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Purpose: Chemotherapy remains the primary treatment for haematological malignancies (HMs). While recent therapeutic advances
have improved patient survival, treatment-induced immunosuppression and prolonged neutropenia significantly elevate the risks of
bloodstream infection (BSI), contributing to higher mortality. This study identifies risk factors for BSI in pediatric HM patients, aiming
to establish evidence-based protocols for infection prevention and risk stratification, thereby informing targeted healthcare policies to
reduce complications and improve treatment outcomes.

Patients and Methods: We retrospectively analyzed 682 pediatric HM patients presenting with fever at our institution, including 98
BSI-confirmed cases.Results were statistically compared across multiple aspects.

Results: Pediatric HM patients with bloodstream infection showed significantly higher AML prevalence (47.96% vs
33.22%, P = 0.005) and Gram-negative bacteria predominance (66.33%), notably Escherichia coli (E. coli) (27.55%).
Stenotrophomonas maltophilia infection rates were significantly higher in lymphoma patients than in other hematological
malignancies (P < 0.05). Multivariable analysis identified four modifiable risk factors: peak body temperature (OR = 5.468,
95% CI 3.407-8.775, P < 0.001), duration of neutropenia (OR = 1.181, 95% CI 1.120-1.245, P < 0.001), febrile neutropenia
(OR = 8.193, 95% CI 3.574-18.780, P < 0.001), and invasive procedures (OR = 4.265, 95% CI 1.920-9.474, P < 0.001).
Conclusion: To reduce BSI complications in pediatric HM patients, we recommend implementing risk-stratified temperature
protocols and strict neutropenia control (<7 days), emphasizing rigorous clinical criteria for invasive procedures (PICC). These
findings provide an evidence base for healthcare policies aimed at reducing infection-related mortality through optimized treatment
protocols and enhanced clinical care standards.
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Introduction

Haematological malignancies(HMs) are the most prevalent tumors in children, accounting for 30-40% of malignant
neoplasms in children under under 15 years of age. Among these, childhood leukemia and lymphoma rank first and third
respectively among pediatric malignancies.' > Despite growing attention towards targeted therapy and immunotherapy in
recent years, chemotherapy remains the primary modality for cancer treatment.®’ However, a significant drawback of
chemotherapy is its potential to induce bone marrow suppression, leading to decreased neutrophil count, compromised
immunity in children, and an increased susceptibility to infections.® The risk escalates as neutrophil counts progressively
decline during treatment cycles.” Numerous domestic and international studies have underscored the significance of early

prevention measures.”'®'® This retrospective analysis identified the factors contributing to bloodstream infection in
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pediatric patients with HMs, enabling timely implementation of individualized preventive measures to reduce infection-
related mortality.

Material and Methods
Study Population

A retrospective review was performed on data from individuals diagnosed with HMs who developed fever during
treatment at the Second Hospital of Hebei Medical University from January 2018 to February 2022. Inclusion criteria: (1)
Age <18 years; (2) Confirmed HM diagnosis; (3) Fever during chemotherapy. Exclusion criteria: Non-hematologic
malignancies or false-positive blood cultures. A total of 682 individuals were included. This study was approved by the
Research Ethics Committee of the Second Hospital of Hebei Medical University (2021-R379) and was granted
exemption from patient informed consent requirements due to anonymized data processing. All data handling complied
with the Declaration of Helsinki, ensuring patient privacy.

Definitions

Haematological malignancies(HMs) were diagnosed in our hospital based on bone marrow morphology, immunology,
cytogenetics, and molecular genetics examinations.” Granulocytopenia is defined as an absolute neutrophil count (ANC)
of less than 1.5 x 10°/L; Agranulocytosis is defined as an ANC of less than 0.5 x 10°/L.'* Fever is characterized by
a single measurement of oral temperature >38.3 °C or >38.0 °C lasting for at least one hour, excluding non-infectious
factors such as the tumor itself, drugs, blood transfusion products, or graft versus host disease.'” Febrile neutropenia (FN)
is defined as a single temperature measurement >38.5 °C or >38.0 °C for at least one hour with an ANC <500/mm? or
expected to decrease to <500/mm’ within 48 hours. Maximum body temperature: the highest recorded body temperature
measured prior to and during diagnosis. Duration of chemotherapy: from the first day of the last chemotherapy session
until fever onset.'® Duration of granulocytopenia: the period from when the ANC falls below the normal reference range
until fever onset. Duration of fever: the time elapsed between fever onset and blood culture collection. Bloodstream
infection (BSI) is defined as positive blood cultures in a patient exhibiting systemic signs of infection, which may be
either secondary to a known source or primary without an identified origin.'” Invasive operations generally refer to
various therapeutic operations involving trauma during clinical diagnosis and treatment activities, such as peripherally
inserted central catheter (PICC), drainage tube, catheter etc.

