
Severe fever with thrombocytopenia syndrome
(SFTS) is caused by SFTS virus (SFTSV), a new tick-

borne bandavirus identified in China in 2009 (1), and 
subsequently in South Korea in 2013 (2), Japan in 2014 

(3), Vietnam in 2019 (4), and Myanmar and Pakistan in 
2020 (5,6). The symptoms of SFTS include fever, throm-
bocytopenia, leukocytopenia, and gastrointestinal dis-
orders; case-fatality rate is 2%–30% (1,7,8). The earliest 
cases in China were reported in the Dabie mountain 
range, which is located at the intersection of Henan, Hu-
bei, and Anhui Provinces in central China. Shandong, 
Liaoning, and Zhejiang provinces are the other main hot 
spots for SFTS in China (9). Within Zhejiang Province, 
Daishan County, an archipelago of islands located in the 
East China Sea, is one of the most SFTS-endemic areas 
(10). The main industries in Daishan County are fish-
ing and tourism. Agriculture is relatively unimportant; 
4,000 sheep and 150 cattle were reported on the islands 
in 2019, as provided by the Department of Agriculture 
in Daishan County. As of 2020, SFTS cases have been 
reported in most other provinces of China (9,11,12).

The Asian long-horned tick, Haemaphysalis lon-
gicornis, is a primary vector for SFTSV and the dom-
inant human-biting tick in SFTSV-endemic areas 
(13,14). H. longicornis ticks have both bisexual and 
parthenogenetic populations; parthenogenetic pop-
ulations are widely distributed in China and strong-
ly correlated with the distribution of SFTS cases (15).  
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Severe fever with thrombocytopenia syndrome virus 
(SFTSV) is a tickborne bandavirus mainly transmitted 
by Haemaphysalis longicornis ticks in East Asia, mostly 
in rural areas. As of April 2022, the amplifying host in-
volved in the natural transmission of SFTSV remained 
unidentified. Our epidemiologic field survey conducted 
in endemic areas in China showed that hedgehogs were 
widely distributed, had heavy tick infestations, and had 
high SFTSV seroprevalence and RNA prevalence. After 
experimental infection of Erinaceus amurensis and At-
elerix albiventris hedgehogs with SFTSV, we detected 
robust but transitory viremias that lasted for 9–11 days. 
We completed the SFTSV transmission cycle between 
hedgehogs and nymph and adult H. longicornis ticks 
under laboratory conditions with 100% efficiency. Fur-
thermore, naive H. longicornis ticks could be infected by 
SFTSV-positive ticks co-feeding on naive hedgehogs; 
we confirmed transstadial transmission of SFTSV. Our 
study suggests that the hedgehogs are a notable wildlife 
amplifying host of SFTSV in China.
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H. longicornis ticks go through a 3-stage life cycle:
larva, nymph, and adult. Extensive reports suggest
that H. longicornis ticks are the reservoir of SFTSV
(16–18); however, transstadial transmission effi-
ciencies of SFTSV varied under laboratory condi-
tions. We compared results from Zhuang et al. (16)
and Hu et al. (19): transmission rate from egg pools
to larvae pools was 80% in Zhuang and 100% in Hu;
from larval pools to nymph pools, 92% in Zhuang
and 100% in Hu; and from nymph pools to adults,
40% in Zhuang and 50% in Hu. The corresponding
SFTSV prevalence was extremely low, 0.2%–2.2%,
in different developmental stages of host-seek-
ing H. longicornis ticks collected from vegetation
(17,18,20). These findings suggest that ticks alone
are not sufficient to maintain a reservoir of SFTSV
in the natural environment, and additional ampli-
fying hosts are required.

Antibodies to SFTSV and viral RNA have been de-
tected in a wide range of domestic animals, including 

goats, cattle, dogs, and pigs and wild animals such as 
shrews, rodents, weasels, and hedgehogs. The highest 
seroprevalence was found in sheep (69.5%), followed 
by cattle (60.4%), dogs (37.9%) and chickens (47.4%) 
(21–23). Given that most of the SFTS patients are farm-
ers, who have frequent contacts with many of these 
susceptible domestic and wild animals, understanding 
the epidemiology of SFTSV is difficult and complex.

