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Introduction
Severe fever with thrombocytopenia syndrome 
(SFTS) was first identified in the Dabie 
Mountains of China in 2009,1 and cases have 
been reported since then in neighboring East 
Asian countries, including South Korea,2 Japan,3 
Vietnam,4 and Myanmar.5 The pathogen 
Bandavirus dabieense (formerly known as novel 
bunyavirus), according to the 2024 updated tax-
onomy released by the International Committee 
on Taxonomy of Viruses (ictv.global/taxonomy), 
belongs to the order Hareavirales, family 
Phenuiviridae, and genus Bandavirus.6 Ticks serve 
as the main vector, transmitting the virus through 
bites,6 and family members and health care staff 

can be infected through contact with infected 
blood and body fluids.7 Migratory birds carrying 
virus-infected ticks facilitate cross-regional trans-
mission.8,9 Predictive models have indicated that, 
beyond East Asia, regions such as the southeast-
ern United States, New Zealand, and parts of 
Australia are potential high-risk areas.10 Therefore, 
the prevalence and spread of SFTS present sig-
nificant challenges to future efforts in disease pre-
vention, control, diagnosis, and treatment.

SFTS, while demonstrating broad population 
susceptibility,11 with an overall mortality rate of 
approximately 7.8%,12 exhibits marked interindi-
vidual heterogeneity in clinical manifestations, 
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ranging from self-limiting febrile illness to rapidly 
progressive multiple organ failure. Following an 
incubation period of 5–14 days, the clinical course 
typically progresses through three overlapping 
stages.11,13,14 The fever stage is characterized by 
abrupt high fever, thrombocytopenia, leukocyto-
penia, fatigue, headache, myalgia, gastrointestinal 
disorders, and lymphadenopathy. The multiple 
organ dysfunction (MOD) stage emerges around 
5 days after disease onset, marked by elevated 
liver and muscle enzymes, proteinuria, hemor-
rhagic manifestations, and potential progression 
to multiple organ failure and disseminated intra-
vascular coagulation (DIC). Common complica-
tions include acute renal failure, cardiac 
arrhythmias, and myocarditis. Survivors enter the 
convalescent stage, with gradual resolution of 
clinical symptoms and laboratory abnormalities. 
Patients with mild or self-limited infections may 
bypass the MOD stage entirely and recover 
directly.

Clinical severity stratifies into three distinct pro-
files.15,16 Mild-moderate cases are characterized 
by low-grade fever (<39°C) and self-limiting 
symptoms, including mild fatigue and gastroin-
testinal disorders. Laboratory findings include a 
platelet (PLT) count >50 × 109/L and ami-
notransferase (AST), alanine aminotransferase 
(ALT), creatine kinase (CK), and lactate dehy-
drogenase (LDH) levels below five times the 
upper limit of normal (ULN). Complications are 
typically absent. Severe cases present with high 
fever (>39°C), profound fatigue, prominent gas-
trointestinal symptoms, and emerging neurologi-
cal signs (e.g., lethargy, confusion, tremor). 
Laboratory abnormalities include a platelet count 
<50 × 109/L and AST, ALT, CK, and LDH lev-
els >5 × ULN. Complications may include pneu-
monia or minor hemorrhagic events. Critical 
cases exhibit severe features plus additional criti-
cal manifestations, such as coma, seizures, or 
delirium; major hemorrhage; platelet count 
<30 × 109/L; AST, ALT, CK, and LDH levels 
>10 × ULN; organ failure; disseminated intra-
vascular coagulation (DIC); and refractory 
infections.

Currently, there is no approved vaccine for 
SFTS.17 Over the past 15 years, various therapeu-
tic strategies for SFTS have been explored, with 
recent retrospective analyses and clinical trials 
demonstrating their efficacy. Novel immunomod-
ulators, which gained significant attention during 

the coronavirus disease 2019 (COVID-19) pan-
demic for their remarkable efficacy, have also 
shown substantial potential in improving SFTS 
prognosis.18,19 Furthermore, the screening of 
Food and Drug Administration (FDA)-approved 
drugs and advancements in omics studies have 
identified promising new therapeutic options, 
such as nifedipine and ariginine.20,21

This review aims to summarize and update the 
reported therapeutic strategies for SFTS, assess 
their impact on prognosis, adverse effects, and 
offer insights to guide future therapeutic 
developments.

Methods
We conducted a comprehensive search of peer-
reviewed literature on SFTS and its therapeutic 
strategies using PubMed, Web of Science, and 
EMBASE, targeting studies published between 
January 2010 and December 2024. Our search pri-
marily aimed to capture evidence on antivirals, 
symptomatic treatment, and supportive treat-
ments. Inclusion criteria encompassed: (1) clinical 
studies that reported clinical outcomes (clinical tri-
als, observational studies); (2) mechanistic studies 
elucidating pharmacological actions; (3) system-
atic reviews/meta-analyses synthesizing treatment 
outcomes. Exclusion criteria included animal 
studies, non-English articles, and gray literature 
(preprints, conference abstracts). Search terms 
were grouped into three domains using Boolean 
operators (AND/OR): (1) population: “Severe 
Fever with Thrombocytopenia Syndrome” OR 
“SFTS”; (2) interventions: “Ribavirin” OR 
“Favipiravir” OR “Intravenous Immunoglobulin” 
OR “Plasma Exchange” OR “Glucocorticoid” OR 
“Tocilizumab” OR “Ruxolitinib” OR “Calcium 
Channel Blocker” OR “Arginine” OR 
“Transfusion” OR “Interferon”; (3) outcomes: 
“Mortality” OR “Prognosis” OR “Survival.”