Data Collection

Medical records of enrolled children presenting with fever were collected, encompassing general characteristics (such as
gender, age, hematological malignancy type, leukocyte parameters, and blood culture results), clinical features (fever and
infection), treatment details (antibiotic usage: nearly all patients received empirical therapy with biapenem and norvan-
comycin)., and outcomes. Episodes where a single skin contaminant was cultured were deemed clinically insignificant
and exclude. Only cases with two or more positive blood cultures within 48 hours in patients exhibiting one or more
signs or symptoms (fever, chills, rigors, hypotension) were included. Based on blood culture results, patients were
categorized into BSI and non-BSI groups.

Statistical analysis

Results are presented as mean + standard deviation (SD) and were analyzed using GraphPad Prism software.
A multivariable logistic regression model was used to examine key factors potentially causing bloodstream infections.
By Hosmer and Lemeshow tests, p-value>0.05. Odds ratios and corresponding 95% confidence intervals were reported.
A p-value < 0.05 was considered statistically significant. Data analysis used SPSS version 25.

Results
The study included 682 patients: 584 without bloodstream infections and 98 with bloodstream infection. The mean age
was 7.9+4.3 years, and the male-to-female ratio was 1.7:1 (63.49%/36.51%). Further clinical characteristics are presented
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Table | Clinical Characteristics of the Study Population (n = 682)

Total (n=682) | Non-BSI (n=584) | BSI (n=98) | P Value

Characteristics

Age (years)(meanxSD) 7.9+43 7.8+4.3 8.9+4.2 0.019
Sex (%) male 433 (63.49%) 368 (63.0%) 65 (66.3%) 0.528

Female 249 (36.51%) 216 (37.0%) 33 (33.7%)

Primary diagnosis

Acute lymphoblastic leukemia (ALL) 346 (50.73%) 308 (52.74%) 38 (38.78%) 0.011
Acute myeloid leukemia (AML) 241 (35.34%) 194 (33.22%) 47 (47.96%) 0.005
Burkitt’s Lymphoma (BL) 24 (3.52%) 20 (3.43%) 4 (4.08%) 0.744
T lymphoblastic lymphoma (TLBL) 21 (3.08%) 19 (3.25%) 2 (2.04%) 0.520
Anaplastic large cell lymphoma(ALCL) I (1.61%) 10 (1.71%) I (1.02%) 0.615
Non-Hodgkin lymphoma (NHL) 25 (3.67%) 24 (4.11%) I (1.02%) 0.132
Follicular lymphoma 3 (0.44%) 3 (0.51%) 0 (0.00%) 0.477
Hodgkin lymphoma (HL) 5 (0.73%) 4 (0.69%) I (1.02%) 0.719
Blastic plasmacytoid dendritic cell neoplasm 2 (0.29%) 2 (0.34%) 0 (0.00%) 0.562
Mixed cell leukemia 4 (0.59%) 0 (0.00%) 4 (4.08%) <0.001

in Table 1. We observed that compared to those without bloodstream infections, patients with BSI were older (p=0.019)
and exhibited a higher proportion of acute myeloid leukemia (AML)(p=0.005), while had a lower proportion of acute
lymphoblastic leukemia (ALL)(p=0.011).

