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. Introduction 

Neutropenic patients cannot mount normal immune responses, 

nd disseminated infection like bacteraemia can arise without ob- 

ious symptoms and clinical findings, but the fever solely. Bacter- 

emia during neutropenia is significantly more often fatal com- 

ared with non-neutropenic patients [1] . In addition, increasing 

ulti-drug resistant microorganisms causing bacteraemia has be- 

ome a serious challenge for clinicians [2] . 

Although current guidelines commonly used in the antimicro- 

ial management of febrile neutropenia [3–6] are generated in 

ountries with sufficient laboratory and antibiotic resources where 

ntibiotic resistance is relatively low [7] , the guidelines emphasise 

sing local antibacterial resistance patterns in determining empir- 

cal therapeutic strategies. Thus, the selection of empirical antimi- 

robial therapy in febrile neutropenia is both of the utmost impor- 

ance and a major challenge. 
2 
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 the course of neutropenia is often fatal. We aimed to identify factors

 insight into better clinical management. 

pective, observational design using pooled data from febrile neutropenia

 centres in 16 countries. Polymicrobial bacteraemias were excluded. It was

us Diseases–International Research Initiative platform between 17 March

 analysis followed by a multivariate binary logistic regression model was

t predictors of 30-d in-hospital mortality (sensitivity, 81.2%; specificity,

s were enrolled, and 85 (19.7%) died. Haematological malignancies were

. Escherichia coli (n = 117, 27.1%), Klebsiellae (n = 95, 22% %), Pseudomon-

lase-negative Staphylococci (n = 57, 13.2%), Staphylococcus aureus (n = 30,

%) were the common pathogens. Meropenem and piperacillin-tazobactam

ed pathogens, were only 66.1% and 53.6%, respectively. Pulse rate (odds

e interval [CI], 1.002–1.034), quick SOFA score (OR, 2.857; 95% CI, 2.120–

ial treatment (OR, 1.774; 95% CI, 1.011–3.851), Gram-negative bacteraemia

), bacteraemia of non-urinary origin (OR, 11.262; 95% CI, 1.368–92.720),

 95% CI, 1.001–1.034) were independent predictors of mortality. Bacter-

nt population had distinctive characteristics. The severity of infection and

opriate antimicrobials, and local epidemiological data, came forward. 

sceptibility profiles should be integrated into therapeutic recommenda-

 prevention measures should be prioritised in this era of rapidly increasing

 International Society of Antimicrobial Chemotherapy. All rights reserved.

In this study, we aimed to identify the factors predicting 30-d 

n-hospital mortality, provide epidemiological data regarding an- 

imicrobial resistance, and illustrate the importance of antibiotic 

tewardship policies. 

. Methods 

.1. Study design 

Febrile neutropenia patients with bacteraemia were included 

n this study. The study has a prospective and observational de- 

ign. Inpatients followed between 17 March 2021 and 17 June 2021 

ere enrolled into the study, which was performed through the 

nfectious Diseases–International Research Initiative [ID-IRI]; https: 

/infectdisiri.com/ ). ID-IRI has members worldwide as clinical re- 

earchers, and they voluntarily join ID-IRI research projects. 

https://infectdisiri.com/
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.2. Setting 

In this study, 41 well-known referral centres from 16 coun- 

ries (Türkiye, the United Arab Emirates, Spain, Romania, Pak- 

stan, Oman, Kazakhstan, Italy, Iran, Hungary, Egypt, Czech Repub- 

ic, Croatia, Bulgaria, Bangladesh, and Bahrain) submitted clinical 

nd laboratory data from febrile neutropenia patients with bacter- 

emia. 

.3. Data Collection 

The data were collected through a web-based case report for- 

at. The following parameters were recorded: demographic, clin- 

cal and laboratory parameters; underlying haematological and/or 

ncological diseases; bacteraemia organisms and their susceptibil- 

ty profiles; prior prophylaxis and current antibiotic treatments; 

nd 30-d mortality data. 

.4. Ethical consent 

The ethical consent of the study was approved/registered by the 

stanbul Medeniyet University, School of Medicine on 24 February 

021 (2021/0112). 

.5. Case definition of neutropenic fever 

Febrile neutropenia is defined as a single oral temperature 

reater than or equal to 38.3 °C, or a temperature greater than or 

qual to 38 °C for at least an hour, plus an absolute neutrophilic 

ount (ANC) of less than 500 cells/mL or ANC < 10 0 0 per mL,

hich is expected to decrease below 500 cells/mL in the next 48 

 [8] . 

.6. Inclusion criteria 

(1) Patients with neutropenic fever; 

(2) Bacteraemia; 

(3) > 16 y of age; 

(4) Initial blood stream infection after hospital admission; and 

(5) Use of either Clinical & Laboratory Standards Institute (CLSI) 

[9] or European Committee on Antimicrobial Susceptibility 

Testing (EUCAST) [10] guidelines for antibiotic susceptibility 

tests (AST) in the microbiology laboratory of the participat- 

ing hospital. 

.7. Exclusion criteria 

1. Patients with polymicrobial growth in the blood cultures; 

2. Patients with blood culture positivity other than the initial 

isolate in the subsequent blood cultures within 30 d of hos- 

pitalisation; 

3. Patients with fungal blood culture positivity; or 

4. Patients with any confirmed fungal infection, according to 

European Organization for Research and Treatment of Can- 

cer and the Mycoses Study Group Education and Research 

Consortium definitions [11] . 

.8. Definitions 

(a) Prolonged neutropenia: Neutropenia longer than 7 d [4] . 

(b) Deep neutropenia: ANC lower than 100 cells/mL [4] . 

(c) Bacteraemia: Association of at least one positive blood cul- 

ture and a prescription of a systemic antibiotic treatment 

to treat bacteraemia. Common skin contaminants like coag- 

ulase negative staphylococci (CoNS) were considered to be 

significant when they grew in at least two blood cultures 

within 48 h [ 12 , 13 ]. 
3 
(d) Severity index: We did not use the MASCC score, which as- 

sesses the severity of the cases to decide on site of care, as 

our patients were already admitted to hospitals, nor did we 

use septic shock category because of inconsistent approaches 

in starting vasopressors and because febrile neutropenic (FN) 

patients with septic shock represent a minority among FN 

patients. Instead, the quick SOFA (qSOFA) score was used to 

delineate the severity status of the FN patients. 

(e) Sepsis: A qSOFA score of ≥2 [14] . 

(f) Central line–associated blood stream infection (CLABSI): 

Standard definition for CLABSI was adopted [15] . 

(g) Hypotension : Mean arterial pressure < 65 mmHg [16] . 

(h) Mainstay of antimicrobial treatment: Extended spectrum 

beta-lactams were considered as the mainstay of treatment 

in patients with febrile, if the microbiological data were not 

available; these were anti-pseudomonal cephalosporins such 

as ceftazidime or cefepime, carbapenems such as imipenem 

and meropenem, and piperacillin–tazobactam [3–6] . 

