates; each hospital con- 

ucted rectal swab screening according to its own protocols, as de- 

cribed elsewhere [11] . Only isolated MDR GNB strains (see defi- 

ition below) were included for study purposes. Antimicrobial re- 

istance was defined according to the EUCAST clinical breakpoint 

uidelines for each year of the study period. 

Data collected from the hospital charts and the labora- 

ory database included general patient characteristics, includ- 

ng age, sex and comorbidities (including diabetes mellitus, 

hronic obstructive pulmonary disease, chronic hepatic failure, 

nd chronic renal failure); length of hospital stay (total and as 

ime at risk, i.e., days from hospital admission and the date of 

NB BSI onset); indwelling urethral catheter or central venous 

atheter, total parenteral nutrition, previous therapy with corticos- 

eroids, antibiotics (i.e., carbapenems, cephalosporins, β-lactams/ 

-lactamases inhibitors, aminoglycosides) and/or monoclonal an- 

ibodies, chemotherapy and/or radiotherapy; neutropenia (as de- 

ned below); HM disease and disease stage at time of BSI, includ- 

ng type of hematopoietic stem cell transplantation (HSCT; autolo- 

ous or allogeneic); previous MDR bacteria culture-positive surveil- 

ance rectal swabs; fluoroquinolone prophylaxis; outcome of infec- 

ion, and, for each bacterial isolate, the antimicrobial susceptibility 

esults. 

All the information was entered into case report forms and then 

ecorded in a specific database. The pool of variables considered 

or multivariable analysis of risk factors for MDR GNB BSI and of 

hose for 30-day mortality was selected based on prior studies and 

linical knowledge. 

The ethics committee of each participating site approved the 

se of the HeMABIS-SEIFEM registry, upon approval of the ethics 

ommittee of the study coordinating center (Fondazione Policlin- 

co Universitario Agostino Gemelli IRCCS – Università Cattolica del 

acro Cuore). Written informed consent was obtained from each 

atient. 

Patients with BSI caused by multidrug-resistant (MDR) GNB 

ere compared with those with non-MDR GNB to identify risk 

actors for infection by MDR isolates. Furthermore, survivors and 

on-survivors were compared to investigate risk factors for 30-day 

ortality. 

.1. Definitions 

The following terms were defined prior to data analysis: 

GNB BSI was defined as an infection manifested by the presence 

of at least 1 blood culture that grew a Gram-negative strain. 

GNB isolates were considered MDR according to definitions of 

Magiorakos et al. (i.e., acquired non-susceptibility to at least 

one agent in three or more antimicrobial categories) [12] . 

Neutropenia was defined as an absolute neutrophil count (ANC) 

< 500 neutrophils/μL at the onset of BSI; neutropenia was 

considered severe if ANC was < 100 neutrophils/μL. 

http://creativecommons.org/licenses/by/4.0/
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Figure 1. Correlation between percentages of third-generation cephalosporin-resistant Enterobacterales (3GCR-E), carbapenem-resistant Enterobacterales (CRE), MDR P. aerug- 

inosa (MDR-PA) isolates and fluoroquinolone prophylaxis (FQ-P) during 2009-2012 [9] and 2016-2018 and their percentage differences ( �). 

Table 1 

Antimicrobial susceptibility profiles of all Gram-negative bacteria and the most frequently isolated and multidrug-resistant bacterial isolates. 

Microorganisms Total MDR isolates 

Ceftazidime Ciprofloxacin Meropenem Amikacin Gentamicin Piperacillin/tazobactam 

Total 834 516 (61.9) 335 (40.2) 675 (80.9) 663 (79.5) 606 (72.6) 555 (66.5) 256 (30.7) 

Escherichia coli 440 315 (71.6) 147 (33.4) 436 (99.1) 394 (89.6) 355 (80.7) 360 (81.8) 75 (17.1) 

Klebsiella pneumoniae 160 57 (35.6) 48 (30.0) 78 (48.7) 100 (62.5) 86 (53.7) 55 (34.4) 101 (63.1) 

Pseudomonas aeruginosa 122 81 (66.4) 73 (59.8) 80 (65.6) 89 (72.9) 86 (70.5) 74 (60.6) 45 (36.9) 

Enterobacter cloacae 31 23 (74.2) 24 (77.4) 29 (93.5) 31 (100) 28 (90.3) 23 (74.2) 4 (12.9) 

Acinetobacter baumannii 14 1 (7.1) 5 (35.7) 5 (35.7) 5 (35.7) 6 (42.8) 3 (21.4) 9 (64.3) 

Stenotrophomonas maltophilia a 14 NA NA NA NA NA NA 14 (100) 

Others 53 39 (73.6) 38 (71.7) 47 (88.7) 44 (83.2) 45 (84.9) 40 (75.5) 8 (15.1) 

MDR isolates 256 20 (7.8) 7 (2.7) 99 (38.7) 106 (41.4) 72 (28.1) 36 (14.1) - 

Values are n (%). 
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GNB BSI was considered hospital-acquired if the index culture 

had been collected > 48 h after admission and signs and 

symptoms of infection were absent at admission [13] . 

Time at risk was defined as the time (days) elapsed between 

hospital admission and the date of index blood culture col- 

lection. 

Patients with polymicrobial GNB BSI were considered as diag- 

nosed with MDR GNB BSI if at least one GNB isolate causing 

the BSI was MDR. 

