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ABSTRACT

Severe fever with thrombocytopenia syndrome virus (SFTSV), an emerging tick-borne pathogen, has
caused a rising number of human cases in the urban-rural fringe of Beijing since 2021. This study
explores the seasonal dynamics of hedgehog-associated ticks and SFTSV transmission in urban parks
of Beijing. Surveys across six parks revealed distinct activity patterns: adult Haemaphysalis longicornis
peaked in summer, while nymphs dominated spring and autumn. All collected H. longicornis belonged
to parthenogenetic populations. A near-complete SFTSV genome (C4 strain) was identified in a tick
collected from Taoranting Park, suggesting multiple viral introductions into Beijing. Serological
analysis showed that > 50% of hedgehogs carried SFTSV-neutralizing antibodies in spring; yet
seropositivity declined markedly in summer and autumn, indicating recurrent infections and impli-
cating hedgehogs as potential reservoirs. These findings reveal an urban SFTSV transmission cycle
maintained by hedgehogs and parthenogenetic H. longicornis, emphasizing the urgency of enhanced

surveillance and public health interventions to curb urban zoonotic risks.

INTRODUCTION

Severe fever with thrombocytopenia syndrome virus (SFTSV), a
member of the genus Bandavirus (family Phenuiviridae, order Bunyavir-
ales), was first identified in China in 2009 as the causative agent of a
febrile illness characterized by thrombocytopenia, leukopenia, gastro-
intestinal symptoms, and potential fatal outcomes due to multi-organ
failure (Yu et al.,, 2011; Zhuang et al., 2018). Since its discovery,
SFTSV has spread across East Asia, with reported cases in South Korea,
Japan, Vietnam, and Pakistan (Tran et al., 2019; Zohaib et al., 2020;
Denic et al., 2011; Takahashi et al., 2014). In China, the virus initially
emerged in the Dabie Mountain region but has since expanded to 27
provinces, with Shandong, Anhui, Hubei, Henan, and Liaoning now
recognized as major epidemic hotspots (Sun et al., 2018; Zhu et al.,
2019; Lin et al., 2020).

* Corresponding authors.

The Asian longhorned tick (Haemaphysalis longicornis), a key vector
for SFTSV, exhibits a broad host range spanning wild mammals and
livestock (Heath, 2016; Zhao et al., 2020). H. longicornis is mainly
distributed in eastern China, Japan, the Russia Far East and South Korea
(Hoogstraal et al., 1968; Zhang et al., 2012; Park et al., 2014). Over the
past century, new populations have been established in Australia, New
Zealand and some island countries in the Western Pacific Region
(Hoogstraal et al., 1968; Tufts et al., 2019). It was first detected in New
Jersey in the United States (U.S.) in 2017, and then spread rapidly across
several eastern states of the United States (Beard et al., 2018; Rainey
etal., 2018). By 2022, H. longicornis had been reported in 19 eastern and
central U.S. states (Egizi et al., 2020; Hubbard, 2024). Studies have
shown that H. longicornis is the primary vector and reservoir of SFTSV in
East Asia (Park et al., 2014; Zhuang et al., 2018; Luo et al., 2015).
Meanwhile, H. longicornis is one of the few tick species with both
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parthenogenetic and sexual reproductive populations (Oliver, 1971).
The parthenogenetic population of H. longicornis originated in northern
Japan (Hoogstraal et al., 1968). Karyotype analysis showed that the
sexual reproductive population was diploid chromosome group, while
the parthenogenetic population was triploid chromosome group, and
the formation mechanism was not clear (Oliver et al., 1973). At present,
both parthenogenetic and sexual populations can be found in East Asia,
while only parthenogenetic populations have been found in Oceania and
the United States (Egizi et al., 2020; Hubbard, 2024). Recent studies
have indicated that the distribution of parthenogenetic populations of
H. longicornis in China is severely underestimated. At the same time, it
was found that the spread rate of parthenogenetic population was
significantly higher than that of sexual population, and the distribution
of parthenogenetic population was positively correlated with the
occurrence of SFTS cases. These findings further demonstrated that the
rapid spread of SFTSV is closely related to the expansion of partheno-
genetic H. longicornis population (Zhang et al., 2022).

