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Purpose: Patients after hematopoietic stem cell transplantation (HSCT) are often followed by bloodstream infections (BSIs). BSI is 
an important cause of non-relapse mortality (NRM) in HSCT patients.
Methods: We conducted a retrospective cohort study of patients (aged >14 years) who underwent HSCT at our hospital from 2017 to 
2021. Population characteristics, BSI microbiology, resistance to common antibiotics, and 30-day all-cause mortality were analyzed.
Results: Of 3054 patients, 169 (5.5%) had BSIs after HSCT. Male, not in complete remission at transplantation and longer duration of 
neutropenia were risk factors for the development of BSI after HSCT. These BSIs were Gram-negative bacterial (n=123, 69.49%), 
Gram-positive bacterial (n=27, 15.25%), fungal (n=11, 6.36%), and polymicrobial (n=16, 9.25%). Among the Gram-negative bacteria, 
the proportions of isolates resistant to ceftazidime, cefepime, and piperacillin-tazobactam were similar (72.93%, 74.80%, and 77.42%, 
respectively). The overall drug resistance rates of amikacin and imipenem were 16.13% and 43.90%, respectively. Staphylococcus 
isolates were methicillin-resistant. In Enterococcus isolates, the penicillin resistance rate was 84.62%. Eleven isolates of Candida 
tropicalis were resistant to fluconazole and were sensitive to amphotericin B and flucytosine. The 30-day all-cause mortality rate of the 
169 patients with BSIs was 8.88%. The 30-day all-cause mortality of patients with Gram-negative bacterial BSIs was 7.32%, 25.00% 
for polymicrobial BSIs, and 36.36% for fungal BSIs. The 30-day all-cause mortality of patients with fungal BSIs was significantly 
higher than that of patients with Gram-negative (P=0.0023) and Gram-positive bacteria (P=0.0023). Fungal BSI and non-Hodgkin’s 
lymphoma (NHL) were associated with higher 30-day mortality.
Conclusion: Our study reveals the microbiological characteristics and 30-day all-cause mortality in patients with bloodstream 
infections after HSCT. Our data provides strong support for empirical antimicrobial therapy and infection prevention strategies for 
patients with BSIs after HSCT.
Keywords: blood infections, hematopoietic stem cell transplantation, antibiotic resistance

Introduction
Hematopoietic stem cell transplantation (HSCT) is currently the most effective method for treating hematologic 
malignancies and non-malignant hematologic diseases. Infection is the most common complication of transplant failure 
and non-relapse mortality (NRM) in patients.1,2 Bloodstream infections (BSIs) often occur after HSCT and are associated 
with high morbidity and mortality.3–5 Literature reports that the incidence of BSIs in patients with HSCT ranges from 
13.0% to 41.0%.6,7 Multiple single-center studies have shown that BSI within one year after HSCT is an important risk 
factor for early death in patients.8–10

Multidrug-resistant (MDR) and extensively drug-resistant (XDR) bacteria have become global concerns, posing 
significant challenges for patient treatment. Recent studies have reported an increasing incidence of BSIs in adult HSCT 
recipients caused by extended-spectrum beta-lactamase (ESBL), carbapenem-resistant Enterobacteriaceae (CRE), and 
vancomycin-resistant Enterococcus (VRE).11–13 The 28-day all-cause mortality rate of carbapenem-resistant Klebsiella 
pneumoniae is as high as 42.5%.14
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Therefore, we investigated the pathogen spectrum, susceptibility to antibiotics, and 30-day all-cause mortality of 
patients with BSIs within one year after receiving HSCT at our hospital from 2017 to 2021. To understand the 
microbiology characteristics of BSIs and its clinical outcome in patients after HSCT, so as to guide the empirical 
prescription of antibiotics and infection prevention practice.

Materials and Methods
Study Design and Population
This was a retrospective, cohort study. Patients aged > 14 years who underwent HSCT at the First Affiliated Hospital of 
Soochow University between 2017 and 2021 were enrolled. Patients included 1758 males and 1296 females, with median 
age of 39 years (quartile range [IQR], 28–50 years). Of these, 1198 patients had acute myeloid leukemia (AML), 629 
with acute lymphoblastic leukemia (ALL), 239 with non-Hodgkin’s lymphoma (NHL), 143 with aplastic anemia (AA), 
333 with myelodysplastic syndromes (MDS), 286 with myeloma (MM) and 226 patients with other Hematological 
disease. Among 2523 patients of allogeneic hematopoietic stem cell transplantation (allo-HSCT), 502 were matched 
related transplantation, 1753 were mismatched related transplantation, and 261 were matched unrelated transplantation. 
According to the stem cell source, 1900 patients were received peripheral hematopoietic transplantation, 1145 were bone 
marrow transplantation, and nine were cord blood transplantation.

