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ABSTRACT

Objective: Patients with hematological malignancies (HMs) have a substantial incidence of
febrile neutropenic episodes. Gram-negative bacteremia (GNB) is still the major cause of
these episodes. We evaluated the factors associated with GNB and mortality of bacteremic
patients with HMs in a high-resistance setting.

Materials and Methods: We conducted a prospective cohort study from March 2018 to June
2019 with 66 bacteremic and 132 non-bacteremic patients. Regression analyses were used
to identify factors associated with GNB and 30-day mortality.

Results: The mean age was 53.83+15.21 years, and 129 (65.2%) of the patients were male. In
multivariable analysis, factors independently associated with GNB were male gender, dura-
tion of hospitalization and neutropenia before the febrile neutropenic episode, leukemias
and allogeneic transplant recipients, radiotherapy, receiving glucocorticosteroids, coloniza-
tion with resistant microorganisms. All-cause mortality and 30-day mortality were 47.0%
and 30.3% in cases of GNB, compared to non-bacteremic controls 25.0% and 10.6%, respec-
tively. Sepsis, duration of hospitalization before the febrile neutropenic episode, carbapen-
em-resistant GNB, and inappropriate empirical antibiotic treatment was found as factors
associated with 30-day mortality. Prior antibiotic exposure particularly beta-lactamase in-
hibitor combinations and carbapenems during the past 30 days was more frequent in the
bacteremic group. An increasing trend was observed in multidrug-resistant (MDR) bacteria
(p=0.03) and carbapenem-resistant Enterobacterales (p=0.02) over the years.

Conclusion: By considering the risk factors associated with GNB and 30-day mortality that
we detected in our study among neutropenic patients, a personalized approach for the man-
agement of febrile neutropenic patients can be designed by means of an effective antimi-
crobial stewardship program including the appropriate use of broad-spectrum antibiotics.
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Bacteremia and Mortality in Neutropenic Patients

INTRODUCTION

he number of patients with hematological

malignancies (HMs) and those undergoing

hematopoietic stem cell transplantation
(HSCT) has been on rise during the last three de-
cades. Febrile neutropenia (FN) is the most com-
mon complication in this specific patient group and
requires urgent intervention (1).

Bacteremia are a significant cause of neutropenic
fever and severe complications in patients with
HMs, causing delays in chemotherapy, longer hos-
pitalizations, increased health care expenditures,
and higher mortality and morbidity rates (2, 3). Bac-
teremia is generally seen in patients with prolonged
and severe neutropenia, ranging from 11% to 38%
depending on the use of prophylactic antibiotics (2-
5). The overall mortality rates of bacteremia in pa-
tients with HMs vary from 12% to 42% (6, 7).

In recent years, changes in the epidemiology of
bacteremia have been observed according to geo-
graphical regions and even between hospitals in
the same location (8). Gram-negative (GN) bacte-
ria have still been reported as the prevalent cause
in recently published studies (2, 8-10). Bacteremia
with resistant GN bacteria (e.g., carbapenem-resis-
tant Enterobacterales (CRE) and multidrug-resistant
(MDR) Pseudomonas aeruginosa and Klebsiella pneumo-
niae) have become a considerably significant prob-
lem in this fragile group (11, 12). Turkey has one
of the highest bacterial resistance rates in Europe,
thus this epidemiology may adversely affect the
management of patients with FN (13).

In this study, we aimed to investigate the factors
affecting the development of GNB and compare
mortality rates among bacteremic and non-bacte-
remic patients with HMs with or without HSCT in a
high-resistance setting.

MATERIAL AND METHOD

Setting and Data Collection

This study was performed at Hacettepe University
Hospitals, which is a reference center for autolo-
gous and allogeneic HSCT in Turkey. Data collected
from hospital files of patients and the laboratory
database included; age, gender, comorbidities, un-
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derlying HMs, treatment response, type/timing of
HSCT (autologous or allogenic), graft-versus-host
disease, treatment with antibiotics/steroids/mono-
clonal antibody within the last three months, an-
tibiotic prophylaxis, prior hospitalization (within
the last three months), prior bacteremia within the
last three months, surgery and other invasive pro-
cedures, presence of central venous catheter or uri-
nary catheter, clinical/laboratory/imaging findings,
current/prior administration of chemotherapy, du-
ration of hospitalization and neutropenia before
bacteremia/febrile neutropenic episode, mucosi-
tis, radiotherapy, fever and shock on presentation,
need for intensive care unit (ICU) or mechanical
ventilation, number of positive blood cultures, mi-
croorganisms and their susceptibility profiles, colo-
nization with resistant microorganisms, empirical
antibiotic treatments, appropriateness of empirical
therapy, definitive antibiotic treatment, the source
of infections, clinical outcomes and mortality. The
collected data were entered into a specific database
designated for this study.

