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Abstract

Background: Influenza is an acute respiratory infectious disease that poses a serious threat to pub-
lic health systems. Understanding regional influenza transmission patterns and accurately predict-
ing incidence trends are essential for developing effective prevention and control strategies. Objec-
tive: To analyze the epidemiological characteristics and temporal trends of influenza incidence in
Xiushan Tujia and Miao Autonomous County (Xiushan County), Chongqing, and to provide evidence-
based support for regional influenza control. Methods: Weekly influenza case report data from the
1st week of 2018 to the 26th week of 2024 were analyzed in conjunction with meteorological data
to characterize influenza patterns. The BEAST algorithm was applied to identify trend and seasonal
change points, and a hybrid SARIMAX-AttLSTM model was developed to predict future influenza in-
cidence. Results: A total of 35,057 influenza cases were reported, with males and females account-
ing for 52.7% and 47.3%, respectively (x2 = 53.8, P < 0.001). The 1~9-year age group had the highest
incidence (52.9%, x% = 2957.0, P < 0.001), with students and preschool children being the most af-
fected populations. Influenza incidence showed clear seasonality, peaking in winter and spring. The
BEAST algorithm identified four seasonal and five trend change points. The SARIMAX-AttLSTM hy-
brid model achieved the best performance (MAE = 8.064, RMSE = 11.724, R = 0.922), and its accu-
racy improved further after incorporating temperature and rainfall as exogenous variables. The
model predicted an upward trend in influenza incidence after the 27th week of 2024. Conclusions:
Influenza in Xiushan County exhibits strong winter-spring seasonality, with children and students
as the main susceptible groups. The SARIMAX-AttLSTM hybrid model effectively captures both sea-
sonal cycles and short-term fluctuations, providing a valuable tool for early warning and public
health decision-making.
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AWPFEIE T EPRT S L E 2018 455 1 J5 2 2024 55 26 FVUER & RIS AT A RIERIE , JHAEE
F BEAST SR A0 it B A i 22 I 18] PP A AT A A s a0 A, AR ZR T R A R S e i e
GG IR FEI S8, £ SARIMAX-LSTM R & HAY 3R 15 NiER IPLH], 4 SARIMAX-
AULSTM V& B8 AR TH TR RS (kG FE A2 AL e J0 o ASHIETLL 9:1 LRI SRR SaiE 4R, M EE
7 SARIMAX. AttentionLSTM. SARIMAX-AtLSTM JEAHAY, f), KR FHI4E5% % 25 (Mean absolute
error, MAE). 477 H3i%2£(Root mean square error, RMSE) UL 5E REUR)VE N PR FIME RE R bR o

AHJFFLAE Python (3.9.13)F1 R (4.3.2) P55 T 56 AR A0 21 @55 40 M, 220 T R AL W R : statsmodels
(0.14.0). pandas(1.5.3). numpy (1.25.0). scikit-learn (1.2.2). tensorflow (1.13.0). keras (2.13.0). matplotlib
(3.7.1). Hrr, F TR AL 570 TR AL Rbeast (0.5.3).
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Figure 1. Temporal trend of influenza incidence in Xiushan County from 2018 to 2024
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Figure 2. BEAST results of the influenza incidence time series in Xiushan County from 2018 to 2024
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Table 1. Locations and probabilities of seasonal and trend change points

1. FN @A L E KR

Scp! Time Scp? Pr_Scp* Tep? Time Tep? Pr_Tcp*

1 2020 (4 week) 0.298 1 2018 (46 week) 0398

2 2022 (25 week) 0.513 2 2020 (1 week) 0.998

3 2023 (14 week) 0.527 3 2022 (26 week) 0.635

4 2024 (1 week) 0.809 4 2023 (11 week) 0.557

\ \ \ 5 2023 (51 week) 0.523
'Scp RFWHERI AN SEE: 2 Tep REHB D IR R EE; ° Time FR &AL AME; *Pr RREN
BT A R A B
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5.899, P<0.05; KPSS=0.233, P=0.10), i/ C@HER. 5, 45iaEH
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FRAECRE R S H0 16 45 B 072 S3), AW TE SARIMAX (2, 0,2) (0, 1, 1) 52 N IERIAIC = 399.794).
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Figure 3. ACF and PACF results of the SARIMAX model: non-seasonal autocorrelation function (A); non-seasonal partial
autocorrelation function (B); seasonal autocorrelation function (C); seasonal partial autocorrelation function (D)
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Figure 4. Comparison of the performance of SARIMAX, Attention-LSTM, and SARIMAX-AttLSTM models in fitting in-
fluenza incidence
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3.3.2. {RBIMREITY