(i) Type of therapy: Combination therapy was defined as 

the empirical administration of more than one antibiotic; 

monotherapy was defined as administration of a single an- 

tibacterial agent. 

(j) Appropriate empirical treatment: Regimen including at 

least one antibiotic with in vitro activity against the isolated 

multi-drug resistant pathogen, according to the AST. All the 

co-investigators confirmed that they have provided appro- 

priate doses, timing, and routes for the antimicrobial drugs. 

.9. Bacterial identification and susceptibility 

Microbial identification was performed using commercially 

vailable panels (e.g., Vitek II; Biomerieux, Paris, France) and stan- 

ard biochemical and/or enzymatic tests. 

.10. Interpretation of AST 

All the laboratories of the participant referral hospitals used 

LSI or EUCAST recommendations. When the AST guideline, either 

LSI [9] or EUCAST [10] , did not provide any breakpoints for a 

ertain microorganism, then the breakpoints of the other guide- 

ine was used, and the susceptibility data of the microorganism 

ere included in the database. Otherwise, AST result was recorded 

s non-applicable. Multi-drug resistance was as defined elsewhere 

17] . Automated systems and disc diffusion methods were used 

s per these standard official published guidelines. Colistin and 

ancomycin testing results were included in the analysis if mi- 

rodilution method was used. When the microorganisms were not 

ested for a given antibiotic, non-tested isolates were excluded 

rom the denominator in calculating the susceptibility rate. During 

he data analysis, (i) cefoxitin-resistant Staphylococci were coded 

esistant to all beta-lactams; (ii) Enterococci were recorded as re- 

istant to all cephalosporins; and (iii) All Gram-positive bacteria 

ere recorded colistin-resistant. 

.11. Outcome 

The primary outcome was defined as 30-d all-cause mortality. 

.12. Statistical analysis 

Pearson chi-square, Fisher-Freeman-Halton exact test, and 

ann-Whitney U test were used for obtaining unadjusted effects 

n mortality. According to the results of these tests, the factors 

ith P value less than 0.10 were considered candidates for the 
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Figure 1. The distribution of blood borne pathogens. 
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ultivariate model, and adjusted effects of the variables were cal- 

ulated for each variable. These effects were assessed using the 

tepwise variable selection method through the multivariate bi- 

ary logistic regression model. P < 0.05 was accepted as statisti- 

ally significant. The performance and the internal validity of the 

odel were evaluated with the receiver operating characteristic 

urve ( Fig. 1 ), sensitivity, specificity, and the model’s quality index. 

oreover, a nomogram was provided for the easy interpretation of 
Figure 2. Nomogram of the final model. qSOFA

4 
he model’s predictions ( Fig. 2 ). SPSS (ver. 23) and Stata (ver. 14.0) 

rograms were used for statistical calculations. 

. Results 

In this study, 461 patients were submitted by the participant 

entres. However, 16 patients were excluded from the study be- 

ause of missing data, and 14 patients were ineligible because 

f polymicrobial growth in the blood cultures. Hence, 431 neu- 

ropenic fever patients with bacteraemia were included in this 

tudy. The mean number of the cases submitted from the partici- 

ating centres was 10.51 ± 8.62. 

Ultimately, 85 (19.7%) patients died within 30 d of the bacter- 

emia diagnosis. A total of 187 (43.4%) of patients were females. 

he mean age of the patients was 47.02 ± 17.86 y. The means of 

SOFA score and ANC were 1.08 ± 0.99 and 175.18 ± 199.03/μL, 

espectively. A total of 140 (32.5%) patients were defined to have 

epsis when positive blood culture was taken. The means of neu- 

ropenia duration, and duration between the positive blood culture 

nd normalization of body temperature, were 16.06 ± 21.49 and 

.7 ± 12.62 d. Overall, 77 (17.9%) patients had longer duration of 

eutropenia than 30 d. The mean values of highest body tempera- 

ure, pulse rate, and respiratory rate at the time of positive blood 

ultures were 38.71 ± 0.54, 107.74 ± 19.25, and 22.4 ± 9.79, re- 

pectively. 

.1. Primary diagnoses 

Haematological malignancies were diagnosed in 361 patients, 

nd solid tumours were identified in 81 patients. Eleven patients 

ad co-existent solid tumours and haematological malignancies. All 

atients in this study who received active chemotherapy had a per- 
, quick SOFA; UTI, urinary tract infection. 
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Figure 3. Bloodborne pathogens in the study. CoNS, coagulase negative staphylococci. 

f

t

3

p

u

t

[  

m

a

a

s

3

3

C

3

t

ormance status of Eastern Cooperative Oncology Group score be- 

ween 0 and 2. 

(a) Haematological diagnoses: acute myelogenous leukaemia 

(n = 134), acute lymphocytic leukaemia (n = 81), lym- 

phomas (n = 57; non-Hodgkin lymphoma [n = 45], 

Hodgkin’s lymphoma [n = 12]), multiple myeloma (n = 40), 

myelodysplastic syndromes (n = 20), chronic leukaemias 

(n = 18; chronic lymphocytic leukaemia [n = 13], chronic 

myeloid leukaemia [n = 5]), other haematological disorders 

(n = 10; aplastic anaemia [n = 3], hairy-cell leukaemia 

[n = 2], amyloidosis [n = 2], histiocytic sarcoma [n = 1], my- 

cosis fungoides [n = 1], hemophagocytic syndrome [n = 1]). 

(b) Oncological diagnoses: lung cancer (n = 18), colorectal can- 

cer (n = 10), ovarian cancer (n = 7), breast cancer (n = 7), 

pancreas cancer (n = 6), gastric cancer (n = 6), gallblad- 

der cancer (n = 5), endometrial cancer (n = 3), Ewing’s sar- 

coma (n = 2), urinary bladder carcinoma (n = 2), cervix can- 

cer (n = 1), cholangiocarcinoma (n = 1), choriocarcinoma 

(n = 2), liver cancer (n = 1), mediastinal sarcoma (n = 1), 

head and neck squamous cell carcinoma (n = 2), osteosar- 

coma (n = 1), prostate cancer (n = 1), neuroectodermal tu- 

mour (n = 1), renal malignancy (n = 1), spindle-cell carci- 

noma (n = 1), rhabdomyosarcoma (n = 1), thymoma (n = 1). 

