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Purpose: Hyperactive immune responses in severe fever with thrombocytopenia syndrome (SFTS) is considered to associated with 
disease severity, prognosis and complications. This article aims to evaluate the validity of complement C3a, C5a, and sC5b-9 in 
predicting the severity and clinical outcomes in SFTS.
Patients and Methods: Patients diagnosed with SFTS at the First Affiliated Hospital with Nanjing Medical University from March 
to November 2021 were enrolled in this retrospective analysis. The study evaluated C3a, C5a, and sC5b-9 levels between SFTS 
patients and healthy controls. The diagnostic and prognostic efficiency of C3a, C5a, and sC5b-9 for SFTS was assessed utilizing 
receiver operating characteristic (ROC) curve analysis. Correlation analysis was performed to examine the relationships between these 
complement components and clinical laboratory parameters in SFTS patients.
Results: A total of 67 hospitalized SFTS patients were enrolled. SFTS patients exhibited significantly higher concentrations of C3a, 
C5a, and sC5b-9 compared to healthy controls. Non-survival and severe SFTS patients had notably higher C3a and sC5b-9 levels than 
survival and mild, respectively. ROC curve analysis revealed that C3a and sC5b-9 demonstrated effective performance for distinguish-
ing severity in SFTS patients, with the area under the curve (AUC) of 0.784 (95% CI: 0.671–0.896, p < 0.001) and 0.703 (95% CI: 
0.573–0.832, p = 0.005), respectively. The correlation analysis indicated that C3a and sC5b-9 positively correlated with SFTS RNA, 
CRP, PCT, ALT, AST, ALP, LDH, CK, HBDH, APPT, TT and D-dimer, while C3a negatively correlated with PLT.
Conclusion: This study revealed abnormalities in complement components among patients with SFTS. C3a and sC5b-9 levels show 
promise as biomarkers for linking with disease severity and prognosis, potentially providing therapeutic targets for the management of 
SFTS patients and guide future mechanistic research.
Keywords: severe fever with thrombocytopenia syndrome, complement anaphylatoxins, sC5b-9, risk factors

Introduction
Severe fever with thrombocytopenia syndrome (SFTS) is a highly lethal and acute zoonotic disease predominantly 
caused by severe fever with thrombocytopenia syndrome virus (SFTSV), which belongs to the genus bandavirus in the 
family Phenuiviridae, order Bunyavirales and has been officially named Dabie bandavirus (DBV).1 SFTS is chiefly 
transmitted by bites from infected ticks, but there is evidence that it can also be transmitted between people, mainly 
through close contact with the blood and bodily fluids of infected individuals.2–4 The SFTS presents with non-specific 
clinical manifestations primarily encompassing abrupt onset of high fever, diarrhea, fatigue, headache, nausea, vomiting, 
leukopenia, thrombocytopenia, coagulation abnormalities, and neurological symptoms. In critically patients with SFTS, 
the clinical condition may progress very rapidly, eventually leading to disseminated intravascular coagulation (DIC), 

Journal of Inflammation Research 2025:18 9001–9014                                                     9001
© 2025 Chen et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v4.0) License (http://creativecommons.org/licenses/by-nc/4.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                     

Open Access Full Text Article

Received: 11 February 2025
Accepted: 26 June 2025
Published: 10 July 2025

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-3075-1054
http://orcid.org/0000-0002-0657-828X
http://orcid.org/0000-0002-1961-7188
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/4.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


multiple organ dysfunction, and even death.5 SFTS has been ranked by the World Health Organization among the priority 
infectious diseases because of its high fatality rate, wide geographic distribution, economic strain on families, and the 
potential for pandemics.6 The precise mechanisms underlying DBV pathogenesis remain incompletely elucidated. 
Treatment for SFTS is primarily symptomatic, with no specific antiviral drugs or effective vaccines available for 
treatment and prevention regrettably.7 Consequently, identifying risk factors and early intervention indicators associated 
with severe illness and death in SFTS are crucial to reducing mortality in patients.