Hedgehogs belong to the family Erinaceinae, 
which are widely distributed in Europe, Asia, and Af-
rica (24) and are invasive species in Japan and New 
Zealand (25,26). The Amur hedgehog, Erinaceus amu-
rensis, is closely related to the European hedgehog, 
E. europaeus, and is common in northern and central
China. The African pygmy hedgehog, Atelerix albi-
ventris, native to central and eastern Africa, has been
introduced into many countries as pets, including
China (25,26). Both the Amur hedgehog and the Afri-
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Figure 1. Association between hedgehogs and SFTSV endemicity of locations in China in study of hedgehogs as amplifying hosts of 
SFTSV. A) The main islands of Daishan County, Zhejiang Province, China. Inset shows location of Daishan County in China. B) Land 
area and SFTS case numbers for major islands in Daishan County. C) Species and relative rate of wild animals collected on Xiushan 
Island (left) and Daishan Island (right). SFTSV, severe fever with thrombocytopenia syndrome virus.

Table 1. Seroprevalence of severe fever with thrombocytopenia 
syndrome virus in wild animals captured in Xiushan Island and 
Daishan Island, China 

Animal 
No. 

sampled 
No. (%) 
positive 

Sorex araneus shrew 42 0 
Erinaceus europaeus hedgehog 9 3 (33.33) 
Rattus norvegicus brown rat 48 0 
R. losea ricefield rat 6 0 
Apodemus agrarius striped field mouse 3 0 

Table 2. Population density of hedgehogs in rural and urban 
areas, China* 
Site Location Density 
Daao village† Daishan County, Zhejiang 

Province 
>80

Dongsha village† Daishan County, Zhejiang 
Province 

>90

Olympic Forest Park‡ Chaoyang District, Beijing >60
Southeast Community‡ Haidian District, Beijing >75
*Density was calculated by the number of trapped hedgehogs divided by
the area (no. animals/km2).
†Rural.
‡Urban.
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can pygmy hedgehog can become heavily infested by 
all kinds of ticks and are known to carry many zoo-
notic diseases, such as tick-borne encephalitis virus, 
Bhanja virus, and Tahyna virus (27–29). Hedgehogs 
are poikilothermal animals and hibernate during 
winter. During hibernation, their metabolism and im-
mune system are suppressed (30), which has led to 
the suspicion that hibernating hedgehogs contribute 
to the long-term persistence of these viruses (31). A 
few previous studies have reported that SFTSV anti-
bodies and RNA were detected in Amur hedgehogs 
in Shandong and Jiangsu Province. However, the 
prevalence of SFTV infection appeared low compared 
with that in other animals, such as goats, sheep, and 
cattle (14,32).

In China, the density of large wild animals is ex-
tremely low, especially in East China, where SFTS 
is endemic. Instead, the most abundant wildlife in 
these areas are rodents and insectivores (33). How-
ever, the potential role of rodents in the transmis-
sion of SFTSV was refuted when it was shown that 
immunocompetent rodents cannot develop SFTSV 
viremia after artificial inoculation (34). In contrast, 
hedgehogs are the only small wild animals that 
consistently show high SFTSV seroprevalence, high 
density, and high H. longicornis tick infestation in 
the SFTS-endemic areas (32,35), which has led us to 
speculate that hedgehogs might play an important 
role in the natural circulation of SFTSV in China. 
We conducted all animal studies in strict accordance 
with the recommendations in the Guide for the Care 
and Use of Laboratory Animals of the Ministry of 
Science and Technology of the People’s Republic of 
China. The Committee on the Ethics of Animal Ex-
periments of the Institute of Zoology, Chinese Acad-
emy of Sciences, approved the protocols for animal 
studies (approval no. IOZ20180058).

Methods 

Field Survey of Hedgehogs in SFTS-Endemic Areas
To confirm the role of hedgehogs as potential wild am-
plifying hosts for SFTSV, we first performed an animal 
survey in Daishan County in 2019 (Figure 1, panel A). 
Daishan County is the worst-affected area for SFTS 
in Zhejiang Province (10); during 2011–2019, Daishan 
Center for Disease Control and Prevention reported 
133 SFTS cases on 3 Daishan County islands—Daishan 
Island, Qushan Island, and Changtu Island—but none 
on Xiushan Island, even though Xiushan Island has a 
similar landscape, vegetation, and population density 
as the other major islands (Figure 1, panel B). 