.2. Statistical analysis 

Continuous variables were compared using the Student’s t test 

or normally distributed variables and the Mann–Whitney U test 

or non-normally distributed variables. Categorical variables were 

valuated using the χ2 or two-tailed Fisher’s exact test. Odds ra- 

ios (ORs) and 95% confidence intervals (CIs) were calculated to 

valuate the strength of any association that emerged. Values are 

xpressed as means ± standard deviation (SD) (continuous vari- 

bles), or as percentages of the group from which they were de- 

ived (categorical variables). A logistic regression model was used 

o identify independent risk factors for MDR GNB BSI and 30- 

ay mortality. The multivariable models were chosen according 

o the Akaike information criterion. Subsequently, the final mul- 

ivariable model of risk factors for MDR GNB BSI was adjusted 

aking into account the hospital effect, and that of risk factors 

or 30-day mortality was adjusted for presence of septic shock at 

SI onset. Two-tailed tests were used to determine statistical sig- 

ificance; a P -value of < 0.05 was considered significant. All the 

tatistical analyses were performed using the Stata program, ver- 

ion 16, for Windows (Stata Corporation, College Station, Texas, 

SA). 
3 
. Results 

A total of 811 episodes of GNB BSI were included in the reg- 

stry during the study period. Of these, 23 (2.8 %) had a polymi- 

robial GNB BSI. Therefore, a total of 834 GNB were isolated. The 

ost frequently isolated Gram-negative bacterial species are re- 

orted in Table 1 . Escherichia coli was the most common bacte- 

ial species (440/834, 52.7%), followed by Klebsiella pneumoniae 

160/834, 19.2%), Pseudomonas aeruginosa (122/834, 14.6%), Enter- 

bacter cloacae (31/834, 3.7%), Acinetobacter baumannii (14/834, 

.7%), and Stenotrophomonas maltophilia (14/834, 1.7%). 

.1. Antimicrobial resistance profiles of GNB isolates 

The antimicrobial susceptibility rates to ceftazidime, 

iprofloxacin, meropenem, amikacin, gentamicin and piperacillin/ 

azobactam of all GNB and of the most frequently isolated bac- 

erial species are reported in Table 1 . Overall, 517/834 (61.9%) 

NB displayed susceptibility to ceftazidime, 335/834 (40.2%) to 

iprofloxacin, 675/834 (80.9%) to meropenem, 663/834 (79.5%) to 

mikacin, 606/834 (72.6%) to gentamicin and 555/834 (66.5%) to 

iperacillin/tazobactam. The rate of susceptibility to meropenem 

mong K. pneumoniae isolates was 48.7%, whereas a total of 

95/631 (62.6%) Enterobacterales strains (including E. coli, K. 

neumoniae and E. cloacae ) were susceptible to ceftazidime. The 

ates of susceptibility to antibiotics of Enterobacterales and P. 

eruginosa isolates in 2016-2018 are compared to those reported 

n our previous survey conducted in 2009-2012 in Table 2 . 

A total of 256 of 834 (30.7%) GNB isolates were classified as 

DR. The rate of MDR strains was higher among A. baumannii 

64.3%; all these strains were extensively drug-resistant [XDR]) and 

. pneumoniae isolates (63.1%), followed by P. aeruginosa (36.9%), E. 
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oli (17.1%), and E. cloacae (12.9%). All 14 S. maltophilia isolates were 

onsidered MDR; of these, all isolates except one (13/14, 92.8%) 

ere susceptible to trimethoprim/sulfamethoxazole. 

In terms of antibiotic resistance, 37.4% (236/631) and 13.9% 

88/631) of Enterobacterales (including E. coli, K. pneumoniae and 

. cloacae ) were resistant to third-generation cephalosporins and 

arbapenems, respectively, and 34.4% (42/122) of P. aeruginosa and 

4.3% (9/14) of A. baumannii isolates were resistant to carbapen- 

ms. 

.2. Risk factors for MDR GNB BSI 

The epidemiologic and clinical characteristics of the cohort pa- 

ients according to MDR phenotype of GNB isolates causing BSI are 

eported in Table 3 . 

In univariate analysis, patients with MDR GNB BSI had a higher 

ean length of hospital stay and mean time at risk for a BSI 

pisode compared with patients with non-MDR GNB BSI. Patients 

ith MDR GNB BSI were more likely to have an indwelling uri- 

ary catheter, to have undergone total parenteral nutrition, to have 

eceived previous MDR bacteria culture-positive surveillance rec- 

al swabs, to have received antibiotic prophylaxis with fluoro- 

uinolones, and to have undergone any previous antibiotic therapy, 

articularly with carbapenems, β-lactams/ β-lactamases inhibitors, 

nd/or aminoglycosides. Non-MDR GNB BSI was more frequent in 

atients who had undergone autologous HSCT and in those with 

ultiple myeloma. 

In multivariable analysis, as reported in Table 4 , the follow- 

ng variables were found to be independently associated with 

DR GNB BSI: MDR bacterial culture-positive surveillance rectal 

wabs (OR 3.38, P < 0.001), fluoroquinolone prophylaxis (OR 2.38, 

 < 0.001), previous aminoglycoside therapy (OR 2.29, P = 0.02), pre- 

ious carbapenem therapy (OR 2.33, P = 0.008), and increased time 

t risk (days, OR 1.01, P = 0.02). 