Pathogen
The shell of Bandavirus dabieense is composed of 
lipid bilayer envelopes, which are covered by cap-
somers composed of transmembrane glycopro-
teins (Gc and Gn), which act as complexes on the 
surface.22 The virus contains three single-
stranded, negative-sense RNA segments. The L 
segment encodes RNA-dependent RNA poly-
merase, which facilitates viral transcription and 
replication.23 The M segment encodes precursors 

https://journals.sagepub.com/home/tai


Y Zhao, X Wu et al.

journals.sagepub.com/home/tai	 3

of Gn and Gc, which are essential for viral attach-
ment, entry, and fusion.24 The S segment encodes 
the nucleocapsid protein (N) and nonstructural 
protein (NSs).1 The NSs protein inhibits type I 
interferon (IFN) induction and induces interleu-
kin 10 (IL-10) production, thereby suppressing 
the host immune response and enhancing viral 
pathogenicity.25,26 Additionally, it induces a 
cytokine storm through excessive activation of 
nuclear factor kappa-B (NF-κB).27

Clinical features of fatal cases
In fatal cases of SFTS, both innate and adaptive 
immunity are severely compromised. The virus 
primarily targets monocytes and plasmablasts.28 
CD3+ T cells, CD4+ T cells, CD8+ T cells, NKT 
cells, and other immune cells are substantially 
depleted. Concurrently, a defective serological 
response of IgG antibodies against the viral nucle-
ocapsid and glycoprotein occurs due to a failure 
in B-cell class switching.28–31 In the late stages of 
disease, plasmablasts become the main target of 
the virus.32

Fatal cases exhibit high serum viral loads, with 
the coexistence of elevated levels of inflammatory 
and anti-inflammatory factors in early disease 
stages.33,34 Compared with those in survivors, the 
levels of cytokines, including interleukin 6 (IL-6), 
IL-10, tumor necrosis factor-alpha (TNF-α), and 
IFN-γ, are markedly increased,35 leading to 
immune paralysis and secondary infections.

Laboratory values such as AST, CK, LDH, and 
platelet counts, as well as coagulation profiles, are 
significantly abnormal,36 and severe complica-
tions, including multiple organ dysfunction syn-
drome (MODS), shock, neurological symptoms, 
and bleeding signs, are relatively common.13,37 
Advanced age is a key risk factor for mortality.38,39 
Underlying diseases such as chronic viral hepati-
tis, chronic obstructive pulmonary disease, and 
diabetes are also associated with mortality.40

Autopsies of fatal cases have revealed virus nucle-
oprotein (NP) in various organs, including the 
spleen, liver, heart, lungs, and kidneys.41,42 
Aspergillosis is frequently observed in the lungs 
and bronchi43–45; hemophagocytic cells are 
detected in bone marrow smears; the spleen, 
lymph nodes, and central nervous system;3,42,46 
and bleeding occurs in organs such as the lungs 
and colon.47

Clinical treatment
The current management of SFTS primarily 
includes symptomatic treatment (e.g., antipyret-
ics, immunomodulatory agents), supportive care 
(e.g., mechanical ventilation, plasma exchange), 
antiviral therapy (ribavirin, favipiravir), and com-
plication management (e.g., hemorrhage, sec-
ondary infection). For mild-moderate cases, 
treatment focuses on symptomatic management 
and antiviral therapy, while severe and critical 
cases require supportive care and complication 
management.

Antivirals
Ribavirin.  Discovered in the 1970s, ribavirin is a 
guanosine analog with broad-spectrum antiviral 
activity and is widely used for treating various 
viral infections. It has demonstrated efficacy in 
treating respiratory syncytial virus with underly-
ing immunosuppression and chronic hepatitis C 
virus infections.48,49 However, its effectiveness 
remains controversial for viruses such as adenovi-
rus,50 and hemorrhagic fever viruses, including 
Hantaviruses, Crimean-Congo hemorrhagic fever 
virus, and Lassa virus.51–53 The efficacy of ribavi-
rin for the treatment of SFTS is similarly debated 
(Table 1). Although some case reports suggest 
that ribavirin, in combination with glucocorti-
coids, intravenous immunoglobulin (IVIG), or 
plasma exchange (PE), may improve patient 
prognosis,54–56 retrospective studies and meta-
analyses do not reveal significant benefits.57–60 Li 
et al.59 reported that ribavirin was only effective  
in patients with a viral load less than 1 × 106  
copies/mL. Furthermore, Lu et  al61 reported 
adverse effects such as anemia and elevated amy-
lase levels during ribavirin treatment, which may 
impact safety and tolerance.

As a result, the efficacy of ribavirin in the treat-
ment of SFTS is uncertain. With the development 
of newer antiviral drugs such as favipiravir, further 
clinical trials to confirm the effectiveness of ribavi-
rin are increasingly unlikely. Larger retrospective 
studies are needed to assess the role of ribavirin in 
treating SFTS more comprehensively.

Favipiravir/T-705.  Favipiravir, a modified pyr-
azine analog, inhibits RNA-dependent RNA 
polymerase.62 In 2014, favipiravir was approved 
in Japan for treating novel or re-emerging influ-
enza infections, it has also been used to treat sev-
eral critical RNA virus infections, including Ebola 
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virus, Lassa virus, rabies virus, and severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV2), in recent years.63,64

Multiple studies (Table 2) have demonstrated 
that favipiravir effectively reduces the viral load 
and improves the prognosis of patients with 
SFTS. The adverse effects of favipiravir include 
gastrointestinal symptoms, rash, and elevated lev-
els of serum transaminases and uric acid.65-68 
Although favipiravir is generally effective and has 
a significant effect on viral clearance, its efficacy 
varies across subgroups. Li et al.66 reported that 
favipiravir notably improves prognosis in patients 
who are admitted within 6 days of symptom onset 
or have a low viral load (reverse-transcription pol-
ymerase chain reaction (RT–PCR) cycle thresh-
old ⩾ 26), reducing the risk of death, hemorrhage, 
and neurological symptoms while promoting 
recovery of neutrophils and lymphocytes. 
Similarly, Suemori et al.68 found that favipiravir 
has a favorable prognostic effect in patients with 
viral loads less than 1 × 105 copies/mL. Yuan 
et al67 found that patients ⩽70 years of age, with 

symptom-to-admission intervals of ⩽5 days, 
treatment durations of ⩾5 days, and baseline viral 
loads of ⩽1 × 106 copies/mL, had significantly 
improved prognoses following favipiravir treat-
ment. These findings suggest that early treatment 
and low baseline viral loads are associated with 
better outcomes when favipiravir is administered. 
However, since these studies included few severe 
cases, further research is needed to assess the effi-
cacy of favipiravir in patients with high viral loads 
and severe illnesses.

