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Dear Editor,

In 2009, an outbreak of an unknown infectious disease

occurred in rural areas of Hubei Province, China, affecting

17 persons, five of whom died. It was initially suspected to

be human anaplasmosis (Zhang et al. 2008). However, the

laboratory evidence was insufficient to verify the diagnosis

in most cases. In March 2011, a new virus was isolated

from a patient’s blood and named severe fever with

thrombocytopenia syndrome (SFTS) virus (SFTSV) in the

Bunyaviridae (Yu et al. 2011). The main signs and

symptoms of SFTS are fever, thrombocytopenia, leukope-

nia, and a decreased platelet count (Yu et al. 2011;

McMullan et al. 2012; Zhang et al. 2017; Hu et al. 2018).

Similar viruses have recently been identified in the United

States, South Korea, and Japan (McMullan et al. 2012;

Kim et al. 2013; Takahashi et al. 2014; Zhan et al.

2017a, b). The disease has a high mortality rate (12%–

30%) (Yu et al. 2011; Liu et al. 2013). Based on the

detection of SFTSV in Haemaphysalis longicornis ticks

(Yu et al. 2011; Park et al. 2014), it was believed to be

transmitted by ticks. Transmission may also occur from

person to person through exposure to infected blood (Wang

et al. 2014). As humans are often in close contact with

domestic animals and may encounter rodents when they

work outdoors, transmission between animals and humans

is another possible main transmission route. Studies have

examined SFTSV in 15 animal species, including cattle,

sheep, chickens, pigs, elk, deer, geese, and rodents (Chen

et al. 2019). Sheep and cattle had the highest seropreva-

lence at 75%–95% and 57%–80%, respectively, and

SFTSV RNA was detected in 11 animal species, with

carriage rates varying from 0.23% to 26.31% (Chen et al.

2019). However, the role of domesticated animals and

rodents in the circulation and transmission of SFTSV

remains unclear, and the natural reservoir hosts of SFTSV

have not been determined. This study explored whether

animal hosts play an essential role in the circulation and

transmission of SFTSV by collecting samples from

domesticated animals and rodents.

Samples were collected from several domestic animals

and rodents from SFTSV epidemic areas (Suizhou,

Macheng) and non-epidemic areas (Yicheng, Qianjiang,

Xiantao) in Hubei Province, China, from July 2010 to

November 2016, and were submitted mainly for routine

surveillance purposes (Supplementary Figure S1). A total

of 544 serum samples were collected, including 98 sheep,

58 cattle, 19 dogs, and 369 rodents. In addition, the heart,

liver, spleen, lungs, and kidneys of each rodent were

collected.

Antibodies against SFTSV in sheep, cattle, dogs, and

rodents were detected using a double-antigen sandwich
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enzyme-linked immunosorbent assay (ELISA; Niu et al.

2013; Jiao et al. 2012; Zhan et al. 2017a, b). A His-tagged

affinity-chromatography-purified recombinant nucleocap-

sid protein (NP) of SFTSV (strain HB29) expressed in

Escherichia coli was used for serosurveillance. Micro-titer

plates were coated with 0.2 lg/well SFTSV NP, and

incubated with serum samples at a dilution of 1:10, fol-

lowed by detection with horseradish peroxidase (HRP)-

conjugated N protein. 3,30,5,50-Tetramethylbenzidine

dihydrochloride (TMB) peroxidase substrate was used for

color development. The optical density (OD) was detected

with an incidence wave length of 450 nm and reference

wave length of 620 nm using an enzymatic marker

(PHOMO, Autobio Company). Cut-off values for the assay

were determined as the mean of the negative control serum

samples plus 0.1. Samples with an optical density (OD)

C cut-off value were considered positive. Antibodies were

detected in serum samples from 80 (81.63%) of 98 sheep,

39 (67.24%) of 58 cattle, 12 (63.16%) of 19 dogs, and 4

(1.08%) of 369 rodents in Suizhou, Macheng, Yicheng,

Xiantao, and Qianjiang Counties (Table 1).

Viral RNA was extracted from serum using a QIAamp

Viral RNA Mini Kit (52904, QIAGEN). The tissues from

the rodents were ground and viral RNA was extracted

using RNA Mini Kits (74106, QIAGEN). TaqMan quan-

titative real-time reverse transcription PCR (qRT-PCR)

was performed on all animal serum and tissue samples

using a certified qRT-PCR kit (4387391, ABI). The

extracted RNA was used as a template for qRT-PCR to

amplify SFTSV RNA using primers derived from the small

RNA (sRNA) segment of the virus: F-50-
GGGTCCCTGAAGGAGTTGTAAA-30 and R-50-
TGCCTTCACCAAGACTATCAATGT-30. The probe was

FAM-50-TTCTGTCTT GCTGGCTCCGCGC-30-TAMRA.

qRT-PCR was performed for an initial 30 min at 50 �C for

reverse transcription, followed by 2 min at 95 �C for

denaturation. Next, 45 cycles of 15 s at 95 �C and 40 s at

60 �C were performed with the fluorescent signals mea-

sured at 60 �C. The cut-off cycle threshold for a positive

sample was 35 cycles. Viral RNA was detected in serum

samples from 3 (3.75%) of 80 sheep and 3 (5.66%) of 53

cattle in Suizhou and Macheng Counties (Table 1). The

overall positive rate of viral RNA in the five counties was

3.06% and 5.17% for sheep and cattle, respectively. No

viral RNA was detected in rodent tissue samples from the

five counties.