The complement system is crucial for innate immunity consisting of soluble factors and cell surface receptors, 
generally provides the initial defense against pathogen infections. The complement system is increasingly recognized for 
playing an emerging role in various viral infections.8 C3a, C5a, and sC5b-9 stand as potent molecules in complement 
system, regulating chemotaxis of immune cells and inflammasome activation. Research indicates that complement 
activation, particularly the generation of anaphylatoxins C5a, is related to the progress of acute lung injury triggered 
by influenza A.9 Similarly, C5a may sustain inflammation during the immunopathological stage of COVID-19.10 The 
anaphylatoxins C3a expressed more upstream in the complement cascade response, may play the similar role to C5a in 
COVID-19. It has been shown that the inhibition of C3, which blocking the production of C3a and C5a, effectively 
reduces lung inflammation.11,12 In addition, sC5b-9 and C5a have been shown to co-mediate tissue damage following 
viral infection.13 Currently, there is scarce knowledge about complement and its clinical implications in DBV infection. 
Analysis of the single-cell landscape of fatal SFTS revealed that complement activation, especially the overactivated 
complement systems in intermediate monocytes, is seen as a key characteristic of DBV infection and is linked to negative 
outcomes,14 suggesting that complement and immune cells may jointly affect the disease progression of SFTS patients. 
This study aims to evaluate the clinical value of C3a, C5a, and sC5b-9 in the progression of SFTS, and to provide 
guidance for clinical practice in evaluating the condition and prognosis of SFTS patients.

Materials and Methods
Study Design and Participants
The retrospective study involved 107 admitted SFTS patients treated at the First Affiliated Hospital with Nanjing 
Medical University between March 2021 and November 2021. The diagnostic criteria of SFTS were as followed the 
2023 edition of the diagnosis and treatment scheme on SFTS: patients with a history of employment, residing, or 
traveling in hills, forested, mountainous regions during the epidemic season, or history of being bitten by tick, or close 
contact with SFTSV-infected people or animals; patients consistent with clinical performance; patients with multiple 
organ function impairment; patients with positive DBV RNA.15 A total of 40 patients met the exclusion criteria: (1) 
patients with other viral infections; (2) patients with autoimmune disease; (3) patients with malignancies; (4) patients 
with rheumatological diseases, hematologic diseases, thyroid diseases, chronic renal failure, chronic liver disease, allergic 
disease, pregnancy, immunosuppressive medication, and transfusion of blood products within two weeks; (5) missing 
clinical data; (6) clinical outcomes are inconclusive. Ultimately, there are 67 patients fulfilled the inclusion criteria and 
were enrolled in the current survey (Figure 1). In addition, plasma samples from 24 individuals were analyzed as healthy 
controls. SFTS patients are classified as severe group if they meet at least one of the following criteria: acute respiratory 
distress syndrome (ARDS), DIC, encephalitis, infection-induced toxic shock, sepsis, failure of one or more organs, multi- 
organ dysfunction (MODS), or death.16 The study has shown that the critical time point for the progression of SFTS is 
the 7th day of the course of the disease.17 Blood samples were collected for detecting C3a, C5a, and sC5b-9 from the 
same SFTS patient cohort during the acute phase (within 7 days post-onset) and the convalescent phase (8–28 days post- 
onset), with the interval of illness being at least 3 days. The study was approved by the Research and Ethics Committee 
of the First Affiliated Hospital with Nanjing Medical University. This work was conducted in accordance with the 
principles of the Declaration of Helsinki.

Data Collection
Clinical data of SFTS patients were collected from electronic medical records system, including demographic character-
istics, laboratory parameters, and prognosis. The diagnostic criteria for SFTS patients with central nervous system (CNS) 
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is defined as described above.18 Blood samples were collected by a team of professional nurses using standardized 
EDTA-anticoagulated tubes. Collected blood samples were centrifuged at 1500 × g for 15 minutes within 20 minutes, and 
the temperature was maintained at 4 °C throughout the process. The plasma was then immediately transferred to 
Eppendorf tubes and stored at −80 °C. Severe fever with thrombocytopenia syndrome bunyavirus nucleic acid detection 
kit (Da’an gene Co., Ltd., China) was used to quantitatively measure the viral load of DBV with a positive assessment 
standard ≥ 4.96×103 copies/mL.19 RT-qPCR was performed in the QuantStudioTM3 system (Applied Biosystems, United 
States). Patients who discontinued therapy and were automatically discharged were monitored for outcomes through 
phone calls for 28 days from the start of admission. The concentrations of C3a, C5a (Hycult Biotech, USA), and sC5b-9 
(BD Biosciences, USA) in plasma were measured by ELISA using commercial kits, following the standard procedures 
provided by manufacturer’s instructions. In Brief, plasma samples were diluted following the guideline for dilution of 
samples. A volume of 100 μL from the diluted sample was transferred to the designated microplate wells and allowed to 
incubate for 60 minutes. Then, 100 μL of diluted tracer solution was added to each well after washing, followed by 
another 60-minute incubation. After a subsequent wash, 100 μL of diluted streptavidin peroxidase solution was added 
with the microplate was incubated for another hour. The procedure concluded with the addition of 100 μL TMB substrate, 
and termination with stop solution at the appropriate time. All incubations were performed at room temperature, and the 
optical density (OD) was measured at 450 nm. The standard curve for each complement component was derived by 
measuring the OD values through serially diluted standard samples with predetermined complement concentrations.

