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Severe fever with thrombocytopenia syndrome (SFTS) is an emerging
disease in China, South Korea, and Japan caused by the tick-borne SFTS
virus (SFTSV). Severe and fatal SFTS presents as a hemorrhagic fever
characterized by high viral load, uncontrolled inflammatory response,
dysregulated adaptive immunity, coagulation abnormalities, hemorrhage,
and multiorgan failure with up to 33% case fatality rates (CFRs). Despite
its public health significance in Asia, vaccines and specific therapeutics
against SFTS are still unavailable. A better understanding of the
pathogenesis of SFTS is crucial to improving medical countermeasures
against this devastating disease. In this issue of the JCI, Suzuki and
colleagues analyzed histopathological samples from 22 individuals who
succumbed to SFTS, and identified antibody-producing B cell-lineage
plasmablasts and macrophages as principal target cells for SFTSV infection in
fatal SFTS. Their results suggest that SFTSV-infected post-germinal center B
cells, plasmablasts, and macrophages affect systemic immunopathology and

A tick-borne emerging disease
In 2009, severe fever with thrombocyto-
penia syndrome (SFTS) virus (SFTSV) was
identified as an etiological agent of severe
acute febrile illness designated as SFTS
in Central/East China (1). Epidemiologic
and field investigations demonstrated that
SFTS is a newly emerging disease caused
by SFTSYV, a tick-borne virus. Subsequent-
ly, SFTS cases have been also reported in
South Korea (2) and Japan (3). Thus far,
more than 8,000 SFTS cases with high
case fatality rate (CFR) ranging from 6.4%
to 33% have been reported throughout the
endemic countries (2-5).

SFTS, particularly in severe and fatal
cases, can be considered a viral hemor-
rhagic fever (VHF) with systemic mani-
festations including thrombocytopenia,
lymphocytopenia, systemic inflammatory
response syndrome (SIRS), gastrointestinal
symptoms, hepatic dysfunction, dissem-
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dysregulation, which likely leads to fatal outcomes.

inated intravascular coagulopathy (DIC),
and multiorgan failure with high CFRs (1,
6, 7). Although SFTS is a life-threatening
disease, licensed vaccines and therapeutics
specific to SFTS are currently unavailable.
An estimated CFR of SFTS in Japan is still
as high as 27% (5), despite the current avail-
ability of a rapid diagnosis and intensive
support therapies (6). Several immunolog-
ical, hematological, and clinical profiling
studies suggest that systemic inflammatory
responses resembling SIRS, uncontrolled
high viral load, and adaptive immune defi-
ciency critically drive fatal disease pro-
gression (6-10). The complex interactions
between SFTSV and host immune systems
are most likely responsible for the cata-
strophic immunopathology of SFTS, which
hampers effective treatment with antivi-
ral interventions in the late disease stage
of severe SFTS. A comprehensive under-
standing of this complicated pathogenic
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process at the molecular and cellular level
is required, yet relatively little research into
these processes has been undertaken.

The main targets of SFTSV
infection and replication
In this issue of the JCI, Suzuki et al.
answered the vital question of what types
of cells are the main targets of SFTSV
infection and replication, which is a crucial
clue to understanding the pathogenesis of
SFTS (11). The authors clearly demonstrat-
ed that antibody-producing B cell-lineage
plasmablasts and macrophages are prin-
cipal targets for SFTSV infection at the
terminal stage of SFTS (11). This remark-
able finding was achieved by a compre-
hensive analysis using robust pathology
data obtained from autopsy samples of 22
individuals who succumbed to SFTS. First,
using immunohistochemistry (IHC) with
an anti-SFTSV nucleocapsid protein anti-
body, the authors demonstrated that 90%
of hematopoietic cells in the secondary
lymphoid organs (SLOs), such as spleen
and lymph nodes (LNs), are positive for
SFTSV antigen, which was consistent
with the high viral RNA load detected by
RT-PCR in these tissues. Further exam-
ination, based on comprehensive IHC for
cellular and SFTSV markers in combina-
tion with fluorescence in situ hybridiza-
tion (FISH) for the detection of viral RNA,
demonstrated that SFTSV actively repli-
cates in macrophages and mature B cells
whose immunophenotype is similar to that
of plasmablasts prior to terminal differen-
tiation to plasma cells in LNs (11).
Involvement of multiple organ sys-
tems including nonlymphoid organs such
as liver, adrenal glands, intestine, lungs,
heart, kidneys, and brain is an important
pathological feature of fatal SFTS (6, 7).
Indeed, infectious virus (and viral RNA)
has been detected in systemic organs,
although the source(s) of infectious virus
in these organs has been undefined (6).
Notably, the data presented by Suzuki et
al. showed that parenchymal cells (i.e.,
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endothelial cells and epithelial cells such
as hepatocytes in liver) were not infected,
but instead, numerous infected B cells
at various stages prior to plasmablast-
lineage differentiation infiltrated into the
capillaries in the nonlymphoid organs (11).
This is a remarkable and distinct patholog-
ical feature of SFTS compared with other
VHFs; most VHFs, including Ebola virus
disease and Crimean-Congo hemorrhagic
fever, involve direct interactions between
virus and parenchymal cells (i.e., hepato-
cytes and endothelial cells) in addition to
the cells of the mononuclear phagocytic
system (MPS) (monocytes, macrophages,
and dendritic cells [DCs]), which are the
primary targets for hemorrhagic fever
virus (HFV) infection (12, 13). A predom-
inant B cell tropism of SFTSV is a clearly
distinct pathogenic feature from that of
other viruses causing VHFs, and hemor-
rhagic fever-like syndrome induced by the
viral infection in B cells is also rarely seen
in humans. In the Suzuki et al. study, the
authors showed that not only B cells in the
histopathological samples but also PBL-1
cells, which are derived from plasmablastic
lymphoma, supported viral multiplication
in vitro (11). This result further validates
the unique B cell tropism of SFTSV. Collec-
tively, their findings strongly suggest that
immune cells, especially plasmablastic B
cells and macrophages, are the sole sig-
nificant effector cells leading the systemic
pathology in SFTS.