.2. Infectious diagnoses 

Overall, 150 infectious diagnoses were detected in 146 (33.8%) 

atients as follows: CLABSI (n = 39, 9%), pneumonia (n = 41, 9.2%), 

rinary tract infection (n = 24, 5.6%), skin and soft tissue infec- 

ion (n = 20, 4.6%), abdominal infections (n = 12; 2.8%; peritonitis 

n = 2, 0.5%]; enterocolitis [n = 3, 0.7%]; proctitis [n = 1, 0.2%]),

ucositis (n = 2; 0.5%), and abscess formation (n = 12; 2.8%; peri- 

nal abscess [n = 6, 1.4%]; soft tissue abscess [n = 2, 0.5%]; gluteal 

bscess [n = 2, 0.5%]; perirectal abscess [n = 1, 0.2%]; inguinal ab- 

cess [n = 1, 0.2%]). 

.3. Distribution of blood-borne pathogens 

(a) Gram-negatives (n = 310, 71.9%): E. coli (n = 120, 27.1%), 

Klebsiellae (n = 98, 22.7%; Klebsiella pneumoniae [n = 92]; 

Klebsiella aerogenes [n = 3]; Klebsiella oxytoca [n = 2]; Kleb- 

siella variicola [n = 1]), Pseudomonadaceae (n = 63, 14.6%; 

Pseudomonas aeruginosa [n = 61]; Pseudomonas mendocina 

[n = 1]; Pseudomonas stutzeri [n = 1]), Acinetobacter Spp. 

(n = 12, 2.8%; Acinetobacter baumannii [n = 10]; Acineto- 

bacter haemolyticus [n = 1]; Acinetobacter junii [n = 1]), 
5 
Enterobacter cloacae (n = 9, 2.1%), others (n = 11, 2.6%; 

Stenotrophomonas maltophili а [n = 3]; Ralstonia mannitolilyt- 

ica [n = 3]; Burkholderia cepacia [n = 1]; Aeromonas veronii 

[n = 1]; Delftia acidovorans [n = 1]; Proteus mirabilis [n = 1]; 

Sphingomonas paucimobilis [n = 1]). 

(b) Gram-positives (n = 121, 28.1%): CoNS (n = 57, 13.2%; 

Staphylococcus epidermidis [n = 34]; Staphylococcus hominis 

[n = 7],; Staphylococcus haemolyticus [n = 4]; Staphylococcus 

lentus [n = 1]; Staphylococcus lugdunensis [n = 1]; Untyped 

CoNS [n = 10]), Staphylococcus aureus (n = 30, 7%), Entero- 

cocci (n = 21, 4.9%; Enterococcus faecium [n = 14]; Entero- 

coccus faecalis [n = 7]), Streptococcaceae (n = 11, 2.6%; S. 

pneumoniae [n = 4]; S. mitis [n = 3]; S. pyogenes [n = 1]; 

S. oralis [n = 1]; S. intermedius [n = 1]; S . viridans untyped 

[n = 1]), Listeria monocytogenes (n = 1, 0.2%), Corynebac- 

terium striatum (n = 1, 0.2%) ( Fig. 3 ). 

.4. Antibiotic susceptibility 

AST results of the infecting pathogens are presented in Table 1 . 

ommon resistance profiles were as follows: 

(a) Methicillin resistance among S. aureus (n = 30) and CoNS 

(n = 57) were 43.3% and 80.7%, respectively. 

(b) Vancomycin resistance was seen in 2 (9.5%) Enterococcus fae- 

cium strains out of 21 Enterococcal isolates. 

(c) Meropenem resistance in certain Gram-negatives were as 

follows: Acinetobacter baumannii (8 of 10; 80%), K. pneumo- 

niae (26 of 92; 28.3%), P. aeruginosa (5 of 61; 8.2%), and E. 

coli (9 of 117; 7.7%). 

.5. Antimicrobial therapy 

Monotherapy was given in 274 (63.5%) patients while combined 

herapy was started in 157 (36.4%) patients. 

(a) Mainstay of treatment: Piperacillin-tazobactam (n = 237, 

55%), carbapenems (meropenem/imipenem [n = 145, 

33.6%]), cefepime (n = 33, 7.7%), cefotaxime/ceftriaxone 

(n = 6, 1.4%), ceftazidime (n = 4, 0.9%), levofloxacin (n = 3, 

0.7%), and vancomycin (n = 3, 0.7%) were used as the 

mainstays of treatment. None of our patients received 

colistin, aminoglycosides, or tigecycline as the mainstay of 

treatment. Rather they were used as part of combination 

regimens. 

(b) Combined antibiotics: Vancomycin (n = 60, 13.9%), 

amikacin/gentamicin (n = 17, 3.9%), teicoplanin (n = 19, 
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Table 1 

Antibiotic susceptibility patterns of the common antibiotics used in patients with febrile neutropenia. 

Entire cohort (n = 431) a MER P-Tz CEP CAZ FOS TYG COL AK LEV 

Susceptible 285 231 173 113 52 161 197 219 141 

66.1% 53.6% 41.7% 27.5% 24.6% 56.7% 54.4% 59.3% 35.5% 

Intermediate 6 5 15 20 (–) (–) 4 24 57 

1.4% 1.2% 3.6% 4.9% (–) (–) 1.1% 6.5% 14.4% 

Resistant 108 183 216 172 13 21 140 103 171 

25% 42.5% 52% 41.8% 6.2% 7.4% 39.9% 27.9% 43.1% 

Not applicable 32 12 11 106 152 102 10 23 28 

7.4% 2.8% 2.7% 25.8% 72% 35.9% 2.8% 6.2% 7.1% 

Non-tested isolates (–) (–) 16 20 220 147 80 62 34 

Gram negatives MER P-Tz CEP CAZ FOS TYG COL AK LEV 

A. baumannii (n = 10) 2 2 1 2 NA NA 6/9 b 2 1 

20% 20% 10% 20% NA NA 66.7% 20% 10% 

E. coli (n = 117) 107 84 52/109 55/107 20/24 57/68 67/71 101 58/114 

91.5% 71.8% 47.7% 51.4% 83.3% 83.8% 94.4% 86.3% 50.9% 

E. cloacae (n = 9) 9 6 6 4 1/1 4/5 4/4 7 5 

100% 66.7% 66.7% 44.4% 100% 80% 100% 77.8% 55.6% 

K. pneumoniae (n = 92) 66 43 32/86 25/85 15/18 34/37 64/72 45 25 

71.7% 46.7% 37.2% 29.4% 83.3% 91.9% 88.9% 48.9% 27.2% 

P. aeruginosa (n = 61) 51 44 35/59 19/58 NA NA 48/54 34/60 17/54 

83.6% 72.1% 59.3% 32.8% NA NA 88.9% 56.7% 31.5% 

Gram positives MER P-Tz CEP DPT FOS TYG SXT AK LEV 

E. faecium (n = 14) NA 3 0 NA NA 9/10 0/4 1/9 NA 

NA 21.4% 0 NA NA 90% 0% 11.1% NA 

CoNS (n = 57) 11 11 11 16/16 7/11 33/35 18/37 8/18 19/45 

19.3% 19.3% 19.3% 100% 63.6% 94.3% 48.6% 44.4% 42.’% 

S. aureus (n = 30) 17 17 17 6/7 9/10 18/19 6/14 10/14 14/24 

56.7% 56.7% 56.7% 85.7% 90% 94.7% 42.9% 71.4% 58.3& 

Streptococci (n = 11) 11 11 11 NA NA – 0/2 NA 3/6 

100% 100% 100% NA NA – 0% NA 50% 

AK, amikacin; CAZ, ceftazidime; CEP, cefepime; COL, colistin; FOS, fosfomycin; LEV, levofloxacin, DPT: daptomycin; MER, meropenem; NA, not applicable; P-Tz, piperacillin- 