Study Population and Design

We conducted a prospective cohort study to identi-
fy predictors associated with GNB and 30-day mor-
tality among febrile neutropenic patients aged >18
years with HMs. For this study, we followed up 66
bacteremic and 132 non-bacteremic patients with
HMs from March 2018 to June 2019. Additionally,
we analyzed the trends in antimicrobial resistance
(AMR) in 276 GN bacteria isolates which have been

HIGHLIGHTS

e The risk factors for gram-negative bacteremia
were male gender, duration of hospitalization
and neutropenia, leukemias and allogeneic
transplant recipients, radiotherapy, glucocorti-
costeroids, and colonization with resistant mi-
croorganisms.

e The risk factors for 30-day mortality were sepsis,
duration of hospitalization, carbapenem-resist-
ant gram-negative bacteremia, and inappropriate
empirical antibiotic treatment.

¢ An increasing trend of multidrug-resistance and
carbapenem resistant Enterobacterales over the
years was observed.
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screened between January 2010-June 2019. Recur-
rent episodes of bacteremia for the same patient
were excluded.

Definitions

Neutropenia was defined as an absolute neutrophil
count of <500 cells/mm? (1). Sepsis was defined as
having a systolic pressure <90 mmHg with dysreg-
ulated host response to infection. Septic shock was
characterized as sepsis associated with hypoten-
sion and perfusion abnormalities despite adequate
fluid replacement or the need for vasoactive drugs
(14). Bacteremia was defined as laboratory-con-
firmed isolation of at least one GN bacteria from
blood samples in a patient with signs/symptoms
of infections (15). If the source of bacteremia was
unknown, this was named primary bacteremia, if
known this was named secondary bacteremia.

Enterobacterales and non-fermenting GN bacte-
ria including P. aeruginosa, Acinetobacter baumannit,
and Stenotrophomonas maltophilia were considered to
be MDR or extensively drug-resistant (XDR) accord-
ing to the previously described criteria (16).

Appropriate empirical therapy was considered when
the patient received at least one in vitro active
antimicrobial agent before susceptibility results
were available. Death was considered to be related
to the bacteremia if it occurred before the resolution
of symptoms or signs and there was no other
explanation. In accordance with the local protocol,
patients with expected neutropenia over seven days
received prophylaxis with a fluoroquinolone.

Microbiological Methods

Blood samples were analyzed with the BACTEC™
9240 (Becton-Dickinson, USA) until 2012, with the
BacT/ALERT® 3D system (bioMérieux, France) be-
tween 2013-2017 and BACTEC™ FX (BD Diagnos-
tics, USA) thereafter, with an incubation period of
5 days.

Microbial identification was performed by using
BD Phoenix™ system (Becton-Dickinson, USA) un-
til 2012. From 2013 to 2017, isolate identity was
confirmed by Vitek® MS (bioMérieux, France) and
as of 2018 by MALDI Biotyper® (Bruker Daltonics,
USA).
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Minimum inhibitory concentrations (MICs) were
determined by BD Phoenix™ system (Becton-Dick-
inson, USA) until 2012, Vitek® 2 Compact automat-
ed system (bioMérieux, France) during 2013-2017
and BD Phoenix™ M50 (Becton-Dickinson, USA)
thereafter.

Kirby-Bauer disk diffusion test was used for the de-
termination of antimicrobial susceptibilities of the
non-fermenting GN bacteria, except P. aeruginosa.
Gradient test (bioMérieux, France) was used for the
confirmation of carbapenem resistance according
to the manufacturer’s instructions. The susceptibil-
ity of isolates for colistin was performed by using
Sensititre™ broth microdilution panels (Thermo
Fisher Scientific, USA).

