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Purpose: Severe Fever with Thrombocytopenia Syndrome (SFTS) is an infectious disease with rapid onset and high case fatality rate. 
The study was to explore the clinical value by examining the serum level of 25-hydroxyvitamin D (25 (OH) D) in SFTS patients.
Methods: One hundred and five patients and 156 healthy controls were included. Univariate and multivariate regression analyses were 
performed to identify independent risk factors for disease progression. Subject operating characteristics (ROC) curves were drawn, and 
the corresponding area under the curve (AUC) was calculated to assess the sensitivity and specificity of the diagnostic disease.
Results: The 25 (OH) D level of disease group was lower than that of healthy control group (22.12 (18.43, 25.86) ng/mL vs 27.36 (23.20, 
32.71) ng/mL; P<0.05). The 25 (OH) D level of severe disease group was lower than that of mild disease group (20.55(16.30, 24.44) ng/ 
mL vs 24.94(20.89, 31.91) ng/mL; P<0.05). And there was no significant difference of 25 (OH) D level between the survival group and 
death group in severe disease group. Multivariate Logistic regression analysis showed that the 25 (OH) D level under 19.665 ng/mL was 
an independent risk factor for the development of SFTS (OR = 0.901, P=0.040). Furthermore, age more than 68.5 years old and lactate 
dehydrogenase (LDH) more than 1023.5U/L were independent risk factors for death in severe patients with SFTS.
Conclusion: Patients with SFTS have reduced 25 (OH) D level, and 25 (OH) D is a risk factor for disease severity in patients with 
SFTS. Vitamin D supplementation may be an effective measure to reduce the risk of infection and improve the prognosis.
Keywords: severe fever with thrombocytopenia syndrome, 25-hydroxyvitamin D, risk factor

Introduction
Severe Fever with Thrombocytopenia Syndrome (SFTS) is a notifiable infectious disease caused by SFTS virus (SFTSV),1 

carried by ticks. SFTSV is a single stranded negative-strand RNA virus, a new member of the Phlebovirus genus of the 
Bunyaviridae family, which was renamed Dabie Banda virus by the International Committee on Taxonomy of Viruses in 2019. 
It is reported to be endemic in different parts of China. After the infection, the patient developed symptoms of fever, 
stomachache, gastrointestinal dysfunction, nausea, abdominal distension, vomiting, and thrombocytopenia.2,3 SFTS cases 
have also been identified in Korea, Japan and Vietnam,4 and similar diseases have occurred in the United States.5,6 In some 
endemic areas, the disease incidence is very high, with case-fatality rates of up to 30%, posing an increasing threat to global 
health. Vitamin D is a steroid derivative that can regulate the balance of calcium and phosphorus and promote the absorption 
of calcium and phosphorus, playing an essential role in human health.7 It can be obtained from several sources: diet, 
supplements or seasonal skin exposure to appropriate ultraviolet radiation from the sun through photochemical and thermal 
conversion of the cholesterol precursor 7-dehydrogenated cholesterol.8,9 Vitamin D exists in two natural forms, ergocalciferol 
(vitamin D2) and cholecalciferol (vitamin D3), depending on the number and location of the two-carbon carbon bonds. 
Vitamin D2 and D3 are metabolized in the liver to 25(OH)D by 25-hydroxylase, and then hydroxylated to 1,25 
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dihydroxyvitamin D3 (1,25 (OH)2D), which is most active in the kidney, but its anabolism is regulated by regulators such as 
phosphorus, calcium, parathyroid hormone, and fibroblast growth factor-23 (FGF23). Serum 25 (OH) D is the main circulating 
form of vitamin D, and can be used to evaluate the total level of vitamin D present in the body, reflecting the state of vitamin 
D in the body.10 In addition to its known role in maintaining bone health, vitamin D is involved in several biological functions, 
including antiproliferation, antiangiogenesis and immune system regulation.11–13 New evidence suggests that vitamin D can 
also prevent a variety of cancers. In the past two years, many studies have shown that Corona Virus Disease 2019 (COVID-19) 
is associated with low vitamin D levels.14,15 Therefore, we conducted this study, aiming to determine the association between 
serum 25 (OH) D level and the risk of SFTSV infection and the disease severity in patients with SFTS.