tazobactam; SXT, trimethoprim sulfamethoxazole; TYG, tigecycline. 
a Antibiotic susceptibility percentage was calculated by excluding the non-tested isolates from the denominator. 
b Referred to gentamicin susceptibility. 
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4.4%), colistin (n = 8, 1.9%), tigecycline (n = 3, 0.7%), lev- 

ofloxacin (n = 5, 1.2%), ceftriaxone (n = 1, 0.2%), linezolid 

(n = 2, 0.5%), and metronidazole (n = 1, 0.2%) were given as 

parts of combination therapy. 

.6. Empiric antifungal use 

Antifungals were given as part of initial empirical regimen in 

 (1.7%) patients: fluconazole (n = 6), caspofungin (n = 1), and 

mphotericin-B (n = 1). 

.7. Empirical anti-Gram-positive coverage 

Provided in 87 (20.2%) patients: vancomycin (n = 63, 14.6%), 

eicoplanin (n = 19, 4.4%), tigecycline (n = 3, 0.7%), and linezolid 

n = 2, 0.5%). In 17 (19.5%) of 87 patients, methicillin-resistant 

taphylococcus aureus was ultimately recovered from the blood. 

ccordingly, methicillin-resistant Staphylococcus aureus was iso- 

ated in 12 (30.7%) of 39 patients with central line associated blood 

tream infection, 1 (50%) of 2 with mucositis, 1 (4.6%) of 22 who 

ere hypotensive, 6 (14.6%) of 41 with pneumonia, and 4 (20%) of 

0 with skin and soft-tissue infection. 

.8. Appropriateness of the antimicrobial treatment 

Initial treatment was appropriate in 275 (63.8%) patients, in- 

ppropriate in 141 (32.7%) patients, and not applicable (see def- 

nitions) in 15 (3.4%) patients. In 136 patients with inappropri- 

te antimicrobial treatment, antibiotics were modified according 

o the culture and AST data. The remaining five patients had died 

efore the modification of treatment. Distribution of blood-borne 

athogens in the study are presented in Fig. 1 . 
6 
.9. Mortality risk 

Quantitative and qualitative variables affecting mortality and 

heir unadjusted effects according to the univariate analysis are 

resented in Tables 2 and 3 , respectively. The multivariate model 

as established with the help of the information obtained from 

he univariate evaluation. This final model showing the risk factors 

ffecting mortality and their adjusted effects is found in Table 4 . 

ltimately, pulse rate (odds ratio [OR], 1.018; 95% confidence in- 

erval [CI], 1.002–1.034), qSOFA score (OR, 2.857; 95% CI, 2.120–

.851), inappropriate antimicrobial treatment (OR, 1.774; 95% CI, 

.011–3.851), Gram-negative bacteraemia (OR, 2.894; 95% CI, 1.437–

.825), bacteraemia of non-urinary origin (OR, 11.262; 95% CI, 

.368–92.720), and age (OR, 1.017; 95% CI, 1.001–1.034) were found 

o be six significant risk factors of mortality. When the cut-off

alue of 0.135 is taken for the predicted risk probabilities from 

he final model containing these six variables, and those with a 

robability higher than this value are accepted as ‘death’, the sen- 

itivity and specificity of the model were 81.2% and 65%, respec- 

ively. The area under the receiver operating characteristic curve 

f the predicted risk probabilities was found to be 0.821 ± 0.026 

 P < 0.001). Moreover, the index for the model quality was 0.77 

 Fig. 2 ). 

. Discussion 

In this prospective, observational study, one-third of our pa- 

ients had focal infection. We did not find that the following fac- 

ors facilitating the development of infection among neutropenic 

atients with malignancies [ 3–6 , 18 ] contributed significantly to 30- 

 in-hospital mortality when bacteraemia occurred. These are type 

f underlying haemato-oncological malignancy, underlying comor- 

id conditions including diabetes, levels of inflammatory markers, 
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Table 2 

Quantitative variables affecting mortality and their unadjusted effects. 

Outcome Mean SD Min Max 

Percentiles 

n 25th Median 75th P a 

Age Died 85 52.6 17.5 16 86 39.5 55.0 66.5 0.001 

Survived 346 45.6 17.7 16 88 31.0 46.0 59.3 

Neutropenia duration Died 59 13.1 12.0 1 60 6.0 10.0 16.0 0.408 

Survived 341 16.6 22.7 1 277 6.0 10.0 19.0 

Duration between 

admission and culture 

Died 85 24.4 45.3 0 275 2.0 11.0 21.0 0.236 

Survived 346 14.9 23.2 0 245 2.0 10.0 17.0 

Duration between culture 

and being afebrile 

Died 85 5.2 5.1 0 30 2.0 3.0 6.0 0.250 

Survived 346 7.1 13.8 0 190 2.0 4.0 7.0 

Highest body temperature Died 85 38.7 0.7 36.10 40.00 38.3 38.7 39.0 0.838 

Survived 346 38.7 0.5 37.00 40.20 38.3 38.7 39.0 

Pulse rate Died 85 113.8 16.7 80 174 103.5 112.0 124.5 < 0.001 

Survived 346 106.3 19.6 18 177 96.0 105.0 116.0 

Respiratory rate Died 85 24.1 5.8 13 41 20.0 24.0 26.0 < 0.001 

Survived 346 22.0 10.5 12 105 18.0 20.0 23.0 

Systolic Died 85 98.4 19.1 56 165 86.5 100.0 100.0 < 0.001 

Survived 346 109.5 16.4 64 176 100.0 110.0 120.0 

Diastolic Died 85 60.3 13.5 25 94 50.0 60.0 70.0 < 0.001 

Survived 346 68.0 11.0 35 100 60.0 70.0 79.0 

qSOFA score Died 85 1.9 1.0 0 3 1.0 2.0 3.0 < 0.001 

Survived 346 .9 0.9 0 3 .0 1.0 1.0 

WBC (/μL) Died 85 1549.3 5073.5 0 32 940 100.0 340.0 860.0 0.072 

Survived 346 1157.5 6872.6 0 126 700 200.0 500.0 1000.0 

ANC (/μL) Died 85 146.7 176.0 0 690 0.0 100.0 275.0 0.202 

Survived 346 182.2 203.9 0 980 0.0 100.0 310.0 

Hb (g/dL) Died 85 8.26 1.57 7.30 8.00 9.30 85 8.26 0.941 

Survived 346 8.28 1.54 7.30 8.20 9.13 346 8.28 

Platelet count (/μL) Died 80 28 059.5 70 727.2 1.0 596 000.0 47.8 10 000.0 33 750.0 0.198 

