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Abstract

Background: China is one of the countries with a high burden of Tuberculosis (TB). Although the number
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of new cases of TB has been decreasing year by year, the number of newly infected people each year has
been at a high level and the diagnosis rate of TB-infected people is low. Objective: To select a more accu-
rate model to predict the incidence of tuberculosis and provide a scientific basis for the prevention
and control of tuberculosis and early warning. Methods: The SARIMA and LSTM models were estab-
lished, and the SARMIA-LSTM combined model was constructed by the weighted combination method.
The prediction performance of the model was compared by the three evaluation indexes of Mean Ab-
solute Error (MAE), Root Mean Square Error (RMSE) and Mean Absolute Percentage Error (MAPE), and
the optimal prediction model was determined. The model was used to predict the trend of tuberculosis
incidence. Results: The Mean Absolute Percentage Error (MAPE) of SARIMA model, LSTM model and
SARMI-LSTM combined model were 17.95, 14.62 and 8.49, respectively. The MAPE of the combined
model was reduced by 52.70% compared with SARIMA model and 41.89% compared with LSTM model.
Conclusion: SARMIA-LSTM combined model has a better fitting effect, and the prediction error is the
lowest among the three models. The combined model can give full play to the advantages of a single
model and improve the accuracy of prediction compared with the two single models.
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Figure 1. Flow chart of SARIMA-LSTM combination model
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Figure 2. Trends in the incidence of pulmonary tuberculosis in China from 2012 to 2023 (in months)
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Table 1. Monthly average incidence of pulmonary tuberculosis from 2012 to 2023
# 1.2012~2023 FREEZM AL HRE

ER i A RImE A A RImE
1A 83,285 7H 94,491
2 A 78,963 8 H 91,116
3 A 104,401 9H 86,472
4 H 100,676 10 A 79,985
5H 98,367 11 H 82,119
6 H 94,171 12 A 79,327
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Figure 3. STL decomposition map of incidence of pulmonary tuberculosis
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Table 2. Results of first-order differential ADF test
%= 2. —MrES ADF KRIELE

ADF g4 R
Dickey-Fuller: —5.66401810716829
Lag-order: 11
p-value: 9.240091071680634e—07

Alternative Hypothesis: Stationary

Table 3. Results of first-order differential white noise test

F 3. —MESBRERELER

Box-Pierce

Test Data: diff data, Lag-order =11, df =1

p-value = [0.00013, 0.00065, 0.00152, 0.00192, 0.00031, 0.00071, 8¢—05, 3e—05, 4e—05, 7e—05, 4e—05, 0.0]
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Figure 4. ACF and PACEF plots after first-order differencing
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Figure 5. ACF and PACF plots after seasonal differencing
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FE AL TR ELAT 25 PR PR A 18 5 20 S0 1o RN, SARIMA R AR LA B 407 1A R L R, 64% SARIMA
BERIREAT (R A8E, TP Z 0 M EERE RHMT R 2y, RBZE 5 )51 ACF BRI PACF B, WLIE 5, wf
13 ERH G R BRI ARG REUHTESE 2 2 a3l T, aTLE R MAX(P) = 2. MAX(Q) =2 1)
SHHAT R

ST TR S HTE R R, A& SARIMA A5 2 508 &2 : max(p) =2, max(q)=2, MAX(P)=2,
MAX(Q)=2, D=1, d=1. fff] BIC #:MI1TZ4 T, BICHE/, EHRSHELF, 1531145550
%4, WHIHIERSHIMIET 10 MER, ERRESH Np=1, q=1, P=1, Q=1. AL
J9 SARIMA(L, 1, 1) x (1, 1, 1, 12).

Table 4. Results of parameter selection based on BIC criteria

5% 4. 1K1E BIC HENENSHAER

Parameters (p, q, P, Q) BIC
(1L, 1,1, 1) 2676.883140
(1,1,1,2) 2679.304953
(1,1,2,1) 2679.465158
(1,2,1,1) 2681.079566
2,1,1,1) 2681.618812
(1,2,1,2) 2683.516432
(1,2,2,1) 2683.703928
(2,2,1,1) 2683.779918
2,1,1,2) 2683.977101
2,1,2,1) 2684.131312

FEIE E B SRR MR BEAT IR ARG, /3 RIRIRSE R ILE 5, B2 p (KT 0.05, AIkIGZE
FPBIRARH, BAE AR .

Table 5. Results of residual white noise test

5 REARERINGR

Box-Pierce
Test Data: resid, Lag-order = 24, df = 1

p-value =[0.15031, 0.35427, 0.52418, 0.59038, 0.72363, 0.82611, 0.88548, 0.91305, 0.95013, 0.97096, 0.95533,
0.06891, 0.08751, 0.12036, 0.15937, 0.20540, 0.24745, 0.30279, 0.36108, 0.41929, 0.47971, 0.49143, 0.53965, 0.54923]

PRI 72 1) SARIMA BEALN fili 5 4% 1) AOW BUT FI T LA ST, & STgs RILE 6. Hrp,
G2 R 2R B, VR (0 R R R R R R 3k 28 AN H I TRIIE . IR LB Y, A8 S S2 bRl
BONBR, (BYE — 2R % .

