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Background

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging tick-borne infectious disease characterized by rapid progression and high mortality. Glucocorticoids (GCs) can be used as anti-inflammatory agents for SFTS, but no standardized protocols have been proposed.





Methods

A total of 901 patients with SFTS diagnosed at two hospitals between July 2017 and October 2023 were included in this retrospective cohort study. Univariate and multivariate logistic regression were performed along with LASSO regression to identify independent risk factors of fatal outcomes and further develop mortality prediction model. A nomogram was used to visualize the predictive model. ROC curves, calibration curves, and DCA curves were conducted to assess model accuracy and clinical applicability. The efficacy of GC was assessed using survival analyses, and further subgroup analyses of the effects of different GC regimens on fatal outcomes and hospital-acquired infections (HAI) were performed. Propensity score matching (PSM) analyses were conducted to control confounding factors.





Results

Older age (age > 69 years), consciousness disturbance, decreased monocyte counts, prolonged activated partial thromboplastin time (APTT), and high viral load were identified as strong predictors of fatal outcomes in patients with SFTS. Patients were classified into mild and severe groups according to risk scores calculated by the nomogram (cut-off value = 121.43). Survival analyses showed that GCs treatment may reduce the mortality in severe patients (p = 0.004). Further subgroup analyses indicated that relatively high doses and early treatment with GCs may increase mortality in SFTS patients [OR = 2.292 (1.071, 5.066); OR = 3.693 (1.710, 8.345) respectively]. GCs treatment was associated with an elevated risk of HAI in patients both with mild and severe SFTS (p = 0.024; p = 0.015, respectively). Initiation of GCs therapy at a low level of aspartate aminotransferase (AST < 189.75 U/L) reduced the mortality before and after PSM (p<0.001; p = 0.004, respectively).





Conclusions

A new nomogram based on five independent risk factors effectively predicts the prognosis of SFTS. Severe patients and those with low AST levels might benefit from GCs therapy while early and relatively high doses of GCs therapy should be used with caution.
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1 Introduction

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging tick-borne infectious disease caused by Dabie bandavirus (formerly known as SFTS virus [SFTSV]) (Kim and Park, 2023). The first case of SFTS in China was confirmed in 2009 (Yu et al., 2011), followed by a total of 7,721 laboratory-confirmed SFTS cases during 2010-2018, with an overall case fatality rate (CFR) of 10.5%. Despite this high CFR, no specific antiviral therapy has been established.

Previous studies and meta-analyses have shown that among clinical symptoms and laboratory markers of SFTS, age, emesis, neurologic symptoms, disseminated Intravascular Coagulation (DIC), multiorgan dysfunction, and shock were significantly associated with death, whereas its risk also increases significantly in those with abnormalities in viral load, prothrombin time (TT), activated partial thromboplastin time (APTT), percentage of mononuclear cells, percentage of lymphocytes, and coagulation and liver function (Wang et al., 2022a; Wang et al., 2022b; Wang et al., 2024). Thus, early risk stratification is critical to improve patients’ prognosis. Models based on a joint of indices have been developed to predict mortality in patients with SFTS, but most of them are single-centered and size-limited, which in turn restricts their clinical applications (Jia et al., 2017; Katsurada et al., 2017; Wei X. et al., 2022). In a recent multicenter study, 377 patients with SFTS were divided into double-positive, single-positive, and double-negative groups based on their neurological symptoms; a model incorporating age, gastrointestinal bleeding, and SFTS viral load (AUC=0.859) was generated for assessing the effectiveness of ribavirin, antibiotics, and gamma globulin (Xia et al., 2023). Nevertheless, the sample size of this study was still limited, and the efficacy of GCs, a common anti-inflammatory agent in the treatment of SFTS, was not evaluated.

The poor prognosis of SFTS may be attributed to high viral load, cytokine storm, and immune dysfunction (Chinese Society of Infectious Diseases and Chinese Medical Association, 2022). Consequently, therapeutic strategies can only be efficacious when bearing antiviral, anti-inflammatory, and immunostimulatory properties. Systemic GCs combat inflammation by inhibiting pro-inflammatory genes and inflammatory cytokines, making them potentially effective against diseases correlated with cytokine release (FakhriRavari et al., 2021). However, GCs-induced immunosuppression may also delay viral clearance and increase the risk of secondary infection (Shang et al., 2020). Guideline issued by the National Health and Wellness Commission of China recommend systemic application of glucocorticoids as adjunctive therapy for patients with severe SFTS, but it not contain criteria for identifying patients suitable for SFTS treatment and specific treatment regimens with optimal clinical efficacy (Chen et al., 2022). This may lead to inappropriate use of GCs in the treatment of SFTS, resulting in adverse outcomes for patients.