Immunomodulatory therapies
Intravenous immunoglobulin.  Intravenous Immu-
noglobulin (IVIG), which is collected from the 
plasma of many healthy human donors, contains 
antibodies against multiple pathogens and was 
originally used for the replacement treatment of 
primary and secondary immune deficiencies. 
Owing to its anti-inflammatory and immuno-
modulatory effects, IVIG was subsequently 
approved for treating autoimmune diseases  
such as chronic inflammatory demyelinating 

Table 1.  Summary of ribavirin on severe fever with thrombocytopenia syndrome.

Author Year Analyzed 
cases

Study type Regimen Viral loads 
change

Major findings Adverse effects

Liu57 2013 302 Single-center 
retrospective 
cross-
sectional study

500 mg per day No 
significant 
effect

CFRs were similar 
between patients with 
and without ribavirin, 
no significant effect 
on platelet count

ND

Lu61 2015 574 Single-center 
prospective 
observational 
study

500 mg per 
day, 3–12 
consecutive 
days

ND The occurrence 
of anemia and 
hyperamylasemia 
was associated with 
ribavirin therapy

Hyperamylasemia 
and anemia

Chen60 2017 433 Meta-analysis NA NA Effectiveness to 
influence progression 
is minimal

ND

Li59 2018 1403 Single-center 
prospective 
observational 
study

Not mentioned ND CFR reduced only 
in patients with 
viral loads <1 × 106 
copies/mL

ND

Zhang58 2021 62 Single-center 
retrospective 
cohort study

Adults: 
600 mg per 
day; Children: 
200 mg per day

ND No difference in 
mortality between 
the untreated group 
and the treated group

Delay recovery of 
leukocyte levels 
and platelet levels

Ribavirin was administered intravenously.
CFR, case fatality rate; NA, not applicable; ND, not done.
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polyneuropathy (CIDP) and immune thrombo-
cytopenic purpura (ITP).69

In the early stages after SFTS was initially discov-
ered, IVIG was frequently administered in com-
bination with other therapies, especially in 
patients with neurological symptoms. Kim et al.70 
reported a 64-year-old male patient with altered 
consciousness and a Glasgow Coma Scale (GCS) 
score of 5 on the fifth day after admission. On the 
sixth day, he received IVIG (1 mg/kg over 3 days) 
combined with dexamethasone (10 mg/m² for 7 
consecutive days). The viral load became nega-
tive by day 9, and the patient was subsequently 
discharged. Similarly, a 75-year-old woman pre-
sented with altered mental status on her fifth day 
after admission, with a GCS score of 8. When she 
was treated with the same regimen and dose, her 

GCS score improved to 15 by the eighth day, and 
she was discharged. Song55 described a 10-year-
old girl with SFTS treated with IVIG (0.5 mg/kg 
for 2 days) alongside dexamethasone and ribavi-
rin; she also recovered and was discharged. A 
single-center retrospective study by Liu et  al71 
observed the impact of IVIG on 28-day survival 
time in 62 SFTS patients with neurological symp-
toms. They reported higher survival rates in 
patients receiving a total IVIG dose of ⩾80 g and 
a treatment duration of 5 days or more.

However, Sin et al.72 reported no survival benefit 
from IVIG among 35 SFTS patients. Similarly, 
Zhai et al.73 observed no significant difference in 
28-day mortality with IVIG use, both before and 
after case matching (n = 389 and n = 48, respec-
tively). A large-scale retrospective cohort analysis 

Table 2.  Summary of favipiravir on severe fever with thrombocytopenia syndrome.

Author Year Analyzed 
cases

Study type Regimen Viral loads 
change

Major findings Adverse effects

Song65 2020 2 Case report Day 1: 
1600 mg 
twice a 
day; Day 
2–5: 600 mg 
twice a day

Undetectable 
within 5 days 
post-treatment

Cured Red itchy papules 
and liver function 
abnormal in one 
case

Li66 2021 145 Single-center, 
single-blind, 
randomized 
controlled trial

Day 1: 
1800 mg 
twice a day; 
Days 2 and 
onward: 
1000 mg 
twice a day

Mean (±SD) 
days to viral 
clearance was 
significantly 
shorter 
than in the 
control group 
(5.6 ± 2.1 vs 
6.8 ± 2.8)

No difference 
in the survival 
curves, cox 
regression 
showed a 
significant 
reduction in CFR

Skin allergy in 
one case, higher 
uric acid levels in 
treated group

Suemori68 2021 23 Multicenter, 
non-
randomized, 
uncontrolled 
single-arm 
trial

Day 1: 
1800 mg 
twice a day; 
Days 2–7 
(up to Day 
14): 800 mg 
twice a day

Decreased 
day by day in 
the patients’ 
overall

28-day mortality 
rate was 17.3% 
(4/23)

Epidermal and 
dermal conditions, 
insomnia, liver 
function abnormal 
occurred in 20% 
or more of the 
patients

Yuan67 2021 780 A single-arm 
study (n = 428), 
a surveillance 
study (n = 2350), 
a randomized 
controlled trial 
study (n = 145)

Day 1: 
1800 mg 
twice a day; 
Days 2 and 
onward: 
1000 mg 
twice a day.