For the survey, we set small mammal traps and 
caught 33 animals on Daishan Island and 75 on Xi-
ushan Island. On Daishan Island, 9/33 (28%) of the 
captured small mammals were E. amurensis Amur 
hedgehogs, 6/33 (18%) were Rattus norvegicus brown 
rats, 12/33 (36%) were Sorex araneus common shrews, 
and 6/33 (18%) were Apodemus agrarius striped field 
mice. On Xiushan Island, we caught no hedgehogs; 
36/75 (48%) of the small mammals caught were R. nor-
vegicus rats, 33/75 (44%) were S. araneus shrews, and 
6/75 (8%) were R. losea lesser rice field rats (Figure 1, 
panel C). Antibody testing showed that 3/9 (33%) of E. 
amurensis hedgehogs from Daishan Island were posi-
tive for SFTSV (Table 1). Hedgehogs are abundant in 
the 2 villages in Daishan Island; we estimated popula-
tion density as >80 animals per square kilometer based 
on the results of the trapping study (Table 2). In addi-
tion, the 9 trapped hedgehogs were all heavily infected 
by ticks, with an average of 145 ticks per hedgehog, 
including H. longicornis ticks (Table 3).

Additional E. amurensis hedgehog serum samples 
were collected from trapping studies conducted in 
other SFTS-endemic areas, including Weifang City of 
Shandong Province, Linfen City of Shanxi Province, 
and Xinyang City of Henan Province. SFTSV anti-
bodies were detected in 9/35 (25.7%) of hedgehogs 
from Weifang City, of which 11.1% tested positive for 
SFTSV RNA; 2/6 (33.3%) from Linfen City, of which 
50% tested positive; and 2/8 (25%) from Xinyang 
City, of which no hedgehogs tested positive. Of the 
hedgehogs from Weifang, 11.1% were infected by 
ticks positive for SFTSV RNA, as were 12.5% of those 
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Table 3. Average number of ticks collected from wild mammals 
captured in Daishan County, China, in study of severe fever with 
thrombocytopenia syndrome virus 
Animal No. ticks 
Sorex araneus shrew 1.5 
Rattus norvegicus brown rat 1 
Rattus losea ricefield rat 0 
Apodemus agrarius striped field mouse 0 
Erinaceus amurensis hedgehog 145 

Table 4. Epidemiological analysis of trapped animals in study of seroprevalence of SFTSV in hedgehogs, China 

Location Animal no. 
SFTSV antibody 
positive rate, % 

SFTSV RNA 
positive rate, % Tick no. 

SFTSV RNA–positive 
tick rate, %† 

Linfen 6 33.3 16.7 104 50 
Xinyang 8 25 0 160 12.5 
Weifang 35 25.7 11.1 216 11.1 
*Viral RNA was tested by PCR. SFTSV, severe fever with thrombocytopenia syndrome virus.
†Ratio of hedgehogs infested with SFTSV RNA–positive ticks.



RESEARCH

from Linfen (Table 4; Figure 2). We believe these re-
sults strongly support our hypothesis that hedgehogs 
play an important role in the natural circulation of 
SFTSV. After collecting samples, we conducted sever-
al experiments to determine the role of the hedgehogs 
in SFTSV transmission (Appendix, https://wwwnc.
cdc.gov/EID/article/28/12/22-0668-App1.pdf).

Results

Susceptibility of Hedgehogs to Experimental  
Infection with SFTSV
We inoculated 4 male and 4 female E. amurensis 
hedgehogs 6–12 months old with 4 × 106 FFU of 
SFTSV by intraperitoneal route. We observed viremia 
of ≈9 days in all animals and peak titers of 3.1 log10 
RNA copies/μL at days 3–6, suggesting viral multi-
plication. Two E. amurensis hedgehogs showed a mild 
weight loss of <25% by day 9 (Figure 3, panels A, B).

We inoculated groups of 5 male and 5 female A. 
albiventris hedgehogs 6–12 months of age with 4 × 106 
FFU of SFTSV by intraperitoneal (Figure 3, panels C, 
D) and subcutaneous (Figure 3, panels E, F) routes. We
observed viremia of 9–11 days in all 10 animals; peak
titers were 3.2 log10 RNA copies/μL at days 3–7 for the
intraperitoneal route and 3.1 log10 RNA copies/μL at
days 6–8 for the subcutaneous route (Figure 3, panels
D, F). Most animals showed mild weight loss of <20%

(Figure 3, panels C, E). Those results suggest that E. 
amurensis and A. albiventris hedgehogs could develop 
similar viremias independent of inoculation routes, 
without substantially compromising their overall 
health. However, E. amurensis hedgehogs are shy and 
prone to dying during transport from their stress re-
sponse. Thus, we performed most of the following ex-
periments with A. albiventris hedgehogs, of which we 
had a stable supply through the local pet store.