Before 2017, all results were interpreted according
to the Clinical and Laboratory Standards Institute
(CLSI) and after 2017 according to European Com-
mittee on Antimicrobial Susceptibility Testing (EU-
CAST) guidelines.

Quality assurance was performed by concurrent-
ly testing CLSI-recommended quality control (QC)
reference strains (Escherichia coli ATCC 25922, Staph-
ylococcus aureus ATCC 25213). All QC results were
within published acceptable ranges.

Statistical Analysis

Values were expressed as the means + standard de-
viations and median and interquartile range (IQR)
for continuous variables, whereas nominal vari-
ables were presented as numbers and percentag-
es. Variables in this study were selected based on
theoretically based hypotheses, together with the
results demonstrated in previous studies. Continu-
ous variables were compared by Student’s t-test or
Mann-Whitney U test. Categorical variables were
evaluated with Pearson’s chi-square or Fisher’s ex-
act test. Odds ratios and 95% confidence intervals
were calculated to assess the strength of any asso-
ciation. The statistical significance was defined as a
p value of <0.05. Variables associated with GNB and
mortality in univariate analysis (p<0.10) were in-
cluded in the backward stepwise logistic regression
model to identify independent factors for GNB and
mortality. The Hosmer-Lemeshow test assessed the
goodness of fit of the multivariate models. Variables
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Bacteremia and Mortality in Neutropenic Patients

Table 1. Basic demographics of the patients.

Characteristics Total p
Age, years (mean, SD) 53.8+15.21
Bacteremic 53.1+15.55 0.60°
Non-bacteremic 54.2 +15.08
Gender (N, %)
Bacteremic female/male 18(27.3)/ 48 (72.7) )
Non-bacteremic female/male 51(38.6)/81(61.4) o
Comorbidities (N, %)
Hypertension 39 (19.6)
Coroner artery disease 37 (18.7)
Diabetes mellitus 26 (13)
Thyroid gland disorders 26 (13) 0.25°
Solid tumor or HMs history 20 (10.1)
Chronic pulmonary disease 12 (6)
Renal disease 11(5.5)
Underlying HMs (N, %)
Acute myeloid leukemia 63 (31.8)
Acute lymphoblastic leukemia 16 (8.1)
Non-Hodgkin’s lymphoma 54 (27.3)
Hodgkin’s lymphoma 9 (4.5)
Multiple myeloma 38(19.2)
0.07¢
Myelodysplastic syndrome 3(1.5)
Chronic lymphoblastic leukemia 5(2.5)
Chronic myeloid leukemia 3(1.5)
Aplastic anemia 5(2.5)
Large granular lymphocytic leukemia 2(1)
Treatment response (N, %)
Complete remission 79 (39.9)
Not complete remission 98 (49.5) 0.06°
Could not be evaluated 21 (10.6)
HSCT features (N, %)
HSCT present/absent 107 (54) / 91 (46) 0.76°
Autologous-HSCT /Allogeneic-HSCT 67 (62.6) / 40 (37.4) 0.003°
Graft-versus-host disease present/absent 10 (9.3) /90 (84.1) 0.13¢

SD: Standard deviation, HMs: Hematological malignancies, HSCT: Hematopoietic stem cell transplantation.

a: Student t-test, b: Pearson’s chi-square test, c: Fisher’s test.

P value shows a statistical difference between bacteremic and non-bacteremic patients.
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Figure 1. Antimicrobial resistance profiles in gram-negative bacteria between 2010 and 2019.

were not included in the regression model when p
values were highly significant or had a positive cor-
relation with other variables. The Kruskal-Wallis
test was used to calculate the ratios between re-
sistance profiles that changed between years. The
Jonckheere-Terpstra test was used to evaluate the
changing trends between these ratios. The Statisti-
cal Package for Social Sciences (SPSS) version 24.0
(IBM Corp., USA) was used for all statistical anal-
ysis.

RESULTS

Data of 66 bacteremic and 132 non-bacteremic con-
trols with HMs were analyzed. One hundred and
twenty-nine (65.2%) of the patients were male. The
mean age was 53.83+15.21 years (Table 1).

