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Background: This study aimed to assess the effect of infection patterns on the outcomes of patients with hematological malignancies 
(HM) and to identify the determinants of in-hospital mortality.
Methods: A case-control study was retrospectively conducted in a tertiary teaching hospital in Chongqing, Southwest China from 
2011 to 2020. Clinical characteristics, microbial findings, and outcomes of HM patients with infections were retrieved from the 
hospital information system. Chi-square or Fisher’s exact test was adopted to test the significance of mortality rate. Kaplan-Meier 
survival analysis and Log rank test were applied to evaluate and compare the 30-day survival rates of those groups. Binary logistic 
regression, Cox proportional hazards regression, and receiver operating characteristic curves were used to investigate the determinants 
of in-hospital mortality.
Results: Of 1,570 enrolled participants, 43.63% suffered from acute myeloid leukemia, 69.62% received chemotherapy, and 25.73% 
had hematopoietic stem cell transplantation (HSCT). Microbial infection was documented in 83.38% of participants. Co-infection and 
septic shock were reported in 32.87% and 5.67% of participants, respectively. Patients with septic shock suffered a significantly lower 
30-day survival rate, while those with distinct types of pathogens or co-infections had a comparable 30-day survival rate. The all-cause 
in-hospital mortality was 7.01% and higher mortality rate was observed in patients with allo-HSCT (7.20%), co-infection (9.88%), and 
septic shock (33.71%). Cox proportional hazards regression illustrated that elderly age, septic shock, and elevated procalcitonin (PCT) 
were independent predictors of in-hospital mortality. A PCT cut-off value of 0.24 ng/mL predicted in-hospital mortality with 
a sensitivity of 77.45% and a specificity of 59.80% (95% CI = 0.684–0.779, P<0.0001).
Conclusion: Distinct infectious patterns of HM inpatients were previously unreported in Southwest China. It was the severity of 
infection, not co-infection, source of infection, or type of causative pathogen that positively related to poor outcome. PCT guided early 
recognition and treatment of septic shock were advocated.
Keywords: early survival, hematological malignancies, in-hospital mortality, microbial co-infection, septic shock, determinants

Introduction
Microbial Infection has been well documented as one of the most common complications for patients with hematological 
malignancies (HM) receiving chemotherapy or hematopoietic stem cell transplantation (HSCT) treatment.1 However, the 
latest systematic reviews focusing on hematological malignancies (HM) and microbial infection have illustrated that the 
bulk of clinical trials present incomplete information of infections without indicating the type of pathogens or source of 
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infections,2 or simply referred to individual microbials in neutropenic patients,3 which rarely provided a structured 
presentation. In addition, due to the administration of vaccinations4,5 and antibiotic prophylaxis,6–8 the burden of 
microbial infection in HM patients may be alleviated. However, there is a paucity of studies concerning this alleviation 
in China.

Furthermore, microbial infection has been frequently related to higher mortality,9,10 while its effect on the outcomes of 
HM patients has been complicated by the heterogeneity of malignancies,11 type of pathogens,12 and co-infections.13 

A recent intensive care study involving HM patients with sepsis indicated that patients with acute myeloid leukemia 
(AML) had a lower 90-day survival rate than those with other types of acute leukemia14 and further research identified that 
fungi were the greatest contributor to the poor outcome of patients with AML than other causative pathogens.15 Latest 
longitudinal studies in China and France have found a positive association of co-infection with higher mortality,10,13,16 

while a multi-center analysis focusing on cancer participants with fever and neutropenia declared no significant difference 
in the mortality rate between bacterial infection and viral-bacterial co-infection.17 Accordingly, detailed investigations of 
the heterogeneity of malignancy and infection would allow a better understanding of the impact of infectious complications 
on the outcomes of HM patients. However, sparse data is referring to this heterogeneity in China.

To this end, we initiated a 10-year longitudinal study in HM inpatients that developed infections during chemotherapy 
or HSCT, to elucidate the difference of outcomes between HM inpatients with distinct types of malignancies, infection 
profiles, and treatments. The potential association of HM classification, infection profiles, and treatments with outcomes 
was investigated and the predictors of in-hospital mortality were further determined.

