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Introduction

Immunosuppressed patients with bloodstream infection are at risk of mortality. Our objective was to assess the independent risk factors of bloodstream infection with mortality in immunosuppressive states.



Methods

The medical data of a total of 896 patients who were hospitalized in our hospital were collected from January 2015 to December 2019. Evaluation of the independent risk factors of mortality was done by univariate and multivariate logistic regression analyses.



Results

Of the 896 immunosuppressed patients with bloodstream infection, 698 had over 60-day survivals and 198 had 60-day mortality. In our study, PCT (mean ±; standard: 11.40 ±; 31.89 µg/l vs. 62.45 ±; 17.10 µg/l, p = 0.007) and presence of age >60 years (40% vs. 14.19%, p = 0.001) were significantly different between situations with and without 60-day survivals in both univariate and multivariate logistic regression analyses. Age >60 years and PCT could be used as indicators for bloodstream infection with 60-day death in immunosuppressive states; the OR (95% CI) were 1.532 (1.099–2.135) and 2.063 (1.413–3.013), respectively. In different subgroups, PCT and age were also independent risk factors of blood system diseases, Klebsiella pneumoniae infection, diabetes, and ICU-stay subgroups.



Conclusions

Age and PCT were independently associated with mortality in immunosuppressive states, which may help to identify the highly risky situation of bloodstream infection in immunosuppressive states.
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1 Introduction

Immunosuppressive (IS) status refers to low immune response. Generally, typical immunosuppressive status includes patients with hematological diseases, tumor, oral immunosuppressive medications, solid-organ transplant, stem cell transplant, or bone marrow transplant, and atypical immunosuppressive status includes patients with diabetes mellitus, liver cirrhosis, and burns (Mylotte and Tayara, 2000; Li et al., 2021; Willis et al., 2021). Studies revealed that immunosuppression could result from critical surgery as well (Si et al., 2021), and sometimes postoperative patients are susceptible to infections caused by opportunistic pathogens (Mada et al., 2020; Shipman et al., 2021). IS patients with infections may present with atypical signs and symptoms. Consequently, there is possibly a delay in diagnosis and treatment resulting in a poor prognosis of IS patients (Turkkan et al., 2021). IS status is closely related to mortality, and IS is associated with diverse pathogens including infection with bacteria, fungi, and viruses (McCann et al., 2004; Lindell et al., 2020; Li et al., 2021). Moreover, the clinical manifestations lack specificity. Thus, some indicators are needed to evaluate the clinical outcome. Previous investigations revealed that indicators like procalcitonin (PCT), age, intensive care unit (ICU) stay, malignancy, resistant bacterial infection, stroke, sex, diabetes mellitus, chronic renal failure, and previous use of antibiotics could indicate a poor prognosis of bloodstream infection (Zhang et al., 2019; Blanchard et al., 2020; Barlas et al., 2021; Chen et al., 2021; Jain et al., 2021; Zduniak et al., 2021).

IS status is a biologically feasible and widely acknowledged risk factor for mortality in patients with bloodstream infection, but the relationship between IS status and mortality in cases of bloodstream infection remains unclear. To our knowledge, there is no study assessing the significant predictors of mortality in bloodstream infection in patients with IS status.

To assess the clinical characteristics and the importance of risk factors related with mortality and to provide predictors of mortality in bloodstream infection associated with IS status, a retrospective analysis of all the cases of confirmed bloodstream infections in our hospital was conducted.



2 Materials and Methods


2.1 Subjects

The aims of this retrospective study were to evaluate the clinical characteristics in IS patients with organ tumor, hematological diseases, transplantation, autoimmune diseases on immunosuppressive therapy, diabetes, liver cirrhosis, postsurgery critical illness, and burns. We evaluated the prognostic risk factors not only in IS status but also in different IS subgroups.