The patients were stratified into three groups ac-
cording to their underlying malignancies and/or
HSCT status as follows:

Group 1: Leukemias (acute myeloid and lymphocyt-
ic leukemia) and allogeneic transplant recipients,

Group 2: Lymphomas (Non-Hodgkins’s and Hod-
gkin’s lymphoma),

Group 3: Others (multiple myeloma, chronic my-
eloid and lymphocytic leukemia, large granular
lymphocytic leukemia, myelodysplastic syndrome,
aplastic anemia).

There was a significant difference between the
number of bacteremic and non-bacteremic pa-
tients in these three groups (p=0.001). Post-hoc

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 2. Comparison of characteristics in bacteremic patients to non-bacteremic controls.

Characteristics

Non-bacteremic controls

Bacteremic patients

(N/%) (N/%) P
Duration of hospitalization before febrile neutropenic episode, days 13 (IQR: 5.7-18.2) 19 (IQR: 14.5-44.4) <0.001*
Duration of neutropenia before febrile neutropenic episode, days 2 (IQR: 2.1-5.4) 5 (IQR: 2.6-10.2) <0.001*
Presence of central venous catheter 55 (48) 21(33.3) 0.06°
Presence of urinary catheter 6 (4) 8(12.1) 0.07¢
Chemotherapy 117 (88.6) 62 (93.9) 0.23°
Radiotherapy 5(4) 9(13.6) 0.02¢
Receiving glucocorticosteroids 57 (43) 36 (54) 0.008°
Receiving monoclonal antibody 47 (23) 20 (30) 0.08°
Receiving total parenteral nutrition 11 (8) 9 (13.6) 0.24°
Transfusion history 122 (92) 64 (97) 0.34¢
Prior hospitalizations within the last 90 days 84 (64) 46 (70) 0.39°
Prior ICU stay within the last 90 days 1(1) 9(13.6) <0.001¢
Prior major surgery within the last 30 days 6 (4) 5(7) 0.51¢
Prior bacteremia within the last 90 days 10 (8) 12 (18) 0.02°
Prior antibiotic use within the last 30 days 40 (30.3) 59 (89.4) <0.001°
Beta-lactam + BLI 9(9.7) 21 (35.5) <0.001°
Cephalosporins 5(5.3) 6 (10.1) 0.07°
Carbapenems 11(11.9) 19 (32.2) <0.001°
Teicoplanin/vancomycin/linezolide/daptomycin 11(11.9) 10 (16) <0.001®
Fluoroquinolone prophylaxis 83 (62.9) 45 (69.2) 0.38°
Mucositis 35 (26) 12 (18.2) 0.19°
Colonization with resistant microorganism 13(9.8) 16 (24.2) 0.007°
Treatment
Empirical treatment
Carbapenems 95 (72) 55 (83.3) 0.08°
Piperacillin-tazobactam 30 (22.7) 11 (16.7) 0.32°
Cephalosporins 7 (6.1) - 0.05¢
Colistin-containing regimens 1(0.8) 6(9.1) 0.006¢
Targeted treatment
Carbapenems 106 (81) 40 (65.6) 0.02°
Piperacillin-tazobactam 16 (12.2) 8(13.2) 0.86°
Cephalosporins 7 (5.3) 9 (14.1) 0.03°
Colistin combination 11 (8.4) 12 (18.8) 0.03°
Aminoglycoside combination - 5(7.6) 0.004¢
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(Continued to Table 2)
Antibiotic change 32 (24.2) 33 (50) <0.001°
Antibiotic duration, days 10 (IQR: 6-12) 12 (IQR: 9-17) <0.001?
Nephrotoxicity - 5(7.6) 0.004¢
Need for ICU 21(15.9) 27 (40.9) <0.001°
Sepsis 9(6.8) 13(19.7) 0.007°
Septic shock 6 (4.5) 8(12.1) 0.07¢
Intubation 17 (12.9) 21(31.8) 0.001°
Outcomes
All-cause mortality 33 (25) 31 (47) <0.001®
7-day mortality 4(3) 12 (18.2) <0.001®
14-day mortality 8(6.1) 17 (25.8) <0.001°
30-day mortality 14 (10.6) 20 (30.3) 0.001°
IQR: Interquartile range, ICU: Intensive care unit, BLI: Beta-lactames inhibitors.
a: Mann-Whitney U test, b: Pearson’s chi-square test, c: Fisher’s test.
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Figure 2. The changes in isolation of bacteria between 2010 and 2019.
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Table 3. Microbiological characteristics of bacteremic