Our recent study showed that SFTSV is gradually spreading to urban
areas, particularly in densely populated megacities. Parthenogenetic
populations of H. longicornis and SFTSV viral nucleic acid fragments
have been detected in the outer suburbs and urban area of Beijing
(Zhang et al., 2023). On the other hand, although many domestic ani-
mals and companion animals exhibit high SFTSV seropositivity rates, we
identified hedgehog as the primary host driving SFTSV expansion in
China (Zhao et al., 2022). Hedgehogs are widely distributed across
China, covering SFTSV-endemic areas. In recent years, hedgehogs have
become increasingly common in cities including Beijing (Zhao et al.,
2022). In Beijing, the first local SFTS case occurred in Mentougou Dis-
trict in 2021 (Sun et al., 2023); subsequent local cases were reported in
Pinggu, Tongzhou, Fengtai, Shijingshan, and other districts in 2023 and
2024 (unpublished data, Beijing CDC). In 2023, we conducted a field
survey of ticks and hedgehogs within the Second to Fifth Ring Roads of
Beijing to assess whether a natural transmission cycle had formed in
urban areas. Our survey revealed a diverse tick population in city parks,
including H. longicornis—the primary SFTSV vector. Parthenogenetic
H. longicornis, known for its role in the rapid spread of SFTSV, was
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detected in key locations near the city centre, such as Beihai Park and
Taoranting Park. Notably, high SFTSV seroprevalence and viral RNA
prevalence were observed in hedgehogs and their parasitic ticks in the
suburbs of Beijing (Yuan et al., 2024). These findings underscore the
establishment of an urban SFTSV transmission cycle, driven by hedge-
hogs and invasive parthenogenetic ticks. This necessitates urgent in-
vestigations into the seasonal vector-host-pathogen interactions.

In this study, we conducted year-round monitoring of H. longicornis
population dynamics and SFTSV prevalence in urban parks of Beijing. By
elucidating seasonal patterns of tick activity, viral persistence, and
hedgehog serological profiles, we aim to provide evidence for targeted
surveillance and mitigate zoonotic risks in densely populated
megacities.

RESULTS
Surveillance on hedgehog-borne ticks

During the hedgehog activity season (April to October 2024), a total
of 1834 ticks were collected from the body surfaces of hedgehogs in six
urban parks of Beijing (Fig. 1). Of these, 81 were Haemaphysalis long-
icornis (4.4%), 1277 were Haemaphysalis flava (69.6%), and 476 were
Dermacentor sinicus (26.0%). H. flava are the most predominant species,
accounting for more than two-thirds of the total collected ticks. The
population dynamics of the three primary species of ticks parasitizing
hedgehogs are described as follows:

Haemaphysalis flava: This tick species was the most predominant tick
parasitizing hedgehogs in urban areas of Beijing, both in terms of
collection quantity and distribution range. The relatively small number
of larval H. flava ticks were collected suggests that hedgehogs may not
be the primary host for larval ticks of this species. The peak population
of adult H. flava occurs in October during autumn, which is close to
November when hedgehogs enter hibernation in Beijing, indicating that
hedgehogs may serve as overwintering host for H. flava. The population
dynamics in spring are different. In the southern part of the city, at
Temple of Heaven and Taoranting Parks, the tick abundance was very

