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Abstract

Severe fever with thrombocytopenia syndrome (SFTS) is a tick-borne emerging
infectious disease with a reported mortality rate of up to 30% in hospitalized patients.
The causative agent, SFTS virus (SFTSV) is maintained in nature through a trans-
mission cycle involving animal hosts and ticks. Therefore, effective control of SFTS

in nature environments necessitates a comprehensive understanding of the tick-host
circulation patterns that sustain viral persistence. We developed and calibrated math-
ematical models using seroprevalence survey data collected across China to assess
the relative contributions of diverse domestic and wildlife host species to transmis-
sion, their determinants, and the effectiveness of various interventions. Our analysis
identified poultry, previously unrecognized, as the most important species across the
majority of survey sites, followed by goat/sheep, cattle, and rodents. These rankings
remained robust even when parameter values were perturbed or certain host species
were omitted from the survey. Across all sites, increasing tick mortality rate pur and
reducing transovarial transmission efficiency ¢ consistently ranked among the top five
interventions that led to the most significant reduction in the overall Ry. Understand-
ing the relative host contributions is crucial for developing interventions. Our simula-
tion results indicated that halving the contact rate of the most important species with
ticks could yield a 25-fold greater reduction in transmission intensity compared to
halving that of the second most important species.
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Author summary

Severe fever with thrombocytopenia syndrome (SFTS) is an emerging tick-borne
disease characterized by rapid spread, a broad host range among vertebrates,
high case fatality rate in humans, and potential for global dissemination due

to the wide distribution of its main vector Haemaphysalis longicornis. Despite
being identified nearly two decades ago, the specific contributions of different
host species to its natural persistence remain poorly understood. In this study,
we compiled published seroprevalence data across various host species from
mulitple locations in China and calibrated mathematical models for each location.
Our analyses identified poultry, previously unrecognized, as the most important
species at the majority of locations, followed by goat/sheep, cattle, and rodents.
Through simulations, we found that increasing tick mortality, reducing transovari-
al transmission efficiency, and lowering the contact rate between ticks and the
most important host species are the most effective interventions for reducing lo-
cal transmission intensity. Notably, halving the contact rate of the most important
species with ticks could yield a 25-fold greater reduction in transmission intensity
compared to halving that of the second most important species.

Background

Severe fever with thrombocytopenia syndrome virus (SFTSV), also known as Ban-
davirus dabieense (formerly Dabie bandavirus and Huaiyangshan banyangvirus)
[1], is the causative agent of SFTS, an emerging tick-borne zoonotic disease. The
disease was first identified in 2009 in China, and has since attracted growing atten-
tion owing to its high case-fatality rate in humans [2—4], rapid spread in Asia [5—11],
and potential for global dissemination due to the wide distribution of its main vector
Haemaphysalis longicornis [12]. Though human-to-human transmission of SFTSV
can occur via several routes [13,14], it is much less frequent than tick-human
transmission [15], such that infected humans contribute minimally to the natural
transmission of SFTSV. Consequently, the infection risk in humans is closely related
to the transmission dynamics within non-human host populations. Therefore, under-
standing the natural transmission dynamics of SFTSV and the specific roles played
by each host species is essential for developing targeted interventions to reduce the
SFTS burden in humans.

However, previous studies on the role of different host species have predom-
inantly focused on a single host species at a time in controlled environments,
instead of assessing the role of multiple host species co-occurring simultaneously
in natural settings. For example, field studies have highlighted the importance of
goats due to their high seropositivity rates [16], while laboratory studies suggest
that hedgehogs play a significant role given their wide geographic distribution,
high tick burden, prolonged viremia period, and ability to sustain transstadial and
non-systemic transmission of SFTSV [17]. Across tick-borne disease systems more
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generally, vertebrate hosts can play a role in maintaining transmission in two main ways [18]. Transmission hosts, often
small mammals, birds and reptiles, are competent hosts that play a direct role in transmission by replicating the patho-
gen and passing it onto new hosts when the tick feeds. Reproductive hosts are those that may not carry the pathogen
themselves (perhaps mounting an immune response that prevents onwards transmission) but serve as a blood meal
host for adult female ticks to reproduce and lay eggs and thus maintain and amplify the tick populations [18], elevating
tick-host ratios. Both these types of hosts may also support non-systemic co-feeding transmission between infected
and uninfected ticks feeding simultaneously on the same host [19]. Other ecological processes that influence geograph-
ical and seasonal variability in host roles in transmission and vector population dynamics could include host resource
use dynamics, competition between host species, ratios of competent to non-competent hosts in the community and
host predation of ticks [20,21].

The contribution of multiple host species to the natural transmission of pathogens in natural settings can be quantified
by fitting mathematical models to species-specific prevalence rates collected from cross-sectional surveys in these set-
tings. Their contributions can be represented by the species-level Ry;, which is the average number of secondary infec-
tions generated by a single case of that species. A larger Ry; indicates a more significant role in local transmission. This
approach has been employed to identify mallards and other dabbling ducks as reservoir host species for avian influenza A
viruses [22], and rodents and bovines as key contributor to the transmission of Schistosomiasis japonica [23].

In this study, we systematically reviewed and compiled region-specific seroprevalence rates for various host species.
Subsequently, we developed multi-host mathematical models to evaluate the relative contributions of various host species
to the natural transmission of SFTSV. We aimed to rank the contributions of different host species by their Ry;s, elucidate
their key determinants (e.g., species abundance, host preference of the ticks, and viremia duration in each host species),
and identify effective interventions to reduce the transmission intensity of SFTSV.

Methods
Data collection

We systematically updated two existing reviews that covered literature published prior to December 31st, 2019 [24,25] to
compile region-specific seroprevalence rates for various host species. We conducted an extensive search for more recent
studies published between January 1st, 2020 and August 31st, 2023 on PubMed, Web of Science, Chinese National
Knowledge Infrastructure database (CNKI), and Wanfang database. The key words used in the search were (“Severe
fever with thrombocytopenia syndrome” OR “SFTS”) AND (“seroprevalence” OR “seroepidemiology” OR “serum” OR
“antibodies”), identical to those used in the previous reviews [24,25]. Only studies that reported original data and met the
following criteria were included for further analysis: (1) seroprevalence rates were estimated from cross-sectional surveys,
instead of from blood samples stored in animal hospitals; (2) included at least one species of livestock, poultry, pets, or
small wild animals (e.g., rodents, birds), as large wild animals (e.g., wild boars, deer) are less abundant in China and thus
contribute minimally to the overall prevalence; (3) host animals were sampled across the entire study area, not limited

to areas near human cases; (4) seroprevalence rates were reported for at least three host species, with a minimum of

ten individuals tested per species. All the included studies used a double-antigen sandwich enzyme-linked immunosor-
bent assay (ELISA) targeting the nucleocapsid protein of SFTSV to detect total antibodies, which may also cross-react
with other less common bandaviruses, such as Guertu virus and Heartland virus [26,27]. For each host species, we
extracted the number of individuals tested and the number of positive cases to calculate species-specific seroprevalence
rates. Their confidence intervals were estimated using the Wilson score interval method, due to its robustness even

when the estimated prevalence rate is 0 or 1 [28-30]. These confidence intervals were subsequently used to calibrate

the mathematical models. Seroprevalence rates, rather than SFTSV RNA positivity rates, were used to calibrate the
models because they were more frequently reported in the literature (i.e., only 3 out of 9 locations included in our study
reported SFTSV RNA positivity rates) and were typically estimated with greater precision, due to their higher values (i.e.,
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seroprevalence rates in poultry ranged from 0.84 to 57.09% in eligible studies, compared to 0 to 2.7% for RNA positivity
rates) and consequently narrower confidence intervals.