Statistical Analysis
All data were analyzed using SPSS version 25.0 (SPSS Inc., USA) and GraphPad Prism 9.3 (GraphPad Software Inc., 
USA). Categorical variables were expressed as frequencies and percentages, and analyzed by Chi-square test between the 
two groups. Continuous variables that followed normal distribution were presented as mean ± standard deviation (x� s) 
and were compared with the Student’s t test, whereas non-normal distribution were presented as medians with 
interquartile range (IQR) and were compared with the Mann–Whitney U-test. Wilcoxon matched-pairs signed rank 
test was employed to compare complement components between acute phase and convalescent phase in the same SFTS 
patient cohort. Correlations between numerical variables were analyzed by Pearson correlation analysis and Spearman 
correlation analysis, with correlations considered significant if r > 0.2 and p < 0.05. Receiver operating characteristic 
(ROC) curve analysis were used to evaluate optimal cutoff values and the prognostic value of the risk factors. 

Figure 1 Illustrative overview of the research design.
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Differences with a two-tailed p < 0.05 were considered statistically significant, and the area under the curve (AUC) > 0.7 
was considered of clinical value.

Results
Demographic Characteristics and Clinical Laboratory Parameters in the SFTS Patients
A total of 67 eligible SFTS patients were finally enrolled in the study, comprising 32 males (47.8%) and 35 females 
(52.2%), with a median age of 66.0 (IQR 56.0–71.0) years. Among them, 37 (55.2%) patients were classified as the 
severe group, with a median age of 67.0 (IQR 63.5–73.0) years, while 30 (44.8%) patients, with a median age of 61.5 
(IQR 52.0–69.0) years, were categorized into the mild group. There was significant difference between mild and severe 
groups in age (p  <  0.05) but not in gender. As presented in Table 1, baseline demographic characteristics and laboratory 
indicators were comprehensively compared between mild and severe patients on admission. Fever was observed as the 
first symptom at the onset of illness in most patients (94.0%), and a higher proportion of severe patients had the 
symptoms of CNS manifestations and lymph node enlargement in contrast to the mild group. No significant differences 
were observed between diabetes and hypertension regarding underlying diseases. Subsequent analysis evaluated the 
differences in peripheral blood parameters between the two groups. Specifically, the viral load exhibited a significant 
increase in the severe group in comparison to the mild group (p < 0.001), while inflammatory parameters including PCT 
and CRP were also higher than those in mild patients. With respect to biochemical indexes, the severe group exhibited 
significantly higher levels of ALT, AST, LDH, CK, HBDH, and Urea. In addition, there was significant increase of 
coagulation indicators (PT, APTT, TT, D-D) between the two groups, and a lower level of PLT and FIB were observed in 
severe patients (all p < 0.05).

Altered Complement Components Observed in SFTS Patients
Complement components including C3a, C5a, and sC5b-9 were measured in both SFTS patients and healthy controls to 
investigate the levels of complement in SFTS patients. The levels of C3a, C5a, and sC5b-9, which are involved in the 
common pathway of complement activation, were significantly elevated in the SFTS group compared to healthy controls 
(all p < 0.001) (Figure 2A–C). Specifically, the level of C3a in healthy controls was 86.838 (60.013–150.609) ng/mL, 
while in SFTS patients it was 397.684 (239.112–563.149) ng/mL. In addition, the concentrations of C5a and sC5b-9 in 
the healthy controls were 29.027 (16.638–77.149) pg/mL and 185.820 (134.575–222.856) ng/mL, while in SFTS 
patients, the concentrations of C5a and sC5b-9 were 349.359 (53.956–615.217) pg/mL and 534.331 (312.500–1000.014) 
ng/mL, respectively.