Survived 333 31 343.8 44 769.3 1.0 298 000.0 54.5 15 000.0 40 000.0 

CRP level (mg/dL) Died 72 157.94 505.14 14.30 36.30 197.00 72 157.94 0.055 

Survived 317 437.43 6120.27 11.17 25.10 98.00 317 437.43 

Procalcitonin (ng/mL) Died 46 7724.8 35 925.2 .00 177 025.00 1.3 9.5 62.5 0.011 

Survived 215 36.6 141.8 .00 1165.00 .7 4.0 8.0 

ESR (mm/h) Died 19 62.8 28.6 26 120 36.0 62.0 85.0 0.814 

Survived 122 64.00 29.200 6 140 43.0 60.5 86.0 

ANC, absolute neutrophilic count; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; Hb, haemoglobin; qSOFA, quick SOFA score; SD, standard deviation; WBC, 

white blood cells. 
a Mann-Whitney U test or independent samples t-test. 
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lood parameters (haemoglobin, platelet, ANC), neutropenia du- 

ation, deep neutropenia, previous antimicrobial prophylaxis, and 

ematopoietic stem cell transplantation type if it was done. In ad- 

ition, underlying infection-related parameters like the infectious 

oci, the type of infecting pathogen, the duration of hospital stay 

efore the detection of bacteraemia, empirical use of anti-Gram- 

ositive agents, range of fever, and the duration for normalisation 

f body temperature did not affect the outcome. 

However, we did find that inappropriate antimicrobial treat- 

ent, Gram-negative bacteraemia, and the bacteraemia of non- 

rinary origin significantly decreased survival. At the same time, 

SOFA score (2.857-fold for each unit increase), pulse rate (1.018- 

old for each increasing digit), and advancing age (1.017-fold rising 

isk yearly) contributed to mortality as reflected in the nomogram 

n Fig. 2 . Consequently, when bloodstream infection develops in a 

eutropenic patient, the clinical picture had distinctive character- 

stics dominating underlying malignancy and infection-related pa- 

ameters. The pulse rate and qSOFA score reflect the severity of in- 

ection, along with local epidemiological data indicating the preva- 

ence of Gram-negative pathogens, known for their more severe 

utcomes [19] , Additionally, mortality is influenced by the man- 

gement of infection, especially in cases involving drug-resistant 

athogens, where appropriate antimicrobial treatment plays a cru- 

ial role. 

In addition, because endogenous flora is known to be signifi- 

antly more susceptible to antimicrobial drugs [20] , bacteraemia 

riginating from urinary tract infection was likely to be coming 

rom the endogenous flora and have a relatively benign course. 

oreover, we have shown that younger patients were more likely 
7 
o survive compared with elderly patients who are more prone to 

loodstream infections [21] due to immunosenescence. 

E. coli , Klebsiella, P. aeruginosa , Enterobacter, Serratia, Acine- 

obacter, S. aureus , CoNS, Enterococci, and alpha-haemolytic 

treptococci are known as the top ten bacterial pathogens in 

aematology-oncology centres [22] . Over the last two decades, 

here was a significant incline in favour of Gram-negatives [23] . 

ccordingly, E. coli, K. pneumoniae, P. aeruginosa , CoNS, S. aureus, E. 

aecium , Streptococci, A. baumannii , and E. cloacae were the com- 

on pathogens in descending order ( Fig. 3 ). More than two-thirds 

f the patients had bloodstream infections due to Gram nega- 

ives in this study. According to our data, methicillin resistance 

mong S. aureus and CoNS, vancomycin resistance in Enterococcus 

aecium , carbapenem resistance among Gram-negatives, Acinetobac- 

er baumannii , and K. pneumoniae in particular were the notewor- 

hy challenges to the treating clinicians. In actuality, the antibi- 

tic resistance profiles of bloodborne isolates were lower in the 

tudies published one to two decades ago [23–25] . There are re- 

orts indicating that the hospital-acquired isolates are causing in- 

ections in FN patients [ 4 , 26 ]. According to our data, the infect-

ng blood-borne pathogens were exceedingly resistant and could 

e comparable with hospital-acquired isolates [7] . Although most 

aemato-oncology patients are treated as outpatients during their 

ong-lasting chemotherapy or they were hospitalised in specialized 

entres for clinical stabilization, it appears that they acquire exten- 

ively resistant microbes during their contacts in the hospitals. The 

nappropriate use of broad-spectrum antibiotics is another cause 

27] . Thus, infection control measures for this subgroup of patients 

re crucial and high priorities. 
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Table 3 

Qualitative variables affecting mortality and their unadjusted effects. 