Development and calibration of the multi-host mathematical models

We developed and fitted a multi-host mathematical model separately for each survey to align the model outputs with the
observed seroprevalence rates of all host species in that survey (Fig 1). The number of host species in the model was set
to match the number of species surveyed. Domestic birds, including chicken, ducks, and geese, were collectively cate-
gorized as “poultry” in the model, while wild birds such as pigeons, pheasants, and turtledoves were grouped under “wild
bird” (S1 Fig). Based on their disease status, the total population N; of each host species i was partitioned into four sub-
populations: the susceptible (S;), exposed (E;), infectious (/;), and recovered (R;) individuals. The tick population N was
partitioned into two subpopulations: the susceptible (S7) and infectious (/1) ticks. For simplicity, we did not differentiate
between the various life stages of ticks (i.e., eggs, larva, nymphs and adults). We assumed closed and stationary popu-
lations for all host species and ticks, where their mortality rates equaled birth rates (i for host species i and w1 for tick).
SFTSV transmission between host animals and ticks occurs through tick bites. We assumed that the contact rates with
ticks varying with host species (3; for host species /) due to the apparent host preferences of H. longicornis [31], and they
were calibrated for each site separately based on the species-specific seroprevalence rates at the target site. Once bitten,
individuals transition from E; to /; at a rate of +;, with 1/~; representing the average duration of the latent period in species
i. An excessive SFTS-induced mortality rate of p; was assumed for host species i, while no excessive mortality rate was
assumed for the ticks [32,33]. The durations of the infectious period 1 /¢, varied widely between species, ranging from one
day in goats [16] to ten days in hedgehogs [17]. Transovarial transmission of SFTSV was included in the model by attrib-
uting a proportion ¢ of the offspring of infectious ticks directly to the /1 subgroup. Notably, co-feeding transmission (i.e.,
the infection of susceptible ticks caused through feeding close to an infectious tick on the same host) was not included in
the model, as it is rarely reported for SFTSV, although possible [17].

Since all eligible surveys were conducted in mainland China, where SFTSV has been circulating for an extended
period [6], we assumed that the proportion of individuals in each subpopulation (i.e., susceptible, exposed, infectious,
and recovered) had reached a steady state. Model parameters are shown in Table 1, while details of the model, including
key assumptions, initial value for each state variable, and model equations are provided in S1 Text. The model calibration

Host species i
o) /
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) >§ |
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Tick (1= )urly —
- + purSy ZBixil; durly

Hr Hr

Fig 1. Schematic of the multi-host mathematical model. The symbols S;, E;, /;, and R; represent the proportions of susceptible, exposed, infectious
and recovered individuals of host species i, respectively. Similarly, St and I+ denote the proportions of susceptible and infectious ticks, respectively. The
definition of each model parameter and its range in the calibration, the initial values of state variables, and model equations are provided in S1 Text.

https://doi.org/10.1371/journal.pntd.0013304.9001
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Table 1. Definitions of model parameters and their ranges for calibration.

Symbol Description (units) Value and notes Reference

1/1 Life span (days) Goat/sheep: 438 (1.2 years) [36,37]
Cattle: 949 (2.6 years)

Poultry: 318 (0.872 years)

Dog: 737 (2.02 years)

Pig: 274 (0.75 years)

Rodent: 365 (1 years)

Hedgehog: 1095 (3 years)
Weasel: 4745 (13 years)

Hare: 1095 (3 years)

Wild bird: 1095 (3 years)

Tick: 10—-1095 (10 days to 3 years)

Bi Number of effective tick contacts per | 0-2 for all species
day (days™)
1/ Duration of the latent periods (days) | 2-5 for goat/sheep, cattle, dog, and pig [16,17,38—40]
0.5-3 for poultry and wild bird
1-3 for rodent, hedgehog, weasel and hare
v = Mﬁ Case fatality rate (unitless) 0-0.1 for poultry and wild bird and 0-0.01 for all other species [16,17,38—40]
We sampled v; and o; in the calibration and used their values to cal-
culate pj, the excessive mortality rate caused by SFTSV infection
1/oj Duration of the infectious periods 0.5-4 for goat/sheep, cattle, dog, and pig [16,17,38—40]
(days) 1-10 for poultry, weasel, hare, and wild bird
1-6 for rodent
9-11 for hedgehog
1) Proportion of offspring born to infec- | 0-1
tious ticks that are infectious (unitless)
Xmax Relative abundance of the most 0-1
abundant species to ticks (NAm’ax’ We sampled ymax in the calibration and used it to estimate the
.
unitless) relative abundance of species i as ;= X;;;:i‘"‘ (S2 Text)

https://doi.org/10.1371/journal.pntd.0013304.t001

process is described in S2 Text. In brief, we randomly sampled parameters from the ranges defined in Table 1 until we
accumulated 1,000 sets of parameters that generated simulated seroprevalence rates (equilibrium values of R;s) within
the 95% confidence intervals of their observed values for all surveyed species (referred to as passes) and resampled
them using the sampling-importance resampling approach [34,35] to generate the posterior samples for estimating the
overall and species-specific basic reproduction numbers.

Estimation of the basic reproduction numbers

We used the next-generation matrix (NGM) method [4 1] to estimate the Ry and Ry;s (S3 Text). To estimate Ry, the
changes between pairs of subpopulations were decomposed into a transmission matrix T and a transition matrix 3,
then the overall R, was estimated as the dominant eigenvalue of the next-generation matrix K = T ™. Species-level Ry;
s were estimated in a similar way, while only the species of interest was kept in the matrices [42]. After simplification, the

overall Ry can be estimated as Ry = 3(¢ + \/¢2 +3 %) while the species-level Ry; as

Ry = %((b + \/¢2 + %). Definitions of the parameters can be found in Table 1, while details about the

NGM can be found in S3 Text.
Determinants of the species-level basic reproduction number

We assessed the importance of each transmission parameter on R,; through systematically perturbing parameter
values and fitting a random forest regression to the results. Specifically, we first systematically perturbed each parameter
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(Table 1) of the 1000 passes at a time by multiply it with values ranging from 0.1 to 10 (i.e., 0.1, 0.2, ..., 0.9, 2, 3, ..., 10),
while keeping the other parameters at their original values. The perturbed parameter sets were then used to run simula-
tions and the resulted passing parameter sets were used to re-estimate the Ry and Ry;s. Next, we fitted a random forest
regression model to the perturbed dataset, treating Ry; as the dependent variable and the perturbed parameter values as
the independent variables. The permutation importance for each parameter [43] was recorded and their uncertainties were
obtained through bootstrapping.

