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Review Article
The Emergence of Severe Fever with Thrombocytopenia Syndrome Virus
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Abstract. Severe fever with thrombocytopenia syndrome (SFTS) is a newly recognized hemorrhagic fever disease
found throughout Asia with a case fatality rate between 12% and 30%. Since 2009, SFTS has been reported in China
throughout 14 Chinese Provinces. In addition, SFTS has been recognized in South Korea and Japan with the first
confirmed cases reported in 2012. A similar disease, caused by the closely related Heartland virus, was also reported in
the United States in 2009. SFTS is caused by SFTS virus, a novel tick-borne virus in the family Bunyaviridae, genus
Phlebovirus. Unlike othermosquito- and sandfly-borne bunyaviruses, SFTS virus has not been extensively studied due to
its recent emergence and many unknowns regarding its pathogenesis, life cycle, transmission, and options for thera-
peutics remains. In this review, we report the most current findings in SFTS virus research.

INTRODUCTION

Severe fever with thrombocytopenia syndrome (SFTS) is a
newly emerging viral hemorrhagic fever that was first rec-
ognized in China in 2009.1 The disease etiological agent,
SFTS virus, was isolated from patients presenting fever
with thrombocytopenia, leukocytopenia, and gastrointes-
tinal symptoms.1 During the initial investigations, Anaplasma
phagocytophilumwassuspectedas theetiological causeof the
outbreaks; nevertheless, further investigation uncovered the
presence of the novel bunyavirus, SFTS virus, and confirmed
the presence of SFTS virus genetic material and SFTS virus
antibodies inmostpatient sera.1,2 Theviruswasgenetically and
antigenically classified as a new member of the Phlebovirus
genus.1,3

Ecological investigations carried out to identify the vectors
involved in the transmission of the virus identified Haema-
physalis longicornis ticks as the main vector for SFTS virus.4

The tick vector has a vast geographic distribution in China,
and confirmed caseswere initially reported in seven provinces
in eastern and central China, which includes a human pop-
ulation of approximately 500 million.1,2 To date, SFTS cases
have been reported in 14 provinces in China according to the
surveillance data obtained by the Chinese Center for Disease
Control and Prevention and the epidemic areas continue to
expand.5 Notably, SFTS virus cases were also recognized in
South Korea and Japan in 2012. Furthermore, a virus closely
related to SFTS virus, Heartland virus, was isolated in 2009 in
the United States and is associated with fatal disease.6–9 This
has only raised awareness for the public health importance of
these newly recognized pathogens.
Epidemiology of SFTS. Although SFTS was first recog-

nized in 2009, the disease first appeared in rural areas of
centralChina in thespringof 2006.10Since then, thenumberof
SFTS cases have increased considerably in China from 511 in
2011 to nearly 1,500 cases in 2012.11 The initial case fatality
rate reportedwasup to 30%;however, recent estimates range
between10%and12%with the exceptionof JapanandSouth

Korea where the mortality rate is as high as 32–47%.1,12–14

The disease is mainly seen among farmers engaged in agri-
cultural activities or forest workers, and the majority of the
cases (86%) are detected in subjects 50 years of age or older
with fatality rates increasing with age.5,15 The SFTS case in-
cidence was found to be similar for both females and males,5

although a female-to-male ratio of 1.58 was reported in an
early study in the Xinyang Province based on laboratory-
confirmed SFTS cases.15 It has also been noted that ap-
proximately 67% of the cases are reported between the
months of May–July in China, May–August in South Korea,
andApril–August in Japan coincidingwith the high tick density
during these months.5,13,15,16

The SFTS virus antibody prevalence among healthy sub-
jects residing in endemic areas inChina ranges between 0.8%
and 3.8%.17,18 Given the limited information available about
the duration of antibody responses after exposure to SFTS
virus, studies are needed to elucidate if the low prevalence
levels are due to low exposure levels, limitation in the sensi-
tivity of antibody detection methods, or short duration of an-
tibody responses after SFTS virus exposure. A recent study in
a small cohort of previously SFTS hospitalized patients de-
tected SFTS virus antibodies even 4 years after hospitaliza-
tion; nevertheless, the antibody levels had decreased overtime
among most study subjects.19 Thus, studies to evaluate the
duration of antibody responses in a larger study group after
SFTS virus infection are still needed.
Due to the increased number of SFTS cases reported in

recent years, the presence of SFTS virus within blood dona-
tions was assessed from April to October 2012 at multiple
blood centers in the Henan Province in China. A modest an-
tibody prevalence of 0.54% among the healthy blood donors
was reported.20 Viral RNA was detected in only two of the
17,208 plasma samples tested and viral load levels were low
(less than 20 plaque-forming units/mL).20 Thus, these findings
raise some questions as to whether SFTS virus constitutes a
significant threat to blood banks. However, this possibility
should not be completely overruled, particularly in endemic
areas of SFTS virus circulation.
SFTS cases have also been reported in Japan and South