patients.
Characteristics N (%)
Distribution of Gram-negative bacteria
Escherichia coli 40 (57.1)
Klebsiella pneumoniae 13 (18.6)
Pseudomonas aeruginosa 9(12.9)
Acinetobacter baumannii 4(5.7)
Others* 4(5.7)
Culture results
Monomicrobial infection 60 (90.9)
Polymicrobial infection 6(9.1)
Patient location
Inpatient 61 (93)
Outpatient 5(7)
Source of bacteremia
Presumed gastrointestinal tract 56 (79.1)
Urinary tract 4(5.6)
Catheter 5(@7)
Respiratory tract 4(5.6)
Skin and soft tissue 1(1.4)
Susceptibility profile of isolates
ESBLs negative 36 (55.5)
ESBLs positive 29 (44.6)
Carbapenem resistance 23(33.3)

ESBLs: Extended-spectrum beta-lactamases.
*Moraxella osloensis (n=1).

analysis showed that the difference was due to the
higher rate of bacteremia in leukemia and alloge-
neic transplant recipients.

When bacteremic and non-bacteremic patients
were compared, the duration of hospitalization and
neutropenia before the febrile neutropenic episode
were both longer in the former group (19 [IQR:14.5-
44.4] vs 13 [IQR: 5.7-18.2] days and 5 [IQR: 2.6-10.2]
vs 2 [IQR: 2.1-5.4] days respectively). Prior antibiot-
ic exposure particularly to beta-lactamase inhibitor
combinations and carbapenems during the past 30

Ayaz CM et al.

days was more frequent in the bacteremic group
(Table 2).

Seventy GN bacteria caused 66 bacteremic epi-
sodes. The majority of bacteremic episodes were
monomicrobial (n=60, 90.9%). E. coli was the most
common species (n=40; 57.1%). Polymicrobial epi-
sodes included isolation of two different bacteria (E.
coli + P. aeruginosa in two patients, E. coli + K. pneu-
moniae in two patients, E. coli + Enterococcus faecium
in one patient and P. aeruginosa + Clostridium spp. in
one patient) (Table 3).

In 13.6% of the bacteria, production of extend-
ed-spectrum beta-lactamases (ESBLs) and car-
bapenem resistance were detected concurrently.
The initial empirical antibacterial treatment was
appropriate in 58 (87.9%) patients. More antibiotic
changes were made in bacteremic patients as com-
pared with non-bacteremic controls (The antibiot-
ic change was made in 33 (50.0%) of 66 bacteremic
patients (50.0% vs 24.2%, p<0.001) (Table 2). The
reasons for the change in bacteremic cases were
de-escalation in 16 (24.2%) patients; clinical failure
in 7 (10.6%); suspected other infections in 5 (7.6%)
side effects in 1 (1.5%) replaced due to and in-vitro
resistance in 4 (6.1%). In the control group, antibi-
otic changes were made per clinical and laboratory
results and suspicion of other infectious foci.

Six (9.1%) of 66 patients with bacteremia never
received active antibiotic treatment because they
died before the availability of susceptibility results.
Prolonged meropenem infusion was administered
in 16 (8.1%) patients.

All-cause mortality was 47.0% vs 25.0% in cas-
es of GNB, compared to non-bacteremic controls
(p<0.001). Seven-day mortality was also higher
in cases of GNB (18.2%) than in the control group
(3.0%, p<0.001). Fourteen-day and thirty-day mor-
tality were 25.8% and 30.3% in cases of GNB and,
6.1% and 10.6%, in non-bacteremic controls, re-
spectively (p<0.001, p=0.001) (Table 2).

Univariable and multivariable analysis of factors
associated with 30-day mortality in bacteremic pa-
tients were shown in Table 5.
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Table 4. Univariable and multivariable analysis of factors associated with GN bacteremia in neutropenic patients com-

pared to non-bacteremic controls.