Optimal interventions for each location

Various interventions can be implemented to mitigate the spread of SFTSV, such as the use of essential oils to reduce
the contact rate between host species and ticks (3;s) due to repellent effects, the application of acaricides to increase tick
mortality (increase 1), culling to decrease the abundance of host species (;s), treatment of diseased hosts to shorten
their infectious periods (1/0;s), and the development of genetic modification techniques to reduce the efficiency of transo-
varial transmission of SFTSV (¢) in ticks [44]. In this analysis, we identified the five parameters among these that lead to
the most substantial reduction in the overall Ry as the most optimal interventions to reduce local transmission intensity.

Impact of missing key host species in the survey

The seroprevalence surveys usually encompass only a limited number of species. To evaluate the impacts of omitting key
host species from these surveys on the results, we fitted mathematical models to a subset of the surveyed species, sys-
tematically excluding one species at a time. We used data from Surveys 9 and 7 as examples, since they had the largest
and second-largest number of host species, respectively. We excluded one species from the model structure at a time
(Fig 1), recalibrated the model using the remaining survey data without this species, and re-estimated the Ry and Ry;s. We
then compared these recalculated values with those estimated with the complete dataset to assess the impact of missing
each host species.

Results
Seroprevalence rates in host animals

Atotal of 47 studies were identified for full-text screening, consisting of 30 from two previous systematic reviews and 17
from our search for the most recent literature (S2 Fig). Of these, only eight studies met our inclusion criteria and were
utilized to calibrate the mathematical models (S1 Table), all of which were conducted in mainland China (Fig 2A). Studies
conducted in other countries either exclusively focused on wild animals [45,46] or estimated seroprevalence rates using
stored blood samples from animal hospitals rather than through cross-sectional surveys [47]. We assigned unique IDs to
the eligible surveys ordered by their publication years. If a single study covered multiple locations and reported results
separately for each location, distinct identifiers were assigned accordingly; otherwise, the same ID was used. This pro-
cess yielded nine surveys derived from eight studies. All these surveys were all conducted in regions with relatively high
incidence rates of SFTS among humans [48], such as Shandong province, the border areas between Henan and Hubei
provinces, and the border areas between Anhui and Jiangsu provinces. Some locations were surveyed more than once
(i.e., Surveys 1 vs. 7 and 2 vs. 4, S1 Table), revealing similar species-specific seroprevalence rates over time (Fig 2B).
The eligible studies surveyed a total of 10,281 animals across 17 species, with goats/sheep, dogs, pigs, chickens,
cattle, and rodents as the most frequently surveyed, while yellow weasels, hares, pheasants, rock pigeons, turtledoves,
badgers, squirrels, and wild boars as the least often surveyed species (S1 Fig). Of these, 2,901 (28.2%) animals were
positive for SFTSV total antibodies. Yellow weasels showed the highest pooled seroprevalence rate at 91.1%, (95% CI:
79.3-96.5%), followed by goats/sheep (63.5%, 60.9-66.0%), hares (63.0%, 51.5-73.2%), cattle (52.2%, 49.9-54.4%), and
pheasants (42.9%, 21.4-67.4%). Species with fewer than ten individuals surveyed (i.e., squirrel, badger, and wild boar)
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https://doi.org/10.1371/journal.pntd.0013304.9002

were excluded from further analyses, leaving us 14 species aggregated into ten species groups for further analyses

(Fig 2B). Comparison across surveys revealed higher seroprevalence rates in Surveys 6 and 9, while lower rates were
observed in Surveys 5 and 8, suggesting varying transmission intensities across locations. Across animal species, aver-
age prevalence rates were consistently high in goats/sheep and cattle, consistently low in pigs and rodents, and varied
significantly across locations for poultry and dogs (Fig 2B and S1 Table). As shown by the expressions for Ry and Ry;, the
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abundance of each host species critically influences local transmission intensity. While poultry and rodents exhibit the
largest estimated population size (Text S2) across surveyed locations (Fig 2C), poultry contributed disproportionately more
seropositive individuals due to their remarkably higher seroprevalence rates compared to rodents (Fig 2D).

Overall Rys

The median overall basic reproduction number R varied across surveys, ranging from 1.02 (95% ClI: 1.01-1.07) for
Surveys 5 and 8 to 2.53 (95% CI: 1.42-4.20) for Survey 6 (Fig 3A). When compared with the other surveys, Survey 6 had
a remarkably higher median value and a wider confidence interval for the overall Ry, which is likely due to the omission

of poultry in the survey (see Impact of missing key host species in the survey of the Results and Discussion for details).
Additionally, Rys for locations surveyed multiple times in different years (i.e., Surveys 1 vs. 7, and 2 vs. 4) largely over-
lapped, supporting the hypothesis that the transmission of SFTSV in mainland China has reached equilibrium. As the
overall Ry rose, the seroprevalence rates in goats/sheep, cattle, poultry, dogs, and hedgehogs increased rapidly, while
those for pigs and rodents remained relatively stable (Fig 3B). This pattern implies that the seroprevalence rates of the for-
mer group were more strongly correlated with spatial variation in transmission intensity compared to the latter group, and
can serve as sentinels for identifying regions with elevated SFTSV transmission intensity.

Species-level Ry;s

Fig 4 shows the species-specific contributions to SFTSV transmission across various surveys. The most important host
species varied across surveys, with poultry as the most important species (i.e., with the highest species-level Ry;) in five
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Fig 3. Overall basic reproduction number. (A) The posterior distribution of the overall R, for each survey. The vertical dashed line represents R = 1

and the numbers on the right side of the plots indicate the median value and the 95% CI of the overall R, estimated from 10,000 posterior samples. (B)
Relationship between the overall Ry and the seroprevalence rates by species. Each dot represents a survey, with the same color scheme as in (A). The
bars represent the 95% Cls.

https://doi.org/10.1371/journal.pntd.0013304.g003
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median overall Rys, while those of the colored circles are proportional to the species-level Ry;s.

https://doi.org/10.1371/journal.pntd.0013304.g004

surveys at four locations (Surveys 2, 3, 4, 8, and 9, with Surveys 2 and 4 conducted at the same location, S1 Table), goat/
sheep in two surveys (1 and 7) at one location, and cattle (Survey 6) and rodent (Survey 5) each at one location. The
contributions of dogs, pigs, hedgehogs, weasels, hares, and wild birds are limited. Detailed median values and 95% Cls of
the overall Ry and species-specific Ry;s for each survey are provided in S1 Table.

