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Purpose: The aim of this study was to investigate the current epidemiology, its changes during the study years, and inflammatory
biomarkers of bacterial bloodstream infections (BSIs) in neutropenic patients with hematological malignancies. We assessed mortality
risk factors and multidrug-resistant (MDR) gram-negative BSI predictors.

Patients and Methods: We conducted a retrospective study from January 2015 to December 2021, which included adult neutropenic
oncohematological patients with confirmed BSIs. We used univariable and multivariable analyses to analyze the risk factors. Each
index’s reliability for bacterial BSI diagnosis was assessed using the receiver-operating characteristic curve and area under the curve.
Results: A total of 514 isolates were obtained from the 452 patients. The average mortality was 17.71%. Gram-negative organisms
were the predominant causes of BSI. Escherichia coli was the most common microorganism (49.90%). The overall variation trend of
the isolation rate of MDR and carbapenem-resistant gram-negative bacteria increased. Multivariate analysis indicated that: 1)
neutropenia that lasted for more than 7 days, patients > 60 years of age, septic shock, hospitalization for >20 days, BSI with
a carbapenem-resistant strain, and treatment with linezolid or vancomycin in infections lasting less than 30 days were independent
mortality risk factors; 2) severe neutropenia exceeding 7 days, unreasonable empirical therapy, and receipt of aminoglycosides or 3rd
or 4th generation cephalosporins in infections lasting less than 30 days were independent risk factors of MDR gram-negative bacteria.
Procalcitonin, absolute neutrophil count, and white blood cell indicate higher diagnostic accuracy for BSIs. Moreover, bacteria time to
detection was better at differentiating Gram-negative and Gram-positive bacterial infections.

Conclusion: We analyzed the risk factors for BSI neutropenic patients with hematological malignancies, the distribution of bacteria,
antibiotic resistance, and the changes in clinical parameters. This single-center retrospective study may provide clinicians with novel
insights into the diagnosis and treatment of BSI to improve future clinical outcomes.

Keywords: bloodstream infection, neutropenia, hematological malignancy, pathogens distribution, antibiotic susceptibility, risk
factors

Introduction

Patients with hematological malignancies (HMs) are exposed to a high risk of infectious complications because they
become immunocompromised due to either the underlying disease or the cytotoxic effects of chemotherapy. Bacterial
bloodstream infections (BSIs) are one of the most common complications for patients with HMs, which results in high
mortality and morbidity." This is especially true for patients with chemotherapy-induced neutropenia. BSI, defined as
laboratory-confirmed isolation of at least one Gram-negative or Gram-positive bacterial strain or other pathogens from
blood samples, is still a common concern for HM patients.” Bacterial BSIs occur in approximately 20-30% of adult

patients with febrile neutropenia and HMs. Patients with neutropenia are especially susceptible to high-risk bacterial

Infection and Drug Resistance 2023:16 4471-4487 4471
Received: 12 April 2023 © 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 27 June 2023
Published: 8 July 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-4533-1386
http://orcid.org/0000-0001-6175-5923
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

infections, which were defined following the Infectious Diseases Society of America (IDSA) guidelines®: prolonged (>7
days duration) and profound neutropenia (absolute neutrophil count <100 cells/uL) and/or significant medical comorbid
conditions, including hypotension or hyperlactatemia, ICU requirement, pneumonia or hypoxemia, intravascular catheter
infection, and evidence of renal failure (creatinine clearance of <30 mL/minute) or hepatic insufficiency (aminotransfer-
ase levels >5 times the normal values), which may occur and progress to fulminant progression.® The literature suggests
that the mortality rate associated with BSIs is as high as 34-50%."*> There are various reasons for increased mortality,
including incorrect diagnosis, inadequate and untimely medication, inappropriate empiric therapy, and multidrug-
resistant (MDR) bacteria.>*® Therefore, there is an urgent need to elucidate the relative risks, diagnostic methods, and
reasonable use of antibiotics to treat agranulocytosis and reduce disease incidence and mortality. However, there is
limited data from Shanxi (China) on neutropenic HM BSI-infected patients and details of the infecting strains and their
antibiotic sensitivity.

Blood cultures are regarded as gold criteria of diagnosis of infection diagnosis. It often takes a relatively long time
(3-5 days) and has a low positive rate, thus limiting its application in early diagnosis.” Patients with infection are
usually associated with changes in biochemistry, including albumin (ALB), glucose (GLU),*° alanine transaminase
(ALT), and aspartate transaminase (AST). Moreover, some clinical parameters, such as absolute neutrophil count
(ANC), white blood cell (WBC), platelets (PLT), C-reactive protein (CRP), procalcitonin (PCT),'" and d-dimer
(D-D),"" are commonly used in the diagnosis of infection. But, they have not been extensively studied in patients
with hematological malignancy.

Thus, we sought to systematically and retrospectively determine the current epidemiology, its changes during the
study years, and inflammatory biomarkers of bacterial BSIs in neutropenic patients with HMs. Further, we assessed the
overall mortality risk factors and MDR Gram-negative BSI predictors.

