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This syndrome is characterized by severe fever, thrombocytopenia,
leukocytopenia, and multi-organ dysfunction, with high morbidity and

mortality rates. The limited understanding of SFTS pathogenesis

has prompted the exploration of antiviral agents and therapeutic
innovations to improve patient outcomes. Antiviral agents play a
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pivotal role in the management of SFTS, aiming to reduce viral

Evander James Kamupini
B. Pharmacy, ITM replication and mitigate the severity of the disease. Favipiravir, a
University, Gwalior (MP). broad-spectrum antiviral drug, has demonstrated promising efficacy
against various RNA viruses, including SFTSV. Clinical studies and

case reports have explored the use of favipiravir in SFTS patients, revealing potential benefits

in terms of symptom alleviation and improved clinical outcomes (Furuta Y, 2009). In
addition to favipiravir, this review discusses other therapeutic innovations in the management

of SFTS. These innovations encompass immune-based therapies, such as convalescent
plasma therapy and interferon-alpha, as well as supportive measures aimed at mitigating the
severe manifestations of the disease. Furthermore, the potential role of emerging
technologies, including diagnostic advancements and digital health solutions, in early
detection and management of SFTS is explored. As the understanding of SFTS continues to
evolve, this abstract underscores the importance of ongoing research and collaboration to
further delineate the optimal therapeutic strategies for this emerging infectious disease. The
insights provided herein contribute to the broader discourse on SFTS management and offer a

foundation for future investigations into novel treatment modalities.
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INTRODUCTION

Severe fever with thrombocytopenia syndrome (SFTS) is a viral hemorrhagic fever (VHF)
that was first reported in China (Yu XJ, 2011) in 2009 and subsequently reported in South
Korea (Kim KH, 2013), western Japan (Takahashi T, 2014), Missouri USA and Vietnam(Jc
et al., 2021). The causative agent is a novel phlebovirus of the family Bunyaviridae named
SFTS virus. SFTS is considered to be a disease similar to that of Crimean-Congo
hemorrhagic fever (CCHF) in terms of its virus characteristics, disease manifestations, mode
of virus transmission to humans, pathophysiology, and high case fatality rate (CFR). The
syndrome poses a considerable challenge due to its high mortality rate (12% to 45%) and
limited treatment options. The major clinical manifestations and laboratory findings of SFTS
include fever, gastrointestinal symptoms, thrombocytopenia, leukopenia, and elevated serum
hepatic enzyme levels. There is an urgent need for targeted treatment using antiviral agents,
including antibodies against SFTSV, to minimize morbidity and mortality associated with
Severe Fever with Thrombocytopenia Syndrome (SFTS). Given the absence of a vaccine at
present, the identification of a potent anti-SFTSV drug is crucial for addressing the potential

global spread of SFTS or similar diseases, particularly in the context of a pandemic.

Favipiravir (T-705) is a recently developed inhibitor of RNA-dependent RNA polymerase
(RdRp) and was initially approved as an anti-influenza medication in Japan and is
progressing through Phase 3 clinical trials in the USA. Several in vitro and animal studies
have demonstrated the inhibitory effects of favipiravir on SFTSV, prompting clinical
investigations to assess its safety and efficacy in human subjects. This review will critically
analyze the existing literature on favipiravir, exploring its mechanism of action,
pharmacokinetics, and the outcomes of clinical trials, shedding light on its role in the
therapeutic armamentarium against SFTS. Beyond favipiravir, this article will delve into
other promising therapeutic innovations in the realm of SFTS management. From
immunomodulatory strategies to emerging antiviral agents. Ribavirin, which was suggested
as a potential anti-SFTSV drug, was reported to be ineffective for improving the disease
outcome in a retrospective study, or with limited efficacy when used early among patients
with very low viremia(T.-I. M & M, 2020). As we navigate through the intricate landscape of

SFTS therapeutics, this review aims to synthesize the latest evidence, discuss the potential
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benefits and limitations of existing interventions, and highlight the directions for future
research that will contribute to the evolving field of infectious disease management. Through
a critical evaluation of antiviral agents, with a spotlight on favipiravir, and exploration of
other therapeutic innovations, this article seeks to advance our understanding of SFTS
treatment and inspire further investigation into novel approaches for combating this

challenging infectious disease.