Determinants of the species-level Ry,

The random forest model identified the contact rate with ticks 5; and host abundance y; as the most important determi-
nants of species-level Ry;, followed by the transovarial transmission efficiency (¢), host mortality rate (;), host viremia
duration (1/o;), and tick mortality (1:7) (S3 Fig). Notably, for each survey, although the exact values of Ry;s for different
species were sensitive to these parameters, their relative rankings remained largely consistent across perturbations, indi-
cating that our importance rankings of the species were robust (S4 Fig).

Optimal interventions

Across all surveys, increasing tick mortality rate 17 and reducing transovarial transmission efficiency ¢ consistently
ranked among the top five interventions that led to the most significant reduction in the overall Ry (S5 Fig). The remaining
three interventions all focused on the most important species for each location (represented by the largest colored circles
in Fig 4, also highlighted in bold in S1 Table), including reducing their contact rate with ticks 3;, abundance y;, and viremia
duration 1/0,. These targeted interventions against the most important species resulted in more pronounced reductions

in Ry when these species had a higher relative contribution (i.e., a higher Ry, S1 Table and S5 Fig). Targeting the second
most important species was much less efficient. For instance, for Survey 2, reducing the abundance of poultry (the most
important species as indicated by the highest Ry; in S1 Table) to ten percent of its original value decreased the overall

R, from 1.48 to 0.63, while reducing the abundance of goats/sheep, the second most important species, only marginally
reduced the overall Ry to 1.47.
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Impact of missing key host species in the survey

When recalibrating the model to the seroprevalence rates of the remaining species after systematically omitting one spe-
cies at a time from Surveys 9 or 7 (represented by bars with different colors, Figs 5 and S6), the overall R, (Figs 5A and
S6A) and species-level Ry; (Figs 5B and S6B) remained largely stable, except when the species with the highest Ry; was
left out. In Survey 9, excluding poultry, the species with highest relative contribution but relatively low seroprevalence rate,
led to remarkable increase in both Ry and Ry;s. In contrast, in Survey 7, excluding goat/sheep, the species with both the
highest relative contribution and the highest seroprevalence rate, resulted in a considerable decrease in both Ry and Ry;s.

Discussion

H. longicornis has been reported to feed on 77 vertebrate host species [12]. Understanding the roles played by these
hosts in maintaining the natural transmission of SFTSV is critical for developing targeted interventions to reduce its trans-
mission intensity. While previous laboratory study and animal seroprevalence survey attempted to address this question
[17,49], their single-species focus limits their ability to capture the complexity of real-world transmission with multiple
hosts. In this study, we employed multi-host mathematical models and the next-generation matrix approach to quantify the
contribution of each host species to the natural transmission SFTSV. Our findings revealed that the most important host
species varied across locations. Specifically, poultry was identified as the most important species for four out of seven
locations examined, while goats/sheep, cattle and rodents each for one location. Key factors influencing host contributions
included their abundance, contact rate with ticks, mortality rates, and viremia duration. The first three factors are location-
specific, shaped by local ecological conditions, host community composition, and animal husbandry practices, while vire-
mia duration is a trait tied to host immune responses but unmeasured for several host species with high prevalence rates,
such as cattle, poultry and pigs. Intervention strategies that effectively increase tick mortality rate, blocking transovarial
transmission of SFTSV in ticks, and reducing susceptibility and infectivity of the most important host species can reduce
the overall R, to the largest extent, underscoring the importance of applying acaricide on the most important host species
in each region.

We highlighted the potentially critical role played by poultry in the natural transmission of SFTSV for the first time.
Previous studies have emphasized the importance of goat/sheep due to their high seroprevalence rates [49] and hedge-
hogs because of their wide geographic distribution, high tick burden, long viremia duration, and low disease severity [17].

A.Overall Ry B.Species-level Ry;
-» Full dataset -~ w/o poultry w/o rodent -~ w/o hare
2.0 2.0 -~ w/o goat/sheep -*- w/o dog -»- w/o hedgehog w/o wild bird
-~ w/o cattle -~ w/o pig w/o weasel
154 } m 15
o \ ‘ 5]
T 104 < 107 |l Hm ‘
0.5 0.5 | { ‘ ” ]
0.04 0.0
Overall Goat/lsheep Calttle Potiltry Dé)g Plig Ro(‘ient Heddehog Welasel Halre

Ro; for

Fig 5. (A) Overall R, and (B) species-level Ry;s when different species was left out from the calibration for Survey 9. Black bars represent the
values estimated using the full dataset, while the colored bars represent the values estimated when the seroprevalence rate for one host species was
left out from the calibration.

https://doi.org/10.1371/journal.pntd.0013304.g005
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However, our model results disagreed with these due to the very short viremia duration of goat/sheep and the relatively
low abundance of hedgehogs compared to farm animals. Despite typically lower SFTSV seroprevalence rate in poultry
compared to goats/sheep and cattle, their significantly higher abundance may lead to a more substantial contribution to
the transmission dynamics. Notably, the seroprevalence rate of SFTSV in poultry varied widely across different locations
(Fig 2B), which may be attributed to variations in poultry farming practices, as free-range poultry tends to exhibit higher
seroprevalence rates than those in confinement [24], presumably due to their greater contact rates with tick questing
habitats. Poultry was identified as the most important contributor for Surveys 2, 3, 4, 8, and 9, all of which reported high
seroprevalence rates in poultry, except for Survey 8 where the seroprevalence rates were low for all species, possibly due
to the low overall Ry (Fig 3A).

Moreover, our results suggested that the most important host species for SFTSV transmission varied across regions, which
was also observed for other infectious diseases. For instance, bovines were the most important species for the transmission
of schistosomiasis japonica in the marshland region, whereas rodents predominated in hilly areas [23]. This spatial heteroge-
neity is likely influenced by local ecological context, including the relative abundance of host species, the role each host plays
in driving tick population dynamics, and the contact frequency between ticks and host animals affected by resource-consumer
dynamics, competition and predation, which are further shaped by animal husbandry practices, landscape and ecosystem con-
text. These results align with a previous theoretical study, which suggests that the importance of a host species relies not only
on its own characteristics, but also on the characteristics of other species within the community [50].

As aresult, interventions should be tailored to target different host species at different locations based on their significance
to local SFTSV transmission. For example, reducing the contact rate between goats/sheep and ticks to half of its original
value for Survey 1, where they were identified as the most important species, resulted in a 21.5% reduction in the overall Ry,
while implementing the same measure for Survey 2, where goats/sheep were the second most important species, led to only
a 0.5% reduction. Conversely, targeting poultry, the most important species for Survey 2, could achieve a 42.3% reduction
in the overall Ry. The results for other locations can be found in S1 Table. On average, halving the contact rate of the most
important species with ticks resulted in a 25-fold greater reduction in overall Ry when compared with halving that of the second
most important speceis. Common intervention strategies include the application of acaricides and anti-tick vaccines on host
animals, identification and treatment of the infectious hosts, and culling to reduce host animal abundances. Among these,
the usage of acaricides might be the most effective, due to its dual function of increasing tick mortality rate and reducing the
contact rate between ticks and hosts. To maximize cost-effectiveness, it is advisable to prioritize acaricide usage on the most
important host species though uptake will depend on how these fit into local agricultural practices and economics.