Conditioning Regimen and Prevention of Graft-versus-Host Disease (GVHD)
Patients with leukemia, lymphoma and myelodysplastic syndrome were treated with total body irradiation/cyclopho
sphamide (TBI/Cy) or modified busulfan/cyclophosphamide (Bu/Cy) or busulfan/fludarabine (Bu/Flu) conditioning 
regimen; Patients with aplastic anemia were treated with cyclophosphamide -anti-thymocyte globulin (Cy-ATG) pre- 
treatment regimen. Patients with multiple myeloma were treated with fludarabine/melphalan (Flu/Mel) or Mel regimen. 
The GVHD prevention program used cyclosporine combined with mycophenolate mofetil and methotrexate.

Anti-Infection Prophylaxis and Treatment Strategies
From pretreatment to ANC ≥ 1.0×109/L, patients routinely received anti-infection prophylaxis, with β-lactamases, and 
quinolones to prevent bacterial infections, and itraconazole to prevent fungal infections. After bloodstream infection 
occurs, the anti-infection treatment strategy should be adjusted based on the etiological diagnosis results, WBC, 
procalcitonin (PCT), 1,3-β-D glucan detection (G test), and galactomannitol glycan antigen detection (GM test).

Microbiological Assessment
The isolates were identified by VITEK-MS, and their antimicrobial susceptibility was determined using the VITEK-II system 
(bioMérieux, https://www.biomerieux.com), which was further confirmed using the broth micro-dilution method. The antifungal 
susceptibility of Candida isolates was determined using ATB Fungus 3 (bioMérieux, https://www.biomerieux.com). 
Antimicrobial and antifungal sensitivities were determined according to standards issued by the American Committee for 
Clinical and Laboratory Standardization (CLSI) and the European Committee for Antimicrobial Susceptibility Testing 
(EUCAST).

Definitions
Based on the National Healthcare Safety Network (NHSN) criteria, we defined BSIs as follows: (1) an identified 
pathogen growing from blood culture, or (2) a commensal organism growing from two blood cultures drawn from 
different sites at the same time or from the same site at different times. Within 14 days of the first positive blood culture, 
the growth of the same or different organisms obtained from the blood culture was considered to be from the same BSIs. 
We identified all BSIs that occurred in the study population within one year after HSCT. These BSIs are classified as 
Gram-negative bacterial, Gram-positive bacterial, fungal, or polymicrobial.
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Statistical Analysis
Categorical data were presented as frequencies and proportions, continuous variables with normal distribution were reported 
as means and standard deviations (SDs), and non-normally distributed variables were expressed as medians and interquartile 
ranges (IQRs). Chi-square or Fisher’s exact test was used to compare categorical variables, and the Bonferroni method was 
used for multiple comparisons. The Student’s t-test or Mann–Whitney U-test was used to compare continuous variables. The 
Kruskal–Wallis H-test was used for multiple groups of non-normally distributed continuous variables and the Nemenyi 
method (R package PMCMRplus) was used for multiple comparisons. Variables with P values <0.1 in the univariate analyses 
were entered into logistic regression models for multivariate analysis to evaluate risk factors for BSI. The Kaplan-Meier 
product limit method was used to estimate the survival distribution function. The non-parametric Log rank test was used to 
compare the survival rates of each group. Cox proportional hazard regression model was adopted for multivariate analysis. 
Two-tailed P values <0.05 were considered statistically significant. Statistical analysis was performed using the SPSS version 
23.0 software (SPSS Inc, Chicago, IL, USA) and R version 4.1.2.