Blood infections referred to various pathogenic microorganisms invading the blood, which could be confirmed by blood cultures. Coagulase-negative Staphylococci were considered real pathogens when isolated by multiple blood cultures. In our study, PCT was collected at the onset of infection. Body mass index (BMI) was recorded at hospitalization. In Results, the first values and corresponding percentages referred to the number and proportion (%) of different subgroups (primary diseases, etiologies, etc.) in the 60-day survival group. The second values and corresponding percentages referred to the number and proportion (%) of different subgroups (primary diseases, etiologies, etc.) in the 60-day death group. The precipitating factors referred to factors that caused bloodstream infections. The complications referred to the dysfunctions in other parts after bloodstream infection based on primary disease. The etiology resources with bloodstream infection referred to the primary sites of infection. Acute respiratory failure referred to the development of acute respiratory failure during the bacteremic event. Shock included septic shock, hypovolemic shock, and cardiogenic shock.



2.2 Measurements

To conduct this research, we compiled clinical data of 896 IS patients admitted in Ruijin Hospital from January 2015 to December 2019 who developed bloodstream infections during their hospital stay.

Patients meeting any of the following criteria for immunosuppression were selected: (1) tumor (organ and blood system); (2) solid-organ, stem cell, or bone marrow transplantation states; (3) autoimmune diseases with immunosuppressive therapy (more than 10 mg of prednisone or equivalent per day for at least 3 weeks or oral methotrexate, cyclosporine, azathioprine, or biological modifiers within 3 months); (4) poor diabetes control; (5) liver cirrhosis; (6) postoperative critical condition; and (7) burns (McCann et al., 2004; Blanchard et al., 2020; Lindell et al., 2020; Mada et al., 2020; Barlas et al., 2021; Turkkan et al., 2021).



2.3 Statistical Analysis

Patients were classified into 60-day mortality and 60-day survival, and data were analyzed according to different prognosis and different subgroups (underlying tumors, organ transplant, receiving long-term immunosuppressive treatment, diabetes mellitus, liver cirrhosis, postoperative critical condition, and burns). The clinical characteristics and prognostic factors of bloodstream infection for each of these groups were analyzed by using SPSS version 26.0. The proportions of IS-bloodstream infection in 60-day survival and 60-day mortality were compared by applying the χ2 test. The clinical factors associated with 60-day mortality in IS-bloodstream infection patients were evaluated by using univariate and multivariable logistic regression analyses. Body mass index (BMI), age, and PCT were analyzed as continuous variables. The χ2 test or Fisher exact test was used to access the categorical variables, and the Student t-test was applied to evaluate continuous variables. A two-sided p value <0.05 was statistically significantly.



2.4 Statement of Ethics Compliance

All analyses were based on previous clinical data and the study obtained ethical clearance from Ruijin Hospital Affiliated to Shanghai Jiaotong University School of Medicine Ethics Committee with approval of patient informed consent exemption.




3 Results


3.1 The General Characteristics of the Study Population

896 IS patients were selected for analysis of their clinical data in this study. They were categorized as 60-day survivors (698 patients) and of 60-day death (198 patients). The general characteristics are summarized in Supplementary Table 1 and Figure 1. Approximately 71.21% (141/198) of the 60-day death patients were men with a mean ±; standard deviation age of 62.45 ±; 17.10 years, BMI of 23.54 ±; 3.97 kg/m2, and PCT of 20.49 ±; 43.59 µg/l; age and PCT were higher than those of 60-day survivors (p < 0.05). There was no difference in the sex, BMI, smoking, drinking, ICU stay, and underlying diseases between the two groups.




Figure 1 | The clinical characteristics of bloodstream infection.





3.2 The Underlying Conditions With Bloodstream Infection Mortality in IS Status

The underlying conditions were liver cirrhosis (3.89% vs. 5.05%), acute myocardial infarction (2.01% vs. 4.54%), acute pancreatitis (8.02% vs. 6.57%), rheumatic heart disease (5.18% vs. 4.04%), infective endocarditis (2.29% vs. 3.53%), valvular heart disease (2.29% vs. 2.52%), rheumatic systemic diseases (1.58% vs. 1.01%), skin disease (1.00% vs. 2.52%), burns (6.59% vs. 5.56%), biliary infection (5.73% vs. 2.52%), aortic dissection (2.72% vs. 3.53%), aortic aneurysm (1.82% vs. 0.50%), and tumors (36.82% vs. 40.91%) (Supplementary Table 2 and Figure 1). Patients with tumors included patients with different malignancies: hematological malignancies (34.24% vs. 35.80%), gastrointestinal cancer (52.92% vs. 51.85%), respiratory system tumors (3.89% vs. 4.94%), peritoneal malignant tumor (4.28% vs. 3.70%), and urinary system tumors (3.11% vs. 2.47%). There was no difference in the underlying disease between the two groups (Supplementary Table 3).