Our findings have several limitations that should be considered when interpreting the results. Firstly, the development of the
mathematical model and the selection of parameter ranges were based on the best available knowledge, which may not fully
capture the real-world complexities. For instance, co-feeding transmission was not included, as it is understudied for SFTSV
[17]. If co-feeding transmission does play an important role in the natural transmission, the importance ranking obtained in this
study may change remarkably. Additionally, we assumed an infectious period of 1-10 days for poultry, which was only mea-
sured in doves [38], but not chicken and ducks. Future experimental infection studies are needed in poultry to better understand
their clinical symptoms, duration of viremia, case-fatality rate, and antibody dynamics. We also assumed lifelong antibody
persistence across host species based on observations of long-lasting antibodies in humans [51]; however, antibody half-lives
remained unmeasured in non-human host species. Furthermore, repeated exposure to SFTSV in some host species may also
sustain elevated antibody titers through immune boosting. These interspecies differences in antibody kinetics and exposure
history may also contribute to the large variation in seroprevalence rates observed across host species. Secondly, our model
assumed that equilibrium was achieved for each location. While comparisons of the results between Surveys 1 vs. 7 and 2
vs. 4 support this assumption, formally testing it for all locations were not feasible. Thirdly, our estimates are contingent upon
results from previous seroprevalence surveys, which may leave out some key species. For example, cats were found to be able
to transmit SFTSV [52] but were never included in the seroprevalence surveys. However, we assessed the influences of this
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limitation by refitting the model to only part of the data collected by Surveys 9 or 7. The estimates remained robust, except when
the most important species was excluded, which led to inaccurate estimates of overall Ry and Ry;s for the remaining species.
When a key species is left out from the model, to maintain similar seroprevalence rates for the remaining species, the estimated
values for tick-related parameters, such as transovarial transmission efficiency ¢, tick mortality rate 1.1, abundance-related
parameter ymax, and species-specific biting rate 3;, were substantially affected, which further affected the overall R, and
species-specific Ry;s. Fourthly, we assumed homogenous mixing between ticks and host species across life stages, which
may not always hold true, since ticks feeding on a particular species might have a higher likelihood of re-feeding on the same
species during their later life stages, because their habitats may largely overlap with the habitats of this species. Ignoring this
heterogeneous mixing pattern could lead to underestimation of Ry,. At last, all the eligible surveys were conducted in China.
Given the spatial variation in ecological context, such as tick habitat types, human agroecosystems, and wildlife abundance, key
species might differ in other countries.

In conclusion, our findings indicate that the most important host species for the natural transmission of SFTSV vary
by geographic locations. While poultry was identified as the predominant host across multiple locations, particularly
where their seroprevalence rates were notably high, goat/sheep, cattle, and rodents also emerged as important hosts in
certain areas. This spatial heterogeneity must be taken into account when developing intervention strategies. We rec-
ommend applying acaricides to the most important host species, as this approach can simultaneously reduce contact
rates between hosts and ticks and eliminate ticks. To minimize potential bias in our results, future studies should prioritize
investigating non-systemic transmission mechanisms between ticks and measuring key biological parameters of SFTSV,
such as the duration of the infectious period for each host species.

Supporting information

S1 Text. Multi-host mathematical model.
(DOCX)

S2 Text. Model calibration.
(DOCX)

S3 Text. Estimation of the basic reproduction numbers.
(DOCX)

$1 Table. Basic information, estimated overall R, and species-level R s of the included seroprevalence surveys.
The numbers in the parentheses are the 95% CI. The most important species for each survey are highlighted in bold.
(DOCX)

S1 Fig. Seroprevalence rates of SFTSV in different animal species. The dots represent the point estimates, while the
error bars represent the 95% confidence interval determined with the Wilson score interval method. The sizes of the dots
represent the total sample size aggregated across studies, while the colors of the dots represent the number of studies
that surveyed each species.

(DOCX)

S2 Fig. Flowchart of the study selection process.
(DOCX)

S3 Fig. Importance of each parameter in predicting the species-level R ;. The length of the bar represents the
median permutation importance score from 100 repetitions of fitting, each with 200,000 random rows (~one percent of the
full dataset), while the error bar represents its 95% CI.

(DOCX)

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013304 July 17, 2025 12/15



http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s001
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s002
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s003
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s004
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s005
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s006
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s007

PLO§- Neglected Tropical

Diseases

$4 Fig. Sensitivity of species-level R ;s to changes of parameter values. Each dot represents the re-estimated R
(y-axis) of a specific species (colors) after multiplying the parameter of interest (corresponding to the panel name) by

a scaling factor (x-axis). The sizes of the dots represent the proportion of parameter sets that resulted in species-level
seroprevalence rates within the confidence intervals of their observed values. When all parameter sets failed to match
the seroprevalence rates, no dots were displayed. To assess the importance of each individual species’ abundance, xs,
instead of x __, were perturbed. The definition of each parameter can be found in S2 Text.

(DOCX)

S5 Fig. The five interventions that can lead to the largest reduction in the overall R, for each location. X-axis rep-
resent the magnitude of the change, while y-axis represent the overall R .
(DOCX)

S6 Fig. (A) Overall R; and (B) species-level R ;s when different species was left out from the calibration for
Survey 7. Black bars represent the values estimated using the full dataset, while the colored bars represent the values
estimated when the seroprevalence rate for one host species was left out from the calibration.

(DOCX)

Acknowledgments

The computation is completed in the HPC Platform of Huazhong University of Science and Technology.

Author contributions

Conceptualization: Qu Cheng, Junhua Tian, Banghua Chen, Zhihang Peng, Liqun Fang, Wei Liu, Yang Yang, Bethan V.
Purse.

Data curation: Qu Cheng, Xingiang Wang.

Formal analysis: Qu Cheng.

Funding acquisition: Qu Cheng.

Investigation: Qu Cheng.

Methodology: Qu Cheng, Yang Yang, Bethan V. Purse.

Project administration: Qu Cheng.

Resources: Qu Cheng.

Software: Qu Cheng, Qi Li.

Validation: Qi Li.

Visualization: Qu Cheng.

Writing — original draft: Qu Cheng, Xingiang Wang.

Writing — review & editing: Qu Cheng, Xingiang Wang, Qi Li, Hailan Yu, Xiaolu Wang, Chenlong Lv, Junhua Tian,
Banghua Chen, Zhihang Peng, Liqun Fang, Wei Liu, Yang Yang, Bethan V. Purse.

References

1. International Committee on Taxonomy of Viruses. Taxon Details for Bandavirus dabieense. Availabel from: https://ictv.global/taxonomy/taxonde-
tails?taxnode_id=201900166. Accessed 2025 May 23.