SFTSV Viremia during Hibernation
We inoculated 4 A. albiventris hedgehogs with 4 × 106 
FFU of SFTSV and kept them at 4°C to trigger hiber-
nation. Two of the hedgehogs came out of hibernation 
at day 15 with viremias of 2.7 and 3.3 log10 RNA cop-
ies/μL; the other 2 hedgehogs continued in hiberna-
tion until day 30 and had viremias of 3.0 and 3.7 log10 
RNA copies/μL. All the viremias measured in these 
hibernating hedgehogs were comparable to the peak 
virus titers previously measured in the nonhibernating 
hedgehogs (Figure 4). However, the duration of vire-
mia in these 4 hibernating hedgehogs was much longer 
than that recorded in the nonhibernating hedgehogs, 
suggesting that hibernation could potentially extend 
the course of SFTSV viremia in hedgehogs and contrib-
ute to the overwintering of SFTSV in the field.

SFTSV-Induced Pathology 
To assess the pathologic changes in hedgehogs result-
ing from SFTSV infection, we intraperitoneally in-
oculated 6 A. albiventris hedgehogs with 4 × 106 FFU 
of SFTSV. We euthanized 2 animals at 3 days, 6 days, 
and 2 months after infection and collected their organs 
for viral RNA evaluation and hematoxylin and eosin 
(H&E) staining. We detected a robust viremia on days 
3 and 6 but none at 2 months after infection. We ob-
served the highest level of viral RNA in the spleen, fol-
lowed by the blood; the lowest level was in the heart 
(Figure 5). H&E-stained slides from the spleen showed 
hemorrhagic necrosis and lymphopenia at days 3 and 
6. We assessed the severity of the lesions as +++ on day
3 and ++++ on day 6, but the lesions had largely re-
covered by 2 months, with a severity score of ++ (Ap-
pendix Figure 1). These results further confirmed that
hedgehogs show a high tolerance to SFTSV without
obvious long-term or permanent pathologic changes.

Transmission of SFTSV between 
H. longicornis Ticks and Hedgehogs
We used laboratory-adapted H. longicornis ticks and
A. albiventris hedgehogs to model the natural trans-
mission of SFTSV hypothesized to occur in the wild.
We fed naive H. longicornis nymphs on hedgehogs
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Figure 2. Locations of Weifang in Shandong Province, Linfen in 
Shanxi Province, and Xinyang in Henan Province (red outlines), 
where hedgehogs were collected in study of hedgehogs as 
amplifying hosts of severe fever with thrombocytopenia syndrome 
virus in China. 
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infected by intraperitoneal inoculation with 4 × 106 
FFU of SFTSV at day 0. We detected viremia of 3.8 
log10 RNA copies/μL in hedgehogs at day 5; fully en-
gorged nymphs dropped off between days 4 and 8. 
The engorged nymphs molted after 2–3 weeks, and 
the adult ticks tested 100% positive for SFTSV at a 
level of 7.2 log10 RNA copies/mg tick.

Two to 3 weeks after they molted into adults, we 
fed the SFTSV-carrying ticks on 3 naive hedgehogs, 8 
ticks per animal. We monitored weight and viremia 
for 12 days and observed a slow weight loss of <25% 
by day 12; the viremia peaked on days 8–10 at 4.1 
log10 copies/μL. After peaking, the viremia decreased 
slowly until the 3 hedgehogs were euthanized on day 
12 (Figure 6, panels A, B). We collected the fully en-
gorged ticks on days 7–10 and then tested them. All 
24 ticks were still positive for SFTSV RNA (Figure 6, 
panel C). We believe that these data strongly suggest 
that SFTSV can be efficiently transmitted between 
hedgehogs and H. longicornis ticks and that transsta-
dial transmission occurs within H. longicornis ticks.