The looming threat

What makes SFTS a matter of critical concern is its capacity for outbreaks, high mortality
rate, and the potential for widespread transmission. SFTS outbreaks have been recorded in
several regions, and these incidents have often been associated with substantial morbidity and
mortality, particularly among the elderly and immuno compromised individuals. While case
fatality rates vary, they can reach as high as 30% or more in some outbreaks, making SFTS a
considerable public health concern. The virus's broad geographical distribution, the presence
of competent vectors (ticks), and the variety of animal hosts further exacerbate its threat

potential.

Purpose and Scope of this review article

The purpose of this review article is to provide a comprehensive overview of SFTS as an
emerging infectious disease. We aim to collate and synthesize the available knowledge on
SFTS, encompassing its epidemiology, etiology, clinical presentation, diagnosis, treatment,
and prevention strategies. By doing so, we seek to offer a holistic understanding of this
syndrome to researchers, healthcare professionals, and public health authorities. Additionally,
we highlight the importance of studying SFTS and maintaining vigilance in monitoring this
emerging threat. The scope of this article includes a detailed exploration of the current state
of research in the field and an emphasis on the ongoing studies that contribute to our evolving
understanding of SFTS. As an emerging infectious disease, SFTS requires ongoing attention

and research to combat its spread and mitigate its impact.

SFTSV Epidemiology and Transmission

SFTS has been documented in East Asia, spanning central and eastern China, rural areas of
South Korea (Kim KH, 2013), and western Japan (Takahashi T, 2014). The identification of
patients exhibiting high fever, gastrointestinal symptoms, thrombocytopenia, leukopenia, and
multiple organ failure (MOF) between March and July 2009 led to a two-year
epidemiological investigation in central and northeastern China (Jiangsu, Anhui, Hubei,
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Henan, Shandong, and Liaoning), resulting in the identification of SFTSV in 2011. Japan
reported its first confirmed SFTS case at the end of 2012, with subsequent epidemiological
surveys from 2013 to 2017 revealing an average patient age of 74 years, primarily residing in
eastern and southern Japan. South Korea reported 1,203 SFTS cases (including 231 fatalities)
between 2013 and August 2020, with most cases occurring between April and November.
SFTS cases have also emerged in Southeast Asia, including Vietnam, Pakistan, and Taiwan,

in addition to the three East Asian countries mentioned earlier.

In Vietnam, Tran et al. conducted a retrospective analysis of serum samples from 80 patients
with acute febrile illness, suggesting the potential presence of SFTSV in Vietnam(Xc et al.,
2019). Conversely, SFTSV was confirmed in animals in Taiwan after human cases, providing
stronger evidence of SFTS occurrence. In northwestern Missouri, United States, two patients
with an SFTS-like illness were reported, and the newly discovered causative pathogen, the
Heartland virus, was genetically closely related to SFTSV. Genetic analysis in China revealed
three dominant genotypes (F, A, and D), while South Korea and Japan predominantly had
genotype B. Yun et al. found that genotype B-2 strains in South Korea were associated with
the highest mortality. The study also demonstrated varying clinical manifestations in a ferret
model based on different SFTSV genotypes(Ct et al., 2016). Seroprevalence studies showed
variations in SFTSV antibody prevalence among China, Korea, and Japan. China and Korea
exhibited high seroprevalence, while Japan had a relatively low prevalence, possibly due to

regional characteristics or differences in antibody detection methods(P et al., 2017).

SFTSV transmission involves various tick species, including Haemaphysalis longicornis,
Amblyomma testudinarium, Ixodes nipponensis, and Rhipicephalus microplus is the principal
vector, distributed in temperate regions of South Korea, Japan, China, and other areas(Xy et
al., 2015). The virus is thought to circulate in a zoonotic cycle between ticks and vertebrates.
Animals like cattle, goats, sheep, dogs, pigs, and chickens have been identified as hosts, and
transmission from pets to humans has been reported. Additionally, infectious SFTSV has
been detected in nasal discharge, saliva, urine, and body fluids, indicating potential routes of
transmission, including aerosols and body fluids. Nosocomial transmission and the possibility
of sexual transmission further highlight the importance of maintaining contact precautions

during patient care.