.3. Outcome variables and mortality 

The overall 30-day mortality rate was 16.3% (132/811). Mortality 

ate was significantly higher in patients who had a BSI caused by 

n MDR GNB than in those who had a non-MDR GNB BSI (88/256, 

4.4% vs. 44/555, 7.9%; P < 0.001), and in patients who experienced 

eptic shock than in those who did not (87/181, 48.1% vs. 45/630, 

.1%; P < 0.001). In multivariable analysis, MDR GNB BSI (OR 5.02, 

5% CI 3.21-7.84; P < 0.001) and chronic renal failure (OR 4.18, 95% 

I 1.91-9.15; P < 0.001) were independent risk factors for 30-day 

ortality, whereas autologous HSCT was independently associated 

ith survival (OR 0.16, 95% CI 0.05-0.44; P < 0.001). 

. Discussion 

In the present, large, multicenter Italian cohort, epidemiologi- 

al, microbiological, and clinical characteristics of HM patients di- 

gnosed with GNB BSI were recorded. The most common GNB 

pecies was E. coli (52.7%), followed by K. pneumoniae (19.2%) and 

. aeruginosa (14.6%). Together, these three bacterial species ac- 

ounted for 86.5% of GBN causing BSI in the cohort ( Table 1 ). This

s in line with the results of a previous study conducted by our 

roup between 2009 and 2012, and with the results of recent stud- 

es conducted in other countries [14–16] . 

Interestingly, there were some important differences in the 

ntibiotic susceptibility patterns of GNB isolates in the present 

tudy compared with our previous survey [9] . First, there was a 

ignificant recovery in the susceptibility of GNB isolates (overall) 

o ciprofloxacin of 20.1% (40.2% during 2016-2018 vs. 20.1% during 

009-2012). During the 2016-2018 vs. 2009-2012 periods, the 

usceptibility rates to ciprofloxacin for single bacterial species 
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Table 3 

Univariate analysis of risk factors for BSI caused by MDR GNB. 

Variables Total GNB BSI 

(n = 811) 

BSI caused by MDR 

GNB (n = 256) 

BSI caused by non-MDR 

GNB (n = 555) 

OR (95% CI) P -values 

Demographic information 

Male 475 (58.5) 153 (59.7) 322 (58.1) 1.07 (0.78-1.47) 0.63 

Age (year [mean ±SD]) 56 ±13 55 ±14 57 ±13 - 0.08 

Length of hospital stay (days [mean ±SD]) 32 ±21 35 ±23 31 ±20 - 0.01 

Time at risk (days [mean ±SD]) 15 ±13 19 ±15 14 ±12 - < 0.001 

Characteristics of BSI 

Polymicrobial 23 (2.8) 7 (2.7) 16 (2.8) 0.94 (0.35-2.47) 0.90 

Hospital-acquired 691 (85.2) 227 (88.7) 464 (83.6) 1.53 (0.96-2.49) 0.06 

Patients’ clinical characteristics and comorbidities 

Chronic obstructive pulmonary disease 80 (9.8) 32 (12.5) 48 (8.6) 1.50 (0.90-2.48) 0.08 

Diabetes mellitus 106 (13.1) 34 (13.3) 72 (12.9) 1.02 (0.64-1.61) 0.90 

Chronic hepatic failure 48 (5.9) 11 (4.3) 37 (6.6) 0.62 (0.28-1.28) 0.18 

Chronic renal failure 41 (5.1) 13 (5.1) 28 (5.1) 1.01 (0.47-2.05) 0.98 

Indwelling central venous catheter 687 (84.7) 210 (82.1) 477 (85.9) 0.74 (0.49-1.13) 0.15 

Indwelling urinary catheter 152 (18.7) 68 (26.5) 84 (15.1) 2.202 (1.38-2.95) < 0.001 

Total parenteral nutrition 145 (17.8) 58 (22.6) 87 (15.7) 1.57 (1.06-2.31) 0.01 

PMN < 500/mmc 707 (87.2) 228 (89.1) 479 (86.3) 1.29 (0.80-2.13) 0.27 

PMN < 100/mmc 653 (80.5) 208 (81.2) 445 (80.2) 1.07 (0.72-1.59) 0.72 

Corticosteroid treatment 431 (53.1) 137 (53.5) 294 (52.9) 1.02 (0.75-1.39) 0.88 

Chemotherapy 667 (82.2) 201 (78.5) 466 (83.9) 0.69 (0.47-1.03) 0.06 

Radiotherapy 42 (5.2) 10 (3.9) 32 (5.8) 0.66 (0.28-1.41) 0.26 

Therapy with monoclonal antibodies 166 (20.5) 46 (17.9) 120 (21.6) 0.79 (0.53-1.17) 0.23 

Previous MDR bacteria culture-positive surveillance rectal swabs 166 (20.5) 88 (34.4) 78 (14.1) 3.20 (2.21-4.62) < 0.001 

Hematological malignancy 

Acute myeloid leukemia/ myelodysplastic syndrome 397 (48.9) 140 (54.7) 257 (46.3) 1.39 (1.02-1.90) 0.02 

Chronic myeloid leukemia 10 (1.2) 3 (1.1) 7 (1.2) 0.92 (0.15-4.10) 0.91 

Acute lymphatic leukemia 90 (11.1) 25 (9.7) 65 (11.7) 0.81 (0.48-1.35) 0.41 

Lymphomas/ chronic lymphoid leukemia 244 (30.1) 74 (28.9) 170 (30.6) 0.92 (0.65-1.28) 0.61 