Rapid 
decrease than 
in the non-
treated group, 
obvious decline 
at day 5 post-
treatment

Survival curves 
and multivariable 
conditional 
logistic regression 
showed the 
overall CFR was 
decreased

Vomiting, 
earlier nausea 
and diarrhea, 
higher uric acid 
and aspartate 
aminotransferase 
level

Favipiravir was administered orally.
CFR, case fatality rate; SD, standard deviation.
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conducted by Zhang et al.74 found that the pre-
scription of IVIG did not improve the prognosis 
of SFTS, both before (n = 2219) and after match-
ing for age, sex, admission delays, and disease 
severity (n = 1578). Instead, IVIG treatment was 
associated with increased viral loads and reduced 
counts of lymphocytes, T cells, CD4+ T cells, 
and NK cells, suggesting potential immune disor-
ders and inadequate virus-neutralizing antibody 
levels in patients receiving IVIG. Notably, Yao 
et al.75 analyzed 169 SFTS patients complicated 
with invasive pulmonary aspergillosis (IPA) and 
reported no improvement in 42-day mortality.

The abovementioned research mostly originated 
from China, where the annual incidence from 
2011 to 2021 was approximately 0.125 per 
100,000, primarily in Shandong, Anhui, and 
Henan Provinces, with the elderly and farmers 
comprising the largest affected population.76 IgG 
seropositivity rates vary significantly across 
regions, with positivity in Anhui Province at 
20.16% (152/754), Henan Province at 10.46% 
(153/1463), Penglai County, Shandong Province 
at 3.85% (53/1375), Laizhou City, Shandong 
Province at 3.3% (35/1060), and Jiangsu Province 
at only 0.44% (11/2510).77–81 In Xinyang City, 
Henan Province, a high-incidence area, 9.8% 
(50/508) of healthy individuals had neutralizing 
antibodies,82 whereas in Penglai County, 
Shandong Province, another endemic area, only 
0.58% (8/1375) had neutralizing antibodies.81

After SFTS infection, Bandavirus dabieense IgG 
antibody titers typically peak at approximately 
6 months and then decline gradually.83–85 Serum 
IgG positivity and titers of Bandavirus dabieense 
correlate positively with neutralizing antibodies.82 
Hu et  al.86 followed four SFTS survivors and 
reported that IgG antibodies could persist for up 
to 14 years at high titers. Huang et al.87,88 reported 
that 4 years post infection, the neutralizing anti-
body positivity rate remained at 100% (25/25), 
with a protective titer estimated to persist for 
9 years. Similarly, Li et al.83 also reported that the 
positivity rate for neutralizing antibodies was 
66.7% (18/27) even 10 years post infection, with 
asymptomatic infections showing a 62.5% (5/8) 
positivity rate 7 years after follow-up.81

Despite the extended duration of neutralizing 
antibodies, significant variance of IgG positivity 
in different regions and the limited number of 
SFTS patients, predominantly elderly patients, 

resulted in difficulty in obtaining plasma from 
previously infected individuals and an extremely 
low neutralizing antibody content in IVIG. Thus, 
IVIG treatment may merely increase the financial 
burden on patients. Plasma from convalescent 
patients offers a viable alternative; however, larger 
studies and further validation in different coun-
tries and regions are needed to assess the role of 
IVIG in SFTS and explore its immunomodula-
tory effects.

Glucocorticoids.  Glucocorticoids are primarily 
used to alleviate fever, MODS, and neuropsychi-
atric symptoms associated with cytokine storms. 
A series of case reports suggest that some patients 
recover after receiving pulse therapy alone or 
in combination with other treatments, such as 
IVIG.70,89,90 There are also cases of condition 
deterioration and increased viral load leading to 
death after pulse therapy.91 In recent years, sev-
eral retrospective cohort studies (Table 3) have 
investigated the impact of glucocorticoid use on 
prognosis. After adjustments for confounding fac-
tors through matching, most results indicate that 
glucocorticoids neither improve prognosis nor 
reduce mortality overall, and in some cases, they 
even contribute to adverse complications.92–97 A 
meta-analysis conducted by Chen et al.,96 incor-
porating data from Xiong et  al.94 and Kawa-
guchi et  al.93 showed that glucocorticoid use 
significantly increases the risk of secondary infec-
tions, whereas this difference was not significant 
according to the research of Shuto et  al.98 and 
Kutsuna et  al.97 However, glucocorticoids have 
shown beneficial effects in certain patient popu-
lations and subgroups. Shuto et  al.98 reported 
that glucocorticoid use improved the prognosis of 
patients presenting with impaired consciousness 
at admission. Wang et  al.99 reported that gluco-
corticoids significantly reduced the 28-day mor-
tality rate among ICU patients. Similarly, Wang 
et al.95 found that low-to-moderate doses of glu-
cocorticoids (⩽60 mg/day of methylprednisolone 
or equivalent) may improve the prognosis of criti-
cal cases (L index > 3.823).

Patients with severe SFTS are particularly vulner-
able to immune paralysis induced by cytokine 
storms and impaired innate and adaptive immu-
nity,100 subsequently increasing the risk of second-
ary infections.101 IPA typically occurs in 
immunosuppressed patients, but it is also  
prevalent in SFTS with patients.102,103 The inci-
dence of SFTS-associated invasive pulmonary 
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aspergillosis (SAPA) ranges from 10.2% to 31.9%, 
with mortality rates fluctuating between 26.6% 
and 53.3%.75 Studies by Yao and Dai et  al.75,104 
using multivariable logistic regression identified 
glucocorticoid use as an independent risk factor 
for IPA, particularly in patients receiving ⩾26.5 mg 
of daily methylprednisolone or equivalents for 
more than 5 days. In addition, Wang et al.95 found 
that dyspnea, hyperglycemia, and the administra-
tion of antibiotics and antifungal drugs were more 
frequent in the glucocorticoids group.