Therefore, this study aimed to establish a new model to early identify patients at high risk of death and predict the effect of GCs therapy.




2 Materials and methods



2.1 Study design and patient enrollment

This retrospective cohort study included patients with SFTS admitted at the Union Hospital of Tongji Medical College, Huazhong University of Science and Technology (Wuhan, China) from May 2020 to October 2023, and the Second Hospital of Nanjing (Nanjing, China) from January 2017 to June 2023. SFTS was laboratory-confirmed according to criteria released by the National Health Commission of China (2010 version) (Ministry of Health, PRC, 2011): (1) an exposure history of previous field activities in SFTS-endemic areas or tick bites within two weeks before febrile symptom onset, acute fever with thrombocytopenia and/or leukopenia); (2) detection of SFTSV RNA by reverse-transcriptase PCR (RT-PCR). Exclusion criteria included: (1) age under 18 years; (2) length of hospitalization less than 48 hours; (3) missing important laboratory results; (4) presence of autoimmune disease, acquired immunodeficiency syndrome (AIDS), and malignant tumor (see Supplementary Figure 1).

This study was approved by the Ethics Committee of Union Hospital of Tongji Medical College, Huazhong University of Science and Technology (Ethics No. (2021) 1047-01) and the Ethics Committee of Nanjing Medical University, China (Ethics No. (2020) 211) according to the Declaration of Helsinki. This study was restricted to secondary data analysis, so the requirement for informed consent from participants was waived.




2.2 Data collection and study definitions

This retrospective analysis was based on patients’ demographic and epidemiological data, clinical manifestations, initial laboratory results following admission, and treatment-related information. SFTS onset was marked as the first occurrence of fever or thrombocytopenia. Endpoint was set as discharge or a fatal outcome, the primary outcome as 28-day mortality, and the secondary outcome as hospital-acquired infection (HAI). HAI was determined if the infection was neither present nor incubating at admission, but occurred within ≥48 h after admission for SFTS (Ge et al., 2022). Systemic GCs therapy was defined as at least one dose of GCs administered via intravenous routes. Considering that dexamethasone is the most commonly prescribed, other types of GCs were converted to dexamethasone equivalents. According to a previous study, the doses of methylprednisolone, dexamethasone, and hydrocortisone were comparable, with a conversion ratio of 1:5.3 for dexamethasone to methylprednisolone and 5:1 for hydrocortisone to methylprednisolone (Wang et al., 2023). The timing (classified as early (≤ 6 days) and late (>6 days from onset to GCs use)), duration (classified as long-term (> 3 days) and short-term (≤ 3 days)), and dose of GCS treatment (classified as high (> 5 mg/day) and low (≤ 5 mg/day dexamethasone or its equivalents)) were defined based on median number of patients in the multicenter cohort.




2.3 Statistical analysis

As many eligible cases as possible were included due to the exploratory nature of the study. Variables with more than 20% missing data were removed and other missing cases were resolved by multiple interpolation. Data normality was assessed using the Kolmogorov-Smirnov test. Continuous variables were expressed as medians (interquartile range [IQR]), and categorical variables were expressed as frequencies (percentages). For continuous data, differences between groups were measured using the independent samples t-test or Mann-Whitney U-test, as appropriate. Categorical data were analyzed using the Pearson chi-square test or Fisher’s exact test.

This study involved a large number of variables, and to screen for potential predictors, least absolute shrinkage and selection operator (LASSO) regression and univariate logistic regression were used. The screened variables were subsequently incorporated into multivariate logistic regression using stepwise regression to identify independent predictors of death in patients with SFTS. A prediction model was developed with all patients’ data (avoiding data segmentation), and internal validation of model discrimination and calibration was performed using bootstrapping with 1000 resamples (Riley et al., 2020). Receiver operating characteristics (ROC) curves and calibration curves were used to determine the accuracy and consistency of the model. The overall benefit of the model was demonstrated by Decision Curve Analysis (DCA). Kaplan-Meier curves and log-rank tests were used to compare the survival rate and survival time. To reduce the effects of selection bias and potential confounders, we also performed propensity score matching (PSM) in a 1:1 ratio to divide the patients into two risk groups based on the logit of the propensity score (PS) using nearest-neighbor matching with a caliper width of 0.1. After PSM, subgroup analyses were performed based on patient characteristics and treatment regimens. Data processing and statistical analysis were performed in R software (version 4.3.2). All tests were two-tailed, with p-values less than 0.05 considered significant.