Died Survived P a 

n % n % 

Gender F 35 18.7 152 81.3 0.646 

M 50 20.5 194 79.5 

CRF No 76 18.8 328 81.2 0.066 

Yes 9 33.3 18 66.7 

DM No 60 17.1 290 82.9 0.005 

Yes 25 30.9 56 69.1 

CVD No 75 19.9 302 80.1 0.812 

Yes 10 18.5 44 81.5 

Rheumatological comorbidity No 82 19.4 340 80.6 0.300 

Yes 3 33.3 6 66.7 

Endocrinological comorbidity No 84 19.8 340 80.2 0.716 

Yes 1 14.3 6 85.7 

COPD No 81 19.9 327 80.1 0.773 

Yes 4 17.4 19 82.6 

Other No 85 20.1 337 79.9 0.215 

Yes 0 0.0 9 100.0 

Primary Disease ALL 14 17.3 67 82.7 0.507 

AML 24 17.9 110 82.1 

MDS 3 15.0 17 85.0 

Chronic leukemias 3 16.7 15 83.3 

Lymphoma 11 19.3 46 80.7 

Multiple myeloma 6 15.0 34 85.0 

Other hematological disorders 3 30.0 7 70.0 

Solid tumors 21 29.6 50 70.4 

HSCT None 77 21.9 275 78.1 0.035 

Allogeneic 6 13.6 38 86.4 

Autologous 2 5.7 33 94.3 

Prolonged Neutropenia No 23 16.4 117 83.6 0.235 

Yes 62 21.3 229 78.7 

Antimicrobial prophylaxis 

used before bacteremia 

No 46 22.0 163 78.0 0.247 

Yes 39 17.6 183 82.4 

Empiric therapy Mono therapy 42 15.3 232 84.7 0.002 

Combined regimen 43 27.4 114 72.6 

Antimicrobial Treatment Inappropriate 37 26.2 104 73.8 0.022 

Appropriate 46 16.7 229 83.3 

Use of anti-Gram-positive 

agents 

No 61 17.7 283 82.3 0.039 

Yes 24 27.6 63 72.4 

Colonization with MDR 

bacteria 

No 70 18.3 312 81.7 0.042 

Yes 15 30.6 34 69.4 

Hypotension No 73 17.8 336 82.2 < 0.001 

Yes 12 54.5 10 45.5 

Confirmed abdominal infection No 84 20.0 335 80.0 0.315 

Yes 1 8.3 11 91.7 

CLABSI No 80 20.4 312 79.6 0.256 

Yes 5 12.8 34 87.2 

Mucositis No 85 19.8 344 80.2 0.644 

Yes 0 0.0 2 100.0 

Pneumonia No 73 18.7 317 81.3 0.100 

Yes 12 29.3 29 70.7 

Skin and soft tissue infections No 81 19.7 330 80.3 0.974 

Yes 4 20.0 16 80.0 

Urinary tract infection No 84 20.6 323 79.4 0.049 

Yes 1 4.2 23 95.8 

Abscess formation No 82 19.6 337 80.4 0.711 

Yes 3 25.0 9 75.0 

Deep Neutropenia No 44 18.1 199 81.9 0.338 

Yes 41 21.8 147 78.2 

Pathogen Grouping Acinetobacter spp. 7 58.3 a 5 41.7 0.001 

E. coli 22 18.8 b 95 81.2 

Enterobacter spp. 4 33.3 ab 8 66.7 

Klebsiella spp. 23 24.2 ab 72 75.8 

Enterococci 6 28.6 ab 15 71.4 

Pseudomonas spp. 14 22.2 ab 49 77.8 

Staphylococci 6 6.9 c 81 93.1 

Streptococci 0 0.0 c 11 100.0 

Others 3 23.1 ab 10 76.9 

Gram Stain Gr Negative 72 23.2 238 76.8 0.003 

Gr Positive 13 10.7 108 89.3 

CRF: Chronic renal failure, DM: Diabetes mellitus, CVD: Cardiovascular disease, COPD: Chronic obstructive pulmonary disease, HSCT: Hematopoietic stem cell transplantation, 

MDR: Multi-drug resistant, CLABSI: Central line associated blood stream infection, ALL: Acute lymphocytic leukemia, AML: Acute myelogenous leukemia, MDS: Myelodys- 

plastic syndromes. 
a Pearson chi-square test or Fisher-Freeman-Halton exact test. 

When the P value was found to be statistically significant for multiple categories of parameters more than two, letters were placed next to the % values. If these letters are 

completely different from each other (i.e. if one is a, the other is b), the respective % values also differ statistically significantly from each other. 

8
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Table 4 

Risk factors affecting mortality and their adjusted effects. 

Risk factors OR 95% CI for OR 

Lower Upper P a 

Pulse rate 1.018 1.002 1.034 0.025 

qSOFA score 2.857 2.120 3.851 < 0.001 

Inappropriate antimicrobial 

treatment 

1.774 1.011 3.111 0.046 

Non-urinary source 

bacteraemia 

11.262 1.368 92.720 0.024 

Gram-negative bacteraemia 2.894 1.437 5.825 0.003 

Age 1.017 1.001 1.034 0.039 

Constant 0.000 < 0.001 

CI, confidence interval; OR, odds ratio; qSOFA, quick SOFA score. 
a Multiple binary logistic regression model by stepwise variable selection method. 
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The essential step is to apply all available microbiological diag- 

ostic methods to identify the infecting pathogen and its antibiotic 

usceptibility profile, to provide targeted therapy. Although micro- 

iological improvements have reduced blood culture recovery time, 

eading to positivity within the first 24 h in over 90% of FN patients

28] , inappropriate treatment and prolonged time to initiation of 

dequate antibiotic treatment have been related to increased mor- 

ality in this population [29] . Our data emphasise the same issues. 

ven for meropenem, which has long been accepted as the most 

eliable antimicrobial in the management of FN patients, only two- 

hird of the blood-borne pathogens were fully susceptible. When it 

omes to piperacillin-tazobactam, the other reliable option used in 

he management of FN, full susceptibility was seen in only half of 

he isolates. Therefore, exceedingly high resistance profiles in the 

articipating centres impose a significant dilemma on how to man- 

ge antibacterial resistance. This is clinically reflected with the du- 

ation of normalisation of body temperature in the study. Although 

 mean of one week was required for stabilization, a wide hetero- 

eneity existed in our cohort. Although the urgent need to adapt 

uidelines to current epidemiology has been noted [30] , the solu- 

ion to this problem is challenging. 

One of the key findings of our study is that severely ill patients 

ill face therapeutic failure if administered inappropriate antibi- 

tics for what turns out to be highly resistant bacterial pathogen 

hile neutropenic. Hence, using well-established clinical severity 

cores or the nomogram ( Fig. 2 ) would be better surrogate markers 

f critical status in FN patients. Consequently, we believe that an- 

imicrobial treatment based on local epidemiology should be pri- 

ritised particularly in critical patients who may need combina- 

ion regimens to overcome bacterial resistance. In this regard, an- 

imicrobial stewardship programs are the key strategies in hospi- 

als where high resistance profiles are common. Colistin, amino- 

lycosides, and fosfomycin can be the part of combination treat- 

ent with broad spectrum beta-lactams, to overcome the risk 

f inappropriate empirical antibacterial treatment in FN patients 

ith severe sepsis based on the local epidemiological findings. De- 

scalation policies should be in place after the reports of the blood 

ultures become available. 

One of the strengths of this study was including all bacterial 

loodstream organisms, not just Gram-negative or Gram-positive 

acteria. Moreover, the study had a prospective design, whereas 

ost studies are retrospective. Our study also excluded polymi- 

robial bacteraemias on admission and within 30 d of hospital- 

zation. Thus, the effects of bloodstream infections due to a single 

lood-borne pathogen were analysed through a robust mathemat- 

cal model ( Fig. 1 ). 

There are several potential limitations of this study. First, het- 

rogeneity may have existed between the hospitals in the selection 

f antimicrobials in patients with FN. Second, there may be un- 

easured differences that may affect both the prognosis and treat- 
9 
ent choices, such as the presence of mucositis [31] or undetected 

nvasive fungal infections [32] . Third, the diversity of underlying 

omorbid conditions may be a confounding factor that could affect 

he progression of the disease. Finally, the status of the primary 

iseases, such as whether it is a new diagnosis, in remission, or a 

elapsing primary disease, was not captured in our database. 

