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Supplementary Methods
Analysis of the Seasonality of SFTS Using Concentration Degree and Circular Distribution Methods

The circular distribution method is a statistical approach that transforms periodic data into linear data through trigonometric
transformations. It can assess the presence of temporal clustering and even provide precise timing of peak occurrences. The central tendency is
represented by the mean angle, while the dispersion is indicated by the standard deviation.

a. Concentration Degree Analysis

(3 +15—19—113) V3

Ry > Tt ((rs + 716 =19 = 110) + (11 = 73))
(r3 =16 =79 +715) V3
Ry = > +7'((7”5—7”6—7"9"‘7”12)4‘(7"1—7”7))

M= |R2+R}

Ryand Ryrepresent dispersion, M represents concentration degree, and r; represents the ratio of monthly incidence to the annual total,
with subscripts indicating months.

When M =1, itindicates the maximum concentration, suggesting the disease occurred in only one month of the year. When M =0, it
indicates minimum concentration, meaning the cases are evenly distributed throughout the 12 months. If M >0.90, it suggests strict
seasonality. If M is between 0.70 and 0.90, it indicates strong seasonality. If M is between 0.50 and 0.70, it indicates moderate seasonality. If M
is between 0.30 and 0.50, it indicates some seasonality. When M <0.30, the temporal distribution of cases is relatively uniform.

b. Circular Distribution Analysis



17

18

19

20

21

22

23

24

25

26

27

28

29

Cyclic statistics are used to evaluate peak periods and compare differences. A year of 365 days is converted to 360° , meaning 1 day is
approximately 0.9863°. For simplicity, this is rounded so that 1 month corresponds to 30°. The middle day of each month is used as the group
midpoint and converted to degrees: January is 15°, February is 45°, and so on.

(1) Calculation of Mean Angle and Standard Deviation

1 1
n=Zf,X=HZfL--Cosai,Y=EZfi-sinai,r=\/X2+Y2,
Y

o I S (
sina = r,cosa— r,ao = arctan Y]
a X>0Y>0
180°—a, X<0,Y>0
180°+a, X<0,Y<O0

“=1360°-a, X>0,Y<0
90° X=0Y>0
270° X=0Y<0

180°
S=T\/—21nr

fi represents the frequency of a single sample, n represents the total number of observations, a;represents the angle of a single sample,
a represents the mean angle, which can be used to back—calculate the average onset day. Xand Y represent the components used to determine
the concentration trend of vector r along the horizontal and vertical axes. r represents the central tendency of the vector. The value of r is
within the range [0,1] .If =0, it indicates that there is no mean direction, meaning the average angle is undefined; the larger the value of r, the

more concentrated the angles are; If r=1, it means all data points are concentrated in the same direction. Srepresents the index of angular
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dispersion, with a range from O~o, , also known as angular deviation. The peak onset period can be estimated by a + S.
(2) Hypothesis Testing of Sample Mean Angle

Rayleigh’s test is used, with the Rayleigh Z statistic.Z = nr?. If Z > 0.05, , the mean angle is statistically significant.
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Supplementary Tables

Supplementary Table 1 Analysis of Demographic Characteristics of SFTS Cases from 2019 to 2023

2019 2020 2021 2022 2023 Total
Year Number ~ Proportion Number  Proportion Number ~ Proportion Number ~ Proportion Number  Proportion Number ~ Proportion

of Cases (%) of Cases (%) of Cases (%) of Cases (%) of Cases (%) of Cases (%)
Gender
Female 238 53.72 342 53.35 277 51.01 453 53.86 799 56.47 2109 5431
Male 205 46.28 299 46.65 266 48.99 388 46.14 616 43.53 1774  45.69
Total 443 100.00 641 100.00 543 100.00 841 100.00 1415 100.00 3883  100.00
Age
0-10 0 0.00 2 0.31 2 0.37 1 0.12 0 0.00 5 0.13
10-20 1 0.23 1 0.16 0 0.00 0 0.00 0.21 5 0.13
20-30 4 0.90 10 1.56 1 0.18 1.07 7 0.49 31 0.80
30-40 13 2.93 14 2.18 11 2.03 17 2.02 27 1.91 82 2.11
40-50 41 9.26 56 8.74 36 6.63 63 7.49 66 4.66 262 6.75
50-60 91 20.54 142 22.15 128 23.57 204 24.26 284 20.07 849 21.86
60-70 167 37.70 194 30.27 157 28.91 243 28.89 369 26.08 1130  29.10
70-80 106 23.93 177 27.61 168 30.94 242 28.78 501 35.41 1194  30.75
80-90 20 4.51 45 7.02 39 7.18 62 7.37 145 10.25 311 8.01
90-100 0 0.00 0 0.00 1 0.18 0 0.00 13 0.92 14 0.36