Materials and Methods
Study Design
A case-control study was retrospectively conducted in the hematology department of the First Affiliated Hospital of 
Chongqing Medical University from 2011–2020. Approval was obtained from the Ethics Committee of the First 
Affiliated Hospital of Chongqing Medical University (NO.2022-K336). Consent from patients was exempted by the 
IRB due to the retrospective nature of the study and the data of patients was anonymized or maintained with 
confidentiality and compliance with the Declaration of Helsinki. Cases were defined as HM inpatients who died during 
hospitalization and controls as patients who survived when discharged from hospital. The flowchart of participant 
enrollment is illustrated in Figure 1.

Data Collection and Enrollment Criteria
Data of patients’ age, gender, length of hospital stay (LOS), clinical diagnosis, treatments, source of infection, laboratory 
findings of microbial infections, etc. were retrieved from medical charts and laboratory information systems. All the 
positive laboratory microbial results of inpatients in hematological departments were recorded. Inpatients were enrolled if 
their records contained all the relevant information, including patients’ age (over 14 years old), gender, unique patient 
identification number, diagnosis of hematological malignancies, type of infections, and treatments (chemotherapy, HSCT, 
or palliative treatment). As to laboratory findings, only the first identified pathogen was recorded if the same pathogen 
was isolated or determined in later checks, at 7 or 14 days. Co-infection was recorded if more than one pathogen was 
reported during hospitalization.18

Definitions
Hematological malignancy was classified by clinical diagnosis. To reduce bias, a given malignancy with less than 200 
cases was exempt from regression analysis.

Infection was generally defined by the consensus of clinical evidence and laboratory microbiological evidence from 
culture, molecular diagnosis, or serum tests. Given the failure of consensus, clinical diagnosis of infection was 
considered the top priority.

Septic shock was defined according to The Third International Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3).19 Catheter-associated bloodstream infection was defined according to clinical practice guidelines for the 
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diagnosis and management of intra-vascular catheter-related Infection: 2009 Update by the Infectious Diseases Society of 
America.20

Invasive fungal infection (IFI) was defined according to the Official American Thoracic Society Clinical Practice 
Guidelines of Microbiological Laboratory Testing in the Diagnosis of Fungal Infections in Pulmonary and Critical Care 
Practice and European guidelines for primary anti-fungal prophylaxis in adult hematology patients,21 and only probable 
or proven IFI was included in this cohort.

The primary outcome was the in-hospital mortality. The secondary outcome was the survival rate at 30 days after 
admission.

Statistical Analysis
Descriptive statistics was adopted to calculate the demographic, clinical diagnosis, treatments, and infection-related 
patients’ features. Continuous variables were evaluated for linearity in functional form. Chi-square test or Fisher’s exact 
test was used to compare the distribution of mortality. Binary logistic regression analysis and Cox regression analysis 
were conducted to explore the associations of all potential predictors with mortality. Kaplan-Meier plots, Log rank test, or 
Gehan-Breslow-Wilcoxon Test22 were generated to assess survival distributions based on patient characteristics of 
interest. SPSS 21 and Graphpad Prism 8 were applied to fulfill these statistics. The two-sided P-value of no more 
than 0.05 was considered statistically significant.

Results
Demographics
During this 10-year investigation period, 1,570 HM inpatients suffered infections and were enrolled in this cohort. The 
median age was 52 years old and 53.57% (841/1,570) were males. Acute myeloid leukemia (AML) was the most 
common malignancy and predominant in 43.63% (685/1,570) of participants, followed by acute lymphocytic leukemia 

Figure 1 Flowchart of the enrollment of HM inpatients in this study. 
Abbreviations: HM, Hematological malignancy; AML, Acute myeloid leukemia; DLBCL, Diffuse large B-cell lymphoma; ALL, Acute lymphocytic leukemia; MM, Multiple 
myeloma; HSCT, Hematopoietic stem cell transplantation; Auto-HSCT, Autogenetic hematopoietic stem cell transplantation; Allo-HSCT, Allogeneic hematopoietic stem cell 
transplantation.
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(ALL, 227/1,570, 14.46%), multiple myeloma (MM, 223/1,570, 14.20%), and diffuse large B-cell lymphoma (DLBCL, 
203/1,570, 12.93%). Chemotherapy was the most frequent treatment and was adopted by 1,093 participants. 
Hematopoietic stem cell transplantation (HSCT) was performed in 404 participants, with 58.42% (236/404) of allogeneic 
HSCT (allo-HSCT) receipts. Apart from curative treatments, palliative treatment was undergone among 73 participants.