Inadequate B cell humoral
response

How does the B/plasmablastic cell tro-
pism of SFTSV relate to SFTS pathogen-
esis? Recently, Song et al. reported that
adaptive immune deficiency due to the
disruption of B cell-mediated humoral
immunity is a hallmark of fatal-SFTS
outcome (9). Patients with fatal SFTS
failed to mount an immunoglobulin
gamma (IgG) antibody response, which
is essential to neutralize and clear
the virus. To gain further insights into
SFTSV-mediated humoral immunity dis-
ruption, Suzuki and colleagues next inves-
tigated the expression of immunoglobu-
lin (i.e., IgM and IgG) in SFTSV-infected
B cells in the LNs. The authors used IHC
and quantitative RT-PCR to detect mRNA
encoding gamma (IGHG) and mu (IGHM)
heavy chains. The results suggested that a

majority of the infected B cells were class-
switched post-germinal center B cells, and
those IgG-positive class-switched B cells
also infiltrated systemic organs (11). These
findings partially contradict the Song et
al. finding, in that a large fraction of
plasmablasts in PBMCs from patients
with fatal SFTS did not express IgM and
IgG, suggesting that activated and dif-
ferentiated B cells (i.e., plasmablasts and
plasma cells) failed to IgG class switch,
potentially explaining the inadequate B
cell humoral response in fatalities (9).
Notably, as Suzuki et al. discussed in
the present paper, their previous study
failed to detect SFTSV-infected cells in the
PBMCs from SFTS patients with peripheral
blood plasmacytosis (14). Thus, these two
studies suggest that there is a large popu-
lation of noninfected, yet nonfunctional
plasmablasts in the peripheral blood of
patients with SFTS (9, 14). Disease-associ-
ated plasmablasts can produce proinflam-
matory mediators such as interleukin 6,
whichis a highly expressed proinflammato-
ry cytokine in patients with fatal SFTS, and
contribute to inducing systemic inflamma-
tion (7, 8, 15). Notably, massive plasmacy-
tosis in the peripheral blood of patients
has also been observed in the severe VHFs
such as Ebola virus disease and hantavirus
disease (16, 17). Therefore, the noninfect-
ed, nonfunctional plasmablast population
causing plasmacytosis in patients with
SFTS (9, 14, 18, 19) may play immuno-
pathological roles in fatal SFTS, or result
from immunological dysregulation (i.e.,
SIRS) induced by SFTSV infection. On
the other hand, SFTSV efficiently infects
and replicates in the post-germinal center
B cells, which are plasmablasts prior to ter-
minal differentiation to plasma cells (11).
Another important question, therefore, is
whether IgG-positive class-switched B cells
infected with SFTSV are still functional to
produce IgG antibodies and contribute to
viral clearance and disease recovery. Since
neutralizing IgGs were undetected in the
patients with fatal SFTS (9), IgG-positive
class-switched B cells infected with SFTSV
are most likely defective and unable to pro-
duce functional and/or neutralizing anti-
bodies against SFTSV. It will be important
to determine biological and immunological
phenotypic differences between two char-
acteristic plasmablast populations, periph-
eral circulating noninfected plasmablasts
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and tissue-associated plasmablasts infect-
ed with SFTSV.