In conclusion, the current evidence suggests that 
glucocorticoids offer limited benefits in improv-
ing the prognosis of patients with SFTS while 
also increasing the risk of secondary infections. 
Future research should focus on the use of gluco-
corticoid dosages, clarify the optimal timing for 
use, and conduct subgroup studies based on the 
disease severity to better weigh the risks and ben-
efits of glucocorticoid therapy.

Interferon-alpha (IFN-α).  IFN is a type of 
cytokine that plays a role in various immune 
responses, including antiviral and antiproliferative 
functions. It primarily regulates gene transcrip-
tion via the Janus kinase signal transducer and 
activator of transcription (STAT) pathway.105,106 
Type I IFN, with IFN-α being the main form, is 
commonly used for immune modulation and has 
been widely applied in the treatment of malig-
nant tumors and chronic hepatitis.106 However, 
a retrospective study of 1462 cases by Li et al.28 
which matched 41 patients treated with IFN-α 
to 82 controls, revealed that the use of IFN-α did 
not reduce all-cause mortality, and there was no 
significant improvement in laboratory indicators 
such as the PLT, AST, LDH, and CK. Further-
more, the levels of IL-6 and the viral load were 
even increased in the IFN treatment group. These 
findings suggest that IFN-α fails to achieve the 
desired therapeutic effect in SFTS treatment. 
The side effects of IFN-α therapy include flu-like 
symptoms (fever, muscle aches, headache) related 
to increased proinflammatory cytokines such as 
IL-6 and TNF-α, thrombocytopenia and leukope-
nia caused by bone marrow suppression, elevated 
transaminases, and gastrointestinal activity.107 
These adverse effects can complicate clinical deci-
sion-making and potentially worsen the patient’s 
condition, necessitating caution in its use.

Tocilizumab. Tocilizumab is a recombinant 
humanized monoclonal antibody that targets the 

IL-6 receptor. It competitively inhibits IL-6, a 
cytokine that plays a central role in inflammatory 
responses, and has been widely used for treating 
various rheumatic diseases, including polymyalgia 
rheumatica, giant cell arteritis,108,109 and cytokine 
release syndrome following chimeric antigen recep-
tor-T (CAR-T) cell therapy.110 In recent years, 
tocilizumab has also shown promise in alleviating 
inflammation and improving survival outcomes in 
patients with COVID-19, and it has been adopted 
in multiple treatment guidelines for COVID-19.111 
In severe cases of SFTS, the cytokine profile, with 
markedly elevated levels of IL-6 and IL-10, and 
IL-10 was elevated earlier than IL-6, is like that 
observed in severe cases of COVID-19.112 IL-6 
levels are correlated with the viral load and are 
associated with poor prognosis and severe dis-
ease outcomes,15,34,35,113 with the most significant 
increase occurring within 1 week of symptom 
onset.101 Therefore, tocilizumab has been explored 
as a potential therapeutic option for SFTS.

Jeong et al.114 reported a case in which a 77-year-
old woman was treated with tocilizumab (8 mg/
kg) on the first day of hospitalization. After the 
injection, her viral load decreased, and her IL-6 
levels gradually declined after peaking on the 
third day. No obvious adverse effects were 
observed, and the patient ultimately survived. In 
a randomized clinical trial, Ge et  al.18 observed 
the efficacy of tocilizumab (8 mg/kg), with a 
14-day outcome as the endpoint. Compared with 
the control group (n = 126) with a mortality rate 
of 23%, the treatment group (n = 63) had a sig-
nificantly lower mortality rate (9.5%). The treat-
ment group exhibited adverse reactions, including 
cough, sputum production, and nausea, but no 
significant differences were found in secondary 
infections or liver dysfunction. While there was 
no difference in the rate of decrease in viral load 
between the treatment and control groups, sub-
group analysis revealed that patients with a lower 
baseline viral load (<1 × 107 copies/mL; n = 31) 
had a significantly greater reduction in viral load 
than did those with a higher baseline viral load 
(⩾1 × 107 copies/mL) (n = 32). After 1:1 propen-
sity score matching (n = 51), the mortality rate of 
patients treated with tocilizumab combined with 
glucocorticoids was 11.8%, which was signifi-
cantly lower than that of patients treated with glu-
cocorticoids alone (39.2%).

Given the cytokine profile of SFTS and the cur-
rent evidence regarding treatment, combining 
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tocilizumab with glucocorticoids may help reduce 
adverse effects. However, larger clinical trials and 
further stratified evaluations of efficacy are neces-
sary to confirm these findings and refine treat-
ment strategies.

Ruxolitinib.  Monoclonal antibodies target 
only specific cytokines or receptors, whereas 
ruxolitinib is a JAK 1/2 inhibitor that reduces 
the production of inflammatory cytokines such 
as IFN-γ and IL-6 by inhibiting the JAK-STAT 
signaling pathway, helping alleviate cytokine 
storms.115 Ruxolitinib has demonstrated efficacy 
in treating primary myelofibrosis,116 and has been 
investigated in clinical trials for various condi-
tions involving excessive inflammation, yielding 
promising results. In patients with hemophago-
cytic lymphohistiocytosis (HLH),117 and severe 
COVID-19 infection, ruxolitinib significantly 
improved patient prognosis and reduced inflam-
matory responses.118,119 The severity and poor 
prognosis of SFTS are often associated with exces-
sive inflammation, similar to cytokine release syn-
drome, with the levels of proinflammatory factors 
such as IL-6, TNF-α, and IFN-γ being elevated in 
the early stages.101

Wen et al.120 reported the first case of a 73-year-
old woman with SAPA who developed septic 
shock and multiple organ failure. Ruxolitinib 
treatment (5 mg twice daily for 10 days) was initi-
ated on Day 3 of hospitalization. By Day 5, the 
patient's consciousness improved, her GCS score 
increased to 13, and her dyspnea was relieved. 
Eventually, the laboratory indicators improved 
significantly, the pulmonary inflammation 
resolved, and the patient was discharged. This 
positive response led to a subsequent single-arm 
trial,19 which evaluated the 28-day overall survival 
time of 21 patients treated with ruxolitinib (10 mg 
twice daily for 10 days). The results revealed a 
mortality rate of 7.7%, which was significantly 
lower than the 46.2% reported in a historical con-
trol group (n = 26). Survivors showed marked 
improvements in neurological symptoms and lab-
oratory parameters, including the PLT, within 
14 days, while the deaths of two patients were 
presumed to be due to delayed treatment.