Infection Profiles
As to infection sources, bloodstream infection (BSI) was predominant in 22.36% (351/1,570) of participants (Table 1), 
followed by respiratory infection (RPI, 133/1,570, 8.47%), urinary tract infection (UTI, 94/1,570, 5.99%), gut infection 
(77/1,570, 4.90%), and skin and soft tissue infection (SSTI, 62/1,570, 3.95%). Among 351 BSI, 14 cases were confirmed 
to be catheter-associated BSI, with an incidence of 0.89% (14/1,570) and 89 cases were reported as septic shock (89/ 
1,570, 5.67%).

In regard of causative pathogens, bacteria were predominant in almost all sources of infection, except for SSTI 
(Figure 2A). Typically, Escherichia coli was the most frequent isolate from BSI and UTI, while Haemophilus influenzae 
and Salmonella spp. were prevalent in RPI and GI, respectively (Figure 2B). In contrast to bacteria, fungi were less 
common and a majority of them were Candida Spp. and were isolated from oral, sinusal, naso-pharyngeal, and gut 
mucosal infections. Proven invasive fungal infections (34/1,570, 2.17%) were sporadically distributed into 21 cases of 

Table 1 Characteristics of HM Inpatients with Infections from 2011–2020

Variables Overall Survivors Non-Survivors P-values Binary Regression Analysis

ORs (95% CIs) P-values

Total 1,570 1,460 110
Age, years (median, IQR) 52 (35–63) 51 (35–63) 60(45–69) <0.0001 1.032 (1.016–1.048) 0

Male 841 (53.57%) 769 (52.67%) 72 (65.45%) 0.015 1.453 (0.906–2.33) 0.121

LOS (median, IQR) 29 (17–43) 29 (17–43) 25 (16–44) 0.362
Malignancies 0.47

AML 685 (43.63%) 641 (43.90%) 44 (40.00%) 0.486

ALL 227 (14.46%) 210 (14.38%) 17 (15.45%) 0.7581
MM 223 (14.20%) 214 (14.66%) 9 (8.18%) 0.0652

DLBCL 203 (12.93%) 188 (12.88%) 15 (13.64%) 0.7694

Microbial infections 2.684
Bacterial 1,139 (72.55%) 1,058 (72.47%) 81 (73.64%) 0.0703

Fungal 554 (35.29%) 504 (34.52%) 50 (45.45%) 0.0207 2.026 (1.283–3.198) 0.002

Viral 138 (8.79%) 130 (8.90%) 8 (7.27%) 0.5601
Co-infection 516 (32.87%) 465 (31.85%) 51 (46.36%) 0.018 1.101 (0.069–1.756) 0.688

Infection sites 0.167

Bloodstream 351 (22.36%) 326 (22.33%) 25 (22.73%) 0.9229
Respiratory tract 133 (8.47%) 120 (8.22%) 13 (11.82%) 0.1911

Urinary tract 94 (5.99%) 92 (6.30%) 2 (1.82%) 0.059

Gut 77 (4.90%) 71 (4.86%) 6 (5.45%) 0.7818
Clinical treatments < 0.0001

Palliative treatment 73 (4.65%) 59 (4.04%) 14 (12.73%) 0.0003 – –

Chemotherapy 1,093 (69.62%) 1,016 (69.59%) 77 (70.00%) 1
HSCT 404 (25.73%) 385 (26.37%) 19 (17.27%) 0.0411

Auto-HSCT 168 (10.70%) 166 (11.37%) 2 (1.82%) 0.0006 1.352 (0.959–1.907) 0.085

Allo-HSCT 236 (15.03%) 219 (15.00%) 17 (15.45%) 0.8901
Septic shock 89 (5.67%) 59 (4.04%) 30 (27.27%) < 0.0001 12.246 (6.718–22.324) 0

PCT (median, IQR) 0.19 (0.08–0.62) 0.17 (0.07–0.53) 0.74 (0.26–3.75) 0.005 1.026 (1.007–1.046) 0.008

Abbreviations: HM, Hematological malignancy; IQR, Interquartile range; OR, Odds ratio, CI, Confidence Interval, LOS, Length of hospital stay; AML, Acute myeloid 
leukemia; DLBCL, Diffuse large B-cell lymphoma; ALL, Acute lymphocytic leukemia; MM, Multiple myeloma; HSCT, Hematopoietic stem cell transplantation; Auto-HSCT, 
Autogeneic hematopoietic stem cell transplantation; Allo-HSCT, Allogeneic hematopoietic stem cell transplantation; PCT, Procalcitonin.
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candidemia, 12 cases of proven invasive pulmonary aspergillosis, and one case of disseminated cryptococcosis. Unlike 
bacteria and fungi, viruses were frequently reported in SSTI, with the predominance of herpes viruses (33/62, 53.23%).