Total 443 100.00 641 100.00 543 100.00 841 100.00 1415 100.00 3883 100.00
Occupation
Farmer 352 79.46 560 87.36 457 84.16 724 86.09 1186 83.82 3279 84.45
Housework
and 48 10.84 31 4.84 44 8.10 71 8.44 147 10.39 341 8.78
Unemployed
Retired

20 4.51 17 2.65 18 3.31 25 2.97 39 2.76 119 3.06
Personnel
Unknown 0 0.00 1 0.16 0 0.00 4 0.48 2 0.14 7 0.18
Nursery
Workersand O 0.00 0 0.00 0 0.00 1 0.12 0 0.00 1 0.03
Nannies
Public Venue

0 0.00 0 0.00 1 0.18 0 0.00 0 0.00 1 0.03
Attendant
Others 4 0.90 7 1.09 3 0.55 2 0.24 9 0.64 25 0.64
Medical

1 0.23 3 0.47 0 0.00 1 0.12 0 0.00 5 0.13
Staff
Commercial

8 1.81 4 0.62 3 0.55 1 0.12 6 0.42 22 0.57
Service
Student 1 0.23 2 0.31 1 0.18 1 0.12 4 0.28 9 0.23
Worker 7 1.58 9 1.40 11 2.03 9 1.07 12 0.85 48 1.24
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Cadres and
Staff
Preschool
Child
Teacher
Non-
institutionali
zed Child
Migrant
Worker
Herder
Catering and
Food
Industry
Total

443

0.00

0.00

0.23

0.00

0.23

0.00

0.00

100.00

641

0.00

0.16

0.16

0.16

0.16

0.31

0.16

100.00

543

0.37

0.00

0.18

0.18

0.18

0.00

0.00

100.00

841

0.00

0.00

0.00

0.12

0.12

0.00

0.00

100.00

1415

0.14

0.00

0.07

0.00

0.35

0.14

0.00

100.00

3883

0.10

0.03

0.10

0.08

0.23

0.10

0.03

100.00

Table Notes: Data are presented as the number of cases and proportion (%). Age groups were categorized into 10-year intervals using a left-
closed, right-open approach (e.g., [60,70) years, indicating individuals =60 and <70 years old)



39  Supplementary Table 2 Age Distribution of SFTS Cases (2019-2023)

Year No. of cases (n) Age (years), Median [Min—Max] P
2019 443 65.0 [13.0-89.0]

2020 641 66.0 [0.0-88.0]

2021 543 67.0 [0.0-94.0] <0.001
2022 841 66.0 [2.0-89.0]

2023 1415 69.0 [16.0-92.0]

Comparison P’ Significance
2023 vs. 2022 3.90x107 Yes
2023 vs. 2021 2.60x10* Yes
2023 vs. 2020 2.92x108 Yes
2023 vs. 2019 4.94x1012 Yes
2022 vs. 2021 5.12x10°! No
2022 vs. 2020 3.04x10°! No
2022 vs. 2019 5.84x1073 No
2021 vs. 2020 1.30x10°! No
2021 vs. 2019 1.69x1073 Yes
2020 vs. 2019 8.30x1072 No

Table Notes : n indicates the number of cases.

® The overall difference across years was assessed using the Kruskal-Wallis H test (P = 6.26 X

1071*). ® Pairwise comparisons were performed using the Mann-Whitney U test.

All statistical tests were two-tailed. To account for multiple comparisons (10 pairs), a Bonferroni

correction was applied, and the significance threshold was adjusted to 0=0.005 (0.05/10). Exact

P-values are provided for all comparisons.

40

41  Supplementary Table 3 Results of Concentration Degree and Circular Distribution of

42 SFTS in Anhui Province (2019-2023)

M . Peak D . .
Year Concentration Ar?ga?e a ]S)tjv (I\e/li\/[ 4 Peak Period Rayleigh P
Degree (M) ; N ] (MM-DD) Z
i ¢) () DD
04-23 to 2.63 x 10
2019  0.49 180.20 68.76 07-02 104.95
09-10 46
04-22 to 3.37 x 10
2020 0.6l 167.80 57.00 06-19 238.26
08-16 104
04-22 to 7.93 x 10
2021  0.50 176.81 66.59 06-29 140.69
09-04 62
04-17 to 8.49 x 10
2022 0.60 162.62 57.57 06-14 306.41

08-12

134



04-22 to 7.30 x 10
2023 0.53 174.42  64.49 06-26 398.66
08-31 174

Table Notes: Seasonality of SFTS incidence was evaluated using circular distribution
analysis. The concentration degree (M) and mean angle ( a ) were calculated to determine
the strength and central timing of seasonal clustering, respectively. Rayleigh’s test (Z
statistic) was applied to test the null hypothesis of a uniform circular distribution against
the alternative of a preferred direction (seasonality). The Rayleigh test is inherently a one-
sided test for circular uniformity. No adjustment for multiple comparisons was applied. P
< 0.05 was considered statistically significant.