All viral RNA-positive serum samples were used for

virus isolation. Vero cells were maintained in complete

Dulbecco’s Modified Eagle’s Medium (DMEM; Gibco)

supplemented with 10% fetal bovine serum (FBS; Gibco),

2 mmol/L L-glutamine, 1.5 g/L sodium bicarbonate,

1.0 mmol/L sodium pyruvate, 100 U/mL penicillin, and

100 lg/mL streptomycin. The cells were cultured at 37 �C

in 5% CO2. A 100 lL volume of each SFTSV RNA-pos-

itive serum was inoculated into a six-well cell culture plate

with 2% FBS for 2 h. The supernatants were replaced with

fresh DMEM with FBS and incubated at 37 �C in 5% CO2

for 8 days. The culture supernatants were harvested when

obvious cytopathogenic effects occurred. After three cell

passages, the virus was harvested, and all cell debris was

removed from the centrifuged supernatant through three

freeze-thaw cycles, and was identified using qRT-PCR.

Positive strains were stored at - 80 �C for further analy-

ses. We successfully isolated virus from sheep with RNA-

positive serum samples from Macheng County and named

it HB3-sheep03 (Supplementary Table S1). We failed to

isolate virus from cattle with RNA-positive serum samples.

During the sampling period, serum samples from SFTS

patients in Hubei Province were also collected for virus

isolation and genetic analysis. Among those samples, three

SFTSV strains (HB154/155/156) were isolated from

Macheng County in 2011. Furthermore, twenty-one strains

of SFTSV were successfully isolated from other areas of

Hubei Province. Their complete genomes were sequenced

and submitted to GenBank (Supplementary Table S1).

To perform a phylogenetic analysis of SFTSV strains,

the available sequences were edited using the EditSeq

program in DNAStar to obtain formatted sequences. Phy-

logenetic analysis was conducted based on the S, L, and M

segments of SFTSV. The complete sequences were aligned

using DNAStar software with the ClustalW method. Mul-

tiple sequence files were converted into a merged file in

Clustal format by the program SeqVerter. Phylogenetic

trees were constructed using the maximum likelihood

method with MEGA ver. 6.06 and tested with 2000 boot-

strap replicates. We compared the homology of HB3-

sheep03 with the viruses isolated from animals and patients

from different places (Fig. 1, Supplementary Fig. S1). The

virus isolated from sheep (HB3-sheep03) was genetically

close to the viruses isolated from three SFTS patients

(HB154/HB155/HB156) from the same county in 2011,

and was in the same subfamily. The nucleotide and amino

acid identities of the S fragment were 97.6%–97.7% and

94.2%–94.4%, those of the M fragment were 98.6%–98.7%

and 98.9%–99%, and those of the L fragment were 98.1%

and 96.8%–97%, respectively. Compared with viruses

from Shandong, Henan, and Anhui Provinces, the nucleo-

tide and amino acid identities of the S fragment were 94%–

100% and 86%–100%, 92.8%–100% and 96%–100% for

the M fragment, and 95.0%–100% and 95.2%–100% for

the L fragment, respectively. The nucleotide identity of the

S fragment was 94.4%–96.3% and the amino acid identity

was 85.8%–93.3% with viruses isolated from sheep, cattle,

dogs, and ticks from Shandong and Jiangsu Provinces. We

found that SFTSV strains isolated from Hubei Province

were on different branches, suggesting multiple co-
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prevalent genotypes. We concluded that SFTSV strains

from Hubei Province exhibit most of the genetic diversity

found in China, and genetic evolutionary distance analysis

showed that all sequences of the isolates from domesticated

animals and human patients shared high homology, which

indicated that there was a close evolutionary relationship

among those viruses isolated from domesticated animals,

rodents, ticks, and SFTS patients. These findings suggest

that livestock are potential natural hosts and probably play

an important role in the transmission of SFTSV.

SFTSV is thought to circulate in an enzootic tick–ver-

tebrate–tick cycle. Although there is no high-quality evi-

dence that SFTSV causes disease in animals, we found that

the seroprevalence of SFTSV in domestic animals was

higher than in rodents. However, viral RNA, typically at

low levels, was detected only in a small proportion of the

domesticated animals studied (3.06%–5.17%). We con-

ducted a retrospective investigation for nucleic-acid-posi-

tive animals. The results showed that there were no obvious

symptoms in nucleic-acid-positive sheep or in cattle and

sheep with a high serum positive rate. These findings

suggest that domestic animals act as reservoir hosts of

SFTSV, which plays an important role in the spread of

SFTSV by feeding the ticks.

Previous studies demonstrated that rodents in China

were seronegative for SFTSV (Lu et al. 2011; Cui et al.

2013). But our serology results also detected SFTSV

infection in rodents with a seropositive rate of 1.08%,

which was lower than a previous study reporting 7% in

Apodemus agrarius and 8% in Mus musculus and Rattus

norvegicus (Wang et al. 2013). No SFTSV-specific viral

RNA was detected in the dissected tissues of rodents, in

part because either too few rodents were examined or the

rodents were collected from sites where SFTSV was not

endemic. It is also possible that the primer for the S seg-

ment of SFTSV used in our study for qRT-PCR was not as

sensitive as that for the M segment. Liu et al. (2013)

reported that 0.7% (3/440) of rodents were viral-RNA

positive using primers for reverse transcription PCR

designed from the M segment of the SFTSV genome.

According to our survey of serum antibodies and nucleic

acids, SFTSV is widely found in domestic cattle and sheep.

In the epidemic areas and during the SFTSV season, these

domestic animals may play a key role in the circulation of

SFTSV. Further studies need to examine the carriage of

virus nucleic acids in serum from infected animals, the

change in serum antibody titers, whether the virus prolif-

erates in the animals, and its association with the people

around animals and ticks. Our findings suggest that sheep

and cattle act as natural hosts and might play an important

role in the transmission of SFTSV. Given the high serum

antibody and nucleic acid positive rates in sheep, sheep

may be the key to preventing and controlling SFTSV.Ta
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