As to type of infection (Figure 2C), among 1,570 participants, more than half (793/1,570) of them suffered mono- 
microbial infection, 32.87% (516/1,570) had co-infection, and 261 participants failed to report any causative pathogens 
by laboratory findings. Of note, dual infection by bacteria-fungi was the most common co-infection, taking a high 
proportion of 73.84%.

Outcomes
The early outcome of this cohort was the survival rate at 30 days after admission. As shown in Figure 3, more than 90% 
of participants survived in the early 30-day admission, regardless of malignancies (Figure 3A), treatments (Figure 3B), or 
quantities of microbial infections (Figure 3C), while participants with septic shock suffered a dramatically lower 30-day 
survival rate than those without septic shock (80.22% vs 96.27%, P<0.0001, Figure 3D).

The primary outcome of all-cause in-hospital mortality of this cohort was 7.01% (110/1,570), altered with quantity of 
microbial infection and severity of infection, but not type of malignancy, treatment or source of infection (Figure 4). As 
to malignancy, participants with ALL seemed to suffer a high mortality rate of 7.49% (17/227), in contrast to those with 
other investigated malignancies, while Chi-square test failed to detect this difference (P=0.47, Figure 4A). In regard of 
treatment, participants with palliative treatment reported a remarkably higher in-hospital mortality rate of 19.18% (14/73) 
than those undertaking chemotherapy (77/1,093, 7.04%) or HSCT (19/404, 4.70%) (P<0.0001, Figure 4B). Interestingly, 
although participants who had undertaken chemotherapy seemed to have a higher mortality rate than HSCT recipients, 
this difference was insignificant. Subgroup analysis further suggests allo-HSCT recipients had a substantially higher 
mortality rate than auto-HSCT receipts (7.20% vs 1.19%, P=0.004).

Despite participants with respiratory infections and those with fungal infections suffering a high mortality rate of 
more than 9%, subgroup analysis found a comparable mortality rate between those with different types of pathogens or 
sources of infections (Figure 4C and D). Interestingly, participants with co-infection suffered a remarkably high in- 
hospital mortality rate, in contrast to those with mono-infection, and dual infection contributed a lot to it (9.88% vs 
6.07%, P=0.01, Figure 4E). Noticeably, a significantly high mortality rate of 33.71% was found among participants with 
septic shock, in contrast to those without septic shock of 5.4% (P<0.0001, Figure 4F).

Predictors for in-Hospital Mortality
Clinical and microbiological findings of survivors and non-survivors during hospitalization are illustrated in Table 1. 
Binary regression analysis indicated that elderly age, fungal infection, septic shock and elevated procalcitonin (PCT) 
were positively associated with in-hospital mortality, while source of infection or co-infection were not related with this 
poor outcome. It is worth noting that, after the adjustment of length of hospital stay by Cox regression analysis, the 

Figure 2 The infection profiles of HM inpatients. Distribution of (A) microbial, (B) top three causative pathogens isolated from distinct sources of infections (C) infections 
by distinct quantities of causative pathogens. 
Abbreviations: BSI, Bloodstream infections; RPI, Respiratory infections; UTI, Urinary tract infections; GI, Gut infections; CD, Clostridium difficile; MB, Mycobacterium; MP, 
Mycoplasma; EFM, Enterococcus faecium; ECO, Escherichia coli; KPN, Klebsiella pneumoniae; PAE, Pseudomonas aeruginosa; SHM, Staphylococcus hominis; HIN, Hemophilus 
influenzae; ASP, Aspergillus fumigatus; SE, Salmonella enteritidis; CAL, Candida albicans.
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positive relevance of fungal infection and mortality rate in binary regression analysis was dissolved, leaving elder age, 
septic shock, and elevated PCT as the independent predictors of in-hospital mortality (Figure 5A). Moreover, ROCs 
finally illustrated that PCT predicted mortality with an area of 0.73 under the curve (95% CI = 0.684–0.779, P<0.0001). 
A cut-off point of 0.24 ng/mL provided a sensitivity of 77.45% and a specificity of 59.80% (Figure 5B).

