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ARTICLE INFO ABSTRACT

Keywords: Background: Severe fever with thrombocytopenia syndrome virus (SFTSV) is a tick-borne bunyavirus that could
SFTSV cause a severe hemorrhagic fever termed SFTS with a high fatality rate of up to 30%. Importantly, SFTSV is
Nosocomial infection o frequently transmitted from person-to-person and patients’ blood or excreta are considered as the risk factors for
g:::la_no-:gl-person transmission transmission of SFTSV. However, the mechanism of person-to-person transmission of SFTSV is still elusive.
Fecal-ocular Methods: In this study, wild-type (WT) C57BL/6 J mice and a lethal SFTSV mouse model IFNAR™/~ A129 mice
were utilized to evaluate whether SFTSV could be transmitted via oral or ocular routes. C57BL/6 J mice were
inoculated with cell-cultured SFTSV via oral and ocular inoculation. IFNAR™~ A129 mice were inoculated with
cell-cultured SFTSV or SFTSV infected mouse acute sera via oral and ocular inoculation.
Results: We found that SFTSV antibody positive rates in C57BL/6 J mice were 70% (7/10) and 30% (3/10) in the
oral inoculation group and ocular inoculation group, respectively on day 21 post SFTSV inoculation. The mortality
rates of IFNAR™/~ mice with oral and ocular inoculation of cell-cultured SFTSV were 100% and 83.33% (5/6),
respectively on day 6 post inoculation. The mortality rates of IFINAR™~ mice with oral and ocular inoculation of
SFTSV infected mouse acute serum were 100% and 66.67% (4/6), respectively on day 9 post inoculation.
Conclusions: Together, our results show that SFTSV can be transmitted effectively through oral and ocular mem-
brane, suggesting exposure to SFTS positive excreta may be a high-risk factor of nosocomial transmission of SFTSV
in hospitals and/or families. Family members and healthcare workers should be protected properly during taking
care of SFTS patients to prevent SFTSV nosocomial infection.

1. Introduction ing yearly and the SFTSV epidemic area is expanding

worldwide[5,6]. Since 2009, SFTS has been reported in

Severe fever with thrombocytopenia syndrome virus
(SFTSV) is a negative-strand enveloped RNA virus with
virion diameters ranging from 80 to 120 nm, classified
under the genus Bandavirus, family Phenuiviridae, order
Bunyavirales[1,2]. Typically, SFTSV infection could cause
a severe hemorrhagic fever, termed SFTS, with the case
fatality rate (CFR) up to 30% [2-4]. The primary symp-
toms in SFTS patients include fever, thrombocytopenia,
and leukocytopenia[2]. Reported SFTS cases are increas-
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China, South Korea, Japan, and most recently in Vietnam,
Thailand, and Pakistan [2,5-9]. Importantly, the World
Health Organization (WHO) has declared SFTS as priori-
tized diseases in 2018. However, no specific vaccines or
effective drug are approved for SFTSV prevention or treat-
ments.

Bunyavirus SFTSV virion comprises tripartite RNA
genome, designated as the large (L), medium (M), and
small (S) RNA segments, respectively, while those RNA
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Table 1
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Numbers of wild type C57BL/6 J mice with SFTSV RNA and anti-SFTSV antibodies in inocula-

tion experiments.

Inoculation type N RNA-positive RNA-positive Antibodies-positive
on DPI 3 on DPI 10 or 21 on DPI 21

Virus treatment

Oral inoculation 10 1 0 7

Ocular inoculation 10 0 0 3
Inactivated virus control

Oral inoculation 5 0 0 0

Ocular inoculation 5 0 0 0
PBS control

Oral inoculation 5 0 0 0

Ocular inoculation 5 0 0 0

genomes contains a pseudo-circular structure owing to
the terminal nucleotides of those RNA genomes being par-
tially complementary. Of note, L. and M segments are en-
coded in a negative-sense orientation, while the S segment
is encoded in an ambisense manner. Briefly, the L. segment
encodes the RNA-dependent RNA polymerase involved in
the viral RNA replication and mRNA synthesis. The M seg-
ment encodes a glycoprotein involved in the entry and as-
sembly of virions. The S segment encodes a non-structural
protein in a sense orientation and the nucleocapsid pro-
tein in a negative-sense orientation, involved in the viru-
lence, and viral RNA replication and assembly of virions
respectively.