Research Methods
Setting and Study Design

This study was performed at the second hospital of Shanxi Medical University, an educational 2700-bed inpatient center.
This was a single-center, retrospective study of patients (age >18 years) with neutropenic HMs from January 2015 to
December 2021. In this study, we included patients with positive blood cultures and BSI diagnoses. Only patients with all
available clinical and laboratory data were included in this study. The exclusion criteria were as follows: hospitalization
for < 24 hours, contaminated blood culture samples, or subjects with insufficient data.

Data Collection

Data were obtained from the Hospital Information System (HIS) and microbiology department records. This study
collected the general data of patients with positive blood cultures and information on the strains isolated from the blood
culture, including the following variables: ID number, age, gender, underlying disease, neutrophil count, length of
neutropenia before BSI, septic shock, hospitalization history 90 days before BSI, history of antibiotic use 30 days before
BSI diagnosis, type and antimicrobial drug susceptibility, clinical outcome, length of hospitalization, and peak tempera-
ture at the onset of the BSI.

Microbiological Methods

All microbiological-related experimental operations were conducted in standardized microbiology laboratories. Blood
culture bottles were incubated in an automated blood culture monitoring BACTEC system (Becton Dickinson Diagnostic
Instrument Systems). When a positive alarm occurred in the blood culture instrument, one drop from each bottle was
plated on standard bacteriology media. Next, microorganism identification and antimicrobial susceptibility tests were
performed using Vitek 2 technology (bioMe’rieux, Marcy I’Etoile, France). Antimicrobial susceptibility data were

categorized as “susceptible”, “resistant”, or “intermediate” according to the Clinical and Laboratory Standards Institute
(CLSI) guidelines."?
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Definitions

A patient is defined as being infected with a recognized bacterial pathogen, which is not included on the commensal list,
identified from one or more blood specimens obtained by culture, and with at least one of the following signs or
symptoms: fever, chills, or hypotension. Importantly, symptoms must not be related to an infection at another site to be
considered a genuine BSI.' The overall mortality rate was defined as any death recorded during the hospitalization,
regardless of cause.

Febrile neutropenia is defined as an oral temperature measurement > 38.5 °C or two consecutive temperatures > 38 °C
lasting for 2 h and an ANC< (.5 x 10° cell/L or expected to fall below < 0.5 x 10° cell/L. Neutropenia was considered to
be severe if the ANC was < 100 neutrophils/mcL."

Time to-Detection (TTD) is defined as the time between the placement of each blood culture bottle in the incubation
cabinet and the detection of growth. Methicillin-resistant coagulase-negative staphylococci (MRCoNS) are defined as
cefoxitin-resistant or oxacillin-resistant strains. MDR bacteria were determined according to the European Centre for
Disease Prevention and Control (ECDC) criteria (https://www.ecdc.europa.eu/en). Pseudomonas aeruginosa and

Acinetobacter baumannii isolates (both part of the Enterobacteriaceae family), that are resistant to ceftazidime or
cefotaxime are considered extended-spectrum beta-lactamase (ESBL) producers. Carbapenem-resistant (CR) strains
were defined as isolates that are intermediate or resistant to one or more carbapenems using the CLSI current breakpoints.
However, not all isolates were tested against all carbapenems.’

According to a previous study,® unreasonable empirical antibiotic therapy was defined as that empirical antibiotic
therapy was considered inappropriate when the isolated bacterium was not susceptible to any of the antibiotics used

empirically in the first 96 h.

Statistical Analysis

In this study, we used the chi-squared test for a row-by-column contingency table with appropriate degrees of freedom to
examine the critical factors that may influence the outcome of patients and the drug-resistant phenotype of strains. We
used the survival status to represent patient outcomes. Moreover, the drug-resistant phenotype of blood culture-isolated
strains was categorized. The Pearson y* test and the Mann—Whitney U-test or the Student’s r-test were used to compare
the distribution of categorical and continuous variables, respectively. Variables with a p-value < 0.1 at univariate analysis
were entered into the multivariate model and selected according to a stepwise selection. We reported odds ratio (OR)
values, as well as the confidence interval (CI) of the odds ratio for each variable. Each index’s reliability for bacterial BSI
diagnosis was assessed using the receiver-operating characteristic (ROC) curve and area under the curve (AUC).
Diagnostic accuracy, including sensitivity and specificity, was computed using cut-off values. The optimal diagnostic cut-
off level was found using Youden’s index. A p value < 0.05 was considered to be statistically significant. All analyses
were performed in SPSS version 22 (IBM Corp., Armonk, NY, USA).

Results
Demographics and Epidemiology

During the study period, 2538 oncohematological patients were diagnosed with a bacterial infection. Further, 731 patients
were diagnosed with bacteria BSIs, and 452 patients were found to have bacteria BSIs complicated with neutropenia
(Figure 1). A total of 514 bacterial isolates were obtained from the 452 patients enrolled in this study. Of these patients,
250 were male and 202 were female, the mean age was 47.4 years (range: 885 years), and the average age of patients
has increased in recent years. The distributions of the mean age and sex are shown in Figure 2. Most patients (241;
53.3%) were affected by acute myeloid leukemia (AML) and 120 patients (26.5%) were affected by acute lymphoblastic
leukemia (ALL), followed by myelodysplastic syndrome (MDS), and chronic myeloid leukemia (CML). The distribution
of underlying diseases is shown in Figure 3. Figure 4 shows the mortality trend. The average mortality rates first
decreased and then increased over the years. The lowest death rate occurred in 2017 (11.48%). However, the average
mortality was 17.71% (89/514).
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Figure 2 The distribution of the mean age and male tend.