Consequently, in the era of rapidly evolving antibacterial re- 

istance, local epidemiological data and antibiotic susceptibility 

rofiles should be integrated into therapeutic recommendations 

n the management of critical FN patients [33] along with well- 

stablished infection control and prevention policies as guided by 

nternational guidelines. 

ompeting interests: None declared. 

thics Approval: The ethical consent of the study was ap- 

roved/registered by the Istanbul Medeniyet University, School of 

edicine, on 24 February 2021 (2021/0112). 

cknowledgements: We thank Prof. Daniel R. Lucey from Dart- 

outh College (Hanover, New Hampshire) for editing the paper as 

 native speaker. 

eferences 

[1] Rolo M, Martín-Higuera MC, Viedma E, Villa J, Mancheño-Losa M, Lora- 

Tamayo J, et al. Clinical impact of time-to-positivity of blood cultures on mor- 
tality in patients with Pseudomonas aeruginosa bacteremia. J Glob Antimicrob 

Resist 2022;30:269–75. doi: 10.1016/j.jgar.2022.06.026 . 
[2] Martinez-Nadal G, Puerta-Alcalde P, Gudiol C, Cardozo C, Albasanz-Puig A, 

Marco F, et al. Inappropriate empirical antibiotic treatment in high-risk neu- 

tropenic patients with bacteremia in the era of multidrug resistance. Clin In- 
fect Dis 2020;70:1068–74. doi: 10.1093/cid/ciz319 . 

[3] Prevention and treatment of cancer-related infections, Version 2.2022. NCCN 

2022. https://www.nccn.org/professionals/physician _ gls/pdf/infections.pdf . 

[4] Freifeld AG, Bow EJ, Sepkowitz KA, Boeckh MJ, Ito JI, Mullen CA, et al. Clinical
practice guideline for the use of antimicrobial agents in neutropenic patients 

with cancer: 2010 update by the Infectious Diseases Society of America. Clin 

Infect Dis 2011;52:e56–93. doi: 10.1093/cid/cir073 . 
[5] Klastersky J, de Naurois J, Rolston K, Rapoport B, Maschmeyer G, Aapro M, 

et al. Management of febrile neutropaenia: ESMO clinical practice guidelines. 
Ann Oncol 2016;27:v111–18. doi: 10.1093/annonc/mdw325 . 

[6] Averbuch D, Orasch C, Cordonnier C, Livermore DM, Mikulska M, Viscoli C, 
et al. European guidelines for empirical antibacterial therapy for febrile 

neutropenic patients in the era of growing resistance: summary of the 

2011 4th European Conference on Infections in Leukemia. Haematologica 
2013;98:1826–35. doi: 10.3324/haematol.2013.091025 . 

[7] El-Sokkary R, Uysal S, Erdem H, Kullar R, Pekok A, Amer F. Profiles of multidru-
gresistant organisms among patients with bacteremia in intensive care units: 

an international IDIRI survey. Eur J Clin Microbiol Infect Dis 2021;40:2323–34. 
doi: 10.1007/s10096- 021- 04288- 1 . 

[8] NCCN Guidelines Version 2.2020. Prevention and Treatment of Cancer-Related 
Infections. https://jnccn.org/view/journals/jnccn/14/7/article-p882.xml . 

[9] Clinical and Laboratory Standards Institute. M100 Performance Standards for 

Antimicrobial Susceptibility Testing. 31st ed. 2021. 
[10] The European Committee on Antimicrobial Susceptibility Testing (EU- 

CAST). Breakpoints tables for interpretation of MICs and zone pa- 
rameters. https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST _ files/ 

Breakpoint _ tables/v _ 12.0 _ Breakpoint _ Tables.pdf (accessed 10 August 2022). 

https://doi.org/10.1016/j.jgar.2022.06.026
https://doi.org/10.1093/cid/ciz319
https://www.nccn.org/professionals/physician_gls/pdf/infections.pdf
https://doi.org/10.1093/cid/cir073
https://doi.org/10.1093/annonc/mdw325
https://doi.org/10.3324/haematol.2013.091025
https://doi.org/10.1007/s10096-021-04288-1
https://jnccn.org/view/journals/jnccn/14/7/article-p882.xml
https://www.eucast.org/fileadmin/src/media/PDFs/EUCAST_files/Breakpoint_tables/v_12.0_Breakpoint_Tables.pdf


H. Erdem, E. Kocoglu, H. Ankarali et al. International Journal of Antimicrobial Agents 62 (2023) 106919 

[

 

 

 

[  

[

[

[  

[

[

[

[

[

[

[

[

[

[  
[11] Bassetti M, Azoulay E, Kullberg B-J, Ruhnke M, Shoham S, Vazquez J, et al. 
EORTC/MSGERC definitions of invasive fungal diseases: summary of activities 

of the Intensive Care Unit Working Group. Clin Infect Dis 2021;72:S121–7. 
doi: 10.1093/cid/ciaa1751 . 

12] Hall KK, Lyman JA. Updated review of blood culture contamination. Clin Mi- 
crobiol Rev 2006;19:788–802. doi: 10.1128/CMR.00062-05 . 

[13] Souvenir D, Anderson DE, Palpant S, Mroch H, Askin S, Anderson J, et al. Blood
cultures positive for coagulase-negative staphylococci: antisepsis, pseudobac- 

teremia, and therapy of patients. J Clin Microbiol 1998;36:1923–6 . 

[14] Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, 
et al. The Third International Consensus Definitions for Sepsis and Septic Shock 

(Sepsis-3). JAMA 2016;315:801–10. doi: 10.1001/jama.2016.0287 . 
[15] National Healthcare Safety Network. Bloodstream Infection Event (Central 

Line-Associated Bloodstream Infection and Non-central Line Associated Blood- 
stream Infection). Atlanta, Georgia: CDC; 2023. https://www.cdc.gov/nhsn/ 

pdfs/pscmanual/4psc _ clabscurrent.pdf (accessed 10 August 2022). 

[16] Leone M, Asfar P, Radermacher P, Vincent JL, Martin C. Optimizing mean ar- 
terial pressure in septic shock: a critical reappraisal of the literature. Crit Care 

2015;19:1–7. doi: 10.1186/s13054-015- 0794- z . 
[17] 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 . 
[18] Sereeaphinan C, Kanchanasuwan S, Julamanee J. Mortality-associated clinical 

risk factors in patients with febrile neutropenia: a retrospective study. IJID Re- 
gions 2021;1:5–11. doi: 10.1016/j.ijregi.2021.09.002 . 

[19] Abe R, Oda S, Sadahiro T, Nakamura M, Hirayama Y, Tateishi Y, et al.
Gram-negative bacteremia induces greater magnitude of inflammatory re- 

sponse than Gram-positive bacteremia. Crit Care Med 2010:14. doi: 10.1097/ 

0 0 0 03246-1992090 0 0-0 0 0 06 . 
20] Esposito S, Capuano A, Noviello S, Mazzeo F, Ianniello F, Filippelli A, et al.