Materials and Methods
Research Subjects and Data Collection
Between April 2020 and August 2022, serum samples of 105 patients clinically diagnosed with SFTS and 156 healthy 
controls were collected from Infection Hospital Area of the First Affiliated Hospital of the University of Science and 
Technology of China. Clinical data of the two groups were also collected, including sex, age and other laboratory-related 
indicators: alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ -glutamyltransferase (GGT), total 
protein (TP), albumin (ALB), lactate dehydrogenase (LDH), calcium (Ca), phosphorus (P), magnesium (Mg), creatine 
kinase (CK), creatine kinase isozymes CK-MB), amyloid A (SAA), white blood cells (WBC), neutrophils (Neu), 
platelets (PLT), CD3, CD4, CD8, CD4/CD8, C-reactive proteins (CRP), procalcitonin (PCT) and interleukin-6 (IL-6).

Inclusion and Exclusion Criteria
Inclusion Criteria included all patients met the diagnostic criteria for the Prevention and Treatment of Fever with 
thrombocytopenia Syndrome (2010) standard.16 The disease group was divided into mild and severe groups. The mild 
group included mild and normal types and the severe group included severe and critical types. Exclusion criteria: (1) with 
other viral infections; (2) with fungal, bacterial, or parasitic infections; (3) with vitamin drug supplements within nearly 1 
month; (4) with other systemic diseases.

Instruments and Reagents
Instruments included: Antu A2000Plus automatic immune analyzer (Zhengzhou Antu biological engineering co., LTD.), 
Beckman AU 5800 automatic biochemical analyzer (Beckman Kurt biotechnology co., LTD.), Mindray BC6900 
automatic blood cell analyzer (Shenzhen mrui biomedical electronics co., LTD.), Wanfu dry type fluorescence immu
noanalyzer (Guangzhou wanfu biotechnology co., LTD.), Roche C411 automatic electrochemiluminometer (Hoffmann- 
La Roche), FACSCalibur Fully Automatic flow cytometer (Becton, Dickinson and Company). Reagents included alanine 
aminotransferase assay kit, aspartate aminotransferase assay kit, γ -glutamyl aminotransferase assay kit (Shanghai Fosun 
Diagnostic Technology Co., LTD.); total protein determination kit, albumin determination kit, lactate dehydrogenase 
determination kit (Anhui Tongzhi Biological Engineering Co., LTD.); creatine kinase assay kit, creatine kinase iso
enzyme assay kit (Ningbo Tiankang Biotechnology Co., LTD.); amyloid A assay kit (Anhui Daqian Biological 
Engineering Co., Ltd.). Except for the reagents mentioned above, all the instrument supporting reagents were used.

Study Variables
One hundred and five patients were divided into mild group (34 cases) and severe group (71 cases); Patients in the 
severe group were divided into survival group (51 cases) and death group (20 cases) according to the final 
outcome. Antu A2000Plus was used to detect 25(OH)D; AU 5800 was performed for testing for ALT, AST, GGT, 
TP, AL B, LDH, CK, CK-MB, SAA, Ca, P, Mg; Mindray BC6900 test for CRP, WBC, Neu; Roche C411 Fully 
Automatic Electrochemiluminometer for Detection of IL-6; PCT was detected by Wanfu dry-type fluorescence 
immunoassay; CD3, CD4, CD8 and CD4/CD8 were detected by flow cytometry. The general data and laboratory 
examinations including the level of 25 (OH) D of the patients in different groups were retrospectively analyzed 
and compared. The relevant factors that may affect the prognosis were evaluated.
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Statistical Analysis
We analyzed all data using SPSS software version 22 (SPSS, Inc., Chicago, IL, USA). For normal distribution measurement 
data, we expressed by mean ± SD and t-test was used for comparison between groups. For non-normal distribution 
measurement data, we described as M (P25, P75) percentiles and Mann–Whitney U-test was used for comparison between 
groups. Counting data were compared using chi-square test. Pearson correlation analysis was used to analyze the correlation 
of continuous variables. Multivariate Logistic regression was used to analyze the influencing factors of SFTS severity, and 
ROC curve was used to evaluate the predictive value of 25(OH)D. It is generally believed that the model with area under 
curve (AUC) >0.7 has clinical application value, and a P-value of <0.05 is considered to have statistical significance.