In our study, Gram-negative bacteria (66.33%) were the predominant pathogens responsible for bloodstream infec-
tions, followed by Gram-positive bacteria (27.55%) and fungi (6.12%) (Table 2). Of which the most prevalent pathogen
was Escherichia coli(27.55%), followed by Klebsiella pneumoniae subsp (18.37%), Pseudomonas aeruginosa (7.14%),

Table 2 List of All Organisms Causing Bloodstream Infection

Microbial Number | Percentage Microbial Number | Percentage
Gram-negative bacteria 65 66.33% Gram-positive bacteria 27 27.55%
Escherichia coli 27 27.55% Staphylococcus hominis subsp 5 5.10%
Klebsiella pneumoniae subsp 18 18.37% Streptococcus mitis 5 5.10%
Pseudomonas aeruginosa 7 7.14% Staphylococcus aureus 3 3.06%
Stenotrophomonas maltophilia 3 3.06% Micrococcus luteus 3 3.06%
Acinetobacter baumannii 3 3.06% Streptococcus viridans group | 1.02%
Enterobacter cloacae 3 3.06% Streptococcus agalactiae | 1.02%
Klebsiella oxytoca 2 2.04% Corynebacterium spp | 1.02%
Proteus mirabilis | 1.02% Kocuria kristinae | 1.02%
Proteus penneri | 1.02% Staphylococcus cohnii subsp | 1.02%
Fungi 6 6.12% Leuconostoc pseudomesenteroides | 1.02%
Candida tropicalis 6 6.12% Staphylococcus epidermidis | 1.02%
Staphylococcus capitis | 1.02%
Staphylococcus caprae | 1.02%
Staphylococcus haemolyticus | 1.02%
Bacillus subtilis | 1.02%
TOTAL 98 100%

https:
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Table 3 Bloodstream Infection Microbiota Profiles Across Distinct Hematologic Malignancies

Microbial Total AML ALL Mixed Cell Leukemia | Lymphoma
Gram-negative bacteria 65 33 (70.21%) | 24 (63.16%) 2 (50.00%) 6 (66.67%)
Escherichia coli 27 13 (27.66%) 12 (31.58%) 2 (50.00%) 0 (0.00%)
Klebsiella pneumoniae subsp 18 11 (23.40%) 4 (10.53%) 0 (0.00%) 3 (33.33%)
Pseudomonas aeruginosa 7 4 (8.51%) 2 (5.26%) 0 (0.00%) I (11.11%)
Stenotrophomonas maltophilia 3 0 (0.00%) | (2.63%) 0 (0.00%) 2 (22.22%)
Acinetobacter baumannii 3 I (2.13%) 2 (5.26%) 0 (0.00%) 0 (0.00%)
Enterobacter cloacae 3 2 (4.26%) | (2.63%) 0 (0.00%) 0 (0.00%)
Klebsiella oxytoca 2 I (2.13%) | (2.63%) 0 (0.00%) 0 (0.00%)
Proteus mirabilis | 0 (0.00%) | (2.63%) 0 (0.00%) 0 (0.00%)
Proteus penneri | I (2.13%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
Gram-positive bacteria 27 12 (25.53%) | 12 (31.58%) 0 (0.00%) 3 (33.33%)
Fungi (Candida tropicalis) 6 2 (4.26%) 2 (5.26%) 2 (50.00%) 0 (0.00%)

Abbreviations: AML, Acute myeloid leukemia; ALL, Acute lymphoblastic leukemia.

Candida tropicalis (6.12%), Streptococcus mitis (5.1%), Staphylococcus aureus (3.06%), Stenotrophomonas maltophilia
(3.06%), Acinetobacter baumannii (3.06%), Enterobacter cloacae (3.06%) and Klebsiella oxytoca (2.04%) respectively.

As shown in Table 3, Escherichia coli was the predominant pathogen in children with acute myeloid leukemia
(AML), comprising 27.66%, with Klebsiella pneumoniae (23.4%), Pseudomonas aeruginosa (8.51%), Candida tropicalis
(4.26%), and Enterobacter cloacae (4.26%). The predominant pathogens in acute lymphocytic leukemia(ALL) included
Escherichia coli (31.58%), Klebsiella pneumoniae (10.53%), Pseudomonas aeruginosa (5.26%), Candida tropicalis
(5.26%), Acinetobacter baumannii(5.26%), and Enterobacter cloacae(2.63%). In mixed leukemia, Escherichia coli and
Candida tropicalis contribute equally (50% each). Among lymphoma patients, Klebsiella pneumoniae subspecies
pneumonia was predominant (33.33%), followed by Stenotrophomonas maltophilia (22.22%) and Pseudomonas aeru-
ginosa (11.11%).

By conducting statistical analysis on the distribution of the same pathogen across various hematologic malignancies,
it can be observed that Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Gram-positive bacteria, and
Fungi exhibit no significant differences among patients with ALL (Figure 1A), AML (Figure 1B), and Lymphoma
(Figure 1C). However, a notable difference was observed in the distribution of Stenotrophomonas maltophilia between
lymphoma patients and those with other hematologic malignancies (Figure 1C).