Table 1 describes the clinical characteristics of the sample. The majority of patients had no definite focus on infection.
The median peak temperature at the onset of the BSIs was 38.9°C ranging from 38.0—41.0°C. Severe neutropenia was
observed in 86.7% of cases (446/514). The median days of severe neutropenia before BSI was 7 days, while the median
duration of neutropenia was 10 days. Sixty patients experienced septic shock (11.6%). The most reported TTD was less
than 12 h (363/514, 70.6%), while 20.2% were detected during 12-24h, 4.1% between 24 h and 36 h, and 4.9% were
diagnosed in more than 36 h using the BACTEC system.
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Figure 3 The distribution of underlying disease.
Abbreviations: AML, acute myeloid leukemia; ALL, acute lymphoblastic leukemia; MDS, myelodysplastic syndrome; CML, chronic myeloid leukemia; MM, multiple myeloma;
CLL, chronic lymphoblastic leukemia.
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Figure 4 The mortality of BSI cases by year.

Microbiology
Incidence of Bloodstream Infections in Neutropenic Patients with HMs
During the study period, 394 (76.6%) and 108 (20.1%) Gram-negative and Gram-positive pathogens organisms,
respectively, and 12 (2.3%) fungal organisms were isolated from blood cultures. The isolation rate of Gram-negative
bacteria was higher than Gram-positive bacteria each year (Figure 5), showing that Gram-negative organisms were the
predominant causes of BSIS. Except for 2018, there were no significant differences in the isolation rate of Gram-negative
bacteria between any two years in the remaining study period (P>0.05). The overall trend in the annual incidence of BSIs
(Gram-negative and Gram-positive) year by year was not significantly different in this study (P>0.05). As shown in
Figure 6.

Gram-negative infections peaked at 96.4% in 2018 but fell in 2021 to frequencies similar to the start of the study. On
the other hand, infections with Gram-positive organisms ranged from 3.5-30.1%.

The Trend in and the Distribution of Etiology of BSI
The Gram-negative organism, Escherichia coli was the most common (203/394, 51.5%), followed by Klebsiella
pneumoniae (81/394, 20.5%) and P. aeruginosa (57/394, 14.4%). The overall isolation rates of E. coli and
P aeruginosa were stable and unchanged in the study, but the overall isolation rate of K. pneumoniae was increased
(P < 0.05). (Figure 6). Among Gram-positive bacteria, coagulase-negative staphylococci (CoNS) were the most
frequently isolated pathogen (51/108, 47.2%), followed by Enterococcus faecium (15/108, 13.8%).

As shown in Figure 7, the frequency of MDR Gram-negative bacteria (MDRGNB) in this study decreased from 2015
to 2017 and then increased from 2017 to 2021. Moreover, it reached its highest level in 2021. Overall, the MDRGNB BSI
cases increased between 2015 and 2021 (P < 0.001). The isolation rate of MDRGNB was 48.98% (193/394). Until 2018,
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Table | Clinical Characteristics of 514 Episodes of Bloodstream Infections

Clinical Characteristics Episodes (N=514), No.(%)
Severe Neutropenia 440 (86.7)
Severe neutropenia for more than 7 days 153 (29.7)
Neutropenia for more than 7 days 247 (48.0)
Hypoproteinemia 395 (76.8)
Peak temperature at the beginning of BSI=39°C 230 (44.7)
Septic shock 60 (11.6)
History of hospitalization for 90 days before BSI 328 (63.8)
Hospitalization days>20 442 (85.9)
Treatment with 2 or more antibiotics before 30 days 191 (37.1)
MDR strain 283 (55)
ESBLs-producing strain 148 (28.7)
Carbapenem-resistant strain 41 (7.9)
Unreasonable empirical treatment 68 (13.2)
Receipt of antibiotics prior 30 days of infection

Penicillin 6 (1.1)

Ist or 2nd generation cephalosporins 57 (11.0)
3rd or 4th generation cephalosporins 98 (19.0)
Cephamycin 22 (4.2)
B-Lactam/B-lactamase inhibitor combinations 225 (43.7)
Carbapenems 301 (58.5)
Aztreonam 16 (3.1)
Quinolones 88 (17.1)
Aminoglycosides 115 (22.3)
Tetracycline 31 (6.0)
Tigecycline 33 (64)
Polymyxin 5(0.9)
SMX/TMP 33 (6.4)
Linezolid 34 (6.6)
Vancomycin 66 (12.8)
Erythromycin 8 (1.5)
Teicoplanin 34 (6.6)

carbapenem-resistant Gram-negative bacteria (CRGNB) BSI cases occurred only sporadically but an outbreak occurred
after 2018. The isolation rate of CRGNB was 6.09% (24/394) and the overall trend was not statistically significant.
Meanwhile, E. coli was the most common MDRGNB and CRGNB (64.30% and 33.33%, respectively), followed by
K. pneumoniae (17.50% and 25.00%, respectively). Interestingly, we found that the overall trend in the annual incidence
of MDR E. coli, MDR K. pneumoniae, carbapenem resistant (CR) E. coli increased annually (P < 0.05).