SEBRE S T R 2 45 R 6, T DUAS BB FUIE 5 Se bRl 2 [ 0 B KR 220 23,455, /b
TR ZE N 77, SARIMA FEAIFA PR S R WL 7, SARIMA #ERLSF 4%t 1% 28 5965.75, ¥R
RFEN 8344.06, FIILER M HLIRZE N 17.95%. SARIMA BRI & BUR R AE, X £ W] SARIMA Z
T4 S0t 1) 23 T
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Figure 6. Fitting and prediction results of SARIMA model on the incidence of pulmonary tuberculosis from 2012 to 2023
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Figure 7. Normalization of the incidence sequence of pulmonary tuberculosis from 2012 to 2023

& 7. 2012~2023 FEfE#ZA L REFFA—1k

DOI: 10.12677/5a.2025.142030 16 Gt 5 8



https://doi.org/10.12677/sa.2025.142030

EReE %

X G A% KRBT FIEAT A — A b PR, b3 5 BdE s 7 B, SR R IR SRR A R AR,
{EREHE 2 R Z RS/, H—4b 5 B VE I 7E 0~1 2 [A].

BEIEHATIH G, KE LSTM A SH . KT REENBURRE, 2T E N 200, ¥
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Figure 8. Loss function curve of LSTM model
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Figure 9. Fitting and prediction results of LSTM model on the incidence of pulmonary tuberculosis from 2012 to 2023
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ISR E R B4 T T, 4321 LSTM A5 A f T &5 8 L Il 9 A28 Y0 5 B (i 5 T 1 158 2
W4 6, FERTHIALE S B S 2 6] (i KR 22 21,492, H/NFIIAEZE A 29, LSTM HBEHY ) T 2505 b
SARIMA RS EE LT, FNME S5 SCPrE E 4, Tl 22 55/ o

LSTM BB PE R FREE T W22 7, LSTM BB P35 46500 1R 22 6265.93; 477 1R % 8193.73;
AR 3 R E N 14.62%, E SARIMA B[RS T 18.61%. HIMLTT W, LSTM A EL SARIMA 7Y
(UM ARG, FIAS BE TS A — 0 5 i) 25 T
3.3. SARIMA-LSTM &L R

187 F ¥5177 1% % (Mean Squared Error, MSE)/E 451 25 s,  FLAET & 16 2 TRIAA 5 5 Browd IIME < 18] 2 57 1)
SFT5 S50 MSE /)N, 1 B T 45 bk S AR, RIPRUIERHE R - 4585 ] Python 1) SciPy FEFR A minimize
BREGEA T, & — RFENUS, minimize BREGR B — 3450 RAE S DMUIIRLCE, BIOYfAUACE .
AR IR E N: SARIMA BALALE A 0.54823307, LSTM LA (KALE A 0.43115494. Ak
AR EE o TR FEAT BRI, #35] SARIMA-LSTM 2H &R R i T 45 58, WLI&1 10,

SARIMA-LSTM %A & 1B 5500
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Figure 10. SARIMA-LSTM combination model prediction diagram
[ 10. SARIMA-LSTM A & &R T ]

SARIMA-LSTM 4 G158 %] T fili 45 % A £ i FME 5 SE B iR 22 36 6, fe/MRZEN 165, fk
RN 21,439, HLEH— IR R A AR R TR 22, 2H G AR A TN R 25 E = MR g N

SARIMA-LSTM #L &R RN fEbras R N7 7, “PHILXTIRZEN 4667.13, Lt SARIMA F5 7Y F&{I
T 21.77%, o LSTM ERIBRAR T 25.52%; ¥JJ7MR1RZN 7011.52, L SARIMA BRI T 15.97%, L
LSTM fRAIFHE T 14.43%; “PHIZESTE 43 iR ZE N 8.49%, . SARIMA RAEIFFE T 52.70%, L LSTM
BB T 41.89%.
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Table 6. Comparison of prediction errors among three models

6. ZMIERIFUMIREXSEL

F-H SARIMA LSTM SARIMA-LSTM 4 - A SARIMA LSTM  SARIMA-LSTM
2021-09 1045 546 271 2022-11 —11409 —8612 —8698
2021-10 1655 -2106 —2418 2022-12 —23455 —21492 —21439
2021-11 77 29 —-165 2023-01 —3318 699 1019
2021-12 3547 1997 1794 2023-02 22211 17752 17871
2022-01 3450 1012 822 2023-03 —3299 15126 14911
2022-02 2422 —9931 -10127 2023-04 —5383 11311 10780
2022-03 —5533 3840 4035 2023-05 —6010 4739 4178
2022-04 —16436 —8672 —8750 2023-06 —7221 —428 —880
2022-05 -10166 —3823 —3947 2023-07 —6136 3975 3664
2022-06 —3353 1376 1222 2023-08 —1186 8081 7803
2022-07 —1495 5652 5420 2023-09 —3318 8477 8231
2022-08 2574 6048 5647 2023-10 265 8877 8694
2022-09 —5690 -3133 —3551 2023-11 —3438 7840 7662
2022-10 —6725 =7551 —7842 2023-12 —6224 2321 2098
Table 7. Comparison of prediction evaluation indicators among three models
= 7. ZFEEITUNITMN FE AR EE
R MAE RMSE MAPE (%)
SARIMA 5965.75 8344.06 17.95
LSTM 6265.93 8193.73 14.62
SARIMA-LSTM 4667.13 7011.52 8.49
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Figure 11. SARIMA-LSTM combination model for predicting the incidence of pulmonary tuberculosis in 2024
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