T ISt = PSR [ SR R AT R IEA (R 2), RIL SARIMAX-AtLSTM Vi & B 7E 7 At Jk
95 %7 T R IE AL (MAE = 8.064, RMSE = 11.724, R = 0.922), %W MAERZ G SIS E T HEE &
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Table 2. Comparison of evaluation metrics for the three models

F 2. EAE PG FERR N L

B MAE RMSE R2
SARIMAX 7.149 28.453 0.846
AHLSTM 9.032 16.909 0.838
SARIMAX-AtLSTM 8.063 11.723 0.922
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Figure 5. Forecast of influenza incidence for the next 26 weeks using the SARIMAX-AttLSTM hybrid model
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Table S1. Annual distribution of influenza cases in Xiushan County, Chongqing (2018~2024) by year, sex, age group, and

occupation

% S1.2018 ££~2024 FERHBLBRBBOISEGR . M3 FRAR S 5T

A 2018 2019 2020 2021 2022 2023 2024 it P P
P53 53.8  <0.001
% (52;21) (256;8) 424 (50.0) 321 (57.3) (2552513) 10254 (53.1)2053 (48.5) 18473 (52.7)
/8 (ﬁ%) (%115‘%) 424 (50.0) 239 (42.7) (137"‘95) 9072 (46.9) 2180 (51.5) 16584 (47.3)
Tk (%) 2957.0 <0.001
<1 0(0.0) 152(3.2) 36(42) 12(2.1) 262(53) 404(2.1) 229(5.4) 1095 (3.1)
1~9 (213%) éfff) 423 (49.9) 297 (53.0) (2564?) 10549 (54.6) 1929 (45.6) 18546 (52.9)
10~19 (52(%) (1351?2) 111 (13.1) 165 (29.5) 527 (10.8) 5477 (28.3) 511 (12.1) 8508 (24.3)
20~29  26(6.0) 212(4.5) 122(14.4) 33(5.9) 437(8.9) 827(43) 487(11.5) 2144 (6.1)
30~39 21 (4.8) 145(3.0) 86(10.1) 23(4.1) 412(84) 815(42) 376(8.9) 1878 (5.4)
40~49  19(44) 53(1.1) 24(2.8) 11(2.0) 171(3.5) 375(1.9) 171(4.0) 824 (2.4)
50~59  25(5.8) 47(1.0) 14(1.7) 5(09) 179(3.7) 417(22) 208(49) 895 (2.6)
60~69  16(3.7) 33(0.7) 15(1.8) 5(0.9) 82(1.7) 188(1.0) 131(3.1) 470(1.3)
70~79  8(1.8) 20(04) 11(1.3) 8(14) 116(24) 207(l.1) 137(32) 507(1.4)
>80 2(0.5  8(02) 6(0.7) 1(02) 52(1.1)  67(0.3)  54(13)  190(0.5)
iR
4 3(0.7) 763 (16.0) 157 (18.5) 90 (16.1) (1213‘.‘31) 4658 (24.1) 819 (19.3) 7631 (21.8) 4987.3 <0.001
HURJLE  8(1.8) 632(13.3) 256 (30.2) 71 (12.7) (1237%7) 2060 (10.7) 884 (20.9) 5278 (15.1)
4T ILE (738.77) (26%%‘) 151 (17.8) 316 (56.4) 948 (19.4) 9780 (50.6) 963 (22.7) 15319 (43.7)
KR 79(18.2) (36(?31) 176 (20.8) (85'09) 821 (16.8) ;6181; 845 (20.0) 3453 (9.8)
KERA 40.9) 12(03)  1(0.1) 407 3307 86(04) 32(0.8)  172(0.5)
BIBAR 7(1.6) 71(1.5) 11(13) 6(l.1) 74(1.5) 360(1.9) 71(1.7)  600(1.7)
THERE 6(1.4) 21(04) 11(1.3) 0(0.0) 59(1.2) 104(0.5) 28(0.7)  229(0.7)
YR 15(3.5) 31(07) 19(22) 4(0.7) 114(23) 267(14) 97(23)  547(1.6)
TN 1(02) 46(1.0) 56(6.6) 9(1.6) 224(4.6) 538(2.8) 345(82) 1219(3.5)
BRSNS 2(05)  7(0.1)  2(02) 1(02) 33(0.7) 63(0.3) 33(0.8)  141(0.4)
HAth  2(05) 20(04) 8(0.9) 9(1.6) 84(l.7) 229(12) 116(2.7) 468(1.3)
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Table S2. Influenza incidence in towns and subdistricts of Xiushan County, 2018~2024