3.3 The Precipitating Factors, Complications, and Etiology Resources With Bloodstream Infection Mortality in IS Status

The precipitating factors for bloodstream infections in patients with IS status were mainly surgery (47.42% vs. 51.01%), chemotherapy (8.17% vs. 9.60%), and burns (6.59% vs. 5.56%). The complications were mainly acute renal failure (13.18% vs. 11.11%), abdominal infection (9.17% vs. 9.09%), acute respiratory failure (25.64% vs. 21.72%), and shock (24.93% vs. 20.20%). The sources of infection were mainly the respiratory tract (11.75% vs. 11.11%), digestive tract (27.65% vs. 32.32%), and skin (9.46% vs. 8.59%). There was no difference in the precipitating factors, complications, and sources of infection between the two groups (Supplementary Table 4 and Figures 1, 2).




Figure 2 | Distribution of bloodstream infection according to 60-day survivals and 60-day death stratifications: (A) different inducement of infection; (B) resources of infectious etiologies.





3.4 The Etiology of Bloodstream Infections in IS Status

The pathogens isolated in the patients were mainly Klebsiella pneumoniae (20.06% vs. 24.24%), Escherichia coli (17.05% vs. 12.53%), Staphylococcus aureus (10.17% vs. 9.09%), and Staphylococcus epidermidis (8.88% vs. 7.07%). There was no difference in the infectious microorganisms between the two groups (Supplementary Table 4 and Figure 3).




Figure 3 | Distribution of infectious microorganisms of bloodstream infection according to 60-day survivals and 60-day death stratifications (A); proportion of types of infectious microorganisms of bloodstream infection with 60-day survivals (total = 698) (B); proportion of infectious microorganisms of bloodstream infection with 60-day death (total = 197) (C). ABA, Acinetobacter baumannii; ECO, Escherichia Coli; EFA, Enterococcus faecalis; EFM, Enterococcus faecium; KPN, Klebsiella pneumoniae; PAE, seudomonas aeruginosa; PMA, Stenotrophomonas maltophilia; SAU, Staphylococcus aureus; SCA, Paratyphoid C; SEP, Staphylococcus epidermidis; SHL, Staphylococcus haemolyticus; SHO, Staphylococcus hominis.





3.5 Antibacterial Therapy in IS Status

The antibiotics were mainly third-generation cephalosporins (19.20% vs. 15.15%), carbapenems (60.74% vs. 71.72%), vancomycin (28.37% vs. 33.84%), linezolid (15.04% vs. 14.14%), and fluoroquinolones (13.18% vs. 9.60%). There was no difference in the antibacterial therapy between the two groups (Supplementary Table 4 and Supplementary Figure 1).



3.5 Risk Factors Associated With 60-Day Mortality

The 60-day mortality was assessed by univariable logistic regression analysis, age >60 years (OR: 1.537, 95% CI: 1.102–2.145, p = 0.011) and PCT >0.5 µg/l (OR: 2.046, 95% CI: 1.400–2.991, p < 0.001) were considered as having significant differences. Using each significant item in the univariable logistic regression analysis, we assessed the risk factors associated with 60-day mortality by multivariable logistic regression analysis. Age >60 years (OR: 1.532, 95% CI: 1.099–2.135, p = 0.012) and PCT >0.5 µg/l (OR: 2.063, 95% CI: 1.413–3.013, p < 0.001) were considered as having significant differences. Therefore, age >60 years and PCT >0.5 µg/l were independent risk factors for 60-day mortality (Table 1).