3 Results



3.1 Demographic and clinical data of SFTS patients

Of the 901 patients with SFTS, 105 patients (50 males and 55 females) died, with an overall mortality rate of 11.65%. The median age of the patients was 64.00 (56.00-70.00) years, and the median time from symptom onset to hospital admission was 6.0 (4.0-7.0) days. Fever, diarrhea, vomiting, muscle pain, and cough were the most common symptoms. Basic clinical indicators, such as gender, age, white blood cell (WBC) count, platelets, and log-transformed viral load (lg viral load), were compared between the survival and fatal groups. Compared with the survival group, the fatal group had an older age, a shorter time from onset to admission, and higher incidences of consciousness disturbance, hypertension, myalgia, and hemorrhagic tendencies (see Supplementary Table 1).




3.2 Risk factors for fatal outcomes

A total of 53 variables were measured at hospital admission (see Supplementary Figure 3). After LASSO regression (see Supplementary Figure 2), 12 variables remained significant between survival and fatal groups, including older age, consciousness disturbance, WBC, decreased monocyte counts, SCr, BUN, LDH, INR, prolonged APTT, PCT, bleeding, and lg viral load. Subsequently, the univariate regression analysis showed that older age (>69 years), time from onset to admission, consciousness disturbance, diarrhea, muscle pain, white blood cell (WBC) count, lymphocyte count, decreased monocyte count (<0.12×109/L), platelet count (PLT), aspartate aminotransferase (AST), GLOB, serum creatinine (SCr), blood urea nitrogen (BUN), lactate dehydrogenase (LDH), creatine phosphokinase (CK), calcium (Ca), D-dimer, international normalized ratio (INR), prolonged APTT (>53 s), fibrinogen (FIB), bleeding and lg viral load were screened out as independent predictors (all p < 0.05) (Table 1).


Table 1 | Univariate and multivariate logistic regression analyses of risk factors for fatal outcomes in patients with SFTS.






3.3 Predictive value of the nomogram

Based on the results of the multivariable analysis, five variables were incorporated into the nomogram, including older age, consciousness disturbance, decreased monocyte counts, prolonged APTT, and lg viral load. In this nomogram, the risk score was calculated using the regression equation formula:

	

After logistic regression analysis (Table 1), the five significant and independent variables were incorporated into the nomogram (R2 = 0.483, C-index = 0.908) (Figure 1A). Its predictive accuracy was evaluated with ROC curves and calibration plots. The ROC curve produced an AUC of 0.908 (95% CI: 0.879-0.936) (Figure 1B). The calibration curve was close to the standard diagonal (Figure 1C). The DCA showed excellent net benefits of the nomogram (Figure 1D), indicating its high concordance and reliability.




Figure 1 | (A) The nomogram for predicting fatal outcomes in patients with SFTS. (B) Receiver operating characteristics (ROC) curve, (C) calibration curves, and (D) decision curve analysis (DCA) for the prediction model. Lg viral load, log-transformed viral load; APTT, activated partial thromboplastin time.






3.4 Effect of GCs on mild and severe SFTS patients

The risk score was calculated for each patient, with a higher score indicating a higher risk of a fatal outcome. According to a cut-off value of 121.434, all patients were categorized into mild and severe groups. The Kaplan-Meier curve showed a significant difference in the survival rate between the mild and severe groups (p < 0.001) (Figure 2). In the comparative analysis of patients treated with and without GCs, the mortality and co-infection rates were significantly different between the two groups (see Supplementary Table 2). The impacts of GCs were further analyzed in patients with mild and severe SFTS. Before and after PSM, the total CFRs were 2.5% (17/679) and 2.3% (11/474) in patients with mild SFTS, and 39.6% (88/222) and 33.3% (44/132) in patients with severe SFTS, respectively. After PSM, 474 patients with mild SFTS and 132 patients with severe SFTS were analyzed, and the baseline characteristics in the GC group were comparable to those in the non-GC group (see Supplementary Table 3). Survival analyses showed no significant difference in CFR between the GC and non-GC groups before and after PSM in mild patients (p = 0.089, p = 0.360, Figures 3A, C). In contrast, in patients with severe SFTS, CFR was significantly higher in the non-GC group than in the GC group before PSM (p = 0.004, Figure 3B), however, significance disappeared after PSM (p = 0.560, Figure 3D).




Figure 2 | Kaplan-Meier survival curves in mild and severe groups.






Figure 3 | Kaplan-Meier survival curves stratified by GCs treatment for (A) mild patients and (B) severe patients. Kaplan-Meier survival curves stratified by GCs treatment for (C) mild patients and (D) severe patients after PSM.