Multiple myeloma 70 (8.6) 14 (5.5) 56 (10.1) 0.51 (0.26-0.96) 0.02 

Hematopoietic stem cell transplantation 248 (30.6) 75 (29.3) 173 (31.2) 0.91 (0.65-1.27) 0.59 

Autologous 121 (14.9) 26 (10.2) 95 (17.1) 0.54 (0.33-0.88) 0.009 

Allogeneic 127 (15.6) 49 (19.1) 78 (14.1) 1.46 (0.96-2.21) 0.05 

Fluoroquinolones prophylaxis 337 (41.5) 132 (51.6) 205 (36.9) 1.81 (1.33-2.47) < 0.001 

Previous antibiotic therapy with: ∗

Carbapenems 71 (8.7) 43 (16.8) 28 (5.1) 3.79 (2.23-6.51) < 0.001 

Cephalosporins 39 (4.8) 11 (4.3) 28 (5.1) 0.84 (0.37-1.78) 0.64 

β-lactams/ β-lactamases inhibitors 149 (18.4) 65 (25.4) 84 (15.1) 1.90 (1.30-2.78) < 0.001 

Aminoglycosides 48 (5.9) 28 (10.9) 20 (3.6) 3.28 (1.74-6.27) < 0.001 

Values are n (%) unless otherwise noted. 
∗ During the last 30 days from the date of BSI onset. 

Table 4 

Multivariable analysis of risk factors for BSI caused by MDR GNB, adjusted for hospital effect. 

Variables OR (95% CI) P -values 

Previous MDR bacteria culture-positive surveillance rectal swabs 3.38 (2.20-5.19) < 0.001 

Fluoroquinolone prophylaxis 2.38 (1.53-3.70) < 0.001 

Previous aminoglycosides therapy 2.29 (1.12-4.65) 0.02 

Previous carbapenems therapy 2.33 (1.24-4.39) 0.008 

Time at risk (days) 1.02 (1.01-1.03) 0.02 
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ncreased among P. aeruginosa ( + 40.1%), E. coli ( + 23.8%) and E. 

loacae ( + 27.4%) isolates, whereas no difference in susceptibility 

ate was found among K. pneumoniae isolates [9] . Second, there 

as a shift to an increased susceptibility of P. aeruginosa isolates 

o all the antibiotics tested, particularly to ceftazidime ( + 21%), 

iprofloxacin ( + 40.1%), meropenem ( + 36.8%), and gentamicin 

 + 47.8%). Third, the rate of meropenem-susceptible K. pneumoniae 

solates in the present study was lower than that reported in the 

tudy conducted in 2009-2012 (-16.4%) [9] . However, in another 

tudy by our group in January 2010 to June 2014 focusing on BSI 

aused by. K. pneumoniae in HM patients, the rate of resistance 

o carbapenems increased from 21.4% in 2010 to 75.9% in 2013, 

nd was 61.1% during the first six months of 2014 [5] . Therefore, 

esistance to carbapenems among K. pneumoniae isolates was 

ower in the present study compared with these more recent 

ata. Furthermore, the number of patients who had received 

rophylaxis with fluoroquinolones in the present study was 
5 
2.8% lower than in our previous survey [9] . Previous exposure 

o fluoroquinolones has been widely recognized as one of the 

ost important risk factors for infections due to fluoroquinolone- 

esistant GNB, third-generation cephalosporin Enterobacterales , 

arbapenem-resistant K. pneumoniae , and MDR P. aeruginosa in 

oth general and hematological populations [6 , 17-26] . Interest- 

ngly, Hakki et al. analysed 55 episodes of P. aeruginosa BSI in 

M patients and demonstrated that the receipt of fluoroquinolone 

rophylaxis was independently associated with BSI caused by 

solates displaying resistance to meropenem, which was due to the 

pregulation of efflux pumps and transcriptional downregulation 

f OprD in all these isolates [27] . These findings suggest that 

uoroquinolones could promote the development of resistance 

o other antibiotic classes in P. aeruginosa isolates. Therefore, 

he reduction in use of fluoroquinolone prophylaxis may have 

layed a key role in the increased susceptibility patterns observed 

n the present study compared with our previous epidemio- 
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ogical survey, particularly with regard to P. aeruginosa isolates 

9] . 

The role of fluoroquinolone prophylaxis in high-risk onco- 

ematological patients is a widely debated and controversial issue. 

n 2017, the European Conference on Infections in Leukemia (ECIL) 

onducted a meta-analysis of randomized controlled trials and ob- 

ervational studies published between 2006 and 2014 to evalu- 

te the role of fluoroquinolone prophylaxis in onco-hematological 

atients. The authors found that fluoroquinolone prophylaxis did 

ot have an effect on mortality, whereas it was associated with 

 lower rate of BSI and episodes of febrile neutropenia. Although 

he authors did not find a clear correlation between the use 

f fluoroquinolone prophylaxis and an increase in antimicrobial 

esistance, they concluded that the possible benefits of fluoro- 

uinolone prophylaxis cannot be held applicable to regions with 

 high prevalence of resistant pathogens, such as Italy [28] . Inter- 

stingly, Clerici et al. conducted a single-center cohort study on 

36 autologous HSCT and 223 allogeneic HSCT patients from Jan- 

ary 2018 to December 2020, in which administration of fluoro- 

uinolone prophylaxis was discontinued during the study period 

from February 2019). Comparing antimicrobial resistance among 

NB in allogeneic HSCT patients, the authors found a signifi- 

antly higher proportion of GNB isolates that were susceptible to 

iperacillin/tazobactam (71% vs. 30%), fluoroquinolones (49% vs. 