Antimicrobial Susceptibilities of Primary BSI Isolates

Antibiotic susceptibility results for the most common Gram-negative bacteria are shown in Table 2. There was only one
strain resistant to polymyxin or tigecycline. E. coli showed higher drug resistance rates to cephalosporins of the first
and second generations (85.71%), as well as aztreonam (70.44%), and quinolones (67.98%). More than 90% of E. coli
isolates were sensitive to carbapenems. In addition, E. coli showed high sensitivity to the other drugs. Still, the resistance
rates to 3rd or 4th generation cephalosporins, cephamycin, B-Lactam/B-lactamase inhibitor combinations, Carbapenems,
Aztreonam, Aminoglycosides, Quinolones were significant increases in the three time periods (2015-2016, 2017-2019,
2020-2021). Klebsiella pneumoniae had higher resistance rates to cephalosporins, especially cephalosporins of the first
and second generations (79.01%). In addition, the resistance rates to 3rd or 4th generation cephalosporins, B-Lactam/p-
lactamase inhibitor combinations, Aztreonam, Aminoglycosides, and Quinolones were significant increases in the three time
periods (2015-2016, 2017-2019, 2020-2021). The resistance rate of Pseudomonas aeruginosa to p-Lactam/B-lactamase
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Figure 6 The trend in the Gram-negative organism of BSI from 2015 to 2021.
Note: *P<0.05, it was considered to be statistically significant.

inhibitor and aztreonam was the most higher, at 28.07%. Enterobacter cloacae were highly sensitive to Carbapenems.
However, the resistance rate of Enterobacter cloacae to cephalosporins and cephamycin was higher, over 80%. As shown in
Figure 8.
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Figure 7 The trend in MDR organism and CR organism of BSI from 2015 to 2021.
Abbreviations: MDRGNB, multidrug-resistant gram-negative bacteria; MDREC, multidrug-resistant Escherichia coli; MDRKP, multidrug-resistant Klebsiella pneumoniae;
CRGNB, carbapenem-resistant gram-negative bacteria; CREC, carbapenem-resistant Escherichia coli; CRKP, carbapenem-resistant Klebsiella pneumoniae.

Risk Factors for Mortality and MDR in Patients
Risk Factors for Mortality in Patients

Univariate analyses comparing the clinical characteristics of patients who survived or died are shown in Table 3. Of
the study group, there were 426 survivors and 88 deaths, resulting in a death rate of 17.1%. In univariate analysis, we
found significant differences between the two groups in the following areas (P<0.05): severe neutropenia for more than
7 days, neutropenia for more than 7 days, hypoproteinemia, a peak temperature at the beginning of BSI >39°C, septic
shock, hospitalization days >20, receipt of antibiotics 30 days before infection >2 different antimicrobial classes,
unreasonable empirical treatment. Compared to the survivor group, the proportion of utilization of 3rd or 4th
generation cephalosporins, cephamycin, linezolid, vancomycin, and tigecycline before 30 days of BSIs was higher
in the non-survivor group (P < 0.05). Moreover, compared with patients in the survivor group, patients in the death
group are more likely to have a higher proportion of ESBL-producing strains (44.62% versus 39.51%) and MDR

Table 2 Antibiotic Resistance Results for the Most Common Isolated Bacteria

EC (N=203) KP (N=81) PA (N=57) ECL (N=15)
n % n % n % n %
1™ or 2% GC 174 85.71 64 79.01 - - 15 100.00
3% or 4™ GC 112 55.17 33 40.74 2 3.51 12 80.00
Cephamycin 27 13.30 7 8.64 - - 13 86.67
BL/BLI 63 31.03 22 27.16 16 28.07 10 66.67
Carbapenems 15 7.39 6 741 2 3.51 2 13.33
Aztreonam 143 70.44 13 16.05 16 28.07 9 60.00
Aminoglycosides 75 36.95 22 27.16 | 1.75 8 53.33
Quinolones 138 67.98 25 30.86 2 3.51 5 33.33
Tigecycline | 0.49 0 0.00 - - 0 0.00
Polymyxin | 0.49 0 0.00 0 0.00 I 6.67

Abbreviations: EC, Escherichia coli; KP, Klebsiella pneumoniae; PA, Pseudomonas aeruginosa; ECL, Enterobacter cloacae; 1™ or 2" GC, Ist or 2nd
generation cephalosporins; 3 or 4" GC, 3rd or 4th generation cephalosporins; BL/BLI, B-Lactam/B-lactamase inhibitor combinations.
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three time periods.
Note: *P<0.05, it was considered to be statistically significant.
Abbreviation: BL/BLI, B-Lactam/B-lactamase inhibitor combinations.

strains (62.5% versus 53.9%). Still, there were no statistically significant differences (P = 0.684 and P = 0.080,
relatively). However, CR strains in the survivor group also showed a higher proportion than the group of patients that
died (18.18% versus 5.91%) and this was statistically significant (P <0.001).