Interestingly, the plasmablasts in
the PBMCs isolated from healthy donors
showed surprisingly low susceptibility to
SFTSV replication, indicating that nor-
mal plasmablasts are missing a cellular
factor(s) that makes them vulnerable to
SFTSV infection. In accordance with this
finding, plasmablastic lymphoma PBL-1
cells exhibited lower susceptibility to
SFTSV infection than human macrophage
THP-1 cells. The authors, thus, hypoth-
esized that plasmablasts/B cells lack the
surface receptor(s) necessary to enhance
SFTSV entry into plasmablasts/B cells.
Indeed, they found that PBL-1 and other B
cell lines lacked the surface expression of
DC-SIGN, whichis C-type lectin identified
as an SFTSV cellular receptor (20). Fur-
ther, overexpression of DC-SIGN in PBL-1
cells markedly increased SFTSV infec-
tion. However, the complicated result that
DC-SIGN was not detected in the infected
cells in the LNs obtained from deceased
individuals suggests that DC-SIGN is dis-
pensable for SFTSV infection at terminal
stage of the disease. Germinal center B
cell differentiation to plasmablasts during
SFTSV infection may lead to the expres-
sion of other unknown receptor(s) /factors
that support efficient SFTSV entry and/or
replication in B cells in vivo.

Primary target cells for the
early-stage SFTSV infection
Collectively, there may be other cell type(s)
supporting primary infection of SFTSV pri-
or to the robust viral replication in plasma-
blasts/B cells. Macrophages and DCs are
candidates for the primary target cells for
the early stage of SFTSV infection. Indeed,
the authors detected SFTSV infection in
macrophages in the LNs, although to aless-
er extent compared with plasmablasts/B
cells. Numerous studies have indicated
that HFV infects and activates monocytes/
macrophages, which are the primary target
cells for HFV, leading to the expression of
proinflammatory  cytokines/chemokines
(21). Moreover, it has been strongly postu-
lated that HF Vs activate macrophages that
in part trigger SIRS in severe/fatal VHFs
including SFTS (7, 8, 15, 21), and play a
critical role in inducing endothelial dys-
function, vascular leakage, coagulation
abnormalities, hemophagocytic lympho-
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histiocytosis (HLH), and multiorgan fail-
ure (21). In fact, several studies, includ-
ing that by Suzuki et al., have shown that
autopsy pathology of fatal SFTS includes
HLH in the LNs, bone marrow, and liv-
er, which is defined as the engulfing of
erythrocytes, leukocytes, and platelets
by abnormally activated macrophages
that are known to cause severe thrombo-
cytopenia, lymphocytopenia, and mul-
tiorgan dysfunction/damage (22, 23).
Importantly, the patients with fatal SFTS
displayed prominent hemophagocyto-
sis by uninfected macrophages, strongly
suggesting that the virus causes bystand-
er activation due to a systemic, massive
inflammatory response. Notably, both
groups of hemophagocytic, noninfected
macrophages and infected macrophages
expressed CD163 (macrophage scavenger
receptor) on the cell surface. CD163 is
one of the markers of M2 (alternative-
ly activated) macrophages, which has
been detected in diseases associated
with SIRS such as Ebola virus disease
(24). Hypersecretion of the immuno-
suppressive cytokine IL-10 from CD163*
activated macrophages often contributes
to inducing a hypoinflammatory status,
referred to as compensatory antiinflam-
matory response syndrome, which itself
triggers an abnormal, uncontrolled inflam-
matory dysregulation. In fact, IL-10 level
is highly increased in severe/fatal SFTS
(7, 8, 15). Intriguingly, the nonstructural
SFTSV protein NSs, which is known as a
virulence factor, induces IL-10 produc-
tion by activating the tumor progression
locus 2 (TPL2) signaling pathway (25).
Thus, CD163* macrophages may play
critical roles in SFTS pathogenesis, with-
out having a major role in viral dissem-
ination as primary target cells. On the
other hand, antigen-presenting cells (DCs)
are significantly involved in initiating the
germinal center response to differentiate
B cells, which may be a critical process for
the infection of differentiated plasmablasts
with SFTSV. Identification of other prima-
ry target cells at the early stage of SFTSV
infection in humans that disseminate the
virus and trigger systemic inflammatory
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responses as well as alter B cell/plasma-
blast susceptibility to SFTSV will be a cru-
cial research subject to address.

In summary, the present study by Suzu-
ki et al. made significant progress toward
understanding the pathogenesis of SFTS,
which is essential for developing effective
countermeasures against this emerging
life-threatening tick-borne hemorrhagic
fever. Their remarkable work also empha-
sizes the importance and robustness of
using a histopathology approach for study-
ing the pathogenesis of viral disease.
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