Results
Patient Characteristics
The characteristics of the 3054 patients enrolled in this study were shown in Table 1. The median age of the 169 patients 
with BSIs after HSCT was 42 years (IQR, 29–51 years), and most patients (68.0%) were male. The median duration of 

Table 1 Basic Characteristics of Patients Undergoing HSCT

Characteristic All BSI No-BSI P values
n= 3054 (%) n =169 (%) n =2885 (%)

Gender, Male 1758 (57.6) 115 (68.0) 1643 (56.9) 0.01
Age, years 39 (28–50) 42 (29–51) 39 (28–50) 0.17

Disease
AML 1198 (39.2) 54 (32.0) 1144 (39.7) 0.05
ALL 629 (20.6) 39 (23.1) 590 (20.5) 0.41

NHL 239 (7.8) 13 (7.7) 226 (7.8) 0.95

AA 143 (4.7) 12 (7.1) 131 (4.5) 0.13
MDS 333 (10.9) 25 (14.8) 308 (10.7) 0.10

MM 286 (9.4) 11 (6.5) 275 (9.5) 0.19

Other 226 (7.4) 15 (8.9) 211 (7.3) 0.45
Type of HSCT

Allo-HSCT 2523 (82.6) 149 (88.2) 2374 (82.3) 0.05

Auto-HSCT 531 (17.4) 20 (11.8) 511 (17.7) 0.05
Donor type

Matched related 1033 (33.8) 24 (14.2) 478 (16.6) 0.23

Matched unrelated 261 (8.5) 14 (8.3) 247 (8.6) 0.90
Mismatched related 1753 (57.4) 110 (65.1) 1643 (56.9) 0.04

Mismatched unrelated 4 (0.1) 0 (0.0) 4 (0.1) 1.00

Unrelated cord blood 3 (0.1) 1 (0.6) 2 (0.1) 0.16
Stem cell source

Bone marrow 1145 (37.5) 60 (35.5) 1085 (37.6) 0.58

Peripheral blood 1900 (62.2) 108 (63.9) 1792 (62.1) 0.64
Cord blood 9 (0.3) 1 (0.6) 8 (0.3) 0.40

Conditioning regimen
Myeloablative 2342 (76.7) 136 (80.5) 2206 (76.5) 0.23
Nonmyeloablative/reduced intensity 712 (23.3) 33 (19.5) 679 (23.5) 0.23

Status of underlying at transplant
In complete remission 2114 (69.2) 92 (54.4) 2022 (70.1) 0.00
Not in complete remission 940 (30.8) 77 (45.6) 863 (29.9) 0.00

Duration of neutropenia, days 15 (12–18) 16 (13–22) 15 (12–17) 0.00

Abbreviations: Allo-HSCT, allogeneic hematopoietic stem cell transplantation; auto-HSCT, autologous HSCT.
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neutropenia of the 169 patients was 16 days (IQR, 13–22 days). 88.2% of the 169 patients who developed BSIs after 
HSCT received allogeneic HSCT. Among the 169 patients, 80.5% received myeloablative conditioning, and 45.6% were 
not in complete remission at transplantation. 65.1% of the 169 patients received mismatched related transplantation, 
while peripheral blood was the most common source for HSCT in donors. AML, ALL, and MDS were the most common 
indicators of HSCT.

Risk Factors for the Development of BSI After HSCT
Univariate analysis results demonstrated that patients with male, AML, autologous HSCT (auto-HSCT), mismatched 
related transplantation, not in complete remission at transplantation and longer duration of neutropenia were more likely 
to develop BSI (Table 1). Meanwhile, multivariate analysis showed that male, not in complete remission at transplanta
tion and longer duration of neutropenia were risk factors for the development of BSI after HSCT (Table 2).

Characteristics of Bloodstream Infections
In our study, we identified 3054 patients who underwent HSCT, of whom 169 (5.5%) developed BSIs after HSCT. From 
2017 to 2021, the annual incidence of BSIs was 2.6% (15/570), 4.7% (29/622), 5.9% (38/645), 6.8% (34/500), and 7.4% 
(53/717), respectively, with significant differences in the annual incidence (P= 0.002) (Figure 1). These BSIs were 
divided into Gram-negative bacterial (n = 123, 69.49%), Gram-positive bacterial (n = 27, 15.25%), fungal (n = 11, 
6.36%), and polymicrobial (n = 16, 9.25%). We compared the time intervals between BSIs and HSCT in each group 
(Figure 2). The overall median time of onset of BSIs after HSCT was 7 (IQR, 2–9) days, 6 (IQR, 1–9) days for Gram- 
negative bacterial BSIs, 9 (IQR, 7.5–10) days for Gram-positive bacterial BSIs, 3 (IQR, 0.5–8.5) days for fungal BSIs; 
7.5 (IQR, 1.75–10) days for polymicrobial BSIs. The time of BSIs after HSCT was significantly different among the 
different pathogen groups (P = 0.01). A post-hoc pair comparison among the groups showed that the time of BSIs 
relative to HSCT caused by Gram-negative bacteria was shorter than that caused by Gram-positive bacteria (P = 0.01).