HLH, a critical complication of SFTS, has an 
incidence rate of 6.7%–7.1%, with a mortality rate 
of 24.5%–26.9%.30,121,122 Severe SFTS patients 
present with overlapping clinical features of HLH, 
including hyperferritinemia, neuropsychiatric 

symptoms, and cytokine storms. Some fatal cases 
of SFTS may be related to multiple organ failure 
due to HLH. Therefore, ruxolitinib may be a treat-
ment option in patients with suspected SFTS-
associated HLH. Moreover, studies have shown 
that SFTS patients with encephalopathy or 
encephalitis exhibit short-term reversible neuro-
logical and mental symptoms such as confusion 
and drowsiness, with incidence rates ranging from 
13.0% to 57.0%.123–127 The virus can be detected 
in cerebrospinal fluid, and the levels of IL-8 and 
monocyte chemoattractant protein 1 (MCP-1) in 
the cerebrospinal fluid are significantly greater 
than those in the serum.126 While the exact patho-
genic mechanism of the virus in the central nerv-
ous system remains unclear, the ability of 
ruxolitinib to improve neurological symptoms 
suggests that cytokines may play a crucial role in 
the development of encephalopathy. For patients 
presenting with neurological symptoms, ruxoli-
tinib could be a prioritized option, as it may reduce 
the risk of adverse effects associated with steroid 
pulse therapy or IVIG treatment.

In conclusion, ruxolitinib appears to be a promis-
ing therapeutic option for treating SFTS, espe-
cially in cases complicated by HLH or neurological 
symptoms. However, further clinical trials with 
larger sample sizes are necessary to validate its 
effectiveness. Additionally, other JAK inhibitors, 
such as baricitinib, could be considered in future 
clinical trials.

Supportive and emerging therapies
Prophylactic platelet transfusion.  Thrombocyto-
penia is a prominent clinical feature in SFTS,11 
platelet transfusion is used to prevent or treat 
hemorrhage. In a retrospective study by Li 
et al.,128 it was found that the effect of prophylac-
tic platelet transfusion on platelet recovery was 
transient. Furthermore, after adjusting for con-
founding factors, there were no significant differ-
ences in mortality, bleeding events, or dynamic 
changes in platelet count between the treated 
group (n = 250) and the untreated group (n = 72). 
Tang et al.129 recently demonstrated that bleeding 
is associated with prolonged coagulation times 
induced by endogenous heparinoids, rather than 
a low platelet count, suggesting the platelet count 
may not be a reliable indicator for assessing bleed-
ing risk or guiding intervention during infection. 
Similarly, previous evidence from other hemor-
rhagic fever viruses, such as dengue, found that 
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prophylactic platelet transfusion was not superior 
to supportive care in preventing bleeding.130 
Instead, endothelial activation, dysfunction and 
injury, vascular leakage, platelet activation, and 
disturbed coagulation response induced by Ban-
davirus dabieense and proinflammatory cytokines, 
collectively contribute to hemorrhage.128,131–133 
Given the multifactorial mechanism, antiviral 
treatment and the alleviation of cytokine storms 
are pivotal in substantially preventing bleeding 
events and improving patient outcomes.

Plasma exchange.  Plasma exchange (PE) is 
mainly used for SFTS treatment to mitigate cyto-
kine storms, improve coagulation function, and 
promote viral clearance (Table 4).

Case reports by Tsutsumi et al.91 and Utsunomiya 
et al.134 showed that the viral load did not decrease 
significantly after PE. In a study by Won Sup Oh 
et al.54 two SFTS patients recovered after receiv-
ing PE combined with ribavirin, but their further 
multicenter retrospective study revealed no sig-
nificant difference in survival rates between the 
PE and non-PE groups. However, multivariate 
analysis suggested that receiving PE within 7 days 
of SFTS onset was associated with the 30-day 
survival time.135

Yoo et  al.136 observed 14 SFTS patients who 
underwent PE and found significant improve-
ments in multiple laboratory indicators and viral 
loads. Similarly, Gao et al.137 and Song et al.138 
retrospect critically ill patients and concluded PE 
effectively cleared the virus, improved coagula-
tion function, and increased survival rates. 
Therefore, PE appears to benefit those with criti-
cal cases, however, its high cost and the large vol-
ume of required plasma limit its widespread use.

Convalescent plasma, which contains specific 
viral antibodies, has also shown promise in reduc-
ing the viral load. Both Choi et  al.139 and Park 
et al.140 reported that patients with encephalopa-
thy who underwent PE did not experience a sig-
nificant reduction in viral load, nor did their 
condition improve. However, after receiving con-
valescent plasma, the viral load decreased signifi-
cantly, and consciousness improved quickly.

Delayed IgG seroconversion has been observed in 
critical cases, and high viral loads occur in these 
patients compared with those with mild disease.83–85 
Furthermore, patients with fatal outcomes even 

experienced seroconversion failure.29 Therefore, 
convalescent plasma is a significant therapeutic 
method for severe patients. However, its availabil-
ity remains a limitation, and further research is 
needed to explore more feasible treatment options.

Calcium channel blockers.  The Ca+ signaling 
pathway plays a crucial role in a variety of physi-
ological processes within the cell. Many viruses, 
including the Zika virus and H5N1 virus, facili-
tate viral infection by inducing an influx of cal-
cium ions.141,142 Calcium channel blockers 
(CCBs), a class of drugs commonly prescribed to 
manage hypertension, work by inhibiting intracel-
lular calcium influx, thereby affecting various cel-
lular functions.