Further subgroup analyses were conducted according to age, sex, and time from onset to admission after PSM. The administration of GCs demonstrated no notable correlation with CFR in any subgroup (see Supplementary Figures 3A, B). However, the administration of GCs was associated with an elevated risk of HAI in patients both with mild and severe SFTS (p = 0.024, p = 0.015, see Supplementary Figures 3C, D).




3.5 Effect of GCs regimens on patients with SFTS

GCs therapy appeared to reduce mortality in severe patients, but this effect became insignificant after PSM. Therefore, we further investigated the effect of GCs regimen on the CFR and HAI in patients with SFTS, including the timing, duration and dose of GCs treatment. The use of high-dose GCs was associated with an increased CFR (p = 0.001, OR = 3.693, 95% CI: 1.710-8.345); especially in mild patients (p = 0.018, OR = 13.167, 95% CI: 2.195-251.087). Early use of GCs was also associated with increased CFR (p = 0.035, OR = 2.292, 95% CI: 1.071-5.066); especially in severe patients (p = 0.050, OR = 2.868, 95% CI: 1.021-8.546) (Table 2). The timing, duration, and dose of GCs therapy did not have a significant effect on HAI (see Supplementary Table 4).


Table 2 | Effect of GC regime on CFR in patients with SFTS after propensity score matching.



ROCs were depicted to evaluate the predictive capabilities of PCT, CAR, CRP, NLR, PLR as biomarkers of inflammation and AST, LDH, CK as organ injury biomarkers (Figure 4). CRP, NLR, and PLR showed poor predictive performances (p values of 0.125, 0.193, and 0.401, respectively). The AUCs for AST, LDH, PCT, CK and CAR were 0.688 (95% CI: 0.634-0.742, p < 0.001), 0.672 (95% CI: 0.614-0.730, p < 0.001), 0.660 (95% CI: 0.605-0.715, p = 0.001), 0.650 (95% CI: 0.595-0.705, p = 0.001), and 0.608 (95% CI: 0.557-0.659, p = 0.032), respectively. The maximum Youden index identified 189.75 U/L as the optimal critical value of AST, at which its sensitivity and specificity reached 0.733 and 0.606, respectively. Then, the patients were divided into low and high AST groups based on this value. GCs therapy reduced the mortality in both the low and high AST groups (p < 0.001) (Figures 5A, B). After PSM, this effect remained only in the low AST group (p = 0.004, Figure 5C).




Figure 4 | ROC curves of inflammatory and organ injury biomarkers for predicting fatal outcomes in patients with SFTS.






Figure 5 | Kaplan-Meier survival curves for (A) low-level AST and (B) high-level AST groups before PSM. Kaplan-Meier survival curves for (C) low-level AST and (D) high-level AST groups after PSM.







4 Discussion

In this multicenter retrospective analysis, we identified older age, consciousness disturbance, decreased monocyte counts, prolonged APTT, and high viral load as significant risk factors for fatal outcomes in SFTS patients. Based on these factors, the new nomogram showed a good prognostic performance, with an AUC of 0.908 (95% CI: 0.879-0.936), a sensitivity of 83.2%, and a specificity of 76.7%.

Older age has been recognized as a risk factor for serious and fatal outcomes of SFTS in previous studies (Li et al., 2018; Zhong et al., 2024). Neurologic symptoms have long been associated with the severity of SFTS outcomes, as evidenced by the mortality exceeds 40% in patients with SFTS-related encephalopathy (Xu et al., 2021). In our study, the results of multivariate analysis showed that consciousness disturbance was a strong predictor of death (p<0.001, aOR 12.994, 95% CI: 7.625-22.142). Neurologic symptoms have been a major component of prognostic models developed by Wang et al. and Xia et al (Wang et al., 2021; Xia et al., 2023). Therefore, the consciousness of SFTS patients should be fully evaluated for predicting their prognoses. SFTSV attacks the central nervous system through such mechanisms as direct invasion, cytokine storms, and immune dysregulation (Shan et al., 2024). It has been proposed that peripheral monocytes may be a key cell type affected by SFTS, and the results of this study suggest that acute SFTSV infection leads to significant loss of monocyte subsets and impaired monocyte function, and that the involvement of monocytes in the pathogenesis of SFTS is through the mechanism of disturbed innate immune response (Peng et al., 2016). Significant elevation in viral load can induce excessive release of pro-inflammatory cytokines that arouse a storm to cause severe inflammatory responses and widespread tissue and organ damage (He et al., 2021). Coagulation dysfunction is a common event in patients with SFTS, as shown by a significant prolongation of APTT observed in fatal patients compared to survivors. SFTSV infection results in substantial endothelial damage, which ends up with DIC and hemorrhage in vital tissues and organs (Wang et al., 2022a). In the present study, the predictive nomogram incorporated clinical, virological, and laboratory variables, thereby achieving an accuracy higher than its precedents.