Univariable analysis Multivariable analysis

Characteristics

OR 95% Cl p OR 95% Cl p
Male gender 1.68 (0.88-3.2) 0.112 2.69 (1.22-5.93) 0.02
Underlying HMs* - - 0.0012 - - -
Other 1.0 - - - - -
Lymphomas 240 (0.91-6.33) 0.08 239 (0.83-6.87) 0.11
Leukemias and allogeneic transplant recipients 5.11 (2.07-12.62) <0.001 3.20 (1.12-9.0) 0.03
Treatment response® 1.83 (0.97-3.42) 0.06° -
E;gzt(ij%?dgjs hospitalization before febrile neutropenic 107 (1.01-1.13) <0.001b 1.09 (1.03-1.15) 0.005
(I;):;:tion of neutropenia before febrile neutropenic episode, 1.09 (1.03-1.16) <0.001° 1.10 (1.03-1.18) 0.005
Radiotherapy 4,01 (1.29-12.50) 0.02¢ 3.62 (0.94-13.94) 0.06
Receiving glucocorticosteroids 2.24 (1.23-4.10) 0.008° 3.47 (1.66-7.25) 0.01
Prior bacteremia within the last 90 days* 2.71 (1.10-6.66) 0.02° 2.70 (0.90-8.02) 0.07
Prior ICU stay within the last 90 days 20.69 (2.56-167.11) <0.001¢ *
Colonization with resistant microorganism 2.75 (1.34-5.67) 0.007° 3.02 (1.13-8.10) 0.03
Prior antibiotic use within the last 30 days 19.37 (8.15-46.13) <0.001° *

OR: Odds ratio, CI: Confidence interval, HMs: Hematological malignancies, HSCT: Hematopoietic stem cell transplantation, ICU:
Intensive care unit. a: Pearson’s chi-square test, b: Mann-Whitney U test, c: Fisher’s test.
# We did not find significance as a result of multivariate analysis. * Highly significant. Hosmer-Lemeshow test’s p value was 0.60.

An increasing AMR rate in GNB has been observed
in our center over the years. While there was no
significant change in ESBLs-producing E. coli and K.
pneumoniae (p=0.32) and resistance to carbapenems
in GNB (p=0.10), an increasing trend was observed
in MDR bacteria (p=0.03) and CRE (p=0.02). The
changes in isolation of bacteria and AMR rates over
the years in patients with HMs were displayed in
Figure 1-2, respectively.

DISCUSSION

In this prospective study with neutropenic HMs
patients, we identified factors associated with GNB
and 30-day mortality; and we found higher overall,
7-day, 14-day and 30-day mortality rates in these
patients.

In our study, the percentage of ESBLs-producing
Enterobacterales was 44.6%; CRE were isolated in

33.3% and in 13.6% of the bacterial growths, ESBLs
positivity and carbapenem resistance were present
together. The recent data from World Health Orga-
nization indicated that Turkey is one of the coun-
tries with high AMR rates along with Greece, Italy
and other Eastern European countries (13). This ep-
idemiology may be related to the fact that current
established empirical antibiotic regimens may not
cover the resistant bacteria leading to worse clini-
cal outcomes that may occur in patients with FN.
Therefore, the choice of empirical treatment should
be modified per local epidemiologic data and the
individual risk factors for resistant GNB.

In the current study, bacteremic patients were more
frequently exposed to antibiotics before the bacte-
remic episode. Except for cephalosporins, all other
antibiotics were used significantly more in these pa-
tients. Prior antibiotic use was not detailed in most
studies conducted, and it was stated as ‘antibiotic

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.
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Table 5. Univariable and multivariable analysis of factors associated with 30-day mortality in bacteremic patients.

Characteristics Univariable analy§is of 30-day Multivariable analysis of 30-day
mortality mortality

OR 95% ClI p OR 95% Cl p
Graft-versus-host disease 30.87 (2.03-441.8) 0.012
Treatment response 18.17 (2.24-147.5) 0.001°
Presence of urinary catheter 24.23 (2.72-212.2) 0.0012
Chemotherapy 0.23 (0.09-0.64) 0.006° 0.05 (0.004-0.64) 0.02
Sepsis 5.46 (1.50-19.84) 0.01° 6.07 (1.25-29.34) 0.02
Septic shock 25.67 (6.66-98.94) <0.0012 *
Carbapenem resistant GNB 3.36 (1.11-10.16) 0.03° 3.42 (1.09-9.12) 0.02
Receiving colistin as a targeted therapy 8.4 (2.10-33.53) 0.002°
Need for ICU 90.25 (10.51-775.1) <0.001° *
Intubation 59.52 (12.02-294.5) <0.001® *
?:Jf:;%lglfc he‘;ﬁsgjgzggsg before febrile 1.02 (1.01-1.05) 0.002¢ 1.02 (1.01-1.05) 0.01
Appropriate empirical treatment 0.1 (0.02-0.59) 0.008° 0.06 (0.004-0.80) 0.03