SFTSV is a tick-borne virus, and Haemaphysalis longi-
cornis and Ixodes sinensis ticks have been laboratory con-
firmed as vectors of SFTSV [10,11]. Haemaphysalis longi-
cornis has been spread from Asia to Oceania including
Australia and New Zealand hundred years ago and re-
cently to the United States [12,13], indicating that SFTSV
may not be only limited to Asia. Importantly, elderly
people are prone to SFTSV with high mortality [14-
16]. Like other reported bunyavirus [17,18], SFTS has
been documented frequently person-to-person transmis-
sion within family and hospital [19-32]. Exposure to
SFTSV patients’ blood or excreta are the risk factors for
SFTS person-to-person transmission [33], while multi-
ple studies indicate that mucosal transmission is impor-
tant for infection of different viruses[34,35]. Hence, we
suspected that person-to-person transmission of SFTSV
could be mediated via the mouth or eyelid membranes. In
our study, we aim to investigate the routines of person-
to-person transmission of SFTSV using mouse infection
models.

2. Materials and methods
2.1. Mouse experiments

SFTSV strain JS2014-06 (GenBank: KY362339) was
cultured in Vero cells and the frozen virus stock with

2 x 10° plaque-forming unit (PFU)/mL was used in
animal experiments. Wild type (WT) C57BL/6 J mice

were randomly divided into 6 groups: PBS oral inoc-
ulation group (10 mice), inactivated SFTSV oral inoc-
ulation group (5 mice), SFTSV oral inoculation group
(5 mice), PBS ocular inoculation group (10 mice), in-
activated SFTSV ocular inoculation group (5 mice), and
SFTSV ocular inoculation group (5 mice). For 50% lethal
doses (LDs) calculation, IFNAR~/~ A129 mice were chal-
lenged with different doses of SFTSV intraperitoneally
to monitor the mouse survival rates and to determine
the LDg,. IFNAR™/~ A129 mice were randomly divided
into 8 groups (6 mice per groups): PBS oral inoculation
group, SFTSV oral inoculation group, PBS ocular inocula-
tion group, and SFTSV ocular inoculation group, as well
as mock-serum oral inoculation group, SFTSV-serum oral
inoculation group, mock-serum ocular inoculation group,
and SFTSV-serum ocular inoculation group.

2.2. Quantitative real-time PCR and enzyme-linked
immunosorbent assay (ELISA)

Blood RNA was isolated with TRIzol Reagent (Ser-
vicebio, Wuhan, China) and transcribed into cDNA with
c¢DNA Synthesis Kit (Servicebio). Real-time quantitative
PCR (RT-qPCR) assays were performed using a ChamQ
Universal SYBR qPCR Master Mix (Vazyme, Nanjing,
China). The S segment of SFTSV was amplified by RT-
PCR (forward primer: 5 GGGTCCCTGAAGGAGTTGTAAA
3’; reverse primer: 5 TGCCTTCACCAAGACTATCAATG
3) [10]. Data were normalized to the pg-actin level.
Anti-SFTSV total antibodies (IgM and IgG) were tested
with a commercial double-antigen sandwich ELISA Kit
(Xinlianxin Biotech, Jiangsu, China). The sensitivity and
specificity of the kit were 91.7% and 100%, respectively
[36].

3. Results
Oral and ocular transmission of SFTSV
To investigate whether SFTSV could be transmitted

through mouth and eyelid membranes, C57BL/6 J mice
were inoculated with SFTSV via oral inoculation and
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Fig. 1. IFNAR~/~ mice were challenged with cell-cultivated SFTSV (A) or sera of SFTSV- infected mice (B) via oral or ocular innoculation (6 mice per groups).
Survival of mice was monitored up to 7 days. Kaplan-Meier survival curves were obtained using GraphPad. SFTSV, Severe fever with thrombocytopenia syndrome

virus. Color version of figure is available online.

ocular inoculation, respectively. Heat-inactivated SFTSV
and PBS were used as negative controls. Then, to de-
tect whether those mice were infected with SFTSV suc-
cessfully, blood samples were collected from those mice
on day 3, 10, and 21 post infection (DPI). SFTSV RNA
and SFTSV antibodies were then detected by RT-PCR and
ELISA, respectively. Interestingly, we observed that, on
DPI 3, 1 mouse in the oral SFTSV inoculation group were
tested RT-PCR positive to SFTSV (Table 1). Importantly,
WT C57BL/6 J mice are highly resistant to SFTSV infec-
tions [37,38], which could explain the low positive rate of
SFTSV RNA detection. Moreover, we found that, on DPI
21, SFTSV antibody positive rates were 70% (7/10) and
30% (3/10) in the oral inoculation group and ocular in-
oculation group, respectively (Table 1), indicating SFTSV
was effectively transmitted to mice through oral and oc-
ular inoculation routes.