Results
Comparison of Laboratory Indicators Between Disease Group and Healthy Control 
Group
Among the 105 patients, 49 were males and 56 were females and the average age was 64.47±9.88 years old. In healthy 
control group, there were 72 cases of males and 84 cases of females and the average age was 60.01±6.40 years old. There 
was no significant difference in gender between the two groups, but age of the two groups was statistically different. 
Laboratory indicators including ALT, AST, GGT, TP, ALB, LDH, Ca, P, Mg, CK, CK-MB, SAA, CRP, WBC, Neu, PLT, 
CD3, CD4, CD8, CD4/CD8, PCT and IL-6 had statistical differences (P<0.05), as shown in Table 1.

Comparison of Laboratory Indicators Between Mild Disease Group and Severe 
Disease Group
In mild disease group, there were 17 males and 17 females, with an average age of 61.94±10.89 years old. In severe 
disease group, there were 32 males and 39 females, with an average age of 65.69±9.20 years old. There was no 

Table 1 Comparison of Laboratory Indicators Between Disease Group and Healthy Control Group

Disease (n=105) Control (n=156) t/χ2/Z P

Sex(male/female) 49/56 72/84 0.007 0.935
Age (years) 64.47±9.88 60.01±6.40 −4.434 <0.001

ALT (IU/L) 87.00 (50.25, 145.75) 31.00 (26.00,37.00) −11.463 <0.001

AST (IU/L) 183.00 (101.00, 359.80) 27.00 (21.00,33.75) −13.117 <0.001
GGT(IU/L) 36.60 (24.25, 84.75) 33.00 (20.00, 45.00) −3.597 <0.001

TP (g/L) 59.75 (55.32, 64.60) 74.70 (69.92, 80.17) −12.496 <0.001

ALB (g/L) 33.60 (30.17, 36.67) 48.30 (43.82, 51.87) −13.511 <0.001
LDH (U/L) 667.00 (420.50, 1218.50) 190.50 (160.00, 223.00) −13.326 <0.001

Ca (mmol/L) 1.99 (1.90, 2.05) 2.36 (2.22, 2.50) −11.477 <0.001

P (mmol/L) 0.97 (0.83, 1.15) 1.17 (0.99, 1.33) −5.338 <0.001
Mg (mmol/L) 0.76 (0.70, 0.84) 1.10 (0.83, 1.31) −8.893 <0.001

CK (IU/L) 558.00 (219.00, 1299.00) 146.00 (82.00, 217.75) −9.018 <0.001

CK-MB (IU/L) 27.38 (15.87, 49.02) 13.30 (6.36, 18.04) −8.630 <0.001
SAA (ng/mL) 54.90 (3.57, 149.20) 5.34 (2.86, 7.68) −5.416 <0.001

CRP (ng/mL) 4.35 (1.95, 8.97) 3.32 (2.07, 4.08) −3.539 <0.001

WBC (×10^9/L) 2.61 (1.88, 4.60) 6.40 (5.07, 8.03) −9.368 <0.001
Neu (×10^9/L) 1.60 (1.00, 4.04) 4.35 (3.45, 5.46) −7.869 <0.001

PLT (×10^9/L) 45.00 (31.00, 62.00) 238.60 (19.02, 294.17) −13.505 <0.001

CD3 (cell/uL) 376.50 (177.50, 653.25) 1834.00 (1240.75, 2279.50) −10.390 <0.001
CD4 (cell/uL) 143.50 (88.00, 294.75) 996.50 (651.75, 1304, 25) −10.706 <0.001

CD8 (cell/uL) 178.35 (69.25, 375.73) 747.00 (551.00, 957.75) −9.404 <0.001

CD4/CD8 1.14 (0.66, 1.64) 1.24 (0.88, 1.98) −3.641 <0.001
PCT (ng/mL) 0.25 (0.11, 0.60) 0.23 (0.10, 0.36) −2.190 0.029

IL6 (pg/mL) 19.47 (0.01, 79.11) 3.68 (1.85, 5.66) −4.240 <0.001

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S403482                                                                                                                                                                                                                       

DovePress                                                                                                                       
1717

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


statistical difference in age and gender between the two groups. There were statistical differences of laboratory 
indicators including ALT, AST, LDH, CK, CK-MB, PLT, CD4/CD8, PCT and IL-6 between the two groups 
(P<0.05), as shown in Table 2.