Pathogenesis
The complete understanding of SFTS pathogenesis remains elusive, but it is closely linked to
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a heightened viral load and inflammatory responses induced by various cytokines, including
interleukin-1 receptor antagonist (IL-1RA), IL-6, IL-10, granulocyte colony-stimulating
factor (G-CSF), and monocyte chemoattractant protein-1 (MCP-1). The glycoproteins of
SFTSV facilitate receptor binding and viral entry into macrophages and dendritic cells,
serving as targets for neutralizing humoral immunity. Natural Killer cells exert
immunoregulatory functions through cytokine production, with an increased proportion
observed in the acute phase and severe SFTS cases, contributing to an upregulation of
inflammatory cytokines and the onset of a cytokine storm (S. M, 2018).

Inflammatory cytokines play a pivotal role in viral disease pathogenesis, characterized by
unbalanced profiles in three distinct patterns. Firstly, severe SFTS cases exhibit elevated
levels of IL-1RA, IL-6, IL-10, G-CSF, and MCP-1, with a sharp increase in IL-10 levels
during acute periods in both fatal and nonfatal cases. Secondly, the SFTSV nonstructural
protein (SFTSV-NSs) acts as an interferon and NF-kB antagonist, inducing the expression of
IL-10 to facilitate viral pathogenesis(Xu et al., 2011). Thirdly, levels of platelet-derived
growth factor regulated upon activation, normally T-expressed, and presumably secreted
(RANTES) are in low quantities that return to normal ranges during convalescence.
Additionally, IL-1pB, I1L-8, and macrophage inflammatory proteins 1a and 1 levels increase
in severe SFTS cases and in survivors during convalescence, correlating with viral load in the

serum and playing a crucial role in SFTS pathogenesis.

These cytokine changes are associated with clinical features. MCP-1 is implicated in
progressive renal failure, inflammation, and liver fibrosis, while IL-8 contributes to
progressive renal failure and increased vascular permeability. Hemorrhagic fever symptoms
in SFTS are attributed to TNF-a, causing vasodilation and heightened endothelial
permeability. Thrombocytopenia results from phagocytosis of virus-bound platelets by
splenic macrophages. SFTSV replication occurs in various cell types, with infected
monocytes avoiding apoptosis, remaining intact, and spreading into the circulation via
lymphatic drainage, causing viremia. SFTSV-infected cells in lymph nodes include
macrophages and class-switched B cells with a plasma blast-like immunophenotype.
Surviving patients exhibit hypermetabolism in regional lymph nodes and the spleen in
fluorodeoxyglucose 18 positron emission tomography (18F-FDG PET) imaging, along with
characteristic histologic findings of extensive necrosis and histiocytic proliferation in the

lymph nodes.
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Clinical characteristics of SFTS

Clinical manifestations

The incubation time from the infection to the disease onset was reported to be generally 7 to
14 days (about 2 weeks), with an average of 9 days. It was documented that the incubation
period, measured from exposure to the onset of the disease, varied between 7- and 13 days
(about 2 weeks) following contact with the deceased index patient of SFTS. The major
clinical manifestations of SFTS are rapid onset of high fever, gastrointestinal tract symptoms,
and hemorrhagic inclination. Those patients with hemorrhagic symptoms or deterioration in
consciousness have poor prognoses and most patients show thrombocytopenia and
leukopenia in their total blood cell counts. Recently a patient with hematemesis, was
examined by gastrointestinal endoscopy to determine the cause of hemorrhage, and the
results showed multiple ulcerative gastric lesions from which hemorrhagic oozing was
occurring. The correlation between viremia levels and prognosis was examined by analyzing
the association of viral copy numbers in blood specimens, determined through quantitative
real-time reverse transcription PCR, with patient outcomes. It was demonstrated that
statistically significant differences existed in the copy numbers between patients with fatal
and non-fatal outcomes. The average viral copy number in patients who succumbed to the
illness was greater than that in those who survived, indicating a higher mortality rate among

patients with elevated copy numbers(Jc et al., 2021).

Pathophysiology

The first report of pathological findings from a patient who died of SFTS was documented
and reported in Japan. Bone marrow aspiration was performed, in these patient and other
patients in whom hemophagocytic lymph histiocytosis (HLH) with or without bone marrow
cell dysplasia was present. The patient's right axillary lymph node on computed tomography
imaging was enlarged to 3.5 x 2.0 cm. SFTSV-NP antigen was detected in the cytoplasm of
blastic cells and in necrotic regions in the cortical area of the right axillary lymph node.
Profound necrotizing lymphadenitis characterized by extensive necrosis, diminished small
lymphocyte count, and intense infiltration of histiocytes, along with immunoblot
observations, were noted in the swollen right axillary and right cervical lymph nodes. Gastric
ulceration was also reported, and it was noted in the pyloric region, and hemorrhage was
present in the colon and lung(S. M, 2018).