Hedgehogs as Amplifying Hosts for SFTSV
SFTSV can be transmitted both transovarially and 
transstadially in H. longicornis ticks; however, a de-
creased efficiency has been observed during passag-
ing (16). Thus, an amplifying host will be necessary 
to improve the transmission efficiency. To determine 
if hedgehogs can serve as amplifying hosts, we pre-
pared SFTSV-positive adult H. longicornis ticks as de-
scribed above with 100% efficiency. Next, we fed 5 of 
the SFTSV-carrying adult H. longicornis ticks together 
with 14–16 naive nymphs and 3–4 naive adult ticks 
on each of 3 naive A. albiventris hedgehogs. We col-
lected the fully engorged ticks at 7–10 days after bite 
and tested them for viral RNA levels. The viral load in 
the engorged nymphs was 2.5 log10 RNA copies/mg 
tick and in previously naive adults 2.7 log10 RNA cop-
ies/mg tick (Figure 7, panels A, B). After the nymphs 
molted, the adult ticks tested 100% positive for SFTSV, 
with a level of 6.9 log10 RNA copies/mg tick (Figure 7, 
panel C). Thus, these results suggest that hedgehogs 
could be acting as an amplifying host for SFTSV.
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Figure 3. Severe fever with 
thrombocytopenia syndrome virus 
(SFTSV) viremia in experimentally 
infected Erinaceus amurensis and 
Atelerix albiventris hedgehogs in 
study of hedgehogs as amplifying 
hosts of SFTSV in China. A) 
Weight change in E. amurensis 
hedgehogs after intraperitoneal 
inoculation. B) Viremia in E. 
amurensis hedgehogs after 
intraperitoneal inoculation. C) 
Weight change in A. albiventris 
hedgehogs after intraperitoneal 
inoculation. D) Viremia in A. 
albiventris hedgehogs after 
intraperitoneal inoculation. E) 
Weight change in A. albiventris 
hedgehogs after subcutaneous 
inoculation. F) Viremia in A. 
albiventris hedgehogs after 
subcutaneous inoculation. 
Hedgehogs were challenged by 
intraperitoneal or subcutaneous 
inoculation with 4 × 106 FFU of 
SFTSV Wuhan strain and then 
monitored for weight change 
and viremia, tested by real-time 
PCR as RNA copies/μL of serum. 
Control was mock infected 
with phosphate buffered saline 
solution. Error bars indicate SDs. 
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Discussion 
Viremia in the vertebrate host is important for the 
arbovirus to transmit from host to vector. Previous 
epidemiologic surveys and experimental infections 
have revealed that many wild and domesticated ani-
mals are susceptible to SFTSV infection (21). However, 
these studies had similar findings that most vertebrate 
animals were subclinically infected with SFTSV, with 

limited viremia (36). For example, 80% of goats devel-
oped a viremia after subcutaneous inoculation with 107 
PFU of SFTSV, which lasted for <24 hours (37). Simi-
larly, beagle dogs intramuscularly inoculated with 2.51 
× 107 50% tissue culture infectious dose of SFTSV did 
not have a detectable viremia until day 3 (38). Further-
more, the efficient transmission of SFTSV between tick 
vectors and these potential wild animal hosts has not 
been proven. In this study, we consistently detected 
robust viremias of ≈103 RNA copies/μL in both native 
E. amurensis and exotic A. albiventris hedgehogs after
intraperitoneal or subcutaneous inoculation with 4 ×
106 FFU of SFTSV at 100% efficiency; viremia lasted
for 9–11 days and provided the basis for the effective
transmission of SFTSV from host to tick. Moreover,
hedgehogs were highly tolerant to SFTSV infection;
they experienced slight weight loss and pathology that
recovered after the clearance of virus.

H. longicornis ticks overwinter mostly as nymphs,
but with an SFTSV-positive rate of 4% as measured 
by pool (39). Thus, we speculate that their role in 
overwintering of disease may be limited. Hedgehogs 
are involved in the overwintering of many patho-
gens during hibernation (31,40), which could include 
SFTSV. Our results suggest that the SFTSV viremia 
can be extended from 9 days when not hibernating 
to >1 month during hibernation, and with viremias 
no less than those seen in nonhibernating hedgehogs.

To meet the requirement for hedgehogs to be con-
sidered as maintenance hosts for SFTSV, the trans-
mission cycle between vector and host needs to be 
established. Using laboratory-adapted H. longicornis 
ticks and A. albiventris hedgehogs, this study showed 
efficient infection transmission from nymph or adult 
ticks to hedgehogs, efficient infection transmission 
from hedgehogs to nymph or adult ticks, and trans-
stadial infection transmission from nymph to adult 
tick. It is important to note that these results were ob-
served in 100% of tested subjects. Naive nymph and 
adult H. longicornis ticks cofeeding with SFTSV-in-
fected adult ticks on naive hedgehogs were also 100% 
infected. Our results show that hedgehogs fulfill the 
requirements to be considered competent amplifying 
hosts for SFTSV. Other animals or birds could also 
maintain the natural circulation of SFTSV; for exam-
ple, experimentally inoculated spotted doves (Strepto-
pelia chinensis) can develop SFTSV viremia (41). How-
ever, transmission between H. longicornis ticks and 
spotted doves is not proven.