Comparison of Laboratory Indicators Between Death Group and Survival Group
There were 22 males and 29 females in survival group with an average age of 63.45±8.79 years old. In death group, there 
were 10 males and 10 females with an average age of 71.40±7.78 years old. There was a statistical difference in age 
between the two groups (P<0.05). There were statistical differences of ALT, AST, LDH, Ca, CK, CK-MB, PLT, PCT and 
IL-6 (P < 0.05), as shown in Table 3.

Comparison of 25 (OH) D Level Between Disease Group and Healthy Control Group
The 25(OH)D level was 22.12 (18.43, 25.86) ng/mL in disease group and 27.36 (23.20, 32.71) ng/mL in healthy control 
group, and there was a statistical difference between the two groups (P<0.05), as shown in Figure 1.

Comparison of 25 (OH) D Level Between Mild Disease Group and Severe Disease 
Group
The 25(OH)D level was 24.94 (20.89, 31.91) ng/mL in mild disease group and 20.55 (16.30, 24.44) ng/mL in severe 
disease group, and there was a statistical difference between the two groups (P<0.05), as shown in Figure 2.

Table 2 Comparison of Laboratory Indicators Between Mild Disease Group and Severe Disease Group

Mild (n=34) Severe (n= 71) t/χ2/Z P

Sex (male/female) 17/17 32/39 0.224 0.636
Age (year) 61.94±10.89 65.69±9.20 −1.839 0.069

ALT (IU/L) 69.00 (46.00, 98.50) 95.00 (52.00, 158.00) −2.053 0.040

AST (IU/L) 122.00 (83.50, 179.50) 276.00 (113.00, 432.00) −3.017 0.003
GGT (IU/L) 39.00 (25.50, 124.50) 36.00 (24.00, 73.00) −0.926 0.355

TP (g/L) 60.70 (56.05, 65.70) 59.60 (55.20, 63.40) −0.761 0.446

ALB (g/L) 33.70 (30.65, 37.35) 33.20 (30.10, 36.60) −0.485 0.627
LDH (U/L) 537.50 (333.00, 687.75) 846.00 (498.00, 1934.50) −3.190 0.001

Ca (mmol/L) 2.00 (1.91, 2.05) 1.99 (1.88, 2.05) −0.610 0.542

P (mmol/L) 0.99 (0.84, 1.15) 0.95 (0.83, 1.15) −0.460 0.646
Mg (mmol/L) 0.75 (0.71, 0.82) 0.77 (0.69, 0.85) −0.396 0.692

CK (IU/L) 451.00 (99.00, 622.00) 703.10 (274.50, 1883.75) −3.010 0.003

CK-MB (IU/L) 21.80 (12.20, 29.70) 38.95 (19.00, 68.20) −3.414 0.001
SAA (ng/mL) 26.10 (0.01, 125.90) 79.50 (5.50, 182.44) −1.327 0.185

CRP (ng/mL) 3.94 (1.94, 7.5) 4.70 (2.07, 9.22) −0.454 0.650

WBC (×10^9/L) 3.24 (2.27, 4.81) 2.50 (1.66, 4.60) −1.618 0.106
Neu (×10^9/L) 1.77 (1.31, 4.01) 1.44 (0.92, 4.04) −1.190 0.234

PLT (×10^9/L) 51.00 (35.00, 77.75) 42.00 (28.00, 58.00) −2.267 0.023

CD3 (cell/uL) 220.00 (0.01, 264.00) 265.00 (159.50, 647.50) −1.342 0.180
CD4 (cell/uL) 106.00 (0.01, 264.00) 135.00 (73.00, 280.00) −1.312 0.189