In this study, variables with P < 0.1 in the univariate logistic regression models and factors considered clinically
relevant were selected for the multivariate logistic regression model for mortality. Multivariate analysis indicated that
neutropenia lasting more than 7 days (OR, 2.396; 95% Cl, 1.266—4.533; P = 0.007), septic shock (OR, 16.772; 95% Cl,
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Table 3 Risk Factors for Mortality

Non-Survivor Survivor P-value
(N=88) (N=426)
N % N % Univariable Multivariate
Analysis Analysis
Male 52 59.09 234 55.32 0.574
Age > 60 23 26.14 107 25.30 0.668
Severe Neutropenia 79 89.77 367 86.76 0.639
Severe neutropenia for more than 7 days 42 47.73 11 26.24 <0.001
Neutropenia for more than 7 days 58 65.91 189 44.68 0.001 0.007
Hypoproteinemia<30 78 88.64 317 74.94 <0.001
Peak temperature at the beginning of BSI239°C 52 59.09 178 42.08 0.003
Septic shock 40 45.45 20 4.73 <0.001 <0.001
History of hospitalization for 90 days before BSI 55 62.50 273 64.54 0.442
Hospitalization days>20 67 76.14 375 88.65 <0.001 0.001
Treatment with 2 or more antibiotics before 30 days 71 80.68 248 58.63 0.001
MDR strain 55 62.50 228 53.90 0.080
ESBLs-producing strain 30 34.09 116 27.42 0.684
Carbapenem-resistant strain 16 18.18 25 591 <0.001 <0.001
Unreasonable empirical treatment 19 21.59 49 11.58 0.018
Treatment with antibiotics before 30 days of
infection
Penicillin | 1.14 3 0.70 0.263
Ist or 2nd generation cephalosporins | I.14 15 3.52 0512
3rd or 4th generation cephalosporins 16 18.18 46 10.80 0.031
Cephamycin | .14 3 0.70 0.002
BL/BLI 41 46.59 146 34.27 0.559
Carbapenems 6l 69.32 256 60.09 0.401
Aztreonam 6 6.82 2 0.47 0.127
Quinolones 24 27.27 85 19.95 0.031
Aminoglycosides 35 39.77 190 44.60 0.136
Tetracycline 3 341 | 0.23 0.880
Tigecycline 24 27.27 17 3.99 <0.001
Polymyxin 0 0.00 2 0.47 0.307
SMX/TMP 7 7.95 47 11.03 0.867
Linezolid I5 17.05 18 4.23 <0.001 0.001
Vancomycin 17 19.32 20 4.69 0.002 0.014
Erythromycin [ I.14 I 2.58 0.727
Teicoplanin 0 0.00 2 0.47 0.307

Note: Bold font: variable included in multivariate analysis.

8.203-34.292; P < 0.001), hospitalization days >20 (OR, 0.282; 95% Cl, 0.131-0.606; P = 0.001), CR strain (OR, 6.506;
95% Cl, 2.360-17.935; P < 0.001), receipt of linezolid within 30 days of infection (OR, 4.614; 95% Cl, 1.826—11.659;
P = 0.001), and receipt of vancomycin within 30 days of infection (OR, 2.521; 95% Cl, 1.202-5.285; P = 0.014) were

independent mortality risk factors compared to the survivor group (Table 3).

Risk Factors for MDRGNB in Patients

Univariate analyses comparing the clinical characteristics of patients with or without infections caused by MDRGNB are
shown in Table 4. The following factors were most frequently detected in patients with MDRGNB, and there were
statistically significant differences (P<0.05): more than 7 with severe neutropenia, hospitalization days >15, receipt of
antibiotics within 30 days of infection > 2 different antimicrobial classes, unreasonable empirical treatment. Moreover,
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Table 4 Risk Factors for MDRGNB

Non-MDR MDR P-value
(N=201) (N=193)
N % N % Univariable Multivariate
Analysis Analysis
Male 96 47.76 86 44.56 0.524
Age > 60 56 27.86 46 23.83 0.362
Severe Neutropenia 174 86.57 179 92.75 0.045
Severe neutropenia for more than 7 days 46 22.89 70 36.27 0.004 0.004
Neutropenia for more than 7 days 86 42.79 99 51.30 0.091
Hypoproteinemia 55 27.36 51 26.42 0.834
Peak temperature at the beginning of BSI239°C 98 48.76 88 45.60 0.530
Septic shock 29 14.43 22 11.40 0.371
History of hospitalization for 90 days before BSI 133 66.17 138 71.50 0.253
Hospitalization days>15 180 89.55 186 96.37 0.008
Treatment with 2 or more antibiotics before 30 days 6l 30.35 89 46.11 0.001
Unreasonable empirical treatment 7 348 31 16.06 <0.001 0.002
Treatment with antibiotics before 30 days of
infection
Penicillin 5 2.49 | 0.52 0.111
Ist or 2nd generation cephalosporins 10 4.98 25 12.95 0.005
3rd or 4th generation cephalosporins 18 8.96 47 24.35 <0.001 <0.001
Cephamycin 7 348 I 5.70 0.292
BL/BLI 78 388l 92 47.67 0.076
Carbapenems 129 64.18 119 61.66 0.604
Aztreonam 4 1.99 4 2.07 0.954
Quinolones 26 12.94 38 19.69 0.069
Aminoglycosides 22 10.95 62 32.12 <0.001 <0.001
Tetracycline 7 348 14 7.25 0.096
Tigecycline 8 3.98 20 10.36 0.014
Polymyxin 0 0.00 | 0.52 0.307
SMX/TMP 5 2.49 17 8.8l 0.006
Linezolid 18 8.96 15 777 0.672
Vancomycin 18 8.96 30 15.54 0.046
Erythromycin 2 1.00 3 1.55 0.620
Teicoplanin | 0.50 2 1.04 0.539