To conclude that hedgehogs are major amplify-
ing hosts of SFTSV in the real world, further studies 
should investigate abundance, tick association, geo-
graphic distribution in areas of transmission, and 
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Figure 4. Severe fever with thrombocytopenia syndrome virus 
(SFTSV) viremia in 4 Atelerix albiventris hedgehogs in study of 
hedgehogs as amplifying hosts of SFTSV in China. Hedgehogs 
were challenged by intraperitoneal inoculation with 4 × 106 
FFU of SFTSV Wuhan strain and then kept at 4°C to trigger 
hibernation. Viremia in hedgehogs 1 and 2 was monitored at 
15 days postinoculation and in hedgehogs 3 and 4 at 30 days 
postinoculation. Error bars indicate SDs. 

Figure 5. Pathology of severe fever with thrombocytopenia syndrome 
virus (SFTSV)–infected Atelerix albiventris hedgehogs in study of 
hedgehogs as amplifying hosts of SFTSV in China. Six hedgehogs 
were intraperitoneally inoculated with 4 × 106 FFU of SFTSV Wuhan 
strain, and 2 were mock infected with phosphate buffered saline 
solution as controls. Two hedgehogs were euthanized at 3 days, 6 
days, and 2 months to test viral load in the organs. SFTSV viral load 
in organs was measured by real-time PCR.   
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field exposure. Our initial survey in SFTSV-endemic 
Daishan Island and nonendemic Xiushan Island re-
veals that the existence of hedgehogs was related to 
SFTSV transmission. The epidemiologic surveys we 
conducted in 4 SFTSV-endemic provinces consistent-
ly showed high SFTSV seroprevalence and that the 
population density of hedgehogs in SFTSV-endemic 
areas can be >60 animals/km2. Hedgehogs are heav-
ily infested by tick species including H. longicornis; we 
observed a density of 145 ticks per animal on Daishan 
Island. Hedgehogs are widely distributed across 
farms and rural communities, which contain the hu-
mans most likely to be bitten by H. longicornis ticks 
carrying SFTSV (32,35). Furthermore, hedgehogs 
share the same environment as domestic animals such 

as dogs, goats, and cows, which are also natural hosts 
for H. longicornis ticks and show high seroprevalence 
for SFTS. Thus, it is possible that humans and domes-
tic animals are similarly infected by ticks that had 
previously fed on SFTSV-positive hedgehogs at an 
earlier stage in their life cycle. As previously stated, 
SFTSV-endemic areas in China have few large wild 
animals; the most common animals are rodents and 
insectivores (33). Tests on rodents have shown that 
they are not capable of maintaining SFTSV infection 
(34). Our results show that of the mammals present in 
rural China, hedgehogs meet all the requirements to 
be major wildlife amplifying hosts for SFTSV.

SFTSV may also spread to other countries with 
competent hosts and vectors. E. europaeus hedgehogs 
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Figure 6. Transmission of severe fever with thrombocytopenia syndrome virus (SFTSV) between Haemaphysalis longicornis ticks and 
Atelerix albiventris hedgehogs in study of hedgehogs as amplifying hosts of SFTSV in China. A, B) Weight change (A) and SFTSV 
viremia (B) in naive hedgehogs bitten by SFTSV-carrying adult ticks that were monitored for 12 d. Adult ticks were inoculated with 
SFTSV by feeding on SFTSV-infected hedgehogs. Numbers represent individual hedgehogs; the control animal was not bitten. C) 
SFTSV RNA level in engorged adult ticks from 3 hedgehogs. Each dot indicates 1 tick; horizontal lines indicate medians. 