Fig. 1. Locations of field survey. The green star indicates the collection location, the red star represents the central location of Beijing—the Forbidden City.
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low, with peaks only observed in autumn. In contrast, in the western and
northern parts of the city, at Olympic Forest and Zizhuyuan Parks, there
were peak periods of adult ticks in spring. For nymphal ticks of H. flava,
individuals mainly appear in August and later in all parks. However, in
Olympic Forest Park and Zizhuyuan Park, nymphal ticks also occurred in
April or May. Zizhuyuan Park has the highest tick collection quantity,
with a total of 712, accounting for over half (55.8%) of all ticks collected
in urban Beijing. Therefore, the seasonal population distribution of
H. flava in Zizhuyuan Park may be more representative, with peak pe-
riods of both nymphal and adult ticks occurring in spring and autumn
(Fig. 2A-C). Additionally, Zizhuyuan Park had the fewest tick species:
only H. flava and seven H. longicornis ticks were collected, with the latter
accounting for less than one percent of the H. flava population.

Dermacentor sinicus: This tick species was the second most abundant
in urban areas of Beijing. The seasonal distribution of this tick at
different life stages was similar to that of H. flava tick. We found that
almost all adult D. sinicus ticks were collected in spring and autumn. In
terms of quantity, there was a distinct peak in the parasitism of adult
D. sinicus ticks in spring (April, May, and June), with a secondary peak in
autumn. Nymphs and larvae of D. sinicus ticks were only collected in
July and August during summer, indicating that summer is the primary
season for nymphal and larval parasitism of D. sinicus ticks. In terms of
distribution, D. sinicus was more abundant in the southern part of the
city, primarily in Temple of Heaven and Taoranting parks, whereas
fewer individuals were found in the northern parts of Beijing (Olympic
Forest and Haidian parks). No D. sinicus ticks were collected in Ziz-
huyuan Park (Fig. 2D-F).

Haemaphysalis longicornis: This tick species was the least abundant
among those species collected in urban areas of Beijing, accounting for
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less than 5% of the total. Our survey found that H. longicornis were
collected from all six parks, with 29 individuals in Temple of Heaven
Park, 18 in Beihai Park, 14 in Olympic Forest Park, 8 in Taoranting Park,
7 in Zizhuyuan Park, and 5 in Haidian Park. In terms of seasonal dis-
tribution, adult H. longicornis ticks were most abundant in June, which is
significantly different from the spring and autumn adult peaks of H. flava
and D. sinicus. Nymphal ticks were most abundant in September during
autumn, with peaks also occurring in April and May during spring. Since
October, H. longicornis parasitizing hedgehogs became difficult to
collect. Only one larval H. longicornis tick was collected from Beihai Park
across the entire 2024 survey. Ploidy analysis indicated that all
H. longicornis ticks collected from the six parks belonged to partheno-
genetic populations (Fig. 2G-I).

SFTSV prevalence in ticks and hedgehogs

From April to October 2024, a total of 87 hedgehogs from six parks
(spanning the Second to Fifth Ring Roads in Beijing urban area) and
assayed for SFTSV seroprevalence against the recombinant SFTSV AH12
strain. Of these, 30 hedgehogs (from all six parks) tested positive for
SFTSV-neutralizing antibodies, with the highest titer (of about 100)
detected in hedgehog from Temple of Heaven Park within the Second
Ring Road (Fig. 3). SFTSV-neutralizing antibodies were also detected in
hedgehogs from the other five parks within the Fifth Ring Road, with
titers ranging from 30 to 90.

The neutralizing antibodies in hedgehogs exhibited significant sea-
sonal variation. In April and May, over half of the hedgehogs tested
positive, with seropositivity rates of 57% (8/14) and 62% (8/13),
respectively. Additionally, the antibody titers were relatively high

Fig. 2. Seasonal dynamics of hedgehog-borne ticks in six parks between April and October of 2024. The mean number of ticks per hedgehog across different

collection sites and months is shown. Data are presented as means + SD.
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Fig. 3. SFTSV-neutralizing antibody titers (FRNT50) in hedgehogs from April to October 2024 in six parks in Beijing. Neutralizing antibody titers of serum from
hedgehogs captured at specified locations in Beijing against rVSV-GFP-SFTSV AH12 strain were tested. The dashed line indicates the cutoff value set at 30. Statistical

significance was determined using the unpaired two-tailed Student's t-test.