0%) and carbapenems (95% vs. 50%) in patients who had not re- 

eived fluoroquinolone prophylaxis compared with those who had 

29] . 

In the present study cohort, 31.5% (256/811) of the patients 

ere diagnosed with a BSI caused by at least one MDR GNB. This 

s in line with the findings of Averbuch et al., who reported a rate 

f 35.2% of MDR GNB in their cohort of 655 HM patients (recruited 

n 25 countries in Europe, Australia, and Asia) who had undergone 

SCT and experienced GNB BSI [16] . The analysis of risk factors 

or MDR GNB BSI in the present study cohort showed that fluo- 

oquinolone prophylaxis was independently associated with MDR 

NB BSI, increasing the risk of MDR GNB BSI by two times. This 

nding supports the role of reduction in fluoroquinolone prophy- 

axis use in improving antibiotic resistance patterns of GNB caus- 

ng BSI in the present study HM patients. Of note, in the study by 

verbuch et al., the rate of MDR GB BSI was significantly higher in 

SCT patients treated in centers providing fluoroquinolone prophy- 

axis compared with those treated in centers that did not provide 

rophylaxis [16] . Of note, there were no changes in protocols for 

nfection control measures and/or antimicrobial therapy in any par- 

icipating hospitals during the study period (2016-2018). Further- 

ore, only one of 15 participating centers had a change in hospital 

nfection control guidelines in the interval between the two study 

eriods (i.e., 2013-2015). This supports the hypothesis that reduc- 

ion in the use of fluoroquinolone prophylaxis might be considered 

ne of the main reasons for the increase in antibiotic susceptibility 

ound in the GNB isolates in this study. 

Besides fluoroquinolone prophylaxis, the most important risk 

actors for MDR GNB BSI in the present study cohort were previous 

ectal colonization by MDR bacteria and previous exposure to car- 

apenems and aminoglycosides. These have been widely demon- 

trated as risk factors for infections caused by MDR GNB, particu- 

arly in HM patients, but also in the general population [11 , 18 , 30] . 

Finally, in the present study cohort, MDR GNB BSI was the most 

mportant independent risk factor associated with mortality. This is 

n line with previous studies evaluating the clinical impact of in- 

ections caused by antimicrobial resistant GNB in HM patients [1] , 

nd highlights that many effort s are needed to reduce the burden 

f antibiotic resistance in this clinical setting. 

The present study has some limitations. First, the study was 

onducted in a country with a high prevalence of infections 

aused by antibiotic-resistant GNB [31] ; therefore, the results may 
6 
ot be generalized to countries with a different epidemiology 

f antimicrobial resistance. In this regard, in a recently reported 

ross-sectional study conducted in 14 US cancer centers, includ- 

ng 343 onco-hematological febrile neutropenic patients diagnosed 

ith BSI, the susceptibility rates to fluoroquinolones, cefepime, 

iperacillin-tazobactam, and carbapenems of GNB isolates were 

9%, 84%, 88%, and 96%, respectively [32] . In addition, outcome 

ariables (including requirement for mechanical ventilation, vaso- 

ressor, or death within 30 days) did not correlate with fluoro- 

uinolone prophylaxis, organism type, initial antibiotics, or ade- 

uacy of coverage. The authors concluded that empirical antibi- 

tic treatment for such infections with cefepime or piperacillin- 

azobactam (in accordance with US guidelines) remains effective, 

aintaining high GN pathogen susceptibility [32] . This reinforces 

he concept of the importance of local epidemiology, and the adop- 

ion of different empirical therapy protocols according to differ- 

nt settings. Second, molecular characterization of the mechanisms 

f resistance, particularly to carbapenems, was not investigated. 

hird, with regard to previous antibiotic treatments as risk factors 

or MDR GNB BSI, antibiotic use as a binary variable without ac- 

ounting for the timing/duration or the appropriateness of the an- 

ibiotics was considered and longer-term effects (i.e., use of antibi- 

tics more than one month prior to infection onset) were not taken 

nto account. 

In conclusion, the results of the present study confirm a high 

revalence of MDR strains among GNB causing BSI in HM patients. 

owever, there were increased rates of susceptibility to fluoro- 

uinolones in almost all bacterial species isolated and to almost all 

ntibiotics tested among P. aeruginosa isolates compared with our 

revious survey conducted between 2009 and 2012. There was also 

 significant reduction in the use of fluoroquinolone prophylaxis 

ompared with our previous survey, and this was an independent 

isk factor for MDR GNB BSI in the present study. Further stud- 

es are necessary to better understand the role of fluoroquinolone 

rophylaxis in countries such as Italy with a high prevalence of 

nfections due to fluoroquinolone-resistant and MDR GNB. Further- 

ore, awareness of changes in antibiotic resistance patterns and in 

isk factors for MDR GNB BSI may have a favorable impact on the 

fficacy of empirical treatment protocols. 

eclarations 

unding: This research did not receive any specific grant from 

unding agencies in the public, commercial, or not-for-profit sec- 

ors. 