Korea.7,13,21 In South Korea, the first SFTS case was retro-
spectively identified on a sample collected in August 2012
from a female with history of insect bites while working on a
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crop farm and who died of multiple organ failure.6 Additional
cases were later identified by the Korean Center for Disease
Control and Prevention in 2013 with a case fatality rate of
47.2%.13 However, amore recent study including SFTS cases
reported from January 2013 to December 2015 described an
overall case fatality rate of 32.6%.22 Retrospective study of
SFTShas also been conducted in Japan using serumsamples
collected from 23 patients suspected of having SFTS and a
total of 11 cases were confirmed as SFTS.7 A map depicting
the geographical locations of confirmed SFTS cases is shown
in Figure 1.
Ecology and transmission cycle. Ticks were initially sus-

pected as the primary SFTS virus vector because patients
recounted being bitten by ticks prior to illness onset and be-
cause ticks were frequently found in areas where the patients
reside. Further investigations resulted in the isolation of SFTS
virus from the ticks H. longicornis and Rhipicephalus micro-
plus collected in areas with endemic SFTS virus transmis-
sion in China.23–25 Notably, SFTS virus RNA was detected in
H. longicornis at different developmental stages (i.e., larvae,
nymphs, and adults) with minimum infection rates of 0.2–1.4,
and also in eggs oviposited by engorged adult females.24,26

The data suggest that transtadial and transovarial transmission

of SFTS virus occurs in ticks. These findings could poten-
tially account formaintenance of the virus in nature. In South
Korea, SFTS virus has also been isolated from Amblyomma
testudinarium and Ixodes nipponensis suggesting that
they may serve as additional vectors in this country.21 Nev-
ertheless, laboratory vector competence studies are still
needed to conclusively confirm their capacity to transmit
SFTS virus.
In China, domestic animals are considered potential reser-

voir hosts for the virus because antibodies against SFTS virus
have been detected in goats, cattle, sheep, pigs, dogs, and
chickens.17,27,28 In these studies, SFTS virus RNA was de-
tected only in a small fraction of animals (1.7%–5.3%) and
none of these animals showed signs of illness. Virus isolates
were obtained from some of these viremic animals and se-
quencing analyses revealed that they were closely related to
isolates obtained from SFTS patients and ticks.27 Convincing
evidence that ticks and possibly goats participate in the SFTS
virus transmission cycle was obtained by Jiao and others.23

Experimental infection of goats with SFTS virus induced de-
tectable viremia in three of five infected animals on day three
postinfection. Interestingly, viremia lasted only 24 hours and
no viral RNA was detected from nasopharyngeal or anal

FIGURE 1. Geographic distribution of confirmed severe fever with thrombocytopenia syndrome cases.
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swabs suggesting that the virus is not shed through re-
spiratory or digestive routes. Control animals that had close
contact with the infected animals did not develop antibody
responses indicating that close contact transmission of SFTS
virus among goats does not occur.23 Despite this knowledge,
evidence demonstrating that the viremia detected in goats
experimentally infected with SFTS virus is high enough to in-
fect ticks was not obtained in the study. In another set of
experiments conducted by the same authors, goats were
naturally infected by exposure to ticks and seroconversion
monitoring and tick collectionwereperformedonadaily basis.
All goats were naturally infected by day 34 and viral RNA
was detected in the majority of the animals, as well as in
H. longicornis ticks collected from them. Not surprisingly, vi-
rus isolates obtained from both one goat and its parasitic tick
samples demonstrated high sequence homology, supporting
the conclusion of natural transmission of SFTS virus.23

Prevalence in rodents, particularly Apodemus agrarius and
Rattus norvegicus, has also been assessed and approxi-
mately 3% were found to be SFTS virus antibody positive.17

Yet, the role of rodents in the transmission cycle of SFTS virus
remains to be elucidated.
In South Korea, feral cats may also play a role in SFTS virus

transmission since 17% of the samples obtained from feral
cats had detectable viral RNA present.29 In Japan, SFTS virus
antibodies were also detected in cattle as well as wild
boars.30,31Recent studies have also suggested a link between
the occurrence of SFTS virus and migratory birds.32 The dis-
tribution of H. longicornis and the migratory birds route be-
tween mainland China, South Korea, and Japan suggest that
water fowl are responsible for the dispersal of SFTS virus-
infected ticks.32 As expected, phylogenetic studiesperformed
on isolates from Japan and South Korea have also demon-
strated genetic similarities with SFTS virus strains isolated in
mainland China.33,34 Although tick to human is believed to be
the main route of SFTS virus transmission, evidence sup-
porting possible person-to-person transmission of SFTS virus
has also been documented.10,35–37 Given the fact that SFTS
virus RNA is found in bodily secretions, this further supports
the potential for human-to-human SFTS virus transmission
without the involvement of the tick vector; nevertheless, risk
factor analyses did not detect being in close contact with
SFTS patient as one of the main risk factor for infection.38