Table 1 | Univariate and multivariate analyses of factors related to over 60-day mortality in immunosuppressed patients.





3.6 Risk Factors Associated With 60-Day Mortality in Different Subgroups


3.6.1 Hematological Disease Subgroup

The analysis results of univariable and multivariable logistic regression analyses showed that age >70 years (OR: 3.920, 95% CI: 1.490–10.312, p = 0.006), PCT >0.5 µg/l (OR: 3.608, 95% CI: 1.050–12.395, p = 0.042) and bacteria resistant to extended spectrum cephalosporins (OR: 4.597, 95% CI: 1.647–12.832, p = 0.004) were independent risk factors for 60-day mortality (Table 2 and Supplementary Figure 2).


Table 2 | Risk factors associated with 60-day mortality in different subgroups by univariate and multivariate analyses.





3.6.2 Shock Subgroup

The independent risk factor in shock was acute myocardial infarction (OR: 9.556, 95% CI: 1.686–54.168, p = 0.011) (Table 2 and Supplementary Figure 2).



3.6.3 Diabetes Subgroup

In the diabetes subgroup, the independent risk factors with 60-day mortality were age >60 years (OR: 2.105, 95% CI: 1.089–4.068, p = 0.027), PCT >0.5 µg/l (OR: 2.082, 95% CI: 1.005–4.313, p = 0.048, and Staphylococcus haemolyticus (SHL) infection (OR: 5.578, 95% CI: 1.059–31.296, p = 0.043) (Table 2 and Supplementary Figure 2).



3.6.4 ICU Admission Subgroup

In the ICU-stay subgroup, the independent risk factors with 60-day mortality were age >60 years (OR: 1.812, 95% CI: 1.043–3.148, p value = 0.035), acute myocardial infarction (OR: 8.007, 95% CI: 1.251–51.270, p = 0.028), PCT >0.5 µg/l (OR: 2.725, 95% CI: 1.402–5.296, p = 0.003), and diabetes (OR: 1.874, 95% CI: 1.043–3.366, p = 0.036) (Table 2 and Supplementary Figure 2).



3.6.5 The Assessment of Mortality Risk According to Etiologies

The independent risk factors in cases with ABA infection were burns (OR: 6.800, 95% CI: 1.690–27.356, p = 0.007)  (Table 2 and Supplementary Figure 2).

The independent risk factors in cases with ECO infection were PCT >0.5 µg/l (OR: 4.958, 95% CI: 1.405–17.489, p = 0.013) (Table 2 and Supplementary Figure 2).

The independent risk factors in KPN infection associated with 60-day mortality were age >60 years (OR: 2.542, 95% CI: 1.226–5.268, p = 0.012) and PCT >0.5 µg/l (OR: 2.731, 95% CI: 1.161–6.427, p = 0.021) (Table 2 and Supplementary Figure 2).

In the extended-spectrum cephalosporin-resistant bacteria subgroup, the independent risk factors with 60-day mortality were hematological diseases (OR: 4.072, 95% CI: 1.008–16.448, p = 0.049) and diabetes (OR: 2.879, 95% CI: 1.119–7.407, p = 0.028) (Table 2 and Supplementary Figure 2).



3.6.6 Acute Respiratory Failure Subgroup

In the acute respiratory failure subgroup, the independent risk factors with 60-day mortality were age >45 years (OR: 3.140, 95% CI: 1.039–9.493, p = 0.043) and acute myocardial infarction (OR: 9.383, 95% CI: 1.589–55.392, p = 0.004) (Table 2 and Supplementary Figure 2).



3.6.7 Gram-Negative Bacterial Infection With Carbapenem Antibiotic Treatment, Gram-Positive Bacterial Infection With Glycopeptide Antibiotic Treatment, Extended Spectrum Cephalosporin-Resistant Gram-Negative Bacterial Infection Subgroup

In the gram-positive bacterial infection with glycopeptide antibiotic treatment subgroup, the independent risk factors with 60-day mortality were rheumatic diseases (OR: 7.735, 95% CI: 1.199–49.927, p = 0.032) and shock (OR: 6.554, 95% CI: 2.495–17.212, p < 0.001) (Table 2 and Supplementary Figure 2).