43

44  Supplementary Table 4 Regional Distribution of SFTS in Anhui Province (2019—

45  2023)
Annual Incidence Fatality Rate
City Number of Cases Deaths
(/100,000) (%)
Chuzhou 1186 5.8765 9 0.7589
Ma’anshan 327 2.9861 29 8.8685
Lu’an 602 2.6970 26 4.3189
Anqing 469 2.2107 10 2.1322
Hefei 862 1.8282 31 3.5963
Chizhou 87 1.2873 0 0.0000
Tongling 73 1.0879 0 0.0000
Huangshan 67 1.0044 7 10.4478
Xuancheng 118 0.9399 6 5.0847
Wuhu 55 0.2961 3 5.4545
Huainan 19 0.1236 0 0.0000
Bozhou 13 0.0507 0 0.0000
Suzhou 3 0.0113 0 0.0000
Fuyang 2 0.0049 0 0.0000
Bengbu 0 0.0000 0 0.0000
Huaibei 0 0.0000 0 0.0000
46

47  Supplementary Table 5 Quantitative performance metrics for MMDM fitting across



48  Anhui Province and the five cities with the highest incidence rates from 2019 to 2023.

Region  Year MSE RMSE R? i MAE

Anhui 2028 TRATIE ey gy LSO g g,
Al 2022 B0 geror orsis 0T 6esos
Al 2RLBOE s o YT a2
Ahul 2020 S0TE T skroa omas 0P asing
Anhui 2019 218073y oo 0.65 MR PYZE
Anging 2033628060 g0 g S0 g

Anging 2022 32783 o o 3;077425 b 13476
Anging 202123109 00 p218 (6):(?3000” 1.1453
Anging 202036064 0591 (5507 (7):37984” 13488
Anding 2019 420930500 gy 2000 g
Chuzhow 2023 134082 36600 0so31 0P 28005
Chuzhow 2022 BB 56676 oes2 00 2788
Chuzhow = 2021 IR 35300 oaes 007 2600
Chuzhou 2020 87796 963 03675 oo 23792
Chushow 201922676 1soss os097 277 1ass
Hefel 2023 173490 1655 g.5508 o 2sen
Hefei 2022 75922 o U Lo
Hefei 2021483215 080 0.3085 3:&0004 17529
Hefel 2020 26676 ) 333 0.5628 R EIGT
Hefel 2019 23616 5367 0.1946 A R
Luan 2023 86658 o o 39675 o

0-07



Lu'an 2022 4.2575 5.9607x1

2.0634 0.432 096 1.47
a2 228 s 0200 200 1200
i 20028 eees ossoa 20 14
Lu'an 201932348 2985 04423 (1):35262” 13984
Manshan 2023225 agzs ostse ool Lases
Ma'anshan 2022 3.9523 | 088 . 3:36188” 1.3542
Maanshan 2021 18192 3488 0162 (1):092500><l 0.9948
Maanshan 202023401 597 01814 (2);)62700” 1.149
Ma'anshan 2019 0.6256 0.1805 (1):(?2000” 0.6059

Table Notes: Model performance was evaluated using multiple goodness-of-fit
metrics, including Mean Squared Error (MSE), Root Mean Squared Error (RMSE),
Mean Absolute Error (MAE), and the coefficient of determination (R2). Statistical
significance of the Pearson correlation coefficients was assessed using two-sided tests.
To account for multiple comparisons across 30 region-year combinations, Bonferroni
correction was applied, and the adjusted significance threshold was setat a =
0.05/30=0.00167.

Supplementary Table 6 Model—estimated relative contributions of different

transmission pathways in Anhui Province (2019-2023)

Pathway Total contribution Percentage (%)
Human-to-human 441.64 14.70%
Tick-mediated 1690.24 56.30%
Animal-related 872.27 29.00%

Total 3004.14 100.00%

52

53  Supplementary Table 7 Spatiotemporal variation in the relative importance of

54  different transmission pathways across cities in Anhui Province (2019-2023)

Region

Year

Human (%)

Tick (%)

Animal (%)

Anhui

2019

13.19

69.58

17.23
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Anhui
Anhui

Anhui
Anhui
Anqing
Anqing
Angqing
Angqing
Angqing
Chuzhou
Chuzhou
Chuzhou
Chuzhou
Chuzhou
Hefei
Hefei
Hefei
Hefei
Hefei
Lu'an
Lu'an
Lu'an
Lu'an
Lu'an
Ma'anshan
Ma'anshan