Significant Increase in C3a and sC5b-9 Levels Observed in Severe and Fatal SFTS 
Patients
To examine the clinical significance of complement components in SFTS, we analyzed and compared the levels of C3a, 
C5a, and sC5b-9 between severe and mild patients, as well as survivors and non-survivors. Our findings revealed that 
both C3a and sC5b-9 were significantly higher in severe SFTS patients than in mild patients. The level of C3a was 
288.772 (202.879–418.069) ng/mL in the mild group, and was 529.023 (370.802–716.600) ng/mL in critically ill patients 
(p < 0.001) (Figure 3A). Correspondingly, the sC5b-9 level was 450.532 (310.197–522.805) ng/mL in mild patients and 
761.140 (382.260–1695.132) ng/mL in severe group (p = 0.005) (Figure 3C), nevertheless, no significant difference was 
observed in C5a levels between the two groups (p = 0.890) (Figure 3B). Additionally, we examined complement 
components in survival (n = 58) and non-survival patients (n = 9). The results indicate significantly increase in C3a 
and sC5b-9 levels among non-survival patients (Figure 3D and F). The concentration of C3a in the survival group was 
349.417 (218.003–497.522) ng/mL, and in the fatal group it was 826.545 (640.035–1307.216) ng/mL (p < 0.001). The 
concentration of sC5b-9 in the survival group was 484.169 (310.197–774.832) ng/mL, and was 4184.018 (1041.007–-
12,553.546) ng/mL in the fatal group (p < 0.001). Similarly, there was no significant difference in C5a concentration 
between survivors and non-survivors (p = 0.869).
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Table 1 Comparisons of Clinical Characteristics Between Mild and Severe in SFTS Patients

Index All SFTS Patients (n = 67) Mild (n = 30) Severe (n = 37) p Value

Demographic

Male/n (%) 32 (47.8%) 15 (50.0%) 17 (45.9%) 0.741a

Age (years) 66.0 (57.0–71.0) 61.5 (52.0–69.0) 67.0 (63.5–73.0) *0.015b

Comorbidity

Diabetes/n (%) 11 (16.4%) 4 (13.3%) 7 (18.9%) 0.778a

Hypertensive disease/n (%) 19 (28.4%) 5 (16.7%) 14 (37.8%) 0.056a

Symptoms and signs, n (%)

Fever 63 (94.0%) 29 (96.7%) 34 (91.9%) 0.673a

Fatigue 46 (68.7%) 18 (60.0%) 28 (75.7%) 0.169a

Diarrhoea 18 (26.9%) 7 (23.3%) 11 (29.7%) 0.557a

Nausea 18 (26.9%) 9 (30.0%) 9 (24.3%) 0.602a

Myalgia 16 (23.9%) 10 (33.3%) 6 (16.2%) 0.102a

Vomiting 14 (20.9%) 7 (23.3%) 7 (18.9%) 0.659a

CNS manifestation 12 (17.9%) 2 (6.7%) 10 (27.0%) *0.031a

Cough 11 (16.4%) 3 (10.0%) 8 (21.6%) 0.344a

Rigor 12 (17.9%) 5 (16.7%) 7 (18.9%) 0.811a

Lymphadenopathy 10 (14.9%) 1 (3.3%) 9 (24.3%) *0.040a

Laboratory indicators

Infection and inflammatory parameters

Viral load (Copies/mL) 9.0E+5 (1.7E+5-4.7E+6) 1.8E+5 (3.9E+4-9.8E+5) 3.6E+6 (6.5E+5-1.6E+7) *<0.001b

PCT (ng/L) 0.2 (0.1–0.4) 0.1 (0.0–0.1) 0.0 (0.1–0.5) *<0.001b

CRP (mg/L) 9.0 (5.0–15.2) 8.5 (5.0–10.9) 12.5 (5.1–20.9) *0.029b

Routine blood parameters

WBC (×109/L) 2.5 (1.7–3.9) 2.4 (1.7–2.9) 2.6 (1.8–4.6) 0.377b

NEU (×109/L) 1.5 (1.0–2.1) 1.2 (0.9–1.9) 1.6 (1.1–2.7) 0.181b

LYM (×109/L) 0.7 (0.5–1.0) 0.7 (0.5–1.0) 0.6 (0.4–1.1) 0.645b

MON (×109/L) 0.1 (0.1–0.3) 0.2 (0.1–0.3) 0.1 (0.1–0.4) 0.511b

RBC (×1012/L) 4.4 (4.0–4.8) 4.4 (4.2–4.8) 4.4 (4.0–4.9) 0.682b

HGB (g/L) 135.0 (124.0–147.0) 135.0 (125.8–144.0) 136.0 (119.0–148.5) 0.815b

Liver function parameters

AST (U/L) 131.6 (78.4–279.7) 90.5 (57.5–149.6) 223.5 (104.9–507.7) *<0.001b

ALT (U/L) 60.6 (40.6–98.0) 49.9 (35.9–69.7) 70.1 (43.7–129.3) *0.007b

ALP (U/L) 79.0 (65.0–107.0) 79.6 (63.3–86.8) 76.0 (67.5–123.5) 0.267b

(Continued)
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Dynamic Changes in the Complement Levels Among SFTS Patients
We further divided SFTS patients into acute and convalescent phases according to the time of onset. The results showed 
that C3a and sC5b-9 levels were elevated significantly at acute phase in comparison with convalescent phase in the same 
cohort of patients (Figure 4A and C). The concentrations of C3a in acute phase and convalescent phase were 397.684 
(209.576–563.180) ng/mL and 187.968 (139.817–392.623) ng/mL, respectively (p = 0.001). Similarly, sC5b-9 concen-
trations showed a marked reduction from 458.386 (305.682–1139.178) ng/mL in the acute phase to 269.659 

Table 1 (Continued). 