Discussion
This study presented the current available information of infection profiles and outcomes of HM inpatients during 
chemotherapy or HSCT treatment in Southwest China. Our findings verified the distinct infection profiles and the 
heterogeneity of the impact of co-infection, severity of infection, type of malignancy, and treatment on the outcome of 
HM inpatients in the infection context.

Consistent with previous studies,12,23,24 microbial infection was documented in 83.38% of HM inpatients. Escherichia 
coli and bloodstream were the predominant causative pathogen and source of infection, respectively. However, the present 
study firstly reported a relatively low occurrence rate of 2.17% of IFI in HM inpatients in Southwest China, in contrast to the 
emerging alarm for high incidence of IFI ranging from 5% to 30% worldwide.25–27 Given that AML was the most common 
malignancy in this study and AML patients have been reported more responsive to antifungal agents than those with other 
leukemia,28,29 the low IFI incidence might be partially ascribed to malignancy heterogeneity. More importantly, the latest 

Figure 3 Survival curves by (A) hematological malignancies, (B) treatments, (C) quantity of causative pathogens, and (D) severity of infection. Differences between these 
groups were assessed by using Log rank test and Wilcoxon test. 
Abbreviations: AML, Acute myeloid leukemia; DLBCL, Diffuse large B-cell lymphoma; ALL, Acute lymphocytic leukemia; MM, Multiple myeloma; HSCT, Hematopoietic 
stem cell transplantation.
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China Hospital Invasive Fungal Surveillance Net (CHIF-NET) Study has highlighted the geographical heterogeneity of 
fungal species and Azole susceptibility in IFI.30 Since Candida tropicalis was the most frequent species in this setting and 
our previous study has reported that more than 90% of Candida tropicalis strains were susceptible to Azole agents,31 it is 

Figure 4 The in-hospital mortality of HM inpatients with distinct (A) types of malignancy, (B) treatments, (C) source of infection, (D) microbial, (E) quantities of microbial, 
and (F) severity of infection. Differences between the groups were assessed using Chi-square or Fisher’s exact test. Asterisks indicate statistical significance as P-values were 
less than *0.05, **0.01 or ***0.001. 
Abbreviations: NS, No statistical significance, AML, Acute myeloid leukemia; DLBCL, Diffuse large B-cell lymphoma; ALL, Acute lymphocytic leukemia; MM, Multiple 
myeloma; HSCT, Hematopoietic stem cell transplantation; Auto-HSCT, Autogeneic hematopoietic stem cell transplantation; Allo-HSCT, Allogeneic hematopoietic stem cell 
transplantation; PT, Palliative treatment; CT, Chemotherapy; BSI, Bloodstream infections; RPI, Respiratory infections; UTI, Urinary tract infections; GI, Gut infections.

Figure 5 (A) Cox regression analysis of predictors of in-hospital mortality and (B) ROC curves of PCT for predicting in-hospital mortality. (A) predictors of in-hospital 
mortality with red color indicate statistical significance. 
Abbreviations: PCT, Procalcitonin; HSCT, Hematopoietic stem cell transplantation; OR, Odds ratio; CI, Confidence interval.
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assumed that Azole prophylaxis in HM inpatients during curative therapies is effective to prevent and combat IFI, 
particularly invasive candidemia, and thus results in a low occurrence of IFI in this setting.

Moreover, the low occurrence of IFI and high Azole susceptibility of fungal species may contribute to our relatively 
low mortality rate of 9.0%, in contrast with those of Spain,32 Japan,33 and Southeast Asia,25 as a majority of IFI deaths 
have been ascribed to Azole-resistant strains.34 Furthermore, the association of fungal infection and in-hospital mortality 
was insignificant in this cohort, which was inconsistent with the result of the NACSELD Cohort.35 This discrepancy may 
link to the severity of infection, as a majority of fungal infections in this setting were oral, sinusal, and naso-pharyngeal 
candidiasis. Another potential explanation is that our study adopted a Cox proportional hazards model to evaluate the 
potential association between fungal infection and in-hospital mortality. In consideration that long length of hospital stay 
has been frequently reported as an independent risk factor of fungal infection and in-hospital mortality among HM 
patients,13 it is necessary to preclude this co-factor during evaluating the association between them. Since the Cox 
proportional hazards model has stronger power than logistic regression analysis by adjustment of the length of time,36 our 
irrelevance between fungal infection and in-hospital mortality was more convincing.