ompeting Interests: The authors declare that they have no con- 

icts of interest related to the submitted work. EMT has been a 

peaker at accredited educational courses funded by unrestricted 

rants from Pfizer, Angelini and Menarini. LP was a board member 

f Gilead Science, MSD, Pfizer, Basilea, Janssen, Novartis, Jazz Phar- 

aceutical, and Cidara, and has been a speaker for Gilead Sciences, 

SD, Pfizer Pharmaceuticals, Astellas Pharma, Novartis, and Jazz 

harmaceutical, as well as a consultant for Menarini and Cidara. AB 

as received honoraria from Gilead Sciences, Merck, Pfizer Pharma- 

euticals and Jazz Pharmaceuticals, has been a speaker for Gilead 

ciences, Merck, Pfizer Pharmaceuticals, DiaSorin, GSK, Basilea and 

ovartis, and has been part of an Advisory Board for Takeda, Gilead 

nd Pfizer. MT has been part of an Advisory Board for Menarini, 

SD, and Shionogi, and has received honoraria from Pfizer. 

thical Approval: The ethics committee of each participating site 

pproved the use of the HeMABIS-SEIFEM registry, upon approval 

f the ethics committee of the study coordinating center (Fon- 

azione Policlinico Universitario Agostino Gemelli IRCCS – Univer- 



E.M. Trecarichi, G. Giuliano, C. Cattaneo et al. International Journal of Antimicrobial Agents 61 (2023) 106806 

s

t

S

A

A

e

E

t

y

R

 

 

 

 

 

 

[  

 

 

 

[

[

[  

[

[

[

[

[

[

[  

[

[

[  
ità Cattolica del Sacro Cuore). Written informed consent was ob- 

ained from each patient. 

equence Information: Not applicable 

vailability of data and material 

Data may be made available upon reasonable request. 

uthor contributions 

EMT wrote the original draft; all the authors reviewed and 

dited the manuscript; the conceptualization was conducted by 

MT, LP and MT; all the authors contributed to the investigations; 

he methodology was devised by EMT and so was the formal anal- 

sis. All the authors read and approved the final version. 

eferences 

[1] Trecarichi EM, Tumbarello M. Antimicrobial-resistant Gram-negative bacte- 
ria in febrile neutropenic patients with cancer: current epidemiology and 

clinical impact. Curr Opin Infect Dis 2014;27:200–10. doi: 10.1097/QCO. 
0 0 0 0 0 0 0 0 0 0 0 0 0 038 . 

[2] Lalaoui R, Javelle E, Bakour S, Ubeda C, Rolain J-M. Infections due to 

carbapenem-resistant bacteria in patients with hematologic malignancies. 
Front Microbiol 2020;11. doi: 10.3389/fmicb.2020.01422 . 

[3] Kern WV, Roth JA, Bertz H, Götting T, Dettenkofer M, Widmer AF, et al. Contri-
bution of specific pathogens to bloodstream infection mortality in neutropenic 

patients with hematologic malignancies: Results from a multicentric surveil- 
lance cohort study. Transpl Infect Dis 2019;21:e13186. doi: 10.1111/tid.13186 . 

[4] Chen S, Lin K, Li Q, Luo X, Xiao M, Chen M, et al. A practical update on the

epidemiology and risk factors for the emergence and mortality of bloodstream 

infections from real-world data of 3014 hematological malignancy patients re- 

ceiving chemotherapy. J Cancer 2021;12:5494–505. doi: 10.7150/jca.50802 . 
[5] Trecarichi EM, Pagano L, Martino B, Candoni A, Di Blasi R, Nadali G, et al.

Bloodstream infections caused by Klebsiella pneumoniae in onco-hematological 
patients: Clinical impact of carbapenem resistance in a multicentre prospective 

survey. Am J Hematol 2016;91:1076–81. doi: 10.1002/ajh.24489 . 

[6] Trecarichi EM, Giuliano G, Cattaneo C, Ballanti S, Criscuolo M, Candoni A, et al. 
Bloodstream infections caused by Escherichia coli in onco-haematological pa- 

tients: Risk factors and mortality in an Italian prospective survey. PLoS One 
2019;14:e0224465. doi: 10.1371/journal.pone.0224465 . 

[7] Criscuolo M, Trecarichi EM. Ceftazidime/avibactam and ceftolozane/tazobactam 

for multidrug-resistant gram negatives in patients with hematological malig- 

nancies: Current experiences. Antibiotics 2020;9:58. doi: 10.3390/antibiotics 

9020058 . 
[8] Pagano L, Caira M, Trecarichi EM, Spanu T, Di Blasi R, Sica S, et al.

Carbapenemase-producing Klebsiella pneumoniae and hematologic malignan- 
cies. Emerg Infect Dis 2014;20:1235–6. doi: 10.3201/eid20 07.130 094 . 

[9] Trecarichi EM, Pagano L, Candoni A, Pastore D, Cattaneo C, Fanci R, et al. Cur-
rent epidemiology and antimicrobial resistance data for bacterial bloodstream 

infections in patients with hematologic malignancies: An Italian multicentre 

prospective survey. Clin Microbiol Infect 2015;21:337–43. doi: 10.1016/j.cmi. 
2014.11.022 . 