Index All SFTS Patients (n = 67) Mild (n = 30) Severe (n = 37) p Value

GGT (U/L) 44.0 (26.1–84.0) 34.3 (25.5–67.2) 46.8 (26.5–132.7) 0.236b

ALB (g/L) 33.8 (31.0–36.6) 34.4 (32.6–36.6) 32.8 (30.0–36.5) 0.181b

Cardiac biomarkers

LDH (U/L) 784.0 (509.0–2103.0) 574.5 (361.5–771.8) 1773.0 (720.5–2445.5) *<0.001b

CK (U/L) 371.0 (156.0–1130.0) 220.5 (84.8–371.0) 994.0 (348.0–1391.5) *<0.001b

HBDH (U/L) 357.0 (284.0–696.0) 285.0 (204.3–321.3) 587.0 (360.0–866.0) *<0.001b

Renal function parameters

Cr (umol/L) 72.0 (62.0–90.7) 71.1 (55.9–85.1) 74.4 (63.0–116.9) 0.126b

Urea (mmol/L) 6.6 (4.9–8.9) 6.2 (4.6–7.4) 7.6 (5.4–13.1) *0.027b

Coagulation parameters

PLT (×109/L) 54.0 (38.0–78.0) 65.0 (50.5–94.3) 45.0 (33.5–62.5) *<0.001b

PT (s) 11.8 ± 0.9 11.5 ± 0.8 12.1 ± 1.0 *0.018c

APPT (s) 39.8 (35.3–48.0) 37.1 (33.8–42.8) 44.1 (38.3–51.0) *<0.001b

FIB (g/L) 2.2 ± 0.5 2.4 ± 0.5 2.0 ± 0.4 *0.001c

TT (s) 22.3 (19.3–28.1) 19.7 (18.7–22.3) 25.8 (20.7–33.2) *<0.001b

D-D (mg/L) 2.7 (1.4–7.8) 2.0 (1.1–2.4) 4.9 (2.4–13.0) *<0.001b

Notes: The data was presented as n (%), mean ± standard deviation (SD) or median (interquartile range, IQR). Significant difference is designated by an asterisk 
(*) between the mild and severe groups. aBy means of the Chi-square test. bBy Mann–Whitney U-test. cBy means of the Student’s t-test. 
Abbreviations: CNS, central nervous system; DBV, Dabie bandavirus; PCT, procalcitonin; CRP, C-reactive protein; WBC, white blood cell; NEU, neutrophils; 
LYM, lymphocyte; MON, monocyte; RBC, red blood cell; HGB, hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; GGT, γ-glutamyl transpeptidase; ALB, albumin; LDH, lactate dehydrogenase; CK, creatine kinase; HBDH, hydroxybutyrate dehydrogenase; Cr, 
creatinine; PLT, platelet; PT, prothrombin time; APPT, activated partial thromboplastin time; FIB, fibrinogen; TT, Thrombin time; DD, D-dimer.

Figure 2 Comparison of complement components in SFTS patients and healthy individuals. (A) Levels of C3a between SFTS patients and healthy controls. (B) Levels of C5a 
between SFTS patients and healthy controls. (C) Levels of sC5b-9 between SFTS patients and healthy controls. 
Notes: Data are presented using mean  ±  standard deviation. The significant difference between the two groups is designated by an asterisk (*). ***p< 0.001. 
Abbreviations: HC, healthy controls; SFTS, severe fever with thrombocytopenia syndrome.
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Figure 3 Comparison of complement components in SFTS patients. (A–C) Levels of C3a, C5a, sC5b-9 between mild and severe patients. (D–F) Levels of C3a, C5a, sC5b-9 
between survival and non-survival patients with SFTS. 
Notes: Data are presented using mean  ±  standard deviation. The significant difference between the two groups is designated by an asterisk (*). **p < 0.01, ***p < 0.001. 
“ns” indicates not statistically significant.

Figure 4 Dynamic changes in the complement levels among SFTS patients. (A) Comparison of C3a levels in the same cohort of SFTS patients during the acute and 
convalescent phases. (B) Comparison of C5a levels in the same cohort of SFTS patients during the acute and convalescent phases. (C) Comparison of sC5b-9 levels in the 
same cohort of SFTS patients during the acute and convalescent phases. 
Note: The significant difference between the two groups is designated by an asterisk (*). **p < 0.01, ***p < 0.001. “ns” indicates not statistically significant.
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(132.217–480.724) ng/mL in the convalescent phase (p < 0.001). There was no significant difference of C5a between two 
phases (p = 0.820) (Figure 4B).