CD8 (cell/uL) 110.50 (0.01, 252.00) 102.00 (50.98, 347.16) −0.997 0.319

CD4/CD8 0.50 (0.01, 1.10) 1.21 (0.77, 1.71) −3.207 0.001
PCT (ng/mL) 0.15 (0.10, 0.29) 0.35 (0.12, 0.76) −2.400 0.016

IL6 (pg/mL) 34.61 (9.92, 65.26) 36.79 (10.31, 114.30) −3.120 0.002

https://doi.org/10.2147/IDR.S403482                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 1718

Liu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Comparison of 25 (OH) D Level Between Death Group and Survival Group
The 25(OH)D level was 20.29 (16.07, 22.87) ng/mL in death group and 21.38 (17.64, 24.61) ng/mL in survival group, 
with no statistically significant difference between the two groups (P>0.05), as shown in Figure 3.

Binary Logistics Regression Analysis
The status of severe disease in the disease group was taken as the dependent variable, and the variables with P-value 
<0.05 of the above laboratory test indicators in the univariate analysis were taken as the independent variable. The binary 

Table 3 Comparison of Laboratory Indicators Between Death Group and Survival Group

Death (n= 20) Survival (n= 51) t/χ2/Z P

Sex (male/female) 10/10 22/29 29.944 0.417
Age (year) 71.40±7.78 63.45±8.79 3.532 0.001

ALT (IU/L) 87.00 (47.00, 153.00) 116.50 (88.50, 209.00) −2.167 0.030

AST (IU/L) 183.00 (101.00, 408.00) 333.50 (227.00, 671.75) −2.429 0.015
GGT (IU/L) 32.00 (23.00, 67.00) 45.50 (27.50, 100.00) −1.304 0.192

TP (g/L) 60.10 (57.20, 64.80) 56.10 (54.02, 61.75) −1.758 0.079

ALB (g/L) 34.60 (29.90, 37.00) 32.10 (30.17, 33.50) −1.771 0.077
LDH (U/L) 651.50 (460.75, 1032.75) 2211.00 (1025.00, 3750.00) −3.600 0.000

Ca (mmol/L) 2.00 (1.90, 2.09) 1.91 (1.84, 2.00) −2.220 0.024
P (mmol/L) 0.95 (0.81, 1.15) 0.95 (0.83, 1.18) −0.320 0.749

Mg (mmol/L) 0.77 (0.69, 0.85) 0.80 (0.69, 0.85) −0.473 0.636

CK (IU/L) 542.40 (201.50, 1303.00) 1431.00 (692.00, 4023.00) −2.795 0.005
CK-MB (IU/L) 27.66 (16.99, 54.90) 49.10 (38.40, 166.39) −2.255 0.024

SAA (ng/mL) 69.60 (6.15, 139.85) 123.60 (4.12, 223.60) −0.923 0.356

CRP (ng/mL) 3.65 (2.00, 7.47) 6.18 (3.29, 15.17) −1.450 0.147
WBC (×10^9/L) 2.56 (1.67, 5.03) 2.26 (1.51, 4.59) −0.620 0.535

Neu (×10^9/L) 1.44 (0.92, 4.31) 1.31 (0.91, 3.60) −0.460 0.645

PLT (×10^9/L) 44.00 (32.00, 58.00) 30.00 (21.75, 50.50) −2.212 0.027
CD3 (cell/uL) 394.00 (155.00, 782.00) 189.50 (140.75, 524.00) −0.775 0.454

CD4 (cell/uL) 145.00 (73.00, 311.00) 112.00 (50.00, 212.75) −1.111 0.278

CD8 (cell/uL) 201.00 (50.97, 413.09) 72.00 (31.78, 224.22) −1.212 0.235
CD4/CD8 1.05 (0.45, 1.36) 1.43 (0.96, 2.02) −1.953 0.052

PCT (ng/mL) 0.20 (0.10, 0.57) 0.63 (0.33, 1.99) −3.133 0.002

IL6 (pg/mL) 19.47 (6.65, 48.28) 125.90 (98.61, 678.10) −3.383 0.000

Figure 1 Comparison of 25 (OH) D levels between disease group and healthy control group.
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Logistic regression analysis showed that the lower the level of 25(OH)D was, the greater the possibility of developing 
into severe disease was, as shown in Table 4. Survival status in severe disease group was taken as the dependent variable, 
and the variables with P-value <0.05 of the above laboratory test indicators were taken as independent variables in the 
univariate analysis. The binary logistic regression analysis showed that the higher the LDH level, the older the age, the 
higher the risk of death, as shown in Table 5.