Cytokine storm has been demonstrated to correlate with the severity of SFTS. Consequently, we proceeded to evaluate the efficacy of GCs as an anti-inflammatory intervention. It has been reported that the addition of GCs may be beneficial for treating acute encephalopathy and myocardial dysfunction after SFTSV infection (Nakamura et al., 2018). However, several retrospective studies from China, Korea, and Japan have shown that GCs use may increase the risk of mortality and secondary infections in SFTS patients (Jung et al., 2021; Kawaguchi et al., 2021; Xiong et al., 2022). A recent study shows that patients with severe SFTS may benefit from low to moderate doses of GCs, whereas in patients with mild SFTS, GCs treatment is significantly associated with increased CFR (Wang et al., 2023). Therefore, the efficacy of GCs on SFTS remains controversial, due to methodological limitations in previous studies.

In the present study, we observed that GCs therapy reduced mortality in severe patients but not in mild patients. However, significance disappeared after matching patients’ baseline information. We also verified that early and high-dose GCs use was associated with an elevated risk of mortality. One explanation may be that the host immune response is not sufficient enough to inhibit viral replication during the initial stage, while early utilization of GCs may impede viral clearance (Liu WD. et al., 2024). GCs can inhibit the protective function of T cells and prevent B cells from producing antibodies, thus increasing plasma viral load and impairing host immune function (He et al., 2018). The results of the present study showed that in mild patients, the increased CFR was mainly attributed to high-dose GCs, a finding that is consistent with that of Wang et al (Wang et al., 2023). Previous studies also suggested that GCs therapy was associated with other adverse events, especially secondary bacterial/fungal infections (Jung et al., 2021; Kawaguchi et al., 2021) and hyperglycemia (Cai et al., 2021). Besides, these findings indicated that secondary infections were increased in both severe and mild patients treated with glucocorticoids, and the use of high-dose GCs compared with low-dose therapy was associated with more severe adverse effects, thus further worsening the prognosis, most likely through hyperglycemia and secondary infections. Consequently, early and high-dose use of GCs is ineffective or even harmful in patients with SFTS, especially in mild patients. Also, monitoring is needed for adverse events especially secondary infections that may occur during and after treatment.

The therapeutic efficacy of GCs owes primarily to their anti-inflammatory properties, whereas excessive activation of inflammatory responses represents a significant contributor to multi-organ injury. Therefore, we plotted ROC curves with the most commonly used markers of inflammation and organ injury, including AST, LDH, CK, PCT, CRP, CAR, NLR, and PLR (Wei Y. et al., 2022; Liu Z. et al., 2024). Among them, AST generated the largest AUC. Moreover, AST-stratified analysis indicated that administration of GCs was associated with a reduction in mortality after PSM (p=0.004) in patients with low-level AST (<189.75 U/L). Consistent with the results of the large single-center study by Li et al., elevated AST indicates the presence of acute inflammation and multiorgan damage in the early stage of SFTS (Li et al., 2018). Therefore, the use of GCs before the onset of excessive inflammatory response and multiorgan injury may reduce the mortality of SFTS patients, and AST may be a reliable indicator for predicting the progression of SFTS and determining the start of GCs therapy. In addition, during the use of GCs in patients with SFTS, HAI should be monitored, especially in females and those with an onset-to-admission time of less than 6 days.

However, our study does have certain limitations. First, as a retrospective study, it is inevitably subject to bias. There are currently no standardized protocols for GCs therapy. Usually relying on their clinical experience, physicians often hold confusion about indications and tend to use GCs in severe SFTS cases. Second, due to the absence of cytokines and ferritin-related data, we could not fully explore the anti-inflammatory mechanism of GCs. Third, consciousness disturbance was based on subjective criteria, rather than the Glasgow Coma Scale for quantitative measurement. Last, there are inherent limitations in the prognostic model, as patient mortality rates differ between the two hospitals. Nevertheless, our findings should be validated in an external cohort.




5 Conclusions

A new nomogram based on five independent risk factors has demonstrated a strong ability to predict prognosis in SFTS. GCs therapy may reduce mortality in patients with severe SFTS, whereas early use of GCs may increase mortality in patients with severe SFTS and high dose of GCs may increase mortality in patients with mild SFTS. Initiation of GCs therapy in patients with low AST may reduce mortality. In addition, the risk of hospital-acquired infections after treatment with GCs should be monitored in all patients with SFTS.
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