SFTS pathogenesis. Due to its recent emergence, the
pathogenesis of SFTS virus has not been fully defined. We do
know that inhibition of innate immune responses is a common
feature among themosquito- andsandfly-bornebunyaviruses
and this occurs through a variety of mechanisms, includ-
ing protein degradation and downregulation of host cell
transcription.39–44 The bunyavirus nonstructural protein (NSs)

was found to be the major virulence factor involved in the
inhibition of interferon (IFN) responses as well as inhibition of
host cell gene transcription.44,45 Interestingly, SFTS virus-
infected patients have almost no detectable IFN-β in their sera
suggesting that SFTS virus is also capable of inhibiting IFN
responses.12 Consistent with these observations, studies
have demonstrated the ability of the SFTS virus NSs to inhibit
IFN responses.46–49 However, the mechanism by which the
tick-borne SFTS virus inhibits IFN responses differs to those
described for mosquito-borne phleboviruses (Table 1). In
contrast to protein degradation or inhibition of host cell tran-
scription, the particular ability of SFTS virus NSs to inhibit the
innate immune response correlates with the spatial relocation
or sequestration of key components of the IFN response (i.e.,
retinoic inducible gene I, tank-binding kinase 1, and the E3
ubiquitin ligase TRIM25) into the SFTS virus NSs positive-
cytoplasmic structures.46,50,51 Interestingly, live cell imaging
studies revealed that a portion of the SFTS virus NSs-positive
structureswere secreted into the extracellular space andwere
endocytosed by neighboring cells.52 Ultrastructural analysis
of purified extracellular structures revealed that these struc-
tures contain SFTS virus-like particles. Further studies dem-
onstrated that these structures were able to efficiently mount
and maintain a productive SFTS virus infection even in the
presence of neutralizing antibodies raised against SFTS virus
suggesting that the virus is capable of receptor-independent
transmission.52 Although these studies have suggested that
SFTS virus has the capacity of receptor-independent trans-
mission in vitro, studies are still needed to understand the
contribution of extracellular vesicles to SFTS virus patho-
genesis in vivo and the potential role that these “infectious”
structures play in the dissemination and pathogenesis of
SFTS virus. This information will also reveal the challenges
that the vesicles may pose in the development of effective
vaccines against SFTS virus.
Abnormal production of proinflammatory cytokines has

been recently detected in patients with a severe form of the
disease and higher serum viral load correlated with elevated
cytokine levels.53 Key immune mediators such as interleukin
(IL)-1β, IL-8, macrophage inflammatory protein (MIP)-1α, and
MIP-1βwere elevated during the acute phase of the disease in
patients who succumbed to infection when compared with
those who survived SFTS.53 SFTS virus has been also shown
to bind to platelets. This phenomenon has been suggested as
the possible cause of thrombocytopenia observed in patients,
because virus bound to platelets are recognized by macro-
phages and phagocytosed, leading to a decrease in platelet
count.54 Decreased levels of CD3+ and CD4+ T lymphocytes
have also been reported in SFTS-infected patients, including
in those who succumbed to the disease.14,55 Additionally,

TABLE 1
Summary of the mechanism of inhibition of IFN responses by representative mosquito and tick-borne phleboviruses

Phlebovirus NSs distribution Mechanism of IFN inhibition/target

Mosquito Rift Valley fever virus Nuclear Proteosomal degradation of PKR,TFIIH
p62; inhibition of host cell transcription;
sequestration of TFIIFH p44 and XPB

Punta Toro virus Cytoplasmic Inhibition of IFN induction
Tick borne Severe fever with thrombocytopenia

syndrome virus
Endosomal Sequestration of RIG-1, TBK-1/IKKe,

TRIM25, STAT 1/2, IRF3 into
endosomal structures

IFN = interferon.
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gastrointestinal symptoms, gastric ulcerative lesions with
hemorrhage, and central nervous system compromise have
been described after SFTS virus infection.56,57

Therapies. Currently, no vaccine of antiviral therapy is
available to treat SFTS. The ChineseMinistry of Health initially
approved the use of ribavirin to treat SFTS based on results of
in vitro studies; nevertheless, the effectiveness of ribavirin to
treat SFTS was evaluated in patients with a clinical diagnosis
of SFTS, and no beneficial effect of ribavirin on platelet re-
covery or viral load reduction was noted among on fatal or
nonfatal cases.58 Supportive treatment, including treatment
with plasma exchange followed by convalescent plasma
therapy from SFTS survivors, intravenous immunoglobulin,
and corticosteroid had been reported59–61; however, it is dif-
ficult to determinewhether these treatments have any positive
effect due to the limited data available.

CONCLUSIONS AND FUTURE DIRECTIONS

This review summarizes the main aspects of the epidemi-
ological, ecological, and pathogenesis studies of SFTS virus.
Although epidemiological and ecological studies have in-
criminated ticks as the main vector, the specific reservoir
host(s) involved in the transmission of the virus needs further
examination. Studies with SFTS virus have revealed certain
viruspathogenesis details that differ fromwhat is knownabout
phleboviruses. However, studies to fully understand the
mechanism of disease pathogenesis should be further pur-
sued. In particular, the ability of SFTS virus to evade host
immune responses and the contribution of extracellular vesi-
cles to virus pathogenesis and dissemination remains to be
elucidated. Furthermore, there is an urgent need to develop
vaccine and antivirals against SFTS virus, which may help to
control the disease.
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