Note: Bold font: variable included in multivariate analysis.

the proportion of utilization of 1 cephalosporins, aminoglycosides, tigecycline, SMX/TMP, and vancomycin before 30
days of BSIs (P < 0.05).

Variables with P < 0.1 in the univariate logistic regression models and factors that were considered clinically relevant
were selected for the multivariate logistic regression model for mortality. Multivariate analysis indicated that more than 7
days with severe neutropenia (OR, 2.023; 95% CI, 1.252-3.269; P = 0.004), unreasonable empirical treatment (OR,
0.243; 95% CI, 0.101-0.589; P = 0.002), receipt of aminoglycosides within 30 days of infection (OR, 3.753; 95% CI,
2.123-6.635; P < 0.001) and 3rd or 4th generation cephalosporins (OR, 3.137; 95% CI, 1.674-5.879; P < 0.001) were
independent risk factors for MDR infection when compared with the non-MDR group (Table 4).

Diagnostic Accuracy of Indicators for BSI Detection

ROC curves of WBC, PLT, CRP, PCT, D-D, ALB, GLU, ALT, AST, and ANC levels were plotted to diagnose BSI in 514
febrile episodes (Figure 9). Among these indicators, the AUCs of PCT, WBC, and ANC were 0.8056, 0.7515, and
0.7397, respectively, indicating higher diagnostic accuracy. When we analyzed WBC, PLT, CRP, PCT, D-D, ALB, ALT,
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Figure 9 ROC curves of indicators differentiating blood culture positive and negative groups.
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Figure 10 ROC curves of indicators differentiating Gram- and gram+ groups.
AST, ANC levels, and bacteria culture time in differentiating G- and G+ bacterial infections, bacteria culture time

performed better than PCT with an AUC of 0.8040 (Figure 10). Table 5 shows these indexes’ diagnostic sensitivity and
specificity with the best cut-off value.

Table 5 Sensitivity and Specificity of Parameters in Sample

Variables Cut-Off Sensitivity (%) Specificity (%)

Differentiating Blood Culture Positive from Blood Culture Negative Group

PCT (ng/mL) 0.375 66.67 83.72
ANC (1019/L) 0.025 60.77 76.65
WBC 0.432 75.78 67.41

Differentiating Gram- and Gram+ groups

Culture time (h) 10.95 75.62 75.61
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Discussion

HM patients are more vulnerable to pathogen infection, especially BSIs, which lead to higher mortality. Fever is a typical
infectious symptom, although non-infectious febrile episodes are often observed. It is essential to distinguish infectious
from non-infectious patients, which can then be used to provide appropriate and immediate antibiotic therapy.

Several studies have been conducted with neutropenic patients, but there is a lack of literature describing distinctions
between those with HMs. An additional study included patients with HMs and did not differentiate between neutropenic
patients. Few studies have focused on BSI neutropenic patients with HMs.'**® Moreover, the epidemiology of microbial
pathogens and antimicrobial resistance may differ by geographical region.'*'® Therefore, the novelty of this study is that
the sample area and the related diseases in the patients with HMs are not the same as those in other studies. That is, our
sample included patients from Shanxi Province in northwest China who were diagnosed with HMs with BSI-associated
neutropenia.

In this study, the incidence of bacterial BSI was 28.80% (731/2538), which is higher than other reports from different
studies. The reason may be that our subjects were hematological patients who are more predisposed to infection because
of their lowered immunity.'”'® The incidence of bacterial BSIs complicated with neutropenia was 17.81% (452/2538),
which agreed with other studies.® We enrolled 452 patients with HM complicated with neutropenia and BSIs, and 514
strains were isolated. The mean age of the patients was 47.48 years, which is similar to that of most other BSI patients
with HM.' The proportion of males was higher than that of females, which is consistent with other studies. AML, ALL,
and MDS were the most common diseases and are compatible with other studies.'*2%