Microbiology and Resistance to Antibiotics
A total of 177 strains were isolated from 169 BSIs (Table 3). Approximately 70% of the isolates were Gram-negative 
bacteria. Klebsiella pneumoniae (n=52), Escherichia coli (n=45), and Pseudomonas aeruginosa (n=10) were the most 
common Gram-negative bacteria. Gram-positive bacteria accounted for approximately one-fifth of cultured isolates. 
Enterococcus faecalis (n=10), Streptococcus mitis (n=6), and coagulase-negative Staphylococcus (CoNS) (n=5) were the 
most common Gram-positive bacteria. All fungal isolates were Candida, including Candida tropicalis (n=11) and 
Candida lusitaniae (n=1).

Table 4 summarized the antibiotic resistance of the pathogens that cause BSIs after HSCT. The antimicrobial susceptibility 
of specific pathogens to common antibiotics after HSCT was shown in Figure 3. Among Gram-negative bacteria, the 

Table 2 Multivariate Analysis for Risk Factors for the Development of BSI After HSCT

Characteristic P values Odds Ratio 95% Confidence Interval (CI)

Gender
Male 0.01 1.58 1.13 2.20

Disease
AML 0.12 0.76 0.54 1.07

Type of HSCT
Autologous-HSCT 0.54 0.83 0.45 1.52

Donor type
Mismatched related 0.28 1.23 0.84 1.80

Status of underlying at transplant
Not in complete remission 0.01 1.65 1.17 2.34

Duration of neutropenia 0.03 1.03 1.00 1.05
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proportions of resistance to ceftazidine, cefepime, and piperacillin-tazobactam were similar (72.93%, 74.80%, and 77.42%, 
respectively), while the proportion of resistance to ciprofloxacin was slightly higher (87.10%). The overall drug resistance 
rates of amikacin and imipenem were 16.13% and 43.90%, respectively. Among the 111 Enterobacteriaceae, 39.64% (n=44) 
were resistant to imipenem. Staphylococcus isolates were methicillin-resistant. In Enterococcus isolates, the penicillin 
resistance rate was 84.62%. Enterococcus faecalis isolates were resistant to penicillin. Eleven isolates of Candida tropicalis 
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were resistant to fluconazole and were sensitive to amphotericin B and flucytosine. The Candida lusitaniae isolate was 
sensitive to fluconazole, amphotericin B, and flucytosine.

30-Day All-Cause Mortality and Risk Factors
We followed 169 patients with BSIs for 30 days, and the 30-day all-cause mortality rate was 8.88%. The 30-day all-cause 
mortality of patients with Gram-negative bacterial BSIs was 7.32%, 25.00% for polymicrobial BSIs, and 36.36% for fungal BSIs 
(Table 5). The 30-day all-cause mortality of BSIs patients in the different pathogen groups varied significantly (P<0.001) 
(Figure 4). The survival curves of the patients with pathogen-associated BSIs in each group were compared in pairs. The 