2. LiJ,LiS,YangL, Cao P, Lu J. Severe fever with thrombocytopenia syndrome virus: a highly lethal bunyavirus. Crit Rev Microbiol. 2021;47(1):112—
25. https://doi.org/10.1080/1040841X.2020.1847037 PMID: 33245676

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013304 July 17, 2025 13/15



http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s008
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s009
http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0013304.s010
https://ictv.global/taxonomy/taxondetails?taxnode_id=201900166
https://ictv.global/taxonomy/taxondetails?taxnode_id=201900166
https://doi.org/10.1080/1040841X.2020.1847037
http://www.ncbi.nlm.nih.gov/pubmed/33245676

PLO“- Neglected Tropical

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Diseases

Choi SJ, Park SW, Bae IG, Kim SH, Ryu SY, Kim HA, et al. Severe fever with thrombocytopenia syndrome in South Korea, 2013-2015. PLoS Negl|
Trop Dis. 2016;10(12):e0005264. https://doi.org/10.1371/journal.pntd.0005264

Kato H, Yamagishi T, Shimada T, Matsui T, Shimojima M, Saijo M. Epidemiological and clinical features of severe fever with thrombocytopenia
syndrome in Japan, 2013-2014. PLoS One. 2016;11(10):e0165207. https://doi.org/10.1371/journal.pone.0165207

Xu B, Liu L, Huang X, Ma H, Zhang Y, Du Y, et al. Metagenomic analysis of fever, thrombocytopenia and leukopenia syndrome (FTLS) in Henan
Province, China: discovery of a new bunyavirus. PLoS Pathog. 2011;7(11):e1002369. https://doi.org/10.1371/journal.ppat.1002369 PMID:
22114553

Yu X-J, Liang M-F, Zhang S-Y, Liu Y, Li J-D, Sun Y-L, et al. Fever with thrombocytopenia associated with a novel bunyavirus in China. N Engl J
Med. 2011;364(16):1523-32. https://doi.org/10.1056/NEJMoa1010095 PMID: 21410387

Kim K-H, Yi J, Kim G, Choi SJ, Jun KI, Kim N-H, et al. Severe fever with thrombocytopenia syndrome, South Korea, 2012. Emerg Infect Dis.
2013;19(11):1892—4. https://doi.org/10.3201/eid1911.130792 PMID: 24206586

Takahashi T, Maeda K, Suzuki T, Ishido A, Shigeoka T, Tominaga T, et al. The first identification and retrospective study of Severe Fever with
Thrombocytopenia Syndrome in Japan. J Infect Dis. 2014;209(6):816-27. https://doi.org/10.1093/infdis/jit603 PMID: 24231186

Tran XC, Yun 'Y, Van An L, Kim S-H, Thao NTP, Man PKC, et al. Endemic severe fever with thrombocytopenia syndrome, vietham. Emerg Infect
Dis. 2019;25(5):1029-31. https://doi.org/10.3201/eid2505.181463 PMID: 31002059

Win AM, Nguyen YTH, Kim Y, Ha N-Y, Kang J-G, Kim H, et al. Genotypic heterogeneity of Orientia tsutsugamushi in scrub typhus patients and
thrombocytopenia syndrome co-infection, Myanmar. Emerg Infect Dis. 2020;26(8):1878-81. https://doi.org/10.3201/eid2608.200135 PMID:
32687023

Daengnoi C, Ongkittikul S, Watanawong R, Rompho P. Severe fever with thrombocytopenia syndrome virus: the first case report in Thailand. bkk-
medj. 2020;16(2):204—6. https://doi.org/10.31524/bkkmed|.2020.22.001

Zhao L, Li J, Cui X, Jia N, Wei J, Xia L, et al. Distribution of Haemaphysalis longicornis and associated pathogens: analysis of pooled data from
a China field survey and global published data. Lancet Planet Health. 2020;4(8):€320-9. https://doi.org/10.1016/S2542-5196(20)30145-5 PMID:
32800150

Wu Y-X, Yang X, Leng Y, Li J-C, Yuan L, Wang Z, et al. Human-to-human transmission of severe fever with thrombocytopenia syndrome virus
through potential ocular exposure to infectious blood. Int J Infect Dis. 2022;123:80-3. https://doi.org/10.1016/}.ijid.2022.08.008 PMID: 35987469

Gai Z, Liang M, Zhang Y, Zhang S, Jin C, Wang S-W, et al. Person-to-person transmission of severe fever with thrombocytopenia syndrome bunya-
virus through blood contact. Clin Infect Dis. 2012;54(2):249-52. https://doi.org/10.1093/cid/cir776 PMID: 22095565

Zhuang L, Sun'Y, Cui XM, Tang F, Hu JG, Wang LY, et al. Transmission of severe fever with thrombocytopenia syndrome virus by Haemaphysalis
longicornis ticks, China. Emerg Infect Dis. 2018;24(5):868-71. https://doi.org/10.3201/eid2405.151435 PMID: 29664718; PMCID: PMC5938789.

Jiao Y, Qi X, Liu D, Zeng X, Han Y, Guo X, et al. Experimental and natural infections of goats with severe fever with thrombocytopenia syndrome
virus: evidence for ticks as viral vector. PLoS Negl Trop Dis. 2015;9(10):e0004092. https://doi.org/10.1371/journal.pntd.0004092 PMID: 26485390

Zhao C, Zhang X, Si X, Ye L, Lawrence K, Lu Y, et al. Hedgehogs as amplifying hosts of severe fever with thrombocytopenia syndrome virus,
China. Emerg Infect Dis. 2022;28(12):2491-9. https://doi.org/10.3201/eid2812.220668 PMID: 36417938

Randolph SE. Tick ecology: processes and patterns behind the epidemiological risk posed by ixodid ticks as vectors. Parasitology. 2004;129
Suppl:S37-65. https://doi.org/10.1017/s0031182004004925 PMID: 15938504

Randolph SE, Gern L, Nuttall PA. Co-feeding ticks: Epidemiological significance for tick-borne pathogen transmission. Parasitol Today.
1996;12(12):472-9. https://doi.org/10.1016/s0169-4758(96)10072-7 PMID: 15275266

Cobbold CA, Teng J, Muldowney JS. The influence of host competition and predation on tick densities and management implications. Theoretical
Ecol. 2015;8:349-68.