Correlation Analysis Between Complement Components and Clinical Laboratory 
Indicators in Patients with SFTS
The correlation analysis of C3a, C5a, and sC5b-9 with laboratory parameters in SFTS patients was conducted by Pearson 
correlation coefficient and Spearman correlation coefficient (Figure 5). Quantifying viral load and inflammatory biomarker levels 
during hospitalization, we found the C3a and sC5b-9 levels showed significant positive correlation with viral load (r = 0.536, p < 
0.001; r = 0.616, p < 0.001), CRP (r = 0.379, p = 0.002; r = 0.416, p < 0.001) and PCT (r = 0.421, p < 0.001; r = 0.367, p = 0.002). 
Given the significant coagulation abnormalities observed in SFTS patients, our research indicated that the C3a and sC5b-9 also 
showed positive correlation with D-D (r = 0.557, p < 0.001; r=0.361, p=0.003), TT (r = 0.415, p < 0.001; r=0.380, p=0.002), and 
APTT (r = 0.406, p = 0.001; r = 0.338, p = 0.005). Furthermore, the results revealed positive correlation between C3a and both 
ALT (r = 0.472, p < 0.001), AST (r = 0.572, p < 0.001), ALP (r = 0.255, p = 0.038), LDH (r = 0.400, p = 0.001), CK (r = 0.357, p = 
0.003), HBDH (r = 0.451, p < 0.001), and BUN (r = 0.252, p = 0.039), while demonstrating significant negative correlation with 

Figure 5 Correlation analysis of complement C3a, C5a, sC5b-9 with clinical parameters. 
Note: The significant difference between the two groups is designated by an asterisk (*). *p < 0.05.
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PLT (r = −0.294, p = 0.016). sC5b-9 was positively correlated with ALT (r = 0.410, p = 0.001), AST (r = 0.514, p < 0.001), ALP (r 
= 0.274, p = 0.025), GGT (r = 0.286, p = 0.019), LDH (r = 0.373, p = 0.002), CK (r = 0.265, p = 0.030), and HBDH (r = 0.475, p < 
0.001). There was no significant correlation between laboratory parameters and C5a.

ROC Analysis for Predicting Disease Severity Risk of Complement Components in 
SFTS Patients
ROC curve analysis was used to assess C3a, C5a, and sC5b-9 for their ability to distinguish between severe and mild 
patients (Figure 6). The AUCs of the C3a and sC5b-9 were 0.784 (95% CI: 0.671–0.896, p < 0.001) and 0.703 (95% CI: 
0.573–0.832, p = 0.005), respectively. The sensitivity and specificity of C3a at a optimal cutoff value of 362.046 ng/mL 
were 0.784 and 0.733. And the optimal cutoff value for sC5b-9 was 516.867 ng/mL, determined by the maximum 
Youden index, yielding a sensitivity of 0.730 and a specificity of 0.767 for predicting severity in SFTS patients (Table 2). 
However, the AUC of C5a for severe outcome was 0.510 (p > 0.05). These findings highlight the potential of C3a and 
sC5b-9 as prognostic indicators for predicting severity of SFTS patients.

Discussion
Since its discovery in 2009, SFTS has been characterized by a rapid onset and high lethality, which poses a major 
challenge. The disease remains primarily endemic to Asia and has been increasing in incidence in recent years, with 
morbidity rates of 5–40% and an average mortality rate of 12.2%. Our study examined 67 patients with SFTS, yielding 
a mortality rate of 13.43%. Early-stage SFTS lacks distinctive clinical symptoms. High levels of AST, LDH, APTT, and 
viral load, along with advanced age and neurological symptoms, are established risk factors for poor clinical 
outcomes.20,21 In our study, fever was present in 94.0% of SFTS patients, followed by fatigue, diarrhoea, nausea, 
vomiting, rigor, and myalgia as common clinical manifestations. Our study also found that patients with SFTS were more 

Figure 6 Analysis of receiver operating characteristic (ROC) curve to assess the ability of C3a, C5a, and sC5b-9 in distinguishing between mild and severe patients.