Li et  al.20 screened the FDA-approved drug 
library and identified benidipine and nifedipine as 
potential agents capable of reducing viral infec-
tion in a Ca2+ uptake-dependent manner. These 
studies, which were conducted in Vero cells, 
C57BL/6 mice, and humanized mouse models, 
demonstrated that these CCBs could effectively 
reduce the viral load. In their further retrospec-
tive analysis of 2087 cases of SFTS, patients 
treated with nifedipine (n = 83) presented fewer 
neurological symptoms, such as lethargy and 
coma, increased virus clearance, significantly 
reduced viral load, and significantly decreased 
mortality. Additionally, patients treated with 
nifedipine showed earlier recovery of LDH levels 
and fewer symptoms, such as hematemesis, than 
patients who used nifedipine before admission 
but did not receive nifedipine after admission 
(n = 48). The PLT improved more rapidly in the 
nifedipine-treated group than in the group of 
patients who never took nifedipine (n = 249). 
Notably, in the high-viral-load group (>106 cop-
ies/mL), nifedipine significantly improved the 
prognosis, which distinguishes it from other anti-
viral agents, such as favipiravir and ribavirin. 
These findings suggest that nifedipine may offer 
substantial clinical benefits, particularly in 
patients with high viral loads. Yamauchi et al143 
reported a case of a 67-year-old male patient with 
HLH and encephalopathy who was treated with 
nicardipine hydrochloride combined with PE, 
glucocorticoids, and IVIG. The patient improved, 
with decreases in soluble IL-2 receptor (sIL2R) 
and ferritin levels, and ultimately recovered.

While the adverse effects of CCBs are well known, 
there is limited research on SFTS patients, 
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particularly those who are critically ill or in shock. 
Therefore, further randomized clinical trials are 
needed to evaluate the safety and efficacy of 
CCBs in SFTS treatment.

Arginine.  Arginine is a semi-essential amino acid 
with a key role in immune function, including 
T-cell activation and B-cell maturation. During 
inflammation, immune cell proliferation leads to 
arginine consumption.144 Arginine is also a pre-
cursor for molecules such as ornithine and nitric 
oxide (NO), which are vasodilatory gases involved 
in various physiological functions, including PLT 
inhibition.145

Li et al.21 analyzed the metabolomics of 242 SFTS 
patients and reported significant changes in the 
arginine metabolic pathway, with a marked reduc-
tion in the NO concentration in PLTs. The study 
also revealed that in 44 SFTS patients, arginine 
metabolism preferentially produces urea/ornithine 
rather than NO, contributing to impaired NO 
signaling. In a further randomized clinical trial, 
the experimental group (n = 53) received 20 g of 
intravenous arginine per day while the control 
group (n = 60) received a placebo. Although there 
was no significant difference in the mortality rate, 
the experimental group presented increased NO 
concentrations in PLTs, suppressed PLT activa-
tion, increased expression of the CD3-ζ chain and 
PLT counts, and accelerated virus clearance. 
However, adverse effects such as increased serum 
urea nitrogen and vomiting were observed. This 
study suggests that arginine could have a thera-
peutic role in SFTS, particularly in improving 
PLT function and facilitating viral clearance. 
While these findings are promising, further clini-
cal data, especially from critical patients, are 
needed to confirm the actual therapeutic efficacy 
and clinical applicability of arginine supplementa-
tion in the treatment of SFTS.

Problems to be solved
Other treatments for SFTS are still inconclusive, 
with several fields requiring further investigation.

The supportive care of SFTS patients primarily 
involves maintaining fluid-electrolyte balance  
and monitoring organ function. In critical cases, 
advanced multi-organ support is essential, includ-
ing total parenteral nutrition, mechanical venti-
lation, and renal replacement therapy. Although 
current evidence-based studies have not 

identified the association between supportive care 
and prognosis, a clinical prospective observa-
tional study demonstrated the significant correla-
tion between longer delay in admission and fatal 
outcomes.59 Timely supportive care may improve 
prognosis through maintaining internal homeo-
stasis and potentially mitigating inflammatory 
cascade activation, indicating the necessity of 
incorporating standardized supportive protocols 
into SFTS clinical guidelines.

In regard to symptomatic management, a primary 
challenge is optimizing the treatment of early-
stage leukopenia. Exogenous leukocyte-stimulat-
ing agents are often used in clinical practice, but 
their effectiveness remains uncertain. Song et al.29 
found that granulocyte–macrophage colony- 
stimulating factor (GM-CSF) levels in patients 
with a poor prognosis were lower than those in 
the surviving patients during the first week. In 
contrast, Hu et  al.101 observed that granulocyte 
colony-stimulating factor (G-CSF) levels were 
greater in patients with a poor prognosis during 
the first week than in the surviving patients. Given 
these findings, the impact of using G-CSF and 
GM-CSF to promote early leukocyte production 
in SFTS patients and whether these therapies can 
accelerate viral clearance and improve patient 
prognosis remains unclear and warrants further 
investigation. Similarly, thrombopoietin receptor 
agonists and recombinant human thrombopoietin 
are widely prescribed to enhance thrombopoiesis. 
However, their efficacy in platelet recovery, hem-
orrhage prophylaxis, and prognostic improve-
ment among patients with SFTS remains to be 
validated through future research.