Logistic regression analysis of factors relevant to BSI in pediatric HM patients (Tables 4 and 5) identified maximum
body temperature, duration of granulocytopenia, FN, and invasive procedures (such as PICC, drainage tube, catheter etc)
as independent risk factors for BSI. Other conditions showed no significant associations.

Discussion

In our study, the proportion of AML was the highest among the children with BSI. This suggests children with AML
exhibited higher susceptibility to infection compared to those with ALL, aligning with the findings reported by Wu,
H et al.” The underlying cause may be abnormal morphology and impaired function of granulocytes in these patients,
resulting in ineffective pathogen eradication and compromised phagocytosis. This supports risk-adapted surveillance
protocols for AML patients during chemotherapy-induced neutropenia. Both Peri, A.M. et al'® and Wu, H. et al’ reported
Gram-negative bacteria constitute the predominant causative pathogens of bloodstream infections in adult patients with
HMs. In our investigation, consistent findings were observed in pediatric HM patients, which aligns with previous reports
by Raad, C. et al'’ in this Pediatric population. In the 1970s and early 1980s, Gram-negative bacteria constituted the
primary isolates; however, there was a shift towards increased prevalence of Gram-positive bacteria during the late 1980s
and early 1990s.2° Despite this trend, no large-scale clinical study has investigated the impact of Gram-positive and
Gram-negative bacteria on final outcomes. Our analysis also demonstrated that Gram-positive bacteria accounted for
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Figure | Statistical analysis of main pathogens in common pediatric haematological malignancies. (A) Acute lymphoblastic leukemia, ALL; (B) Acute myeloid leukemia, AMLI;
(€) Lymphoma. (¥, P< 0.05; ns, no statistical significance).

27.55% of BSI, with fungi at 6.12%. Henceforth, Vigilance towards Gram-negative bacterial infections is crucial, but
attention should also be given to Gram-positive and fungal infections for early detection and improved efficacy.

Males represented a significantly higher proportion, which aligns with Elseady et al.?' Although this study found no
correlation between gender and BSI, there was a notable disparity in the number of male and female patients. Increasing
evidence suggests that males are more susceptible to infections compared to females.>** This susceptibility may be
attributed to poor hygiene practices among males, leading to pathogenic bacterial infections. Additionally, estrogen
secretion in females can inhibit the expression of certain microbial virulence factors.”* Our study observed the average

Table 4 Univariate Logistic Regression Analysis of Factors Associated with Bloodstream Infection in Children with
Haematological Malignancies

Non-BSI (n=584, 85.6%) | BSI (n=98, 14.4%) OR (95% CI) P Value

Characteristics

Age(years)(mean+SD) 7.8+43 8.9+4.2 1.050 (0.998-1.106) 0.060
Sex (%) male 368(63.0%) 65(66.3%) 1.399 (0.870-2.251) 0.166

Female 216(37.0%) 33(33.7%)

Trnax 38.34£0.63 39.11£0.79 5.035 (3.417-7.420) | <0.001
Duration of fever (hour) 26.08+23.00 29.02+23.93 1.005 (0.996-1.015) 0.265
WBC (10°/L) 2.33+£3.82 1.46+1.96 0.888 (0.795-0.992) 0.036
Neutrophil count (10%/L) 1.28+2.45 0.83+1.51 0.847 (0.718-0.999) 0.049
Duration of granulocytopenia (day) 4.75+4.70 12.20+12.18 1.138 (1.098-1.180) | <0.00I
Duration of chemotherapy (day) 10.64+6.55 14.18+13.55 1.049 (1.018-1.080) 0.002
Duration of GSF(day) 5.77£5.59 7.07+4.60 1.043(0.989-1.100) 0.121
FN 353(60.47%) 73 (74.49%) 1.980(1.195-3.279) 0.008
Invasive operation 123(21.06%) 35(35.71%) 2.588 (1.615-4.148) | <0.001

Abbreviations: BSI, Bloodstream infection; T, Maximum body temperature; GSF, Granulocyte stimulating factor; FN, Febrile neutropenia.
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Table 5 Multivariable Logistic Regression Analysis of Factors
Associated with Bloodstream Infection in Children with
Haematological Malignancies