Figure 2 Comparison of 25 (OH) D levels between mild disease group and severe disease group.

Figure 3 Comparison of 25 (OH) D levels between death group and survival group.

Table 4 The Logistics Regression Analysis of Disease Group

Dependent Variable B-value SE-value Wald P OR OR95% CI

25(OH)D (ng/mL) −1.104 0.051 4.200 0.040 0.901 0.816~0.995
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The Value of 25(OH)D Level for Developing Severe Disease in SFTS Patients by ROC 
Curve
We used ROC curve analysis to analyze the predictive value of 25(OH)D level for developing severe disease. The 
optimal critical value was 19.665 ng/mL, with a sensitivity of 0.577 and specificity of 0.606 (AUC = 0.725, P<0.05), as 
shown in Figure 4.

ROC Curve Evaluation of Death-Related Factors in SFTS Patients
The two variables of age and LDH that could lead to increased risk of death in the above binary logistic regression 
analysis were included in ROC curve analysis, in which the optimal critical value of age to predict the risk of death was 
68.5 years old, with a sensitivity of 0.684 and a specificity of 0.700 (AUC = 0.747, P<0.05). The optimal threshold for 
LDH to predict the risk of death was 1023.5U/L, with a sensitivity of 0.789 and a specificity of 0.760 (AUC = 0.784, 
P<0.05), as shown in Figure 5.

Discussion
SFTS is a tick-borne infectious disease caused by SFTSV, and related cases have been reported worldwide, which can 
lead to fever, gastrointestinal reactions, thrombocytopenia and other symptoms, and in severe cases, multiple organ 
failure and eventually death. In recent years, the number of SFTS patients in East Asian countries has increased 
every year,17 which may be due to: (1) Greenhouse effect. The most suitable temperature for tick growth and activity 
is 25–30°C. As the global temperature increases year by year, the number of days with the temperature above 25°C 
increases, thus increasing the chance of contact with ticks and increasing the incidence. (2) The sensitivity of the 
detection method is improved. Now, reverse transcription-cross primer thermostatic amplification technique (RTCPA) 
technology combined with vertical flow visualization detection technology18 and reverse transcription real-time fluor
escent quantitative polymerase chainR The reaction (RT-PCR) detection technique,19 Huang et al20 developed reverse 
transcription-loop mediated isothermal amplification (RT-LAMP) of SFTSV nucleotide sequences consistent with that of 

Table 5 The Logistics Regression Analysis of Severe Disease Group

Dependent Variable B-value SE-value Wald P OR OR95% CI

Age (years) 0.220 0.078 7.939 0.005 1.246 1.069~1.453
LDH (U/L) 0.001 0.000 6.276 0.012 1.001 1.000~1.002

Figure 4 ROC curve of mild disease group and severe disease group.
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Chinese, the rapid development of RT-LAMP technology and metagenome sequencing (MGS), a hot topic in recent 
years, enable SFTSV infection to be detected earlier. There were 20 died cases among the 105 patients, with a case 
fatality rate of 19.04%. SFTS has become a serious public health problem, posing a great threat to human life and health. 
In this study, the levels of ALT, AST, GGT, LDH, CK, CK-MB, SAA, CRP, PCT, IL-6 in disease group were 
significantly higher than those in healthy control group, while the levels of TP, ALB, WBC, Neu, PLT, Ca, P, Mg, 
CD3, CD4, CD8, CD4/CD8 were significantly lower than those in healthy control group. The levels of ALT, AST, LDH, 
CK, CK-MB, PCT and IL-6 in severe disease group were significantly higher than those in mild disease group, while the 
levels of PLT and CD4/CD8 were significantly lower than those in mild disease group. ALT, AST, LDH, CK, CK-MB, 
PCT and IL-6 levels in death group were significantly higher than those in survival group, while Ca and PLT levels were 
significantly lower than those in survival group. This indicates that SFTV infection can cause multi-system damage, 
resulting in abnormal biochemical and blood routine indexes.