Randolph SE, Dobson ADM. Pangloss revisited: a critique of the dilution effect and the biodiversity-buffers-disease paradigm. Parasitology.
2012;139(7):847-63. https://doi.org/10.1017/S0031182012000200 PMID: 22336330

Nishiura H, Hoye B, Klaassen M, Bauer S, Heesterbeek H. How to find natural reservoir hosts from endemic prevalence in a multi-host population:
a case study of influenza in waterfowl. Epidemics. 2009;1(2):118-28. https://doi.org/10.1016/j.epidem.2009.04.002 PMID: 21352759

Rudge JW, Webster JP, Lu D-B, Wang T-P, Fang G-R, Basafez M-G. Identifying host species driving transmission of schistosomiasis japonica, a
multihost parasite system, in China. Proc Natl Acad Sci U S A. 2013;110(28):11457—62. https://doi.org/10.1073/pnas.1221509110 PMID: 23798418

Chen C, Li P, Li K-F, Wang H-L, Dai Y-X, Cheng X, et al. Animals as amplification hosts in the spread of severe fever with thrombocytopenia syn-
drome virus: a systematic review and meta-analysis. Int J Infect Dis. 2019;79:77—84. https://doi.org/10.1016/].ijid.2018.11.017 PMID: 30500443

Huang XY, He ZQ, Wang BH, Hu K, Li Y, Guo WS. Severe fever with thrombocytopenia syndrome virus: a systematic review and meta-analysis of
transmission mode. Epidemiol Infect. 2020;148:e239. https://doi.org/10.1017/S0950268820002290 PMID: 32993819

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):95. https://doi.org/10.1038/s41426-018-0093-2
PMID: 29802259

Matsuno K, Weisend C, Travassos da Rosa APA, Anzick SL, Dahlstrom E, Porcella SF, et al. Characterization of the Bhanja serogroup
viruses (Bunyaviridae): a novel species of the genus Phlebovirus and its relationship with other emerging tick-borne phleboviruses. J Virol.
2013;87(7):3719-28. https://doi.org/10.1128/JV1.02845-12 PMID: 23325688

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013304  July 17, 2025 14 /15



https://doi.org/10.1371/journal.pntd.0005264
https://doi.org/10.1371/journal.pone.0165207
https://doi.org/10.1371/journal.ppat.1002369
http://www.ncbi.nlm.nih.gov/pubmed/22114553
https://doi.org/10.1056/NEJMoa1010095
http://www.ncbi.nlm.nih.gov/pubmed/21410387
https://doi.org/10.3201/eid1911.130792
http://www.ncbi.nlm.nih.gov/pubmed/24206586
https://doi.org/10.1093/infdis/jit603
http://www.ncbi.nlm.nih.gov/pubmed/24231186
https://doi.org/10.3201/eid2505.181463
http://www.ncbi.nlm.nih.gov/pubmed/31002059
https://doi.org/10.3201/eid2608.200135
http://www.ncbi.nlm.nih.gov/pubmed/32687023
https://doi.org/10.31524/bkkmedj.2020.22.001
https://doi.org/10.1016/S2542-5196(20)30145-5
http://www.ncbi.nlm.nih.gov/pubmed/32800150
https://doi.org/10.1016/j.ijid.2022.08.008
http://www.ncbi.nlm.nih.gov/pubmed/35987469
https://doi.org/10.1093/cid/cir776
http://www.ncbi.nlm.nih.gov/pubmed/22095565
https://doi.org/10.3201/eid2405.151435
http://www.ncbi.nlm.nih.gov/pubmed/29664718
https://doi.org/10.1371/journal.pntd.0004092
http://www.ncbi.nlm.nih.gov/pubmed/26485390
https://doi.org/10.3201/eid2812.220668
http://www.ncbi.nlm.nih.gov/pubmed/36417938
https://doi.org/10.1017/s0031182004004925
http://www.ncbi.nlm.nih.gov/pubmed/15938504
https://doi.org/10.1016/s0169-4758(96)10072-7
http://www.ncbi.nlm.nih.gov/pubmed/15275266
https://doi.org/10.1017/S0031182012000200
http://www.ncbi.nlm.nih.gov/pubmed/22336330
https://doi.org/10.1016/j.epidem.2009.04.002
http://www.ncbi.nlm.nih.gov/pubmed/21352759
https://doi.org/10.1073/pnas.1221509110
http://www.ncbi.nlm.nih.gov/pubmed/23798418
https://doi.org/10.1016/j.ijid.2018.11.017
http://www.ncbi.nlm.nih.gov/pubmed/30500443
https://doi.org/10.1017/S0950268820002290
http://www.ncbi.nlm.nih.gov/pubmed/32993819
https://doi.org/10.1038/s41426-018-0093-2
http://www.ncbi.nlm.nih.gov/pubmed/29802259
https://doi.org/10.1128/JVI.02845-12
http://www.ncbi.nlm.nih.gov/pubmed/23325688

PLO“- Neglected Tropical

28.

29.
30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Diseases

Newcombe RG. Two-sided confidence intervals for the single proportion: comparison of seven methods. Stat Med. 1998;17(8):857-72. https://doi.
org/10.1002/(sici) 1097-0258(19980430)17:8<857::aid-sim777>3.0.co;2-e PMID: 9595616

Brown LD, Cai TT, DasGupta A. Interval estimation for a binomial proportion. Stat Sci. 2001;16(2):101-33.
Wilson EB. Probable inference, the law of succession, and statistical inference. J Am Stat Assoc. 1927;22(158):209—12.

Tian J, Wu T, Chen X, Bao J, Xu R, Zhang Y. The distribution of ticks in Wuhan and surrounding ares. Acta Parasitologica et Medica Entomologica
Sinica. 2014;(2):129-33.

Hu Y. Study on the transmission of severe fever with thrombocytopenia syndrome virus in different tick species. Beijing: Beijing Institute of Microbi-
ology and Epidemiology; 2020.

Zhuang L. Pathogens in ticks and experimental study on maintenance and transmission of SFTSV by Haemaphysalis longicornis. Beijing: Beijing
Institute of Microbiology and Epidemiology; 2014.

Brouwer AF, Eisenberg MC, Bakker KM, Boerger SN, Zahid MH, Freeman MC, et al. Leveraging infectious disease models to interpret ran-
domized controlled trials: Controlling enteric pathogen transmission through water, sanitation, and hygiene interventions. PLoS Comput Biol.
2022;18(12):e1010748. https://doi.org/10.1371/journal.pcbi. 1010748 PMID: 36469517

Smith AF, Gelfand AE. Bayesian statistics without tears: a sampling-resampling perspective. Am Stat. 1992;:84-8.

Hu H, LuY, Xu Z, Zhang Y, Cui Q, Ge J. Investigation on the antibody level of severe fever with trombocytopenia syndrome bunyavirus in common
livestocks in Tiantai County. Chin J Health Lab Technol. 2021;31(22):2773-6.