Table 3 Microbiology of Pathogens Causing BSIs After HSCT in 2017–2021

2017 2018 2019 2020 2021

Gram-positive bacteria

Enterococcus spp. Enterococcus faecium 1 0 1 4 4

Enterococcus faecalis 0 1 1 0 1

Staphylococcus spp. Staphylococcus aureus 0 0 1 0 0

Staphylococcus epidermidis 1 0 2 0 0

Staphylococcus hominis 1 2 0 1 1

Staphylococcus haemolyticus 0 1 0 2 1

Streptococcus spp. Streptococcus mitis 0 1 1 3 1

Gram-negative bacteria

Escherichia spp. Escherichia coli 6 9 10 9 11

Klebsiella spp. Klebsiella pneumoniae 5 12 14 8 13

Klebsiella oxytoca 0 0 0 0 2

Klebsiella ornithinolytica 0 0 0 0 1

Proteus spp. Proteus mirabilis 0 1 1 0 1

Morganella morganii spp. Morganella morganii 0 0 0 1 0

Citrobacter spp. Citrobacter youngae 0 0 0 0 1

Serratia spp. Serratia marcescens 0 0 0 0 1

Enterobacter spp. Enterobacter cloacae 0 0 0 1 3

Enterobacter aerogenes 0 0 0 0 1

Stenotrophomonas spp. Stenotrophomonas maltophilia 1 1 1 4 2

Pseudomonas spp. Pseudomonas aeruginosa 0 2 1 2 5

Acinetobacter spp. Acinetobacter spp. 1 0 0 0 0

Aeromonas spp. Aeromonas veronii 0 0 0 1 0

Shewanella spp. Shewanella alga 0 0 0 0 1

Fungi

Candida spp. Candida lusitaniae 0 0 1 0 0

Candida tropicalis 0 0 6 0 5
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mortality of patients with fungal BSIs was significantly higher than that of patients with Gram-negative (P=0.0023) and Gram- 
positive bacteria (P=0.0023). According to multivariate analysis, Fungal BSI and NHL were significantly associated with higher 
30-day all-cause mortality after BSI (Table 6).

Discussion
In the post-transplant phase, owing to the presence of GVHD, especially in the intestinal tract, patients with secondary 
neutropenia are prone to BSIs.15 BSIs lead to increased length of hospital stay, intensive care stay, and mortality.1,8,16,17 

In our cohort, 169 patients (5.5%) developed BSIs post-HSCT. Compared with other studies, we found a lower incidence 
of BSIs.1,16,18 This may be related to our clinical anti-infective prevention strategy.19

Previous studies have reported that the occurrence of BSIs in HSCT patients is associated with specific risk factors 
including severe GVHD,15,20 allogeneic HSCT,21,22 unrelated HSCT donors,23,24 intestinal colonization25 and myeloa
blative therapy.26 In our study, male, not in complete remission at transplantation and longer duration of neutropenia were 
risk factors for the development of BSI after HSCT.

In our study, 177 strains were isolated from 169 BSIs, of which 69.49% were Gram-negative bacteria. The most 
common bacterial strains were Klebsiella pneumoniae, Escherichia coli and Pseudomonas aeruginosa. Approximately 
half of Klebsiella pneumoniae isolates and one-fifth of Escherichia coli isolates were resistant to carbapenem. 
Sixty percent of Pseudomonas aeruginosa isolates were resistant to piperacillin-tazobactam and carbapenem. In recent 
years, the isolation rates of carbapenem-resistant Enterobacteriaceae (CRE) and multidrug-resistant Pseudomonas 
aeruginosa have gradually increased in patients undergoing HSCT,27–29 this brings great challenges to clinical 
treatment.6,27,30 Cao et al reported that forty-four HSCT recipients developed BSIs caused by CRE. The mortality rate 
of CRE-related BSIs within 30 days is as high as 50.0%.31 Another multicenter retrospective cohort study found that 
patients with malignant hematological diseases developed Pseudomonas aeruginosa BSIs, with a 30-day all-cause 
mortality rate of 37.3%.32 Enterococci were the most common Gram-positive bacteria isolated from BSIs in this 
study. Fortunately, Vancomycin-resistant Enterococci (VRE) were not detected. The 30-day mortality of VRE BSIs in 
HSCT patients is significantly higher than that of vancomycin-sensitive Enterococci BSIs.12,33

In addition, in our cohort, ten (5.92%) patients developed Candida tropicalis BSIs, one (0.59%) patient developed 
both Candida tropicalis and Klebsiella pneumoniae BSIs. Some studies in Spain have reported that 33 (2.8%) patients 
were diagnosed with fungal BSIs, and eight (12.3%) patients in southwestern China were diagnosed with fungal BSIs.6,27 

In addition to fungal BSIs, researchers have reported concurrent CMV infection and fungemia,34 and mixed BSIs of 
bacteria and fungi.35 In our study, eleven Candida tropicalis isolates were resistant to fluconazole and were sensitive to 
amphotericin B and flucytosine. This may be related to the clinical use of itraconazole in the prevention of fungal 
infections.