The organs in which SFTSV-NP antigen was detected by immunohistochemistry (IHC) in

each of the examined patients are summarized in table 1.
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Table 1: SFTSV antigen-positive organs detected in patients who underwent autopsy.

Organs tested Patsents
Patient 1-1 Patient 2.1 Patient 2.2 Patient 31 Patient 4-1 Patient 5.1
Female in ber 503 Female, 83 years Male, 88 years Male. 82 years Female, 86 years Male. 53 years
Takahushi et 2. 2014 Mirakietal. 2014 Mirakiet Al 2014 Uehara et al. 2016  Nakamoetal 2017 Kaneko et al. 2017
Contral nervous system AR Negative N Negative NR Pesitive
Micbeain
Pons
Medulls

Basal ganglia
™

Negatve Negative Peonitive NR NR
Negatve NR Pasitive NK NR
N NE Pesitive NR NR
R Negxtive Pasitive NR NR
Positive Negative Pasitive Positive Positive
Negative Negative Pesitive NK NR
Negatve Negative Pasitive Negative NR
Pasitive Negative Pasitive Positive Positive
Negatve Negative Pasitive Negative NR
1o MR Negative Positive NR NR
Adrenal glands Positive Negative Pasitive Positive NR
Uterw AR Negative K NR NK
Ovarie NR Negative & NR NR
Bladder AR Negative Pasitive NR NR
Tonsils K Posttve N Negative NR
Bronchi AR Negative Negative Negative NR
Esophagy Negatve Negative Pasitive NR NR
Bone martow Pasitive Negative R Positive Positive Positive
Pitwtary gland NK Negative R NR NR L3
Calibladder AR N Positive NR NR R
Testes NR NR Positive NR NK R
Lymph nodes Positive Posstve Positive Positive NR NR
Axallary Positive NE N NR NR NR
Cerwcad Positive NR R NR NR N
Diaphwagrma e Negative Negative Pasitive NR NR R
Paratracheal AR Negative Pasitive NR NR Positive
R Negative = Negative NR Positive
b Posity e NE NE NR N
R Negative R NR NR R
N Negative R NR NR Positive
N NR F

Positive Positive NR Positive

1. There appears to be two distribution patterns of the SFTSV antigen: “Entirely SFTSV
antigen-positive type”, in which the SFTSV antigen was detected in most organs tested
(Patients 2-2 and 5-1), and “Localized SFTSV antigen-positive type”, in which the
SFTSV antigen was detected in limited organs tested (Patients 1-1 and 3-1).

2. SFTSV antigen was detected in one patient (Patient 5-1) with pathological lesions in the
central nervous system (CNS).

3. Fungal infection was incidentally detected in the lower respiratory tract and lung of 2
patients (Patients 2-2 and 4-1).(S. M, 2018)

Cytokine storm was reported to be one of the major pathophysiological features in SFTS
patients that cause the case fatality rate to be high. There have been reports in which the
kinetics of cytokine and chemokines were studied in SFTS patients. Based on these reports,
interleukin (IL)-6, IL-10, interferon (IFN)- g-induced protein (IP)-10, and IFN-gamma levels

increased rapidly, in the early phase of the disease.

In the initial stage of the disease, there was a reported decrease in Regulated on Activation,
Normal T-cell Expressed and Secreted (RANTES). Kwon et al. found a correlation between
early-phase IP-10 levels and the SFTSV load, which has been linked to the prognosis of
SFTS patients. This correlation between the IP-10 levels and the viremia levels was evaluated

with only 10 patients, suggesting that further study is needed to address the connection. Ding
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YP et al. studied the correlation between the cytokine and chemokine levels, platelet counts,
and serum chemistry such as AST, LDH, and ALT in SFTS patients. The platelet count
demonstrated a tendency to decrease in conjunction with lower levels of soluble CD40 ligand
(sCD40L) and platelet-derived growth factor (PDGF) BB, as well as elevated levels of IL-10,
soluble IL-2 receptor alpha (SIL-2RA), and IP-10. Additionally, there was a positive
correlation observed between serum alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels and a cluster of cytokines or proteins, including IL-10, sIL-
2RA, heat shock protein 70, IP-10, IL-4, IFN-g, and tissue plasminogen activator inhibitor
(tPAD-1. The serum CK level was positively associated with levels of IL-10, sIL-2RA,
HSP70, IP-10, and IL-15. The lactate dehydrogenase (LDH) level was positively correlated
with IL-10, sIL-2RA, HSP70, IP-10, IL-4, IFN-g and IL-15 levels. In contrast, negative
connections existed between LDH and the cytokines soluble Fas ligand or sCD40L. The
serum chemistry levels were found to have a correlation with both the SFTSV genome loads
and the severity of the disease. These findings suggest that the intensity of the cytokine
storm, specifically the severity of hemophagocytic lymphohistiocytosis (HLH), constitutes a

significant pathophysiological factor influencing the severity of SFTS.