[10] Bucaneve G, Micozzi A, Menichetti F, Martino P, Dionisi MS, Martinelli G, et al. 
Gruppo Italiano Malattie Ematologiche dell’Adulto (GIMEMA) Infection Pro- 

gram. Levofloxacin to prevent bacterial infection in patients with cancer and 
neutropenia. N Engl J Med 2005;353:977–87. doi: 10.1056/NEJMoa044097 . 

[11] Cattaneo C, Di Blasi R, Skert C, Candoni A, Martino B, Di Renzo N,
et al. Bloodstream infections in haematological cancer patients colonized 

by multidrug-resistant bacteria. Ann Hematol 2018;97:1717–26. doi: 10.1007/ 

s00277- 018- 3341- 6 . 
12] Magiorakos AP, Srinivasan A, Carey RB, Carmeli Y, Falagas ME, Giske CG, et al.

Multidrug-resistant, extensively drug-resistant and pandrug-resistant bacteria: 
an international expert proposal for interim standard definitions for acquired 

resistance. Clin Microbiol Infect 2012;18:268–81. doi: 10.1111/j.1469-0691.2011. 
03570.x . 

[13] European Centre for Disease Prevention and Control (ECDC) Annual epi- 

demiological report on communicable diseases in Europe 2008. Report 
on the state of communicable diseases in the EU and EEA/EFTA coun- 

tries, Stockholm, Sweden: ECDC; 2008. Available at [accessed 15.12.21] 
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/ 

0812 _ SUR _ Annual _ Epidemiological _ Report _ 2008.pdf%0D . 
[14] Tang Y, Cheng Q, Yang Q, Liu J, Zhang D, Cao W, et al. Prognostic factors and

scoring model of hematological malignancies patients with bloodstream infec- 

tions. Infection 2018;46:513–21. doi: 10.1007/s15010- 018- 1151- 3 . 
7

[15] Mert D, Ceken S, Iskender G, Iskender D, Merdin A, Duygu F, et al. Epidemiol-
ogy and mortality in bacterial bloodstream infections in patients with hemato- 

logic malignancies. J Infect Dev Ctries 2019;13:727–35. doi: 10.3855/jidc.11457 . 
[16] Averbuch D, Tridello G, Hoek J, Mikulska M, Akan H, Ya ̌nez San Segundo L,

et al. Antimicrobial resistance in gram-negative rods causing bacteremia in 
hematopoietic stem cell transplant recipients: Intercontinental Prospective 

Study of the Infectious Diseases Working Party of the European Bone Mar- 
row Transplantation Group. Clin Infect Dis 2017;65:1819–28. doi: 10.1093/cid/ 

cix646 . 

[17] Rattanaumpawan P, Tolomeo P, Bilker WB, Fishman NO, Lautenbach E. 
Risk factors for fluoroquinolone resistance in Gram-negative bacilli causing 

healthcare-acquired urinary tract infections. J Hosp Infect 2010;76:324–7. 
doi: 10.1016/j.jhin.2010.05.023 . 

[18] Zhu WM, Yuan Z, Zhou HY. Risk factors for carbapenem-resistant Klebsiella 
pneumoniae infection relative to two types of control patients: a system- 

atic review and meta-analysis. Antimicrob Resist Infect Control 2020;9:23. 

doi: 10.1186/s13756- 020- 0686- 0 . 
[19] Bolon MK, Wright SB, Gold HS, Carmeli Y. The magnitude of the association 

between fluoroquinolone use and quinolone-resistant Escherichia coli and Kleb- 
siella pneumoniae may be lower than previously reported. Antimicrob Agents 

Chemother 2004;4 8:1934–40. doi: 10.1128/AAC.4 8.6.1934-1940.2004 . 
20] Trecarichi EM, Cauda R, Tumbarello M. Detecting risk and predicting pa- 

tient mortality in patients with extended-spectrum β-lactamase-producing 

Enterobacteriaceae bloodstream infections. Future Microbiol 2012;7:1173–89. 
doi: 10.2217/fmb.12.100 . 

21] Tumbarello M, Trecarichi EM, Fiori B, Losito AR, D’Inzeo T, Campana L, et al. 
Multidrug-resistant Proteus mirabilis bloodstream infections: risk factors and 

outcomes. Antimicrob Agents Chemother 2012;56:3224–31. doi: 10.1128/AAC. 
05966-11 . 

22] Tumbarello M, Trecarichi EM, Bassetti M, De Rosa FG, Spanu T, Di Meco E, et al.

Identifying patients harboring extended-spectrum-beta-lactamase-producing 
Enterobacteriaceae on hospital admission: derivation and validation of a scor- 

ing system. Antimicrob Agents Chemother 2011;55:3485–90. doi: 10.1128/AAC. 
0 0 0 09-11 . 