during this period, indicating that SFTSV infections occurred in spring.
Subsequently, the antibody positivity rate among hedgehogs declined
significantly in summer and autumn, with only 33% (3/12), 16.7% (2/
12), 16.7% (2/12), and 8% (1/12) of hedgehogs tested positive in June,
July, September, and October, respectively. However, a seropositivity
rate of 42% (5/12) was observed in August, suggesting a slightly lower
infection peak in summer. Among the six parks, the highest seroposi-
tivity rate was found in Temple of Heaven Park, with 10 out of 16
hedgehogs (63%) tested positive, followed by Olympic Forest Park (8
out of 14 hedgehogs, 57%). Conversely, the lowest seropositivity rate
was observed in Haidian Park, with only 2 out of 14 hedgehogs (14%)
tested positive.

Subsequently, the SFTSV genomes were amplified from hedgehog-
parasitic ticks, and hedgehog blood samples using nested PCR. Among
34 adult H. longicornis tick samples, 6 ticks were positive for SFTSV RNA,
with positivity rates of 60% (3/5), 50% (2/4) and 9% (1/11) in Taor-
anting Park, Haidian Park and Temple of Heaven Park, respectively. All
nymphal H. longicornis tick were pooled in pools by location and month
for testing. One pool from Beihai Park was positive for SFTSV RNA, and an
almost full-length SFTSV genome was amplified from a H. longicornis tick
collected in June at Taoranting Park (GenBase access Number:
C_AA111720.1; Science Data Bank with https://doi.org/10.57760/scienc
edb.28586). Phylogenetic analysis indicated that this SFTSV genome
belongs to the C4 strain (E strain) (Fig. 4, Supplementary Table S1).

Additionally, of the 87 hedgehog blood samples tested, 4 samples
were tested positive for SFTSV RNA, with each collected from a different
park: Taoranting Park (GenBase access Number: C_AA111722.1,
C_AA111725.1), Zizhuyuan Park (GenBase access Number: C_AA111-
726.1), Haidian Park (GenBase access Number: C_AA111721.1), and
Olympic Forest Park (GenBase access Number: C_AA111724.1), respec-
tively (Table 1). H. flava and Demacentor sinicus samples were pooled by
location and month for SFTSV RNA testing, but no positive samples were
detected. Therefore, these data are not presented.

DISCUSSION

SFTSV, an emerging tick-borne pathogen, has intensified public
health risks in Beijing, with a marked increase in urban-rural fringe
cases since 2021 (Yuan et al., 2024). While previous studies have
identified SFTSV circulation in suburban regions, the dynamics of urban
transmission remain poorly understood. Given the challenges of sam-
pling free-living ticks due to urban park management practices, we only
conducted this investigation of hedgehog-borne ticks and SFTSV sea-
sonality characteristics in Beijing's core urban areas. Our findings pro-
vide critical insights into the urban ecology of SFTSV and underscore the
urgent need for enhanced surveillance.

751

Fig. 4. Phylogenetic analysis of SFTSV isolates. Maximum likelihood trees were
constructed based on S (65-1485 nt) of SFTSV. SFTSV lineages are represented
by colors and shapes. The sequences of SFTSV isolates marked in black were
acquired from GenBank.