Table 2 ROC Analysis of Complement Biomarkers for Predicting Severe Disease in SFTS 
Patients

AUC (95% CI) Cut Off Value Sensitivity Specificity p Value

C3a (ng/mL) 0.784 (0.671–0.896) 362.046 0.784 0.733 <0.001

C5a (pg/mL) 0.510 (0.361–0.659) 85.904 0.811 0.400 0.890

sC5b-9 (ng/mL) 0.703 (0.573–0.832) 516.867 0.730 0.767 0.005

Abbreviations: AUC, the area under the curve; CI, confidence interval.
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common in the elderly population, and the occurrence of CNS manifestations and lymph node enlargement was more 
frequent in severe patients. SFTS can inflict damage on various organs. This study provided a comprehensive analysis of 
laboratory indicators indicative of multi-organ injury in DBV-infected patients, including hematology, liver function 
indicators, myocardial function indicators, renal function indicators, coagulation indicators, and infection indicators. 
Comparison of the parameters between the mild and severe groups revealed that viral load, PCT, liver function 
parameters including AST and ALT, cardiac enzyme parameters (LDH, CK, HBDH) and coagulation indicators were 
more critical in severe cases, which is consistent with previous reports.20,22

The underlying mechanism of SFTS viruses remains unclear. Bunyaviruses commonly contribute to lethal outcomes 
through excessive inflammation triggered by mitochondrial dysfunction following DBV infection.23–26 In severe and 
critically ill cases, the aberrant production of pro-inflammatory and anti-inflammatory cytokines may trigger the systemic 
inflammatory response syndrome (SIRS), which elevates the risk of secondary infections, multiple organ failure, and fatal 
outcomes.27–29 Early diagnosis and effective symptomatic treatment are critical for improving the prognosis of patients 
with this disease.30 Our study appears to be the first one that explores the role of complement C3a, C5a, and sC5b-9 in 
prognosis and severity in SFTS. Although the complement system plays a crucial role in protecting against viral 
pathogens, its excessive activation and dysregulation may lead to extensive systemic damage affecting multiple 
organs.31,32 The complement cascade response constitutes an intricate network of plasma proteins with major effector 
fragments, including C1q, C3a, C3b, C5a, and C5b9/MAC, as potent coordinators between the innate and adaptive 
immune systems. C3a and C5a are powerful and multifaceted complement peptides, often referred to as “anaphylatox-
ins”. In the context of innate immunity, these peptides play well-defined roles and interact with multiple leukocyte 
targets, promoting or inhibiting immune cell chemotaxis, granulocyte degranulation, phagocytosis, inflammatory vesicle 
activation, and cytokine production. Consequently, C3a and C5a are considered as regulators of adaptive immune 
responses.33 It was determined that the SARS-CoV-2-induced complement activation generates an inflammatory envir-
onment that fosters the differentiation of T cells with a high immunopathogenic potential, crucial for the infectious 
progression. Complement C5a, C3a, and serum inflammatory cytokine levels were positively correlated with in-hospital 
mortality in critical patients of COVID-19, emphasizing the complement system’s potential for predicting severity and 
mortality in COVID-19.34 Furthermore, elevated C3a production was observed in adenovirus type 7 (HAdV-7) infec-
tions, triggering cytotoxic effects and higher viral loads in the lungs, accompanied by an increase in proinflammatory 
cytokines.35 In this study, we focused on complement cascade activation in SFTS patients after DBV infection in vivo. 
We found that anaphylatoxins (C3a, C5a) and soluble membrane attack complex (sC5b-9) were all significantly higher in 
SFTS patients than in healthy controls. Further, C3a and sC5b-9 levels were consistently increased in critical patients and 
non-surviving patients. This suggests that the body initiates complement immune responses following DBV infection, 
which may serve as an indicator of the severity of the viral infection. Previous studies have also shown that the 
complement cascade is a prominent feature of DBV infection, and in deceased SFTS patients, viral infection significantly 
induced the secretion of C3b/iC3b and complement factor D in the complement cascade.36