7 S2.2018 F£~2024 FH LB E L HENBERBRARIF
X 2018 2019 2020 2021 2022 2023 2024 psRiTk %ﬁ%iﬁ;{
R 88 1943 272 156 1751 7351 1270 12831 2000.95
L ¥ytiE 37 449 73 33 461 2112 405 3570 1138.94
SFHEIE 41 395 85 32 409 1908 390 3260 1084.58
THEGHIE 50 312 73 143 667 2280 541 4066 1404.66
TR 16 97 14 16 219 818 151 1331 774.45
B R 30 174 43 6 78 272 107 710 631.35
Tt 13 250 31 11 232 707 108 1352 822.55
FEH 6 58 19 1 46 133 32 295 402.24
i 11 69 19 4 58 237 88 486 405.21
Fr R 7 65 14 70 167 383 99 805 1416.22
M A 13 136 39 5 115 495 148 951 432.59
U 2 48 16 1 44 134 59 304 282.86
AT A 2 49 18 7 33 133 31 273 360.53
i 1148 6 81 14 4 66 254 127 552 603.53
i 37 45 15 6 34 199 46 382 460.91
B R AR 6 90 19 3 54 295 138 605 578.01
B HE 3 42 6 1 38 164 83 337 646.82
1R 14 6 95 15 1 72 279 82 550 818.34
Wb IR 5 62 9 3 41 113 33 266 696.48
RARH 15 28 5 3 42 110 26 229 695.06
B 4 39 5 9 70 138 51 316 588.06
SRk 2 46 10 1 33 149 49 290 823.58
HEZ 2 26 6 20 30 233 29 346 903.62
KBS 4 55 11 0 29 127 27 253 751.61
itz 19 17 7 13 17 36 19 128 369.35
e R 0 0 0 0 53 209 81 343 421.61
K2 4 31 3 1 10 39 7 95 320.39
Table S3. Selected parameter results for the SARIMAX model
= S3. SARIMAX RE I S HIFIERLER
ZH MAE RMSE AIC
(1,0,0) (1,0, 0)s2 8.331 33.333 451.421
(1,0,1)(1,0, 0)s2 7.983 31.601 451773
(1,0,1)(1,0, Ds2 8.008 31.669 451.748
(2,0,0) (1,0, 0)s52 7.854 30.831 449.604
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gk
(2,0,0) (1,0, I)s2 7.832 30.764 450.868
(2,0,1) (1,0, 0)s2 7.684 30.176 441.858
2,0,1)(1,0, D)s2 7.499 29.981 443.291
(2,0,1) (0,0, )s2 7.546 30.059 441.191
(2,0,2) (0,0, 1)s2 7.429 32210 432.861
(2,0,2) (0, 1, )2 7.149 28.453 399.794

Table S4. Comparison of meteorological factors in the SARIMAX, Attention-LSTM and SARIMAX-AttLSTM models
# S4. SARIMAX. Attention-LSTM F1 SARIMAX-AtLSTM &I S R E FELLE

fEit] MAE RMSE

SARIMAX (WAT) 7.018 27771
SARIMAX (WCR) 7213 28.428
SARIMAX (WAT, WCR) 7.149 28.453
Attention-LSTM (WAT) 8.576 15.939
Attention-LSTM (WCR) 11.529 22.119
Attention-LSTM (WAT, WCR) 9.032 16.909
SARIMAX-AtLSTM (WAT) 11.205 16.547
SARIMAX-AtLSTM (WCR) 10.778 17.245
SARIMAX-AtLSTM (WAT, WCR) 8.063 11.723
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