Modification of patients’ endogenous bacterial flora during hospitalization in a 
large teaching hospital in Naples. J Chemother 2003;15:568–73. doi: 10.1179/ 

joc.2003.15.6.568 . 
21] Skogberg K, Lyytikäinen O, Ollgren J, Nuorti JP, Ruutu P. Population-based bur- 

den of bloodstream infections in Finland. Clin Microbiol Infect 2012;18:E170–

6. doi: 10.1111/j.1469-0691.2012.03845.x . 
22] Gyssens IC, Kern WV, Livermore DM. The role of antibiotic stewardship in 

limiting antibacterial resistance among hematology patients. Haematologica 
2013;98:1821–5. doi: 10.3324/haematol.2013.091769 . 
10 
23] Ortega M, Marco F, Soriano A, Almela M, Martínez JA, Rovira M, et al. Epi-
demiology and outcome of bacteraemia in neutropenic patients in a single 

institution from 1991-2012. Epidemiol Infect 2015;143:734–40. doi: 10.1017/ 
S0950268814001654 . 

24] Gudiol C, Tubau F, Calatayud L, Garcia-Vidal C, Cisnal M, Sánchez-Ortega I, 
et al. Bacteraemia due to multidrug-resistant Gram-negative bacilli in can- 

cer patients: risk factors, antibiotic therapy and outcomes. J Antimicrob 
Chemother 2011;66:657–63. doi: 10.1093/jac/dkq494 . 

25] Gudiol C, Bodro M, Simonetti A, Tubau F, González-Barca E, Cisnal M, et al. 

Changing aetiology, clinical features, antimicrobial resistance, and outcomes 
of bloodstream infection in neutropenic cancer patients. Clin Microbiol Infect 

2013;19:474–9. doi: 10.1111/j.1469-0691.2012.03879.x . 
26] Schimpff SC, Young VM, Greene WH, Vermeulen GD, Moody MR, Wiernik PH. 

Origin of infection in acute nonlymphocytic leukemia. Significance of hospital 
acquisition of potential pathogens. Ann Intern Med 1972;77:707–14 . 

27] Nouér SA, Nucci M, Anaissie E. Tackling antibiotic resistance in febrile 

neutropenia: current challenges with and recommendations for manag- 
ing infections with resistant Gram-negative organisms. Expert Rev Hematol 

2015;8:647–58. doi: 10.1586/17474086.2015.1060576 . 
28] Puerta-Alcalde P, Cardozo C, Suárez-Lledó M, Rodríguez-Núñez O, Morata L, Fe- 

hér C, et al. Current time-to-positivity of blood cultures in febrile neutropenia: 
a tool to be used in stewardship de-escalation strategies. Clin Microbiol Infect 

2019;25:447–53. doi: 10.1016/j.cmi.2018.07.026 . 

29] Rosa RG, Goldani LZ. Cohort study of the impact of time to antibiotic admin- 
istration on mortality in patients with febrile neutropenia. Antimicrob Agents 

Chemother 2014;58:3799–803. doi: 10.1128/AAC.02561-14 . 
30] Chumbita M, Puerta-Alcalde P, Yáñez L, Cuesta MA, Chinea A, Español 

Morales I, et al. Resistance to empirical β-lactams recommended in febrile 
neutropenia guidelines in Gram-negative bacilli bloodstream infections in 

Spain: a multicentre study. J Antimicrob Chemother 2022:2017–23. doi: 10. 

1093/jac/dkac135 . 
31] Sampson MM, Nanjappa S, Greene JN. Mucositis and oral infections sec- 

ondary to Gram negative rods in patients with prolonged neutropenia. IDCases 
2017;9:101–3. doi: 10.1016/j.idcr.2017.06.014 . 

32] Seelbinder B, Chen J, Brunke S, Vazquez-Uribe R, Santhaman R, Meyer AC, 
et al. Antibiotics create a shift from mutualism to competition in human gut 

communities with a longer-lasting impact on fungi than bacteria. Microbiome 

2020;8. doi: 10.1186/s40168- 020- 00899- 6 . 
33] Contejean A, Abbara S, Chentouh R, Alviset S, Grignano E, Gastli N, et al. An-

timicrobial stewardship in high-risk febrile neutropenia patients. Antimicrob 
Resist Infect Control 2022;11:1–10. doi: 10.1186/s13756- 022- 01084- 0 . 

https://doi.org/10.1093/cid/ciaa1751
https://doi.org/10.1128/CMR.00062-05
http://refhub.elsevier.com/S0924-8579(23)00198-X/sbref0013
https://doi.org/10.1001/jama.2016.0287
https://www.cdc.gov/nhsn/pdfs/pscmanual/4psc_clabscurrent.pdf
https://doi.org/10.1186/s13054-015-0794-z
https://doi.org/10.1111/j.1469-0691.2011.03570.x
https://doi.org/10.1016/j.ijregi.2021.09.002
https://doi.org/10.1097/00003246-199209000-00006
https://doi.org/10.1179/joc.2003.15.6.568
https://doi.org/10.1111/j.1469-0691.2012.03845.x
https://doi.org/10.3324/haematol.2013.091769
https://doi.org/10.1017/S0950268814001654
https://doi.org/10.1093/jac/dkq494
https://doi.org/10.1111/j.1469-0691.2012.03879.x
http://refhub.elsevier.com/S0924-8579(23)00198-X/sbref0026
https://doi.org/10.1586/17474086.2015.1060576
https://doi.org/10.1016/j.cmi.2018.07.026
https://doi.org/10.1128/AAC.02561-14
https://doi.org/10.1093/jac/dkac135
https://doi.org/10.1016/j.idcr.2017.06.014
https://doi.org/10.1186/s40168-020-00899-6
https://doi.org/10.1186/s13756-022-01084-0

	Prospective analysis of febrile neutropenia patients with bacteraemia: the results of an international ID-IRI study
	1 Introduction
	2 Methods
	2.1 Study design
	2.2 Setting
	2.3 Data Collection
	2.4 Ethical consent
	2.5 Case definition of neutropenic fever
	2.6 Inclusion criteria
	2.7 Exclusion criteria
	2.8 Definitions
	2.9 Bacterial identification and susceptibility
	2.10 Interpretation of AST
	2.11 Outcome
	2.12 Statistical analysis

	3 Results
	3.1 Primary diagnoses
	3.2 Infectious diagnoses
	3.3 Distribution of blood-borne pathogens
	3.4 Antibiotic susceptibility
	3.5 Antimicrobial therapy
	3.6 Empiric antifungal use
	3.7 Empirical anti-Gram-positive coverage
	3.8 Appropriateness of the antimicrobial treatment
	3.9 Mortality risk

	4 Discussion
	References