Ma'anshan

Ma'anshan

Ma'anshan

2020

2021

2022
2023
2019
2020
2021
2022
2023
2019
2020
2021
2022
2023
2019
2020
2021
2022
2023
2019
2020
2021
2022
2023
2019
2020
2021

2022

2023

15.58

14.46

19.47
23.66
11.48
12.27
4.94
6.49
6.67
5.53
13.54
7.80
9.75
10.62
5.20
8.97
8.82
11.53
15.70
13.96
6.53
8.42
6.47
8.79
4.10
8.00
6.42

9.99

11.06

54.10
50.09

67.41
56.12
62.52
56.84
39.20
38.38
40.95
42.18
33.97
48.23
72.05
52.30
39.82
42.98
38.38
38.94
43.53
24.77
48.76
28.33
48.67
47.49
27.95
28.38
27.72

29.12

36.47

30.32

35.45

13.13
20.21
26.01
30.89
55.86
55.13
52.38
52.29
52.49
43.97
18.20
37.08
54.98
48.05
52.80
49.53
40.77
61.27
44.71
63.25
44.86
43.72
67.95
63.62
65.86

60.88

52.47
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Supplementary Figures
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Supplementary Fig. 1. Tick species distribution in Anhui Province. The study area
Anhui Province was divided into three regions, Northern Anhui (Suzhou, Huaibei,
Bengbu, Bozhou, Fuyang, Huainan), Central Anhui (Hefei, Lu'an, Chuzhou, Anqing),
and Southern Anhui (Tongling, Wuhu, Ma'anshan, Chizhou, Huangshan, Xuancheng).
During the study period, a total of 1,480 ticks were collected from 5 counties/districts
(Jinzhai County, Chaohu City, Qimen County, Yixiu District and Mengcheng County)
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in Anhui Province, with these specimens covering multiple tick species. Source data
are provided as a Source Data file.
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Supplementary Fig. 2. Global sensitivity of the basic reproduction number (Ro) to key
model parameters based on PRCC, by region and year, Anhui Province. Source data
are provided as a Source Data file.
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Supplementary Fig. 3. Probabilistic sensitivity analysis of the basic reproduction
number for severe fever with thrombocytopenia syndrome in Anhui Province and the
five high-incidence cities, 2019-2023. Probabilistic sensitivity analysis was
performed using 5,000 Monte Carlo draws for each analysis. Source data are provided
as a Source Data file.
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Supplementary Fig. 4. Ro Values of Anhui Province and the five cities with the
highest incidence rates from 2019 to 2023. Source data are provided as a Source Data
file.
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Supplementary Fig. 5. Life cycle of ticks highlighting the larval, nymphal, and adult
blood-feeding stages. Larvae, nymphs, and adult ticks feed sequentially on first,
second, and third hosts, with molting occurring after detachment between stages; adult
females drop to the ground to lay eggs, completing the life cycle. The “first host”,
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“second host”, and “third host” represent generalized host categories across the tick’s
developmental blood-feeding sequence. The animals illustrated in the diagram are for
conceptual visualization only and do not indicate specific or exclusive host species in
this study.

1. Inputs & Constraints 2. Joint Estimation Process 3. Outputs & Evaluation

Free Parameters

(Jointly estimated during model calibration)
Demographic Constraints :

Plausible parameter space for N, & N3 bounded S S ram— S —
by the local human population size (Ny)

Calibrated Parameter Set
[ Bo @ Na, N3]

Fixed Parameters
« Natural history parameters
« Ny (Demographic statistics)

Numerical Integration of
MMDM Dynamics
Goodness-of-Fit
Evaluation
Iterative parameter updating (R®, MSE, MAE)
until convergence criteria are met

Model-Predicted Incidence
(Expected weekly
symptomatic infections)

Objective Function Epidemiological Inference
(Minimization of Sum of Non-linear Least Squares (Basic reproduction
Squared Differences) Optimization number, Ro)

Observed Weekly Incidence
(Target for calibration)

Supplementary Fig. 6. Workflow of joint parameter estimation and model calibration.
Schematic of the joint parameter estimation framework. This flow diagram illustrates
how the transmission parameters (fo , o) and the pathway-scaling parameters (N2 , N3)
are treated as free parameters and jointly optimized. Notably, rather than fitting N, and
N3 in isolation or treating them as literal census counts, their plausible parameter
space is explicitly bounded by the demographic constraint of the local human
population size (N1). This constraint ensures realistic effective contact intensities
while avoiding implausible parameter combinations. The iterative non-linear least
squares optimization loop minimizes the sum of squared differences between model-
predicted incidence and observed data, ultimately yielding a stable and robust
inference of the basic reproduction number (Ryo). Specifically, for Anhui Province,
both N> and N3 were bounded between 10° and 10°, whereas for the other five
prefecture-level study areas, N> was bounded between 10° and 10° and N3 between 10°
and 10,