Contrary to expectations, H. longicornis—the primary SFTSV vector—
was not dominant in urban parks. Instead, H. flava and D. sinicus pre-
dominated on hedgehogs, exhibiting distinct seasonal activity: adult
H. flava peaked in spring and autumn, with nymphs following this pattern
and larvae surging in autumn; in contrast, D. sinicus nymphs/larvae
peaked in summer. For H. longicornis, adult populations peaked in summer
(June-August), which is consistent with the seasonal dynamics of free-
living populations in other regions (Zhang et al., 2022). Although the
numbers of H. longicornis in urban areas remain low, their detection across
all six surveyed parks in 2024—exclusively parthenogenetic pop-
ulations—signals ongoing range expansion. This spread raises concerns,
as evidenced by the amplification of a near-complete SFTSV genome (C4
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Table 1
Epidemiological analysis of ticks and hedgehogs.
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Location Hedgehog SFTSV RNA

Positive Rate

Hedgehog SFTSV antibody
Positive Rate

SFTSV RNA Positive Rate in
hedgehog infested adult
H. longicornis ticks

Tick number per
hedgehog (average)

< 2nd Ring Road
Taoranting Park
Temple of Heaven Park
Beihai Park

2nd-3rd Ring Road
Zizhuyuan Park

4th Ring Road
Haidian Park

5th Ring Road
Olympic Forest Park

7% (1/14)
0% (0/16)
0% (0/14)

29% (4/14)
21% (3/14)
6% (1/15) 20% (3/15)
7% (1/14) 14% (2/14)

7% (1/14) 57% (8/14)

63% (10/16)

22 60% (3/5)
23 9% (1/11)
5 0% (0/3)
48 0% (0/4)
7 50% (2/4)
20 0% (0/7)

strain) from a Taoranting Park tick, contrasting with the suburban C2
strains identified in 2023 (Yuan et al., 2024). Additionally, the phyloge-
netic divergence of this C4 strain from the C1 strain detected in a 2021
Beijing patient further confirms multiple introductions of SFTSV, which
complicates regional control efforts.

Among major wild animals in Beijing's urban areas, rodent pop-
ulations are well-controlled, and predatory mammals are largely limited
to yellow weasels—both of which host few ticks. Consequently, hedge-
hogs emerge as the primary tick hosts in spring. Once infected with
SFTSV during this season, hedgehogs create a critical time window for
tick infection. Simultaneously, this period enables hedgehogs to be
reinfected and potentially multiply infected, establishing them as key
hosts for urban SFTSV circulation (Zhao et al., 2022; Yuan et al., 2024).
In this study, hedgehog serological profiles revealed striking seasonal
dynamics of neutralizing antibodies: seropositivity exceeded 50% in
spring (April-May) and declined sharply in summer and autumn, except
for a minor peak in August (Fig. 3). This aligns with laboratory findings
that hedgehog have transient immunity to SFTSV of approximately 40
days (Zhao et al., 2022), facilitating recurrent SFTSV infections and
implicating hedgehogs as critical reservoirs. However, urban hedgehogs
exhibited lower neutralizing antibody titers compared to suburban
counterparts near SFTS case clusters, suggesting nascent urban viral
circulation. The absence of reported urban SFTS cases likely reflects low
H. longicornis densities, reduced viral titers, and limited human-tick
contact in well-maintained parks.

This study also have some limitations. Small sample sizes and park-
specific tick control measures (e.g., Beihai Park's post-June tick decline)
may introduce bias into estimates of tick abundance. Another limitation
is ecological complexity: birds and stray cats may contribute to urban
SFTSV transmission cycles, yet ethical and logistical barriers have hin-
dered investigations into their role in these cycles.

CONCLUSIONS

This study elucidates the seasonal dynamics of hedgehog-associated
ticks and SFTSV in Beijing's urban parks. Although H. longicornis remains
scarce in these areas, its expanding parthenogenetic populations and the
detection of a near-full length genome of SFTSV in central Beijing
highlight escalating urban transmission risks. Hedgehogs, which exhibit
recurrent SFTSV infections in spring, likely sustain viral circulation.
Proactive surveillance of vectors, reservoirs, and viral evolution,
coupled with public education on tick avoidance, is essential to mitigate
zoonotic threats in densely populated megacities.