Due to the wild type mice are resistance to SFTSV in-
fection, we further challenged type I interferon receptor
knockout (IFNAR~/~ A129) mice, a lethal SEFTSV mouse
model, with SFTSV through oral or ocular inoculation
[39]. Interestingly, we found that the mortality rates of
IFNAR™~/~ mice with oral and ocular inoculation of SFTSV
were 100% and 83.33%, respectively on 6 DPI (Fig. 1A).
To further investigate whether the SFTSV infected mouse
acute serum could also be transmitted through oral and
ocular membrane routes in IFNAR~/~ A129 mice, acute
sera were isolated from blood of IFNAR~/~mice, which
was collected from the medial canthus after anesthesia 4
days after the mice were infected with 10 LDg, of SFTSV
intraperitoneally. Then, IFNAR™/~ A129 mice were chal-
lenged with the acute sera of SFTSV-infected mice or the
sera of PBS-mock infected mice through oral and ocular
membrane inoculation. Consistent with the result above,
the mortality rates of I'NAR™/~ mice with oral and ocu-
lar inoculation of SFTSV serum were 100% and 66.67%,
respectively on 9 DPI (Fig. 1B). Together, our data demon-

strated that SFTSV could be transmitted via oral and oc-
ular routes in mice.

4. Discussion

SFTS is a tick-borne hemorrhagic fever disease which
is frequently transmitted from person to person or from
animals to humans. However, the mechanism of SFTSV
transmission between persons or between humans and an-
imals were not clear. Our results showed that through oc-
ular oral and ocular inoculation, wild type mice that are
resistance to SFTSV infection could develop antibody to
SFTSV, suggesting wild type mice can be infected through
oral and ocular membrane; in a lethal mouse model, most
IFNAR™/~ mice eventually died when exposing to SFTSV
through oral or ocular routes, further confirming that
mice are infected through oral and ocular membranes.

Most index patients in SFTSV cluster infection died in
the early phase of SFTS and exhibited hemorrhagic symp-
toms [19-32], indicating that viral load may be associated
with the occurrence of SFTSV cluster infection. An epi-
demiological investigation based on 2096 SFTS patients
showed that CFR of SFTS was associated with the viral
load [3]. SFTSV could be detected in patients’ excreta like
blood, urine, and fecal specimens [40]. Of those reported
secondary SFTS patients, most individuals had SFTS pa-
tients’ blood-contacting history directly or indirectly[19-
32], suggesting that SFTS transmission may be mediated
via blood contact. However, few secondary cases had
an entry wound when contacting the blood of SFTS pa-
tients. Patients’ excreta might only play a role as con-
taminated material to spread SFTSV from SFTS patients
to naive individuals in reported cluster infection. Impor-
tantly, SFTSV RNA was also detected in serum, eye swab,
and oral swabs in SFTSV-infected animals [41,42]. In ad-
dition, our studies showed that oral incubation could be
more effectively to promote the transmission of SFTSV
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than ocular incubation. The precise mechanisms by which
SFTSV interacts with ocular or oral mucous membrane re-
main largely elusive. Further study is necessary to assess
the potential SFTSV entry receptor in ocular or oral mu-
cous membranes.

Our study clearly showed that SFTSV could be trans-
mitted via oral or ocular membranes. Considering most
secondary SFTS patients having exposure history to the
index patients’ blood or excreta and the results of our ex-
periments, we concluded that person-to-person transmis-
sion of SFTSV may be via oral or ocular routes through the
mucous membranes. To avoid nosocomial transmission,
better management of SFTSV patients’ excreta is neces-
sary and healthcare workers and family members should
wear adequate personal protective equipment when con-
tacting SFTS patients.
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