Current research has focused primarily on 
improving the overall prognosis of SFTS, but 
increasing attention has been given to complica-
tions associated with this disease. SAPA and 
HLH, as mentioned above, have high mortality 
rates and are associated with the severity of SFTS. 
The management of these complications is chal-
lenging, and improper treatment of one compli-
cation may lead to the development of other 
complications. For example, improper use of glu-
cocorticoids to treat HLH or encephalopathy 
may promote virus production and trigger sec-
ondary complications, such as SAPA and bleed-
ing. Therefore, there is an urgent need for more 
robust clinical evidence to guide the management 
of these complications. Yao et al.75 reported that 
although antifungal therapy before and after 
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SAPA diagnosis showed no significant survival 
benefit, patients receiving combination antifungal 
therapy demonstrated markedly higher 14-day 
and 28-day survival rates compared to those with-
out antifungal treatment. Furthermore, pro-
longed antifungal therapy was associated with 
improved survival rates compared to shorter 
treatment durations. These findings underscore 
the necessity for further research to determine 
whether secondary infections can be effectively 
prevented, whether mortality can be reduced 
through the prophylactic use of antibiotics or 
antifungal agents, and how the timing of treat-
ment influences prognosis. These factors are key 
for optimizing treatment strategies and further 
improving survival rates for critical cases.

Directions for future research
Currently, treatment options for SFTS are still 
limited. However, researchers are screening 
FDA-approved drugs to identify agents with anti-
viral effects and are conducting in vitro and in 
vivo studies. Some selected drugs not only allevi-
ate SFTS symptoms and complications but are 
also expected to promote viral clearance. For 
example, the calcium channel antagonist lopera-
mide could be used to manage diarrhea,146 
whereas echinocandin antifungals, such as anidu-
lafungin and micafungin, may help treat fungal 
infections.147

Additionally, multiple omics studies on SFTS are 
underway, with metabolomics and 16S rRNA 
analysis aiming to uncover the pathogenic mecha-
nisms of SFTS and guide the development of tar-
geted adjunctive therapies. Arginine, for example, 
has shown beneficial effects, as mentioned herein.

Several metabolic pathways are altered during and 
after SFTS infection. Through nontargeted 
metabolomics, Zhang et  al.148 identified glycer-
ophospholipid (GPL) metabolism as a key meta-
bolic pathway during SFTS infection that is 
potentially linked to viral replication. Additionally, 
the pentose phosphate pathway, alanine, aspartate, 
and glutamate metabolism were found to be criti-
cal for long-term recovery; hence, the author sug-
gested that α-ketoglutarate supplementation may 
assist convalescent patients in managing long-
standing oxidative stress. Additionally, Zhang 
et  al.149 analyzed the urine of SFTS-infected 
patients and revealed significant changes in 

tryptophan metabolism. Abnormal phenylalanine 
metabolism was observed in fatal cases, and 
patients with SFTS had lower serum glycine con-
centrations than healthy individuals did.

Alterations in lipid metabolism are a prominent 
feature of SFTS infection and may represent a 
potential therapeutic target. Guo et al.150 analyzed 
serum samples from 11 severe SFTS cases, 37 
mild cases, and 23 healthy controls via lipidomics 
and revealed that SFTS leads to lipid metabolism 
disturbances, such as increased levels of triglycer-
ides (TGs), decreased levels of cholesterol esters 
(ChEs), and dual changes, including changes in 
the levels of phosphatidylcholine (PC) and phos-
phatidylethanolamine (PE). Additionally, Urata 
et al.151 reported that cholesterol, fatty acids, and 
triglycerides regulated by site 1 protease (S1P) 
play roles in virus replication and that virus pro-
duction is significantly reduced in vivo after treat-
ment with lovastatin or fenofibrate.

Changes in gut microbiota are also observed dur-
ing infection. Xie et al.152 performed 16S rRNA 
analysis and nontargeted metabolomics on stool 
and serum samples and revealed that the abun-
dance of Akkermansia muciniphila increased in the 
stool during SFTS infection but decreased in 
fatal cases and was inversely correlated with the 
proinflammatory cytokines IL-1β, IL-6, and 
TNF-α. By producing the β-carboline alkaloid 
harmaline, NF-κB-mediated inflammation is 
inhibited, and the liver expression of conjugated 
primary bile acids, such as glycochenodeoxy-
cholic acid and taurochenodeoxycholic acid, all of 
which exhibit anti-inflammatory properties, is 
inhibited. Further study revealed that the levels of 
the secondary bile acid taurolithocholic acid 
(TLCA) are associated with reduced fatality rates 
and suppressed viremia. TLCA inhibits viral rep-
lication, mitigates inflammation in vitro, and 
indirectly suppresses ferroptosis by upregulating 
fatty acid desaturase 2 via the TGR5–PI3K/
AKT–SREBP2 axis.153

In conclusion, supplementation with probiotics, 
along with drugs such as statins, fibrates, and bile 
acids, may offer benefits during acute infection by 
reducing inflammation and exerting antiviral 
effects, whereas α-ketoglutarate is beneficial for 
recovery. Future studies could focus on these 
agents, as their potential warrants further investi-
gation for clinical application.
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Conclusion
This study compiled drugs with reported clinical 
efficacy for SFTS and found that immunoregula-
tory therapy plays an equally important role  
as antiviral treatment. Favipiravir could be  
prioritized as an antiviral treatment. Based on a 
large-sample retrospective analysis, traditional 
immunomodulators such as IFN, corticosteroids, 
and IVIG have not substantially improved patient 
prognosis and may even increase the risk of com-
plications such as secondary infections and 
immune disorders. Clinical trials indicate that 
novel immunomodulators, such as tocilizumab 
and ruxolitinib, are beneficial for outcomes. 
Given the early cytokine storms in critically ill 
patients, timely administration of novel immu-
nomodulators among severe cases during the 
early disease stage may maximize therapeutic 
benefits. In patients with good tolerance, arginine 
and nifedipine may be considered, while thera-
peutic plasma exchange and advanced life sup-
port are essential for managing late-stage critical 
illness. Prophylactic platelet transfusions neither 
prevent bleeding nor improve clinical outcomes. 
Future research should emphasize stratified stud-
ies focused on disease severity, dosage, and com-
plications, with the potential to significantly 
improve SFTS patient outcomes.
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