OR (95% CI) P Value

Characteristics

Trnax 5.468 (3.407-8.775) | <0.001
WBC (10°/L) 0.954 (0.763—-1.192) 0.677
Neutrophil count (10%/L) 0.906 (0.660—-1.245) 0.543
Duration of granulocytopenia(day) | 1.181 (1.120-1.245) <0.001
Duration of chemotherapy(day) 1.009 (0.979-1.040) 0.561
FN 8.193(3.574-18.780) | <0.001
Invasive operation 4.265 (1.920-9.474) <0.001

Abbreviations: T,,,,, Maximum body temperature; FN, Febrile neutropenia.

age range of 7-8 years differed from previous domestic and international studies, possibly reflecting sample size
constraints.'®?' While previous reports indicated a negative correlation between age and infection incidence,” our
study yielded contrasting results. This may be attributable to our institution’s stringent protective isolation protocols for
children under 5 years, featuring mandatory single-room isolation, dedicated medical equipment, reduced invasive
procedures and high-frequency vital sign monitoring.

Furthermore, we found that patients with BSI presented significantly higher body temperatures (mean:39.11°C) than
non-BSI patients (mean:38.34°C), indicating a strong association with BSI—consistent with previous research.'® While
existing literature indicates that initial fever peaks exceeding 39.5°C predict severe infections,” our study observed
a lower median peak temperature in BSI patients. This downward shift may be associated with widespread empirical
antibiotic use in our institution during febrile episodes, potentially reducing fever peaks. Previous reports have demon-
strated an inverse relationship between absolute neutrophil count and infection incidence rate,'* further supporting this
notion. Notably, we observed a significant increase in BSI when neutrophils<0.4x109/L(P=0.0191), with even higher
incidence for granulocyte deficiency exceeding 7 days (P<0.0001). These findings emphasize the importance of
monitoring ANC duration in children with hematological malignancies following chemotherapy treatment. Although
most patients received recombinant granulocyte stimulating factor(GSF) during chemotherapy as part of their current
treatment regimen, no correlation was found between GSF usage and neutrophil count (P=0.562) or BSI
prevention (P=0.121).

Our study revealed that invasive procedures were performed in 35.71% of BSI patients, with PICC being most
prevalent (80%). Fisher M et al revealed central venous catheters as a significant risk factor for severe infection.?®
Similarly, Ruiz-Ruigémez M et al highlighted a significantly higher frequency of positive blood culture in patients with
central venous catheters.”’ Therefore, invasive procedures contribute to the risk of BSL. It is imperative to enhance the
care provided to patients undergoing such procedures.

This study has several limitations. Firstly, it is a retrospective single-center analysis. Secondly, traditional blood
culture detection rates might be low, resulting in relatively few bloodstream infection patients. Future research will
include more pediatric HM patients with confirmed BSI.

Conclusion

This study comprehensively analyzes the disease spectrum, pathogen profiles, and risk factors associated with BSI in
pediatric HM patients. Key clinical recommendations include strict control of neutropenia duration (<7 days) during
chemotherapy and optimized invasive procedure management, such as enhanced sterile maintenance for PICC lines.

These measures are essential for reducing infection incidence and improving quality of life in this vulnerable population.

3308 https: Risk Management and Healthcare Policy 2025:18



Zhang et al

Acknowledgments
Yaping Zhang and Jiao Li contributed equally to this work and were co-first authors.

Funding
The study was funded by Key Project of Medical Science Research in Hebei Province (20221151).

Disclosure
The authors report no conflicts of interest in this work.

References

1.

2.

10.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Yuan H, Gongye C, Yuanye L. et al. Characteristics and risk factors of nosocomial infection pathogens in patients with hematological malignancies
[J]. Chinese Journal of Disinfection. 2022;39(04):290-293.

Zawitkowska J, Lejman M, Derwich K. Editorial: diagnosis and therapy pediatric hematological malignancies: recent progress. Front Pediatr.
2023;11:1303561. doi:10.3389/fped.2023.1303561

.Ko BS, Chen LJ, Huang HH, Chen HM, Hsiao FY. Epidemiology, treatment patterns and survival of chronic lymphocytic leukaemia/small

lymphocytic lymphoma (CLL/SLL) in Taiwan, 2006-2015. Int J Clin Pract. 2021;75(8):e14258. doi:10.1111/ijcp.14258

. Huang HH, Chen CM, Wang CY, et al. The epidemiology, treatment patterns, healthcare utilizations and costs of Acute Myeloid Leukaemia (AML)

in Taiwan. PLoS One. 2022;17(1):¢0261871. doi:10.1371/journal.pone.0261871

. Wu L. The Impact of Clinical Status on Prognosis in Children with Acute Leukemia and Sepsis Transferred to PICU[D]. Southern Medical

University; 2020.