Figure 7. Naive Haemaphysalis longicornis ticks infected by SFTSV through cofeeding with severe fever with thrombocytopenia 
syndrome virus (SFTSV)–positive ticks on naive Atelerix albiventris hedgehogs in study of hedgehogs as amplifying hosts of SFTSV 
in China. A) Engorged nymph ticks. B) Engorged adult ticks. C) Adults molted from the engorged nymph ticks. Nymph ticks were 
inoculated with SFTSV by feeding on SFTSV-infected hedgehogs. After molting, the SFTSV-carrying adult ticks and naive nymph and 
adult H. longicornis ticks were fed on 3 naive A. albiventris hedgehogs. The fully engorged ticks were collected 7–10 days after biting. 
SFTSV RNA level was monitored in ticks as shown by RNA copies per mg of tick. Each dot indicates 1 tick; horizontal lines indicate 
medians. Numbers along baselines represent individual hedgehogs.
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were introduced to New Zealand by human interven-
tion (25,26). The summer density of hedgehogs in 3 
studies in New Zealand was estimated at 250–800 
hedgehogs/km2 (42–44). In addition, H. longicornis 
ticks are common in New Zealand and are all parthe-
nogenetic (Appendix Figure 2) (45). New Zealand is 
also on the East Asian–Australian flyway, so it could 
be considered to have a high risk for SFTSV disease 
incursion through SFTSV–positive H. longicornis ticks 
infested in migratory birds (46).

In conclusion, our data strongly support our ini-
tial hypothesis that hedgehogs can maintain the natu-
ral circulation of SFTSV in rural areas. The high densi-
ty and wide distribution, the high-level susceptibility 
and tolerance of hedgehogs to SFTSV, the heavy H. 
longicornis tick infestation rates, and the ability to am-
plify the infection level of feeding ticks are all com-
pelling evidence that hedgehogs are a likely wildlife 
amplifying host of SFTSV.
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Hedgehogs as Amplifying Hosts of Severe 
Fever with Thrombocytopenia Syndrome 

Virus, China 
Appendix  

Materials and Methods 

Animal Trapping and Sample Collection 

Animal sampling took place in Daishan County (121°30′-123°25′E, 29°32′~31°04′N), 

Zhejiang Province, Weifang City (118°10′-120°01′E, 35°32′-37°26′N), Shandong Province, 

Xinyang City (113°45″-115°55″E, 30°23″-32°27″ N), Henan Province, Linfen City (110°22′-

112°34′E, 35°23′-36°57′N), Shanxi Province, and Beijing City (39°26′-41°03′E, 115°25′-

117°30′N), China (Daishan in 2019 and all the other locations in 2021). The animals were 

captured using rodent capture cages (cage size: 14 × 14 × 26 cm) baited with fried bread sticks 

for three nights at each site (trappings varied between 30 and 50 traps/night depending on the 

availability of sites in the area). Cages were deposited into fields and collected the next morning 

(47). Animals were anesthetized by inhalation using Isoflurane with a dose of 1 mL per kilogram 

weight in a closed container. Blood samples were drawn from heart, and animals were released 

after blood collection. Blood samples were centrifuged at 3,000 g for 10 minutes and the serum 

was transferred to small vials, which were kept at −80°C until analysis. Further, animals were 

meticulously examined for the presence of ticks. Ticks were then removed with fine forceps. 

Virus and Cells 

SFTSV Wuhan strain (GenBank accession nos. S, KU361341.1; M, KU361342.1; L, 

KU361343.1) and rabbit anti–SFTSV-NP polyclonal antibody were provided by Wuhan Institute 

of Virology, Chinese Academy of Sciences. Vero cells (African green monkey kidney epithelial 

cells) were obtained from American Type Culture Collection (ATCC) and maintained in 

Dulbecco’s modified Eagle’s medium (DMEM, Hyclone, U.S.) supplemented with 8% FBS and 

penicillin (100 U mL-1), streptomycin (100 μg mL-1; GIBCO) and L-glutamine in a 37°C 

https://doi.org/10.3201/eid2812.220668
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incubator supplemented with 5% CO2. SFTSV was propagated at 37°C in Vero cells at a 

multiplicity of infection of 0.1 and cultivated for 4 d. Cell culture supernatant was collected at 4 

dpi and stored at −80°C as the working virus stock for animal studies. 

Virus Titration 

Focus-forming assay was performed in Vero cells to titrate the viral titers. Cells were 

seeded in 96-well plates at 104 cells/well in triplicates 24 h before infection. The virus samples 

were diluted 10-fold in DMEM with 2% FBS. After the removal of culture media, a diluted viral 

solution was added to the cells. Three hours later, the cells were washed once and incubated with 

DMEM plus 2% FBS and 20mM NH4Cl at 37°C. Two d post-infection, the cells were fixed with 

cold methanol and stained using a rabbit anti–SFTSV-NP polyclonal antibody at 1:700 dilution 

and Alexa 488-labeled goat anti-rabbit IgG at 1:700 dilution. Viral titers were examined under a 

fluorescent microscope and calculated by Reed–Muench method. 