In the gram-negative bacterial infection with carbapenem antibiotic treatment subgroup, the independent risk factors with 60-day mortality were PCT >0.5 µg/l (OR: 3.141, 95% CI: 1.273–7.749, p = 0.013), biliary infection (OR: 3.699, 95% CI: 1.454–9.409, p = 0.006), shock (OR: 4.671, 95% CI: 2.328–9.374, <0.001) (Table 2 and Supplementary Figure 2).

In the extended-spectrum cephalosporin-resistant gram-negative bacterial infection subgroup, the independent risk factors with 60-day mortality were drinking (OR: 4.273, 95% CI: 1.608–11.356, p = 0.004) and shock (OR: 3.701, 95% CI: 1.278–10.722, p = 0.016) (Table 2 and Supplementary Figure 2).





4 Discussion

To our knowledge, many studies assessed risk factors for different microbial infections in the immunocompromised and specific microbial infection in different types of IS. However, studies investigating overall IS status associated with bloodstream infection are scarce. Our study explored the clinical characteristics in IS patients with organ tumor, hematological diseases, transplantation, autoimmune diseases on immunosuppressive therapy, diabetes, liver cirrhosis, postsurgery critical illness, and burns. We evaluated the prognostic risk factors not only in IS status but also in different IS subgroups. Age and PCT were independent prognostic risk factors for IS patients. In the analysis of 896 IS patients, we also evaluated the prognostic risks of different IS subgroups, especially for hematological diseases, diabetes, and ICU admission.

Bloodstream infection was a severe complication of hematological diseases, especially in the occurrence of resistant bacteria (Castagnola et al., 2021). Previous investigations also showed that age and PCT were associated with poor outcome in hematological diseases (Mylotte and Tayara, 2000; Arora and Sahni, 2018; Stoma et al., 2019; Chen et al., 2021; Levy et al., 2021). The results were consistent with our research results. In patients with hematological diseases, the independent risk factors were age >70 years, PCT >0.5 µg/l, and bacteria resistant to extended-spectrum cephalosporins.

Some studies found that hypoglycemia presented a higher mortality in patients with diabetes, and patients with uncontrolled diabetes and bloodstream infection had a poor prognosis (Blanchard et al., 2020). Age, PCT, and microbial infection were associated with a poor prognosis in patients with diabetes (Kanafani et al., 2009; Arora and Sahni, 2018). Our study had similar findings. In the analysis of the diabetes subgroup, the prognostic risk factors were age >60 years, PCT >0.5 µg/l, and SHL infection.

Bloodstream infection is associated with a high mortality in ICU (Lindell et al., 2020). IS patients easily suffered from multiple infections resulting in admission to ICU. Infectious complications contributed to the highly mortality in IS status (Barlas et al., 2021). In our study, the conclusion was the same as in previous studies: age, PCT, and diabetes could be independent factors for ICU admission (Fraunberger et al., 2006; Martin et al., 2006; Blanchard et al., 2020). Moreover, rare investigations analyzed the relationship between bloodstream infection and acute myocardial infarction. The current research mainly evaluated the outcome of acute myocardial injuries in COVID-19 (Fardman et al., 2021; Kite et al., 2021). Our study presented that acute myocardial infarction could be a prognostic predicator of ICU admission in IS status.