. Iwasaki Y, Tarasawa K, Kamio T, et al. Trends and outcomes of chemotherapy timing in critically ill patients with hematologic malignancies using

a Japanese national database. Sci Rep. 2025;15(1):16725. doi:10.1038/s41598-025-00520-6

.Li-na H, Xie M, Guo-qiang L, et al. Clinical efficacy and treatment cost of first-line empirical anti-infective therapy for patients with

chemotherapy-induced febrile neutropenia of hematological malignancy[J]. Chin J Infect Control. 2020;19(8):715-720.

. Zraik IM, HeB-Busch Y. Management von Nebenwirkungen der Chemotherapie und deren Langzeitfolgen [Management of chemotherapy side

effects and their long-term sequelae]. Urologe A. 2021;60(7):862—871. doi:10.1007/s00120-021-01569-7

. Wu H, Li M, Shou C, et al. Pathogenic spectrum and drug resistance of bloodstream infection in patients with acute myeloid leukaemia: a single

centre retrospective study. Front Cell Infect Microbiol. 2024;14:1390053. doi:10.3389/fcimb.2024.1390053
Gaugler M, Swinger N, Rahrig AL, Skiles J, Rowan CM. Multiple Organ Dysfunction and Critically IIl Children With Acute Myeloid Leukemia:
single-Center Retrospective Cohort Study. Pediatr Crit Care Med. 2023;24(4):e170—e178. doi:10.1097/PCC.0000000000003153

. Gabela A, Wosten-van Asperen RM, Arias AV, et al. The burden of pediatric critical illness among pediatric oncology patients in low- and

middle-income countries: a systematic review and meta-analysis. Crit Rev Oncol Hematol. 2024;203:104467. doi:10.1016/j.critrevonc.2024.104467
Agulnik A, Cérdenas A, Carrillo AK, et al. Clinical and organizational risk factors for mortality during deterioration events among pediatric
oncology patients in Latin America: a multicenter prospective cohort. Cancer. 2021;127(10):1668—1678. doi:10.1002/cncr.33411

Garonzi C, Zeni F, Tridello G, et al. Results of a long-term, prospective study on complications of central venous catheter in pediatric patients with
hematologic-oncologic diseases. Pediatr Blood Cancer. 2024;71(7):€30990. doi:10.1002/pbc.30990

Red Cell Disease (Anemia) Group, Hematology Branch, Chinese Medical Association. Consensus of Chinese Experts on the Diagnosis and
Treatment of Neutropenia [J]. Chinese Med J. 2022;2022(40):3167-3173.

Guidelines for the Clinical Application of Antibiotics in Chinese Patients with Neutrophil Deficiency and Fever (2020 Edition) [J]. Chin J Hematol.
2020;2020(12):969-978.

Kara SS, Tezer H, Polat M, et al. Risk factors for bacteremia in children with febrile neutropenia. Turk J Med Sci. 2019;49(4):1198-1205.
doi:10.3906/sag-1901-90

Timsit JF, Ruppé E, Barbier F, Tabah A, Bassetti M. Bloodstream infections in critically ill patients: an expert statement. Intensive Care Med.
2020;46(2):266-284. doi:10.1007/s00134-020-05950-6

Peri AM, Edwards F, Henden A, et al. Bloodstream infections in neutropenic and non-neutropenic patients with haematological malignancies:
epidemiological trends and clinical outcomes in Queensland, Australia over the last 20 years. Clin Exp Med. 2023;23(8):4563—4573. doi:10.1007/
$10238-023-01206-x

Raad C, Behdenna A, Fuhrmann C, et al. Trends in bacterial bloodstream infections and resistance in immuno-compromised patients with febrile
neutropenia: a retrospective analysis. Eur J Pediatr. 2021;180(9):2921-2930. doi:10.1007/s00431-021-04056-5