Of note, this study found that HM inpatients with distinct sources of infection had a comparable in-hospital mortality 
rate, despite those with respiratory infection seeming to have a higher mortality rate of over 9.0% than those with 
bloodstream infection or urinary tract infection. This is contradictory to a recent prospective study demonstrating that 
respiratory infection was more prone to have adverse outcomes than bloodstream infection and urinary tract infection.37 

It was deduced that our result of irrelevance between sources of infection and in-hospital mortality was more convincing 
for precluding selection bias, as the aforementioned prospective study was limited to carbapenem-resistant Klebsiella 
pneumoniae, the most frequent but hard to treat causative pathogen in hospital-acquired pneumonia. However, it should 
be noted that multi-drug resistant bacteria has been linked to poor outcomes of patients with HM, especially carbapenem- 
resistant Gram negative bacteria,38,39 despite that our study failed to record the antimicrobial susceptibility phenotypes of 
bacteria strains due to the limited resources.

Surprisingly, a relatively high prevalence of 32.87% of co-infection in this cohort was previously unreported in 
Southwest China. Systematic reviews have concluded the ubiquity of co-infection and its detrimental effect on clinical 
outcomes.40,41 Nevertheless, scarce studies had referred to the quantities of co-infecting pathogens with clinical out-
comes. Our findings verified that HM inpatients with dual infection rather than triple or quadruple infection suffered 
a higher mortality rate than those with mono-infections, but none of those co-infections was associated with early 
survival or in-hospital mortality of HM inpatients. A plausible interpretation is that co-infections are more likely to occur 
in severely ill patients with HM.

A high in-hospital mortality rate of 33.71% in HM patients with septic shock was firstly reported in this setting and it 
was septic shock rather than type of malignancies, treatments, or causative pathogens that determined the outcome of HM 
patients with infectious complications. These findings were also verified in the Beirut Medical Center24 and European 
ICUs,42 demonstrating a similar early mortality rate of 40% and the independence of early death with type of 
malignancies or treatments. Although Oeyen et al43 illustrated that the type of cancer was an important predictor of in- 
hospital mortality, we insisted that it was the severity of clinical status rather than cancer itself that determines the 
outcome, as several studies have evidenced similar mortality between hematological malignancies and solid tumors in the 
intensive care unit.24,44

Furthermore, PCT ≥0.24 ng/mL predicted the in-hospital mortality of HM patients with good performance in this 
setting. Recent data from The University of Texas MD Anderson Cancer Center illustrated that febrile neutropenia 
patients with PCT ≥0.25 ng/mL were more prone to have 14-day mortality. This is in general accordance with our 
findings. A similar conclusion had also been reached by Sakshi Yadav42 and Peipei Liang et al,45,46 demonstrating PCT 
as a useful tool for predicting the 30-day mortality of cancer patients with febrile neutropenia or sepsis. However, Uys 
et al47 denied the significance of PCT in predicting mortality. This controversy may be ascribed to the heterogeneity in 
the enrollment criteria of subjects and the definition of outcomes. Since this present study enrolled the current largest 
cohort of HM patients with infections, not simply those with febrile neutropenia, and was designed in a case-control 
manner, our finding is more plausible for PCT predictor in favor of beneficial outcomes in this cohort.
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Several limitations of our study should not be neglected. Firstly, although it was a ten-year longitudinal study 
including 1,570 HM patients with infections, its retrospective and single-center nature suggests careful interpretation of 
these results in other settings. Secondly, despite infection of participants being diagnosed by the consensus of doctors and 
microbial evidence in this study, there were 16.62% (261/1,570) of participants with suspicious infection, which failed to 
be evidenced by laboratory microbial testing, and this may bring selective bias. Thirdly, since previous studies have 
concluded that the disease stage was not related with hospital mortality of HM patients,14,48 this study did not investigate 
the association of in-hospital mortality of HM patients with their disease status (new diagnosis, remission, relapse or 
progression) under infectious background.

Conclusions
Distinct infection profiles of HM inpatients were previously unreported in Southwest China. The impact of this difference 
on the outcomes was insignificant and septic shock was positively associated with the 30-day survival and in-hospital 
mortality, rather than the type of malignancies, treatments, causative pathogens, or quantity of microbial infections. HM 
inpatients with PCT (≥0.24 ng/mL) and septic shock may have poor outcomes. Timely antimicrobial prophylaxis and 
treatment of infection and early recognition of septic shock were advocated.
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