OR: Odds ratio, Cl: Confidence interval, GNB: Gram-negative bacteria, ICU: Intensive care unit.

a: Fisher’s test, b: Pearson’s chi-square test, c: Mann-Whitney U test.

*Positive correlation with sepsis. Hosmer-Lemeshow test’ p value was 0.54.

Hosmer-Lemeshow test’s p value was 0.54.

exposure’ as a general expression. Previous antibi-
otic exposure, especially broad-spectrum antibiot-
ics, is a well-known risk factor for the development
of both bacteremia and AMR (2, 6, 7, 11, 18). It has
been found that recent teicoplanin/ vancomycin/
linezolide/ daptomycin exposure was also associat-
ed with the development of GNB like other antibi-
otics for GN infections. This has been demonstrated
in other studies in which the use of antibiotics was
similarly detailed (11, 20). Additionally, empirical an-
tibiotics included more frequent colistin-containing
regimens, the duration of antibiotic treatment was
longer, antibiotic changes were more frequent, the
use of aminoglycosides and colistin in targeted anti-
biotic regimens and nephrotoxicity were higher.

Studies demonstrated that AML and allogeneic
HSCT, prior antibiotic exposure and ICU admission,
prolonged duration of hospitalization and neutro-

Ayaz CM et al.

penia were risk factors for ESBLs-producing Entero-
bacterales bacteremia (11, 17-21). Having a prior cul-
ture that grew MDR microorganisms and receiving
glucocorticosteroids were independent risk factors
for MDR microorganisms related bacteremia in sev-
eral studies (11, 22-25). Our results were in accor-
dance with the results of these studies regarding
the factors associated with GNB.

Male gender was a factor associated with acquir-
ing GNB in our study. The literature included mixed
results in this respect (17, 21, 23, 26). In our study,
all-cause mortality was 47.0% in cases of GNB, com-
pared to non-bacteremic controls at 25.0%. Sev-
en-day mortality was also higher in cases of GNB
(18.2%). Both 14-day and 30-day mortalities were
higher, 25.8% and 30.3%, in cases of GNB, compared
to non-bacteremic controls 6.1% and 10.6%, respec-
tively. In studies of assessing mortality in bacte-
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remic patients with malignancies, overall and 30-
day mortality rates ranged from 20% to 42% (6, 9, 18,
19, 24, 27). Bacteremia due to resistant GNB (6, 11,
17, 19), receiving inappropriate antimicrobial treat-
ment (17, 18), prolonged duration of hospitalization
(24), sepsis and related situations (28-30) were sig-
nificant factors associated with 30-day mortality.
The risk factors for mortality detected in our study
were similar to previously published reports.

Although chemotherapy-induced neutropenia is a
risk factor for both bacteremia and mortality (6, 8,
11, 17) in previous studies, chemotherapy was found
to be associated with a decrease in mortality in our
study (Table 5). This result was attributed to the im-
proved chemotherapy regimens in recent years.

There are several limitations of our study. These
include a single center with a limited number of
study population, the short follow-up period de-
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spite being a prospective study and the low number
of bacteremic patients. In addition, after June 2014,
the hospital automation system was changed. This
may have caused a loss of information in the ret-
rospective period when AMR was evaluated. Lastly,
all antimicrobial susceptibility results were inter-
preted according to the CLSI until 2017 and EU-
CAST guidelines thereafter. This has caused some
changes in the AMR definitions (e.g.: MDR, XDR...)
due to the MICs values in the guides. However, since
the results were reported in line with the guidelines
adopted by the hospital laboratory, we had also
adapted to this change and made our definitions
according to the new guideline.

In conclusion, our results identified several factors
associated with GNB and mortality in a high-resis-
tance setting. Applying these factors in a personal-
ized decision-making analysis in febrile neutropenic
patients may lead to a better management strategy.
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