In the present study, we observed that the percentage of Gram-negative bacilli (GNB) (76.6%) was higher than that of
Gram-positive bacilli (GPB) (20.1%), which is consistent with other reports studied in Iran, Italy, Spain, and
Taiwan."®!7?* However, in one Australian study, GPB was more prevalent (50.1%) than GNB (45.6%).** Reports
regarding the etiology of BSIs in cancer patients are rare, and their results are controversial. Some regard GNB as the
leading cause of BSIs,” while others consider it to be GPB.>** In an earlier study, patients with BSI and neutropenia
who had been treated with prophylactic antibiotics and those with central lines which were more susceptible to Gram-
positive infections had been reported.”> In this study, however, most patients had a central line and were treated with
prophylactic antibiotics. This difference in primary bacteria may be related to the geographical area. Remarkably, an
increase in GNB in recent studies. This change is likely due to improved management, for example, the optimal use of
central venous catheters, the reduction in the incidence of severe mucositis, and the discontinuation of quinolone
prophylaxis. Furthermore, the chemotherapy regimens may enhance intestinal toxicity and endogenous bacteremia.®'’
In addition, this shift may also be related to the disease prevalence and use of medication.

In this study, E. coli was the most common Gram-negative organism (203/394, 51.5%), followed by K. pneumoniae
(81/394, 20.5%) and P. aeruginosa (57/394, 14.4%). Similar findings were seen in earlier studies carried out in Italian,
Chinese, and Spanish BSIs with hematological disorders.>*!'” In comparison, Australia showed that the most frequently
isolated pathogen was E. coli, followed by K. pneumoniae.** This difference in primary bacteria may be related to the
geographical area. Regular surveillance of the bacterial epidemiologic status can be used to evaluate antimicrobial
strategies and adapt them to mitigate the effects of emerging pathogens.*

Antibiotic susceptibility results in this study showed that the resistance rate of E. coli to cephalosporins, aztreonam,
and quinolones were all more than 50%, K. pneumoniae to cephalosporins of the first and second generations nearly up to
80%, which was investigated in our other study. We found that P. aeruginosa showed a higher susceptibility to drugs (all
over 70%). This indicates that the abuse of broad-spectrum antibiotics increases drug resistance.”'’** Importantly, all
Gram-negative bacteria in this study were susceptible to carbapenems, in contrast to other studies.®?’

Neither CoNS, nor antibiotic resistance was higher in penicillin, erythromycin, and clindamycin, which was more
than 60%. This was consistent with other studies.”

Differences in susceptibility results may occur even within the same geographical area or within different institutions,
regions, and countries, which suggests that antibiotic susceptibility models may not be widely applied on a large scale,
thereby highlighting the importance of local surveillance.®*’

Death rates have generally increased throughout the study, with death rates ranging from 11.48% to 26.09%. The highest
mortality rate occurred in 2018. Mortality is high among neutropenic cancer patients with BSI caused by Gram-negative
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organisms.”>~** Carbapenems are broad-spectrum antibiotics and are widely used for the treatment of serious infections
caused by MDR Enterobacteriaceae. The spread of CR strains is associated with high mortality rates. The China
Antimicrobial Surveillance Network (CHINET, www.chinets.com), included the largest tertiary-care teaching hospitals in
each province or city and represents 26 provinces or cities, reported that from 2015 to 2021, the resistance rates of
Enterobacterales to imipenem or meropenem were increased from 3.8% to 10.0%. Moreover, CR K. pneumoniae was
widespread in 2018. In another one of our studies, we showed that during 2017-2019, 90.3% (28/31) of patients infected
with CR K. pneumoniae were infected in 2018.°° Furthermore, the first patient in our hospital infected by CR
K. pneumoniae was detected in the Hematology ward. Interestingly, in 2018, Gram-negative bacteria, K. pneumoniae,
and MDR K. pneumoniae were among the largest number of isolates in our study, which may have contributed to the high
death rate in 2018. In August 2018, we established a working group of the Antimicrobial Management Task Force (AMS)
to control the infection outbreak, which is the main reason why the mortality rate decreased after 2019 in our study. The
AMS workers implemented strict infection control procedures during the transmission time, such as: rapid communication
set up to ensure that the results of microbiological testing were shown online in a timely manner; the experts of infection
control and clinic pharmacists made timely recommendations on the rational use of drugs, et al.

Days with neutropenia of more than 7 days, age > 60 years, septic shock, hospitalization days>20, and CR strain are
independent predictors for mortality, which are in line with other studies.”>*'>* Interestingly, we observed the use of
linezolid or vancomycin within 30 days of infection has an association with survival. The possible reason may be that the
patient is now suffering from a bloodstream infection, which is mainly due to negative bacteria, while the use of
vancomycin or linezolid before indicates the presence of positive bacteria, so the patient has multiple biological
infections, which increases the chance of death.

15,16,35-37
7 and

The development of MDRGNB is a global health problem, especially in immunocompromised patients,
this poses a significant challenge to the treatment of neutropenic fever.'***° There are few evidence-based data on the
prevention and control of infections caused by MDR bacterial strains.”>~’ One of the key findings of this study was that
the isolation rate for MDRGNB in the GNB group increased from 24% to 70.93%, primarily because of the number of
days with severe neutropenia exceeding 7 days, unreasonable empirical therapy, and the use of aminoglycosides or 3rd or
4th generation cephalosporins within 30 days of infection. Therefore, patients who may be at risk of infection by resistant
strains must be identified so that the best antibiotic regimen can be selected in patients with febrile neutropenia
with HMs.