ELISA for SFTSV Antibody Detection 

Serum samples from animals were tested for SFTSV antibodies including IgG and IgM 

with a commercial double antigen sandwich ELISA kit from Nanjing Immune-detect Bio-tech 

Co., Ltd (Jiangsu, China). 

Real-Time RT-PCR 

Total RNA were analyzed using a One-Step SYBR PrimerScript reverse transcription 

(RT)-PCR kit (TaKaRa, Japan) on Applied Biosystems QuantStudio. Each sample was measured 

in triplicate. The primers were designed as previously described (48). Conditions for the reaction 

were as follows: 42°C for 5 min, 95°C for 10 sec, 40 cycles at 95°C for 5 sec, and 60°C for 20 

sec. 

Experimental Infection 

All experimental infection study was conducted in a Biosafety Level 3 Animal 

Laboratory in the Beijing Institute of Microbiology and Epidemiology, Academy of Military 

Medical Sciences. Six to twelve months old male and female (1:1) African pygmy hedgehogs 

were purchased from Longchong Pet in Beijing. Six to twelve months old male and female (1:1) 

Amur hedgehogs were purchased from Heze animal store in Shandong Province. All animals 

were tested negative for SFTSV seroprevalence by ELISA before experiments. Following 

acclimation, hedgehogs were challenged with 4× 106 FFU of SFTSV Wuhan strain via 
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intraperitoneal or subcutaneous injection, with the 200 uL volume divided between two injection 

sites. Bodyweight and clinical symptoms were monitored. Hedgehogs were assigned a clinical 

score of increasing severity: 1, unfeeding; 2, hunched posture; 3. green faeces;4, moribund. 

Hedgehogs with a score of 3 or a weight loss of more than 25% were humanely euthanized. 

References 

1. Torres-Pérez F, Navarrete-Droguett J, Mertz GJ, Yates TL, Vial PA, Marquet PA, et al.. Peridomestic 

small mammals associated with confirmed cases of human hantavirus disease in southcentral 

Chile. Am J Trop Med Hyg. 2004;70:305–9. https://doi.org/10.4269/Ajtmh.2004.70.305 

2. Shen S, Duan X, Wang B, Zhu L, Zhang Y, Zhang J, et al. A novel tick-borne phlebovirus, closely 

related to severe fever with thrombocytopenia syndrome virus and Heartland virus, is a potential 

pathogen. Emerg Microbes Infect. 2018;7:1–14. PubMed https://doi.org/10.1038/s41426-018-

0093-2 

  

https://doi.org/10.4269/ajtmh.2004.70.305
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29802259&dopt=Abstract
https://doi.org/10.1038/s41426-018-0093-2
https://doi.org/10.1038/s41426-018-0093-2


 

Page 4 of 5 

 

Appendix Figure 1. Pathology of the spleen in SFTSV-infected Atelerix albiventris hedgehogs. Six 

hedgehogs were intraperitoneally inoculated with 4 × 106 FFU of SFTSV Wuhan strain and 2 were mock 

infected with phosphate buffered saline solution (PBS) as controls. Two hedgehogs were sacrificed at 3 

days, 6 days, and 2 months to test viral load in the organs. Spleen samples, numbered by individual 

animal, were stained with hematoxylin and eosin for the pathological interpretation. Severity of 

pathological changes are semi-quantified as the reduction of the degree of lymphocytes in the white pulp 

of the spleen and shown beside the image. Size bars indicate 100 μm. SFTSV, severe fever with 

thrombocytopenia syndrome virus. 
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Appendix Figure 2. A) The distribution and relative abundance of hedgehogs (Erinaceus europaeus L.) 

in New Zealand modified from Brockie et al. (25). In the dark gray areas hedgehogs are numerous, in the 

light gray areas they are few, and in the white areas they are rare or absent. B) The distribution of 

Haemaphysalis longicornis ticks in New Zealand modified from Heath et al. (45). The dark gray areas are 

high risk, the light gray areas are low risk, and the white areas are zero risk for H. longicornis infestation. 

Reproduced with permission of Elsevier and Copyright Clearance Center. 