SFTS Treatment

Favipiravir

Favipiravir (T-705) is a pyrazine derivative and antiviral agent developed in Japan that has a
broad spectrum of antiviral effects. Favipiravir inhibits the RNA polymerase of the influenza
virus and those of various RNA viruses, such as bunyaviruses, arenaviruses, and the yellow
fever virus. Several recent studies have reported the effects of favipiravir on SFTS and
suggest that favipiravir has a stronger antiviral effect than ribavirin both in vitro and in vivo.
In particular, Tani et al. and Baba et al. reported that favipiravir inhibited the replication of
SFTSV in Vero cells, with an IC50 of 6 uM and a 50% effective concentration (EC50) of 25
MM. In addition, Tani et al. reported that the oral administration of favipiravir at dosages of
120 mg/(kg-day) and 200 mg/(kg-day) to interferon receptor 1 knockout mice infected with
SFTSV was effective. Gowen et al. demonstrated that hamsters with stat2 knockout,
hindering the initiation of the type | IFN response, exhibited responsiveness to oral
favipiravir treatment at 300 mg/(kg-day). This treatment led to a reduction in both serum and
tissue viral loads in hamsters infected with SFTSV(T. H et al., 2016).

In 2021, Suemori et al. documented a study involving 16 trials to assess the effectiveness and
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safety of favipiravir. Out of 23 participants administered an oral loading dose of 1800 mg
twice on the initial day, followed by a regimen of 800 mg twice a day for 7-14 days, the drug
was well-tolerated. The 28-day mortality rate in this group was recorded at 17.3%. In
addition, viral RNA was not detectable in surviving patients at a median of 8 days after
favipiravir administration. As the study was a nonrandomized, uncontrolled, single-arm
investigation, further randomized clinical trials are essential. Additionally, there is a need for
animal models to evaluate the efficacy of antiviral agents, such as favipiravir and ribavirin, in
the treatment of SFTSV infections(Ms et al., 2022). T-705 therapy evaluation to date, which
was analyzed shows that T-705 had a significant effect on decreasing SFTS related CFR
(9.0% vs. 20.0%), which corresponded to a 55.0% (95% CI 23.2%-66.8%) reduced OR of
fatal within non-T-705 group(T. H et al., 2016).

Mechanism of T-705 against SFTSV in a mouse model

In a study investigating the mechanism of T-705 against SFTSV in an IFNAR—/— C57BL/6
mouse model, mice infected with SFTSV were treated with DMSO (vehicle), ribavirin (100
mg/kg/day), T-705 (150 mg/kg/day), or T-705 (300 mg/kg/day). The survival rates of T-705-
treated mice were significantly higher than those treated with DMSO or ribavirin. The study
further explored the mutagenesis mechanism of T-705 on RNA viruses in vivo, revealing
reduced viral loads and enhanced virus mutation rates in serum samples of T-705-treated
mice. The mutation rates increased with the duration of treatment, with 300 mg/kg/day
showing higher accumulation compared to 150 mg/kg/day. While the mutagenesis
mechanism of T-705 in treating SFTSV infection in a mouse model differs from the in vitro
mechanism, which mainly induces transition mutations, these findings emphasize T-705's
potential as an effective agent for inhibiting SFTSV replication in vivo by inducing viral
lethal mutagenesis(L. H et al., 2021).
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Fig. 1: The NGS and mutation analysis of SFTSV genome in serum samples collected
from IFNAR—/— C57BL/6 mouse treated with or without T-705. a Kaplan—Meier curves
for the T-705 treatment effect on the probability of survival in IFNAR—/— C57BL/6
mouse. IFNAR—/— C57BL mice were divided into five groups: SFTSV + vehicle group
(five female and five male mice), SFTSV + T-705 group | (300 mg/kg/d, five female and
five male mice), SFTSV + T-705 group Il (150 mg/kg/d, five female and five male mice),
SFTSV + ribavirin (100 mg/kg/d, five female and five male mice), and DMEM + T-705
group (300 mg/kg/d, three female and three male mice). b Flowchart of next-generation
sequencing (NGS) of SFTSV genome in spleen and serum samples collected from
IFNAR—/— C57BL/6 mouse. Three IFNAR—/— C57BL/6 mice from each group were
sacrificed on days 2, 3, and 4 post infection, respectively. Serum and spleen samples
were collected, and RNA was extracted for NGS analysis. Copy number of SFTSV
genome in serum (c), the total mutation rates (d), transition mutation rates (e),
transversion mutation rates (f), and ratios of transitions/transversions (g) were also
calculated(L. H et al., 2021)