Worku M, Belay G, Tigabu A. Bacterial profile and antimicrobial susceptibility patterns in cancer patients. PLoS One. 2022;17(4):¢0266919.
doi:10.1371/journal.pone.0266919

Elseady NSM, Khamis NAGA, AbdelGhani S, et al. Antibiotic sensitivity/resistance pattern of hospital acquired blood stream infection in children
cancer patients: a retrospective study. Int J Clin Pract. 2021;75(10):e14617. doi:10.1111/ijcp.14617

N VA, Hoang LH, Le HHL, et al. Distribution and Antibiotic Resistance Characteristics of Bacteria Isolated from Blood Culture in a Teaching
Hospital in Vietnam During 2014-2021. Infect Drug Resist. 2023;16:1677-1692. doi:10.2147/IDR.S402278

Doua J, Geurtsen J, Rodriguez-Baiio J, et al. Epidemiology, Clinical Features, and Antimicrobial Resistance of Invasive Escherichia Coli Disease in
Patients Admitted in Tertiary Care Hospitals. OpenForum Infect Dis. 2023;10(2):0fad026.

Mohus RM, Gustad LT, Furberg AS, et al. Explaining sex differences in risk of bloodstream infections using mediation analysis in the
population-based HUNT study in Norway. Sci Rep. 2022;12(1):8436. doi:10.1038/s41598-022-12569-8

Xu YP, Shang ZR, Dorazio RM, et al. Risk factors for peripherally inserted central catheterization-associated bloodstream infection in neonates.
Zhongguo Dang Dai Er Ke Za Zhi. 2022;24(2):141-146. doi:10.7499/j.issn.1008-8830.2109147

Risk Management and Healthcare Policy 2025:18 hetps: 3309


https://doi.org/10.3389/fped.2023.1303561
https://doi.org/10.1111/ijcp.14258
https://doi.org/10.1371/journal.pone.0261871
https://doi.org/10.1038/s41598-025-00520-6
https://doi.org/10.1007/s00120-021-01569-7
https://doi.org/10.3389/fcimb.2024.1390053
https://doi.org/10.1097/PCC.0000000000003153
https://doi.org/10.1016/j.critrevonc.2024.104467
https://doi.org/10.1002/cncr.33411
https://doi.org/10.1002/pbc.30990
https://doi.org/10.3906/sag-1901-90
https://doi.org/10.1007/s00134-020-05950-6
https://doi.org/10.1007/s10238-023-01206-x
https://doi.org/10.1007/s10238-023-01206-x
https://doi.org/10.1007/s00431-021-04056-5
https://doi.org/10.1371/journal.pone.0266919
https://doi.org/10.1111/ijcp.14617
https://doi.org/10.2147/IDR.S402278
https://doi.org/10.1038/s41598-022-12569-8
https://doi.org/10.7499/j.issn.1008-8830.2109147

Zhang et al

26. Fisher M, Golestaneh L, Allon M, Abreo K, Mokrzycki MH. Prevention of Bloodstream Infections in Patients Undergoing Hemodialysis. Clin
J Am Soc Nephrol. 2020;15(1):132—-151. doi:10.2215/CIN.06820619. Published correction appears in Clin J Am Soc Nephrol. 2022;17(4):568-569.
doi: 10.2215/CJN.01840222

27. Ruiz-Ruigomez M, Aguado JM. Duration of antibiotic therapy in central venous catheter-related bloodstream infection due to Gram-negative
bacilli. Curr Opin Infect Dis. 2021;34(6):681-685. doi:10.1097/QC0.0000000000000763

Risk Management and Healthcare Policy Dovepress
Taylor & Francis Group
Publish your work in this journal

Risk Management and Healthcare Policy is an international, peer-reviewed, open access journal focusing on all aspects of public health, policy,
and preventative measures to promote good health and improve morbidity and mortality in the population. The journal welcomes submitted
papers covering original research, basic science, clinical & epidemiological studies, reviews and evaluations, guidelines, expert opinion and
commentary, case reports and extended reports. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/risk-management-and-healthcare-policy-journal

. Risk Management and Healthcare Policy 2025:18
3310 X inO g 4


https://doi.org/10.2215/CJN.06820619
https://doi.org/10.1097/QCO.0000000000000763
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Material and Methods
	Study Population
	Definitions
	Data Collection
	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Funding
	Disclosure