Investigating the risk factors of death and MDR bacteria may assist clinicians in early intervention to improve patient
outcomes, especially for those who are in a critical situation with HMs with neutropenia. The selection of initial
empirical antibiotic treatment in patients in this area is often a clinical challenge. Based on our findings, clinicians
should take special care of the patient who has independent risk factors for death and MDR bacteria. Several points need
to be considered in the treatment of BSI patients. First, carbapenems are the preferred agents for empirical therapy.
Despite the presence of carbapenem-resistant bacteria in the region, their detection rate is relatively low. Patients with
neutropenia may benefit from empirical antibiotic treatment of carbapenems. Second, to maximize the therapeutic effect
of carbapenems, their usage and dosage should be standardized. Adequate concentrations must be achieved at the site of
infection to suppress the causative pathogens. Carbapenem exhibits a time-dependent antimicrobial activity, and long-
duration infusion (prolonged or continuous infusion) of carbapenem may be able to reach the pharmacodynamic
objective more effectively than an intermittent bolus.*® Third, if empirical anti-infective therapy is ineffective after
48-72 h. Clinicians should consider that the pathogens causing BSI may be: 1) CR bacteria and adding tigecycline or
polymyxin to the anti-infection therapy; 2) Gram-Positive drug-resistant bacteria. In the current study, the percentage of
Gram-positive isolates was 20.1%; among them, 47.2% were coagulase-negative staphylococci, which are more probably
contaminated bacteria. If the proportion of MDR Staphylococcus aureus and MRCoNS are over 50% in the Gram-
positive bacteria; it is recommended to add vancomycin or teicoplanin to the anti-infection regimen. 3) If both of the
aforementioned types of bacteria co-exist, the anti-infectious therapy should be either tigecycline or polymyxin in
combination with vancomycin or teicoplanin.

The biomarkers of inflammation are always used as an assistant indicator in diagnosis. In the present study, the level
of PCT in the blood culture-positive group was significantly higher than that in the blood culture-negative group, and the
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results showed that PCT was sensitive and specific for the prediction of bacteremia, in accordance with the previous
studies.”*' ™ Engel et al*® measured the peak PCT levels after 32 hours after the onset of fever in over 75% of febrile
episodes. In the case of procalcitonin, it was impossible to confirm the antibiotic treatment’s mitigating effect alone.*
Therefore, in all respects, it appears to be important to collect samples within 24 hours of the onset of the fever and
following the initiation of treatment with antibiotics.

This study discovered no relevant difference in PCT levels for Gram-positive and Gram-negative infections, which
was also observed in Germany. This could be because PCT may be affected by the high level of contamination of gram-
positive bacteria and is less sensitive.*’

WBC, a standard indicator of inflammation with elevated levels, has been observed to have a lower WBC count in the
blood cultures. That is in line with previous studies.” The probable cause is that the immune function of hematologic
patients is decreased because of chemotherapy or bone marrow suppression. Unlike previous studies, WBC was more
sensitive and specific, allowing for the diagnosis of infection.

PLT is essential in hemostasis and protection against bacterial infection.*® Platelets can protect against bacteria by
recognizing microbial antigens, secreting antimicrobial peptides and kinocidins, enhancing innate immune effectors
(including complement and neutrophils), and adaptive coordinate immunity (APS, T cells, and B cells).*” However, in
our study, PLT levels decreased in the blood culture-positive group compared with the blood culture-negative group, with
an AUC of 0.5411 to differentiate these two groups. The specificity was too low, which was insufficient for diagnosing
infection.

TTD significantly rose in the Gram-positive group compared to the Gram-negative group and performed well in
differentiating these two groups with AUC above 0.8.

Previous studies have also shown that IL-6 is effective at differentiating between non-infectious infections and in
Gram-negative and Gram-positive malignancies with or without neutropenia.>** Since this is a retrospective study and
given the absence of IL-6 in patients, we did not include this analysis, which is one limitation of our research. This is
something we would like to include in future studies.

Our study has some limitations. First, this study are a single-center, retrospective study with a small sample size,
Thus, there might be some hidden bias and the results are unlikely to be generalized to other settings. These results were
not representative of the situation in Shanxi, China, but only in the survey unit. A larger sample is needed for further
research. Secondly, we did not explore the molecular characteristics. This needs to be studied further.

Conclusion

In summary, Gram-negative bacteria are more prevalent in neutropenic patients with HMs and BSIs. Carbapenems are
the preferred agents for empirical treatment. In addition, neutropenia lasting more than 7 days, age > 60 years, septic
shock, hospitalization days>20, infection with a CR strain, and receipt of linezolid or vancomycin within 30 days of
infection were independent mortality risk factors. Further, severe neutropenia exceeding 7 days, unreasonable empirical
therapy, and receipt of aminoglycosides or 3rd or 4th-generation cephalosporins within 30 days of infection were
independent of MDR Gram-negative bacteria risk factors. PCT, ANC, and WBC indicate higher diagnostic accuracy
of BSI. Bacteria culture time performed better in differentiating Gram-negative and Gram-positive bacterial infections.
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