The study conducted NGS and mutation analysis of the SFTSV genome in serum samples
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from IFNAR—/— C57BL/6 mice treated with or without T-705. The mice were divided into
groups based on different treatments, including T-705, ribavirin, and control groups. Kaplan—
Meier curves illustrated the T-705 treatment's impact on the probability of survival. The
flowchart outlined the NGS process of SFTSV genome in spleen and serum samples from
mice at various time points post-infection. Results included analysis of SFTSV genome copy
number in serum, total mutation rates, transition and transversion mutation rates, and ratios of

transitions/transversions.

In the clinical trial assessing T-705 treatment for SFTS patients, viral clearance, defined as
the time to a first negative RT-PCR assay, was analyzed as a secondary outcome. The T-705-
treated group exhibited a significantly shorter mean time to viral clearance (5.6 + 2.1 days)
compared to the control group (6.8 £ 2.8 days) (P = 0.012). This trend was consistent in
patients with low or high baseline viral loads. Additionally, T-705 treatment was associated
with a more rapid decrease in viral load, as evidenced by the generalized estimating equation
(GEE) model (P = 0.024)(L. H et al., 2021). This association was also observed in patients
with low-baseline viral loads, although data for patients with high-baseline viral loads were
limited (K et al., 2021).

The antiviral mechanism of T-705 on SFTSV replication in human patients was investigated
through NGS and mutation analyses on 74 longitudinally collected serum samples. The study
involved 12 T-705-treated patients and 11 control patients. Before treatment, mutation rates
were comparable between the groups. However, during the first week of treatment, the T-
705-treated group exhibited significantly increased mutation rates compared to the control
group, with notable differences observed at day 4. Survival patients in the T-705 group
showed increased virus mutations, while fatal patients did not exhibit the same pattern.
Patients without T-705 treatment showed no increase in virus mutations. The accumulating
mutations correlated with the CT values of SFTSV, suggesting that T-705 reduces viral loads
by inducing both transition and transversion mutations detrimental to viral proliferation. The
mutagenesis pattern observed in SFTS patients resembled that seen in the mouse model, with
no predominant pattern of transition or transversion mutations(L. H et al., 2021).

Favipiravir comparison to other treatments of SFTS
The antiviral agents that have been tested in animal models for an inhibitory effect on the
replication of SFTSV in vitro and in vivo are ribavirin, favipiravir, antimalarial agent

amodiaquine, and serum containing neutralizing antibody activity. Ribavirin was shown to
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have an inhibitory effect on SFTSV replication in vitro and a partial effect in vivo. However,
it has not been possible to demonstrate a beneficial effect of ribavirin in the treatment of
hospitalized SFTS patients in PR China(B. M et al., 2017).

Table 2: Treatment effect on 30-day mortality in patients with SFTS.

Univariate Multivariate

Variables
HR % pValue aHR! 95%Cl peValue
Prioe antibiotic treatment 15 (0.76=3.16) 0234 1% (0.75=481) 0174
Ribavirin 151 (0.75=345) 0217 106 (034=3.25) 093
Steroids 457 (1.96=10.66) <001 331 (1:26-873) 0016

VIG 15 (0.74=351) 0.235 074 (032-1.72) 0482

Plaseapheresis 219 (103=468) 0043 140 (0.41=4.78) 059

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval; HR, hazard ratio;
IVIG, intravenous immunoglobulin. ¥ Adjusted variables: initial APCHE II score and

symptom onset to admission within 7 days.