Ding S, Yin H, Xu X, Liu G, Jiang S, Wang W, et al. A cross-sectional survey of severe fever with thrombocytopenia syndrome virus infection
of domestic animals in Laizhou City, Shandong Province, China. Jpn J Infect Dis. 2014;67(1):1—4. https://doi.org/10.7883/yoken.67.1 PMID:
24451093

Li Z, Bao C, Hu J, Gao C, Zhang N, Xiang H, et al. Susceptibility of spotted doves (Streptopelia chinensis) to experimental infection with the severe
fever with thrombocytopenia syndrome phlebovirus. PLoS Negl Trop Dis. 2019;13(7):e0006982. https://doi.org/10.1371/journal.pntd.0006982
PMID: 31276495

Park S-C, Park JY, Choi JY, Oh B, Yang M-S, Lee S-Y, et al. Experimental infection of dogs with severe fever with thrombocytopenia syndrome
virus: Pathogenicity and potential for intraspecies transmission. Transbound Emerg Dis. 2022;69(5):3090-6. https://doi.org/10.1111/tbed.14372
PMID: 34716981

Jin C, Liang M, Ning J, Gu W, Jiang H, Wu W, et al. Pathogenesis of emerging severe fever with thrombocytopenia syndrome virus in C57/BL6
mouse model. Proc Natl Acad Sci U S A. 2012;109(25):10053-8. https://doi.org/10.1073/pnas.1120246109 PMID: 22665769

Diekmann O, Heesterbeek JAP, Roberts MG. The construction of next-generation matrices for compartmental epidemic models. J R Soc Interface.
2010;7(47):873-85. https://doi.org/10.1098/rsif.2009.0386 PMID: 19892718

Funk S, Nishiura H, Heesterbeek H, Edmunds WJ, Checchi F. Identifying transmission cycles at the human-animal interface: the role of animal
reservoirs in maintaining gambiense human african trypanosomiasis. PLoS Comput Biol. 2013;9(1):e1002855. https://doi.org/10.1371/journal.
pcbi. 1002855 PMID: 23341760

Altmann A, Tolosi L, Sander O, Lengauer T. Permutation importance: a corrected feature importance measure. Bioinformatics. 2010;26(10):1340-7.
https://doi.org/10.1093/bioinformatics/btq134 PMID: 20385727

Beard CB, Durvasula RV, Richards FF. Bacterial symbiosis in arthropods and the control of disease transmission. Emerg Infect Dis. 1998;4(4):581—
91. https://doi.org/10.3201/eid0404.980408 PMID: 9866734

Kaneko C, Mekata H, Umeki K, Sudaryatma PE, Irie T, Yamada K, et al. Seroprevalence of severe fever with thrombocytopenia syndrome virus
in medium-sized wild mammals in Miyazaki, Japan. Ticks Tick Borne Dis. 2023;14(2):102115. https://doi.org/10.1016/j.ttbdis.2022.102115 PMID:
36577308

Tatemoto K, Virhuez Mendoza M, Ishijima K, Kuroda Y, Inoue Y, Taira M, et al. Risk assessment of infection with severe fever with thrombocyto-
penia syndrome virus based on a 10-year serosurveillance in Yamaguchi Prefecture. J Vet Med Sci. 2022;84(8):1142-5. https://doi.org/10.1292/
jvms.22-0255 PMID: 35793949

Matsuu A, Hamakubo E, Yabuki M. Seroprevalence of severe fever with thrombocytopenia syndrome virus in animals in Kagoshima Pre-
fecture, Japan, and development of Gaussia luciferase immunoprecipitation system to detect specific IgG antibodies. Ticks Tick Borne Dis.
2021;12(5):101771. https://doi.org/10.1016/j.ttbdis.2021.101771 PMID: 34218054

Zhao GP, Wang YX, Fan ZW, Ji Y, Liu M j, Zhang WH. Mapping ticks and tick-borne pathogens in China. Nat Commun. 2021;12(1):1075.

LiZ, Hu J, Bao C, Li P, Qi X, Qin Y, et al. Seroprevalence of antibodies against SFTS virus infection in farmers and animals, Jiangsu, China. J Clin
Virol. 2014;60(3):185-9. https://doi.org/10.1016/j.jcv.2014.03.020 PMID: 24793967

Roberts MG, Heesterbeek JAP. Characterizing reservoirs of infection and the maintenance of pathogens in ecosystems. J R Soc Interface.
2020;17(162):20190540. https://doi.org/10.1098/rsif.2019.0540 PMID: 31937232

Lu Q-B, Cui N, Hu J-G, Chen W-W, Xu W, Li H, et al. Characterization of immunological responses in patients with severe fever with thrombocyto-
penia syndrome: a cohort study in China. Vaccine. 2015;33(10):1250-5. https://doi.org/10.1016/j.vaccine.2015.01.051 PMID: 25645176

Yamanaka A, Kirino Y, Fujimoto S, Ueda N, Himeji D, Miura M, et al. Direct Transmission of Severe Fever with Thrombocytopenia Syndrome Virus
from Domestic Cat to Veterinary Personnel. Emerg Infect Dis. 2020;26(12):2994-8. https://doi.org/10.3201/eid2612.191513 PMID: 33219655

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0013304  July 17, 2025 15715



https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<857::aid-sim777>3.0.co;2-e
https://doi.org/10.1002/(sici)1097-0258(19980430)17:8<857::aid-sim777>3.0.co;2-e
http://www.ncbi.nlm.nih.gov/pubmed/9595616
https://doi.org/10.1371/journal.pcbi.1010748
http://www.ncbi.nlm.nih.gov/pubmed/36469517
https://doi.org/10.7883/yoken.67.1
http://www.ncbi.nlm.nih.gov/pubmed/24451093
https://doi.org/10.1371/journal.pntd.0006982
http://www.ncbi.nlm.nih.gov/pubmed/31276495
https://doi.org/10.1111/tbed.14372
http://www.ncbi.nlm.nih.gov/pubmed/34716981
https://doi.org/10.1073/pnas.1120246109
http://www.ncbi.nlm.nih.gov/pubmed/22665769
https://doi.org/10.1098/rsif.2009.0386
http://www.ncbi.nlm.nih.gov/pubmed/19892718
https://doi.org/10.1371/journal.pcbi.1002855
https://doi.org/10.1371/journal.pcbi.1002855
http://www.ncbi.nlm.nih.gov/pubmed/23341760
https://doi.org/10.1093/bioinformatics/btq134
http://www.ncbi.nlm.nih.gov/pubmed/20385727
https://doi.org/10.3201/eid0404.980408
http://www.ncbi.nlm.nih.gov/pubmed/9866734
https://doi.org/10.1016/j.ttbdis.2022.102115
http://www.ncbi.nlm.nih.gov/pubmed/36577308
https://doi.org/10.1292/jvms.22-0255
https://doi.org/10.1292/jvms.22-0255
http://www.ncbi.nlm.nih.gov/pubmed/35793949
https://doi.org/10.1016/j.ttbdis.2021.101771
http://www.ncbi.nlm.nih.gov/pubmed/34218054
https://doi.org/10.1016/j.jcv.2014.03.020
http://www.ncbi.nlm.nih.gov/pubmed/24793967
https://doi.org/10.1098/rsif.2019.0540
http://www.ncbi.nlm.nih.gov/pubmed/31937232
https://doi.org/10.1016/j.vaccine.2015.01.051
http://www.ncbi.nlm.nih.gov/pubmed/25645176
https://doi.org/10.3201/eid2612.191513
http://www.ncbi.nlm.nih.gov/pubmed/33219655
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