The analysis of dynamic laboratory indicators revealed a critical time point of 7 days following the onset of 
SFTS.17 We compared the dynamic levels of complement components in the acute phase (4–7 days after onset) and the 
convalescent phase (8–20 days after onset). Longitudinal analyses revealed that the concentrations of complement 
proteins (C3a and sC5b-9) decreased over time, with both C3a and sC5b-9 being higher in the acute phase than in the 
convalescent phase, implying that they may predict the prognosis of SFTS in its early stages. In general, C3a and 
sC5b-9 contribute to the acute response and are quickly cleared from the circulation by receptor involvement or 
secretion.37 Some soluble forms of some activated complement components remain stable during storage at 4°C after 
thawing and freezing.38 The fact that such a high concentration of complement components is present in SFTS says 
a lot about the speed of its production and may be a sign of complement system activation. We assume that this is 
caused by active viral replication, but more research is needed to confirm this. In view of complement and inflamma-
tion are closely cross-talking, high concentration of complement proteins in the acute phase may promote inflammation 
after DBV infection.39 Consequently, we investigated the relationship between complement and biomarkers, including 
indicators of inflammation in acute phase. Notably, we found that high C3a and sC5b-9 levels were positively 
correlated with high DBV viral load, which itself was associated with severe disease progression and similarly 
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predicted poor outcome.40 Severe SFTS often accompanied by inflammatory response, and previous research has 
shown that ferritin and PCT serve as discriminative inflammatory biomarkers of SFTS in its early stages.41 Our study 
evaluated the association between complement proteins and indicators of inflammation subsequently. The results show 
that PCT levels are elevated in severe SFTS patients, and C3a and sC5b-9 are positively correlated with PCT. In 
addition, abnormalities in other early predictors of adverse outcomes in SFTS patients were associated with a higher 
risk of death from SFTS, aiding in identifying those at high risk for severe complications.20 Thrombocytopenia is 
a defining hallmark of SFTS, and it may be related to increased cytokine network activation, endothelial cell 
dysfunction, and abnormal coagulation reactions. Patients who died with severe PT, APTT, TT prolongation, and 
increased D-dimer levels, indicating a risk of disseminated intravascular coagulation and thus mortality.42,43 In view of 
the relationship between the complement and coagulation pathways which has long been recognized, it may be 
associated with coagulation dysfunction and hemorrhagic risk following DBV infection.44 This study showed that 
coagulation indices and PLT were affected in patients with SFTS, more so in critical patients. C3a and sC5b-9 were 
correlated with coagulation parameters (D-D, TT, APTT), and C3a was positively correlated with PLT. Our study also 
revealed that the levels of C3a and sC5b-9 were positively correlated with severity indicators such as ALT, AST, ALP, 
CK, HBDH, and LDH. This suggests that elevated levels of C3a and sC5b-9 are associated with increased impairment 
of liver, myocardial, and renal function to varying extents. The ROC curve analysis indicates that the sensitivity and 
specificity for predicting SFTS severity were higher when the concentration of C3a and sC5b-9 was above 362.046 ng/ 
mL and 516.867 ng/mL, respectively.

In the current investigation, we observed elevated C5a in SFTS patients compared to healthy controls. Unfortunately, 
we were unable to detect activation of the C5 axis in critical patients or throughout disease dynamics. C5a is a powerful 
allergenic toxin, ranking just below C3a in potency. It serves as a significant activator of neutrophils, monocytes, and 
macrophages. This activation typically results in smooth muscle contraction, vasodilation, and increased vascular 
permeability. Additionally, C5a induces the degranulation of basophils and mast cells, leading to the release of lysosomal 
enzymes. These processes collectively contribute to the release of proinflammatory cytokines and the induction of 
inflammation. Given these properties, it has been implicated as a driver or exacerbator of pathology in a variety of 
inflammatory or autoimmune diseases.45 Circulating neutrophils possess high-affinity C5a receptors (C5aR), which 
rapidly bind C5a, resulting in its brief half-life of approximately one minute. C5a can only be tested in plasma after 
C5aR has been saturated on leukocytes, making it technically challenging to detect. However, this does not mean that 
C5a is not formed during DBV infection, as we demonstrated significantly increased C5a concentrations in SFTS patients 
compared to healthy controls. There was no significant difference in C5a between severe and mild cases, as well as 
between death and survival in SFTS patients. We considered that the difference might be distinguished due to the low 
concentration of C5a in plasma or the low sensitivity of the reagent.

Nevertheless, our study has some limitations that must be noted. Firstly, this is a single-center retrospective study, and 
considering the small sample size of this study, more studies are needed to prove the interaction between complement 
C3a and sC5b-9 and SFTS. Secondly, we only analyzed anaphylatoxin (C3a and C5a) and the membrane attack complex 
(sC5b-9), and did not involve other complement system molecules and regulatory factors. At the same time, the 
mechanism between complement molecules and the immune system or virus is not clear. Therefore, further multicenter, 
large-sample, prospective randomized controlled trials and systematic mechanism exploration are still needed to confirm 
the role of the complement system in DBV infection.

Conclusion
This study demonstrated significant abnormalities in complement components of SFTS patients, characterized by notable 
increase of C3a, C5a, and sC5b-9. Additionally, we evaluated the potential utility of C3a and sC5b-9 as diagnostic and 
prognostic biomarkers for DBV infection and aids in risk stratification among SFTS patients. The evaluation of 
complement activation markers may serve as a monitoring tool for disease severity and a reference for therapeutic 
strategies during SFTS epidemic seasons.
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