23] Tumbarello M, Trecarichi EM, Tumietto F, Del Bono V, De Rosa FG, Bas- 
setti M, et al. Predictive models for identification of hospitalized patients 

harboring KPC-producing Klebsiella pneumoniae . Antimicrob Agents Chemother 

2014;58:3514–20. doi: 10.1128/AAC.02373-13 . 
24] Tofas P, Samarkos M, Piperaki ET, Kosmidis C, Triantafyllopoulou ID, Kot- 

sopoulou M, et al. Pseudomonas aeruginosa bacteraemia in patients with hema- 
tologic malignancies: risk factors, treatment and outcome. Diagn Microbiol In- 

fect Dis 2017;88:335–41. doi: 10.1016/j.diagmicrobio.2017.05.003 . 
25] Gudiol C, Albasanz-Puig A, Laporte-Amargós J, Pallarès N, Mussetti A, Ruiz- 

Camps I, et al. Clinical predictive model of multidrug resistance in neu- 

tropenic cancer patients with bloodstream infection due to Pseudomonas 
aeruginosa. Antimicrob Agents Chemother 2020;64:e02494 –19. doi: 10.1128/ 

AAC.02494-19 . 
26] Gómez-Zorrilla S, Camoez M, Tubau F, Periche E, Cañizares R, Dominguez MA, 

et al. Antibiotic pressure is a major risk factor for rectal colonization by 
multidrug-resistant Pseudomonas aeruginosa in critically ill patients. Antimi- 

crob Agents Chemother 2014;58:5863–70. doi: 10.1128/AAC.03419-14 . 
27] Hakki M, Humphries RM, Hemarajata P, Tallman GB, Shields RK, Mettus RT, 

et al. Fluoroquinolone prophylaxis selects for meropenem-nonsusceptible 

pseudomonas aeruginosa in patients with hematologic malignancies and 
hematopoietic cell transplant recipients. Clin Infect Dis 2019;68:2045–52. 

doi: 10.1093/cid/ciy825 . 
28] Mikulska M, Averbuch D, Tissot F, Cordonnier C, Akova M, Calandra T, et al. 

Fluoroquinolone prophylaxis in haematological cancer patients with neutrope- 
nia: ECIL critical appraisal of previous guidelines. J Infect 2018;76:20–37. 

doi: 10.1016/j.jinf.2017.10.009 . 

29] Clerici D, Galli L, Greco R, Lugli AP, Erbella F, Ripa M, et al. Levofloxacin pro-
phylaxis vs no prophylaxis in neutropenic patients within an endemic country 

for carbapenem-resistant GNB. Blood Adv 2022 bloodadvances.2022008226. 
doi: 10.1182/bloodadvances.2022008226 . 

30] Giannella M, Trecarichi EM, De Rosa FG, Del Bono V, Bassetti M, Lewis RE, 
et al. Risk factors for carbapenem-resistant Klebsiella pneumoniae bloodstream 

infection among rectal carriers: a prospective observational multicentre study. 

Clin Microbiol Infect 2014;20:1357–62. doi: 10.1111/1469-0691.12747 . 
31] WHO Regional Office for Europe/European Centre for Disease Prevention 

and Control Antimicrobial resistance surveillance in Europe 2022 –2020 
data, Copenhagen: WHO Regional Office for Europe; 2022. Available at 

[accessed 15.02.22] https://www.ecdc.europa.eu/sites/default/files/documents/ 
ECDC- WHO- AMR- report.pdf . 

32] Zimmer AJ, Stohs E, Meza J, Arnold C, Baddley JW, Chandrasekar P, et al. Blood-

stream Infections in Hematologic Malignancy Patients With Fever and Neu- 
tropenia: Are Empirical Antibiotic Therapies in the United States Still Effective? 

Open Forum Infect Dis 2022;9:ofac240. doi: 10.1093/ofid/ofac240 . 

https://doi.org/10.1097/QCO.0000000000000038
https://doi.org/10.3389/fmicb.2020.01422
https://doi.org/10.1111/tid.13186
https://doi.org/10.7150/jca.50802
https://doi.org/10.1002/ajh.24489
https://doi.org/10.1371/journal.pone.0224465
https://doi.org/10.3390/antibioticspenalty -@M 9020058
https://doi.org/10.3201/eid2007.130094
https://doi.org/10.1016/j.cmi.2014.11.022
https://doi.org/10.1056/NEJMoa044097
https://doi.org/10.1007/s00277-018-3341-6
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/0812_SUR_Annual_Epidemiological_Report_2008.pdf%0D
https://doi.org/10.1007/s15010-018-1151-3
https://doi.org/10.3855/jidc.11457
https://doi.org/10.1093/cid/cix646
https://doi.org/10.1016/j.jhin.2010.05.023
https://doi.org/10.1186/s13756-020-0686-0
https://doi.org/10.1128/AAC.48.6.1934-1940.2004
https://doi.org/10.2217/fmb.12.100
https://doi.org/10.1128/AAC.05966-11
https://doi.org/10.1128/AAC.00009-11
https://doi.org/10.1128/AAC.02373-13
https://doi.org/10.1016/j.diagmicrobio.2017.05.003
https://doi.org/10.1128/AAC.02494-19
https://doi.org/10.1128/AAC.03419-14
https://doi.org/10.1093/cid/ciy825
https://doi.org/10.1016/j.jinf.2017.10.009
https://doi.org/10.1182/bloodadvances.2022008226
https://doi.org/10.1111/1469-0691.12747
https://www.ecdc.europa.eu/sites/default/files/documents/ECDC-WHO-AMR-report.pdf
https://doi.org/10.1093/ofid/ofac240

	Bloodstream infections due to Gram-negative bacteria in patients with hematologic malignancies: updated epidemiology and risk factors for multidrug-resistant strains in an Italian perspective survey
	1 Introduction
	2 Methods
	2.1 Definitions
	2.2 Statistical analysis

	3 Results
	3.1 Antimicrobial resistance profiles of GNB isolates
	3.2 Risk factors for MDR GNB BSI
	3.3 Outcome variables and mortality

	4 Discussion
	Declarations
	Availability of data and material
	Author contributions
	References