Previous investigations showed that the clinical prognosis had a close relationship with the patient’s immune status (McCann et al., 2004; Lindell et al., 2020). Many studies presented that different immunosuppressive status had different independent risk factors for prognosis. For example, in hematopoietic stem cell transplant patients with ICU stay, the independent risk factors were age, underlying diseases, ICU admission time, degree of severity of organ failure, several level of critical diseases, and primary disease (Castagnola et al., 2021). In the hematological malignancies’ patients with ABA infection, the independent risk factors were Sequential Organ Failure Assessment (SOFA) score and antibiotic therapy (Zduniak et al., 2021). In the solid-organ transplant recipients, the independent risk factors were infected bacteria resistant to extended-spectrum cephalosporins, age, and antifungal drugs (Anesi et al., 2021). In the patients with cancer, the independent risk factors were comorbidities, age, underlying diseases (mainly hematological malignancies), infection resources, types of microbial infections, hypoalbuminemia, antibiotic therapy, antibiotic-resistant organisms, shock, and ICU admission (Gudiol et al., 2011; Marín et al., 2015; Torres et al., 2015; Satlin et al., 2016; Marín et al., 2019; Martinez-Nadal et al., 2020; Gudiol et al., 2021). Many studies mainly showed the prognostic risk factors of an immunosuppressive disease in different types of microbial infections or a microbial infection in different types of IS; the prognostic predictors of mortality in overall bloodstream infection in IS status were unclear. In our study, we analyzed the prognostic factors in overall IS patients and different IS status subgroups; age >60 and PCT >0.5 µg/l had a closely relationship with 60-day mortality in IS status.

This study demonstrated a close association between PCT and poor prognosis in IS patients. PCT is an acute reaction protein; previous studies showed that it is closely related with the severity of acute infection (Jacobs et al., 2018). Several investigations presented that PCT could be an indicator in blood system diseases, tumor, oral immunosuppressive medications, solid-organ transplant, stem cell transplant or bone marrow transplant, and diabetes (Mylotte and Tayara, 2000; Kanafani et al., 2009; Arora and Sahni, 2018; Jacobs et al., 2018; Stoma et al., 2019; Chen et al., 2021). The conclusions were similar with our study in which PCT presented a poor prognostic predictor. In our study, PCT >0.5 µg/l could be an independent risk factor for 60-day mortality in IS patients (OR: 2.063, 95% CI: 1.413–3.013, p < 0.001). In different subgroups, PCT >0.5 µg/l was the independent risk factor for blood system diseases (OR: 3.608, 95% CI: 1.050–12.395, p = 0.042), ECO infection (OR: 4.958, 95% CI: 1.405–17.489, p = 0.013), KPN infection (OR: 2.731, 95% CI: 1.161–6.427, p = 0.021), diabetes (OR: 2.082, 95% CI: 1.005–4.313, p = 0.048), ICU hospitalization (OR: 2.725, 95% CI: 1.402–5.296, p = 0.003), and gram-negative bacterial infection with carbapenem antibiotic treatment (OR: 3.141, 95% CI: 1.273–7.749, p = 0.013).

The study also demonstrated that age suggested a poor prognosis in IS patients. Because of the decrease in immune system function with age, elderly people were more prone to infections (Zhang et al., 2019). Previous studies showed that age could be an indicator in severe infection (Martin et al., 2006). Our study showed identical results with a high mortality in the elderly. In our study, age >60 years could be an independent risk factor for 60-day mortality in IS patients (OR:1.532, 95% CI: 1.099–2.135, p = 0.012). In the analysis of different subgroups, age >60 years as a significant prognostic factor of KPN infection (OR: 2.542, 95% CI: 1.226–5.268, p = 0.012), diabetes (OR: 2.105, 95% CI: 1.089–4.068, p = 0.027), and ICU hospitalization (OR: 1.812, 95% CI: 1.043–3.148, p = 0.035) were evaluated.

Several limitations should be taken into consideration. Firstly, the clinical data were collected in a single center, the final results may not represent other different medical institutions. Secondly, the composition of primary illness was mainly hematological diseases and gastrointestinal cancer, it may produce data bias. Thirdly, some IS subgroups included a small number of patients, large-scale research may be needed in the future.



5 Conclusions

The clinical characteristics of underlying diseases and etiological features had a rare difference between 60-day mortality and 60-day survival. Age >60 years and PCT >0.5 µg/l as significant indicators for death risk of bloodstream infection in immunosuppressive status. In the analysis of IS subgroups, the prognostic risk factors of diabetes were age >60 years, PCT >0.5 µg/l, and SHL infection, and those of ICU admission were age >60 years, acute myocardial infarction, PCT >0.5 µg/l, and diabetes.
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