METHODS AND MATERIALS
Field survey

From April to October 2024, excluding the hibernation period
(November to March), hedgehogs (Erinaceus amurensis) were captured

752

monthly during night-time (19:00-21:00) in six urban parks within
Beijing's Fifth Ring Road: Olympic Forest Park, Zizhuyuan Park,
Temple of Heaven Park, Taoranting Park, Beihai Park, and Haidian
Park (Fig. 1).

Following anesthesia with isoflurane, approximately 0.5 mL of blood
was collected from each hedgehog via cardiac puncture. The hedgehogs
were released back into the wild after blood collection. Ticks were
removed from the body surface of each hedgehog using forceps and
morphologically identified under a stereomicroscope. Blood samples
were centrifuged (3000xg, 10 min) to separate serum and cellular
components, which were stored at —80 °C until analysis.

Ploidy analysis of H. longicornis ticks

Parthenogenesis in H. longicornis was confirmed via mitochondrial
DNA analysis. One leg per tick was excised, and genomic DNA was
extracted using the DNeasy Blood & Tissue Kit (Qiagen, Germany).
Parthenogenetic populations were identified by a single thymine (T)
deletion at position 8497, as previously described (Zhang et al.,
2022).

RNA extraction and amplification of SFTSV RNA by nested PCR

Total RNA was extracted from tick homogenates and hedgehog blood
samples using TRIzol reagent (Thermo Fisher Scientific, USA) and the
RNeasy kit (Qiagen, Germany), respectively. Subsequently, the cDNA
was synthesized via reverse transcription using the One-Step SYBR Pri-
merScript Reverse Transcription (RT)-PCR technology kit (TaKaRa,
Japan). The conditions for nested PCR were as follows: initial denatur-
ation at 95 °C for 3 min, followed by denaturation at 95 °C for 10 s, and
40 cycles of amplification at 95 °C, each cycle lasting for 5 s, with
annealing/extension at 60 °C for 30 s. The primer sequences used are
detailed in our previous study (Yuan et al., 2024). The PCR products
were sequenced using the Sanger method and deposited in GenBase
(https://ngdc.cncb.ac.cn/) and Science Data Bank (https://www.scidb.
cn/en).

SFTSV sequences from previous studies were retrieved from Gen-
Bank (Shi et al., 2017; Yoshikawa et al., 2015). The phylogenetic tree
was constructed using the maximum likelihood method in MEGA pro-
gram. The robustness of the resulting tree was evaluated by conducting
1000 bootstrap replicates to determine the level of consensus
confidence.

Neutralizing assay

Serum neutralizing titers were assessed via focus reduction neutral-
ization test (FRNT) against the rVSV-GFP-SFTSV AH12 strain. Heat-
inactivated sera were serially diluted (1:20-1:2500) and incubated
with ~1000 FFU of virus (30 min, 25 °C). Mixtures were inoculated onto
Vero cells (ATCC CCL-81) in 96-well plates (2 h, 37 °C), followed by
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overlay with DMEM containing 2% FBS and 20 mM NH4Cl (24 h, 28 °C).
GFP-positive foci were quantified using a fluorescent microscope or
Opera Phenix High Content Screening System (PerkinElmer, Waltham,
MA, USA). The neutralizing activity of sera from eight naive hedgehogs
against the rVSV-GFP-SFTSV AH12 and rVSV129 GFP-WHO1 strains (Li
et al., 2020) was determined by neutralization assay, using the cutoff
value to define positive/negative neutralization. The neutralization ti-
ters (FRNT50) were calculated via the Reed-Muench method, with a
cutoff value (FRNT50 > 30) established based on sera from naive
hedgehogs.

Statistical analysis

All graphs and statistical analysis were generated with GraphPad
Prism v.8.3.0 software (GraphPad Software, San Diego, CA). Error bars
of all figures represent as mean =+ SD. The unpaired two-tailed Student's
t-test was applied to calculate the significance as indicated in each figure
legend. A P value of < 0.05 is considered statistically significant.
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