SFTS alternative treatments

Steroids

Severe cases of Severe Fever with Thrombocytopenia Syndrome (SFTS) often lead to rapid
deterioration, with common causes of death including multiple organ failure (MOF), severe
bleeding, and septic shock. A cytokine storm is identified as a key element in this pathogenic
process. Clinicians consider steroids as a potential treatment option to suppress the immune
system, akin to their role in treating severe cases of COVID-19 caused by the SARS-CoV-2
virus. Several case reports highlight successful treatment with a combination of steroids and
intravenous immunoglobulin (IVIG) in South Korea and Japan. However, autopsy findings
from patients treated with corticosteroids revealed marked fungal infections in the lungs,
suggesting a potential risk of fungal infections associated with corticosteroid use. Studies
indicate an increased occurrence of invasive aspergillosis in SFTS patients using
corticosteroids, emphasizing the need for caution in steroid therapy. While one study
demonstrated a significant difference in 30-day survival between steroid and nonsteroid
groups in mild SFTS cases, caution is advised in severe cases, as steroid therapy within the

first 5 days or in mild cases may increase complications and mortality risk.

Intravenous immunoglobulin
In the treatment of Severe Fever with Thrombocytopenia Syndrome (SFTS), Intravenous

Immunoglobulin (IVIG) is considered significant. IVIG plays a crucial role in treating viral
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diseases by activating complement, neutralizing viruses, promoting antibody-dependent
cellular cytotoxicity, and facilitating opsonization. SFTS patients often exhibit decreased
CD3 and CD4 T cell levels along with heightened natural killer T (NKT) cell activity,
contributing to immunosuppression and a cytokine storm, characterized by elevated levels of
IFN-y, IL-10, and G-CSF. IVIG administration is believed to help reduce viral loads, restrain
SFTSV spread, and effectively suppress the cytokine storm. Case reports have shown
successful treatment of severe SFTS with IVIG, often in combination with other drugs.
However, the specific impact of IVIG on SFTS remains unclear, and further research is
needed to ascertain its effectiveness, considering the unique characteristics of SFTSV

antibodies in the general population(S. M, 2018).

Plasma exchange or convalescent plasma

Cytokines like IL-1p, IL-8, macrophage inflammatory protein 1B, and IFN-y are implicated in
the progression and severity of Severe Fever with Thrombocytopenia Syndrome (SFTS).
Plasma exchange is considered a potential therapy for cytokine removal in SFTS patients.
Studies by Yoo et al. and Oh et al. observed improved clinical manifestations and laboratory
findings in patients treated with plasma exchange compared to those who did not receive this
treatment. Choi et al. explored convalescent plasma therapy as a follow-up for patients with
no improvement after early plasma exchange, leading to decreased serum viral load and
improved clinical outcomes. While these findings suggest a role for plasma exchange and
convalescent plasma therapy in alleviating the cytokine storm during the early and late phases
of SFTS, respectively, establishing them as standard treatments is challenging due to unclear
inclusion criteria and variable therapeutic effects(S. M, 2018). Consequently, acknowledging

these therapies as established strategies would require further randomized controlled studies.

Monoclonal antibodies

Monoclonal antibodies are emerging as novel therapeutic agents for Severe Fever with
Thrombocytopenia Syndrome (SFTS) among various treatment options. Guo et al.
demonstrated that monoclonal antibodies exhibit neutralizing activity against SFTSV
infection in Vero cells by binding to a linear epitope in the ectodomain of the glycoprotein
Gn. This neutralization occurs through the inhibition of viral cell attachment by blocking
interactions between glycoprotein Gn and cellular receptors(Shimojima et al., 2022).
Additionally, Kim et al. found that their specified antibody, reactive to the envelope
glycoprotein Gn of SFTSV, protected 80% of mice and host cells, indicating the potential of
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monoclonal antibodies as a promising therapeutic option against SFTS(Seo et al., 2021).

SUMMARY

SFTSV is present in the natural environment of PR China, DPRK, South Korea, and Japan,
with documented cases of human-to-human transmission similar to CCHF infection. The
significant case fatality rate of SFTS underscores the inherent risk in endemic regions.
Emphasizing the pressing need for specific therapy and preventive measures against SFTS,
including the development of antiviral agents and vaccines, is crucial. The key to mitigating
morbidity and mortality in SFTS patients lies in advancing effective antiviral drug-based
therapies and vaccines. At present, favipiravir emerges as a promising antiviral drug for
SFTS, requiring further study with a focus on collaboration, not only domestically but also

with the international community.
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