Table 4 Antibiotic Resistance of Pathogens Causing BSIs After HSCT

Resistant, n % Resistance (95% CI) Not Tested, n % Not Tested

Gram-negatives, n =133
Imipenem 54 44.54 (35.43–53.93) 10 8.13

Meropenem 54 45.76 (36.56–55.18) 15 12.71

Amikacin 20 16.13 (10.14–23.81) 9 7.26
Gentamicin 61 50.00 (40.81–59.19) 11 9.02

Ceftazidime 97 72.93 (64.54–80.27) 0 0.00

Cefepime 92 74.80 (66.17–82.19) 10 8.13
Piperacillin-tazobactam 96 77.42 (69.04–84.44) 9 7.26

Ciprofloxacin 108 87.1 (79.89–92.44) 9 7.26
Staphylococcus, n =13

Methicillin 13 100 (75.29–100) 0 0.00

Enterococci, n = 13
Ampicillin 11 84.62 (54.55–98.08) 2 15.38
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In this study, 167 (98.8%) patients experienced BSIs within 30 days after HSCT. Heston et al reported that the median 
time of BSIs in 586 patients was 56 (IQR, 8–140.5) days after HSCT. This may be related to the different study 
populations; Heston’s study population included children less than 18 years old, and many patients had slow-growing 

Figure 3 Antimicrobial susceptibility of specific pathogens to common antibiotics. (A) Klebsiella pneumoniae, n=52; (B) Escherichia coli, n=45; (C) Pseudomonas aeruginosa, 
n=10; (D) Enterococcus faecium, n=10.

Table 5 Thirty-Day Mortality Associated with Organism-Specific 
BSIs (n =169)

Organism-Specific BSIs n Deaths Mortality (%)

Gram-negative 123 9 7.32

Gram-positive 27 0 0.00

Polymicrobial 8 2 25.00

Fungal 11 4 36.36
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non-tuberculosis mycobacteria in BSIs.7 However, this is consistent with our results showing that the time of BSIs 
relative to HSCT caused by Gram-negative bacteria was shorter than that caused by Gram-positive bacteria. Mikulska has 
also reported that in 149 patients who received HSCT, the median time to develop BSIs was 9 days after HSCT, and 
three-fourths of BSIs occurred within 20 days after HSCT.16

In this study, 169 patients with BSIs were followed for 30 days, and the 30-day all-cause mortality rate was 8.88%. 
Notably, the 30-day all-cause mortality of BSIs caused by fungi was as high as 36.36%, which was significantly higher 
than that of Gram-negative and Gram-positive bacteria. A multicenter retrospective study in Italy has found that 215 
patients with malignant hematological diseases developed fungemia, and the mortality rates of mold and yeast infections 
are 70% and 39%, respectively.36 In eastern China, the 30-day all-cause mortality of 45 patients with malignant 
hematological diseases caused by Candida BSIs is 17.8%.35 In our study, we found fungal BSI and NHL were 

Table 6 Univariate and Multivariate Analysis for Risk Factors for Thirty-Day Mortality

Characteristic Univariate Analysis Multivariable Analysis

Death N=15 (%) Survivors N = 154 (%) P values P values Hazard Ratio 95% CI

Gender, Male 10 (66.7) 105 (68.2) 0.88

Age years 42 (34–50) 42 (28–51) 0.73

Disease
NHL 4 (26.7) 9 (5.8) 0.01 0.01 4.62 1.46 14.55

Status at transplant
Not in complete remission 9 (60.0) 68 (44.2) 0.24

Duration of neutropenia 14 (13–19) 17 (14–22) 0.23

Pathogen
Fungal 4 (26.7) 7 (4.5) 0.00 0.00 6.17 1.95 19.54
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Figure 4 Thirty-day survival curve of patients with different groups of BSIs.

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S420310                                                                                                                                                                                                                       

DovePress                                                                                                                       
5383

Dovepress                                                                                                                                                             Song et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


significantly associated with higher 30-day all-cause mortality after BSI. This reminds us to guard against the occurrence 
of fungal BSIs or fungal mixed BSIs in patients undergoing HSCT.

Our study has some limitations. First, this was a single-center retrospective cohort study that may not be generalizable 
to other institutions with different clinical practices. Second, due to the change in the method used by microbiology 
laboratories to report antibiotic sensitivity data, we were unable to determine the sensitivity of some bacteria to specific 
antibiotics. Finally, we did not define mucosal barrier damage-laboratory confirmed bloodstream infections.37,38 

Therefore, we plan to collect multicenter data and conduct an in-depth analysis of the above factors in the future.

Conclusions
Our study reveals the microbiological characteristics of bloodstream infections after HSCT, the time of occurrence of 
BSIs relative to HSCT, and 30-day all-cause mortality. This study provides data to support empirical antimicrobial 
therapy and infection prevention strategies for patients with BSIs after HSCT.
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