In addition to playing an important role in the skeletal system, vitamin D also has a variety of other biological 
functions, such as immune regulation and cancer prevention. Studies have shown that 25(OH)D is associated with 
a variety of infectious diseases in children.21,22 Beard et al reported that 1,25 (OH) 2D may stimulate cathelicidin release, 
regulate toll-like receptor expression and NK cell function, and inhibit proinflammatory cytokine overexpression, exert 
antiviral activity and regulate the inflammatory response of viral infection.23 Analyzing data from a total of 1368 
COVID-19 positive patients, Ruhul Munshi24 concluded that low vitamin D levels were significantly associated with 
more severe symptoms and prognosis in patients. Vitamin D and its receptors play roles in both the primitive and 
adaptive immune system and mitigate anti-microbial and anti-inflammatory processes in the body. Vitamin D targets 
many immune cells, including monocytes, macrophages, T lymphocytes and B lymphocytes. Vitamin D can play an 
important role in some autoimmune diseases by enhancing the release of cytokines, promoting the polarization of 
T lymphocytes, and inducing Th1 to Th2 transition.25 It has been shown that patients with autoimmune or immune- 
mediated diseases have significantly lower serum vitamin D levels than healthy individuals.26 Giuseppe Lassandro et al 
reported that 80% of the 30 children they studied with immune thrombocytopenia (ITP) had serum vitamin D deficiency 
but there was no significant difference in vitamin D levels between newly diagnosed ITP and chronic ITP.27 It is 
suggested that vitamin D deficiency may not play a role in the progression of ITP, and further studies are needed to reveal 
the role of vitamin D in the pathogenesis of ITP. In addition, the level of 25(OH)D, the main form of vitamin D and 
a precursor of 1,25 (OH) 2D, can be used to assess the total level of vitamin D in the body.

In this study, the average 25(OH)D level of healthy control group was 27.36 (23.20, 32.71) ng/mL, while the average 
25(OH)D level of disease group was 22.12 (18.43, 25.86) ng/mL, showing a statistical difference. The average 25(OH)D 

Figure 5 ROC curve of death group and survival group.
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level of mild disease group was 24.94 (20.89, 31.91) ng/mL, while the average 25(OH)D level of severe disease group 
was 20.55 (16.30, 24.44) ng/mL, which was significantly different from that of mild disease group. This suggests that 
vitamin D deficiency may be related to the onset and development of SFTS. This may be because vitamin D can activate 
the apoptosis of activated B cells and inhibit the secretion of plasma cell immunoglobulin,28,29 thus increasing the risk of 
infection. In addition, there was no significant difference in the level of 25(OH)D between death group and survival 
group, which may be related to the fact that the number of included cases was not enough and the sample size was 
limited. In logistics regression analysis, 25(OH)D level is the only risk factor that can determine the development of 
severe disease, suggesting that serum 25(OH)D level has a direct impact on the severity of SFTS infection, and vitamin 
D supplementation may be a protective factor to prevent the progression of SFTS.

In summary, 25(OH)D level is one of the risk factors for severe SFTS, with predictive value, and timely supple
mentation of vitamin D at the early stage of the disease may effectively prevent the progression of the disease. There are 
still limitations in this study: (1) The included SFTS patients are generally middle-aged and elderly, and their 25(OH)D 
level itself may be lower than that of healthy people. However, there is no statistical difference in age between mild and 
severe patients, and the 25(OH)D level between the two groups is still statistically different. (2) Due to the limited 
sample size, no statistical difference in 25(OH)D level was found between survival group and death group. Therefore, it 
is necessary to expand the sample size and improve the evaluation methods in future studies, so as to effectively and 
accurately study the predictive value of 25(OH)D level for the survival status of severe SFTS patients. (3) This study is 
a retrospective study, and the impact of vitamin D deficiency on disease severity has not been demonstrated by 
prospective studies. Therefore, in future studies, the differences in disease development and survival status between 
patients in the vitamin D supplement group and those without vitamin D supplement group can be compared by taking 
different treatment measures to evaluate the clinical predicting value of vitamin D in SFTS.
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