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Abstract

Objective: This study aims to analyze the epidemiological characteristics of hepatitis B in a city of the
Xinjiang Production and Construction Corps from 2005 to 2024, identify high-risk populations and
high-incidence areas for hepatitis B; construct autoregressive integrated moving average (ARIMA) models,
long short-term memory network (LSTM) models, support vector regression (SVR) models, as well as
combined ARIMA-LSTM and ARIMA-SVR models, and compare the predictive performance of these
models to select the optimal model suitable for the region, providing data support and decision-making
basis for the monitoring, early warning, and precise prevention and control of hepatitis B epidemic in the
region.

Methods: Descriptive analysis and Joinpoint regression model were used to analyze the three distribution
characteristics and long-term trend of hepatitis B incidence in this area from 2005 to 2024, and the
serological cross-sectional survey data in 2024 were used to describe the current situation of hepatitis B
infection in this area. Using the monthly incidence rate data from 2005 to 2024, three types of single
models, ARIMA, LSTM, and SVR, as well as the series and parallel combination models of ARIMA LSTM
and ARIMA SVR, were constructed. The mean square error (MSE), root mean square error (RMSE), mean
absolute error (MAE), and mean absolute percentage error (MAPE) were used to comprehensively evaluate
and compare the prediction effects of each model, and select the best prediction model for the region.
Results:

1. Epidemiological characteristics: From 2005 to 2024, 20330 cases of hepatitis B were reported in this
area, with an average annual incidence rate of 154.66/100000. Joinpoint regression analysis showed that the
incidence rate showed a trend of decreasing first and then increasing, but it still decreased mainly in general
(AAPC=-7.89%, 95% CI: -11.39%~-4.25%). In terms of gender distribution, there were 13320 males
(65.52%) and 7010 females (34.48%), with a male to female ratio of 1.90:1. The occupational distribution
is mainly composed of workers (5122 cases, 25.20%), retirees (4534 cases, 22.30%), and farmers (2908
cases, 14.30%), accounting for 61.80% in total. The age distribution shows that the cases are mainly
concentrated in the 30-59 age group (12942 cases, 63.70%), with the lowest incidence in the 0-9 age group
(105 cases, 0.50%). In terms of regional distribution, the urban area reported the highest number of cases,
with a total of 10686 cases, accounting for 52.60%.

2. Serological survey: A total of 4782 individuals were surveyed, with HBsAg positivity rate of 5.00%,
HBsAD positivity rate of 56.55%, HBcAD positivity rate of 7.49%, HBeAg positivity rate of 0.23%, and
HBeADb positivity rate of 3.32%. A total of 18 combination patterns of hepatitis B serological markers were

detected, of which the single positive pattern (54.41%) and the five negative patterns (37.75%) of HBsAb



were the most common, accounting for 92.16% in total. There were a total of 239 HBsAg positive cases,
mainly characterized by "small three positives" (HBsAg, HBeAb, HBcAb positive) and HBsAg and
HBcAD positive patterns.

3. Single prediction model: LSTM achieved the best prediction performance (RMSE=3.01, MAE=2.54,
MSE=9.07, MAPE=17.32%); followed by ARIMA (RMSE=5.15, MAE=4.22, MSE=26.50,
MAPE=32.66%); SVR had a larger error (RMSE=5.91, MAE=4.61, MSE=34.94, MAPE=29.46%).

4. ARIMA-LSTM series combined models: The prediction performance of the ARIMA-LSTM series has
been improved compared to the single ARIMA model. The ARIMA-LSTM inverse root mean square error
parallel model performs the best (RMSE=2.99, MAE=2.43, MSE=8.96, MAPE=15.06%); followed by the
ARIMA-LSTM equal weight parallel model (RMSE=3.56, MAE=2.79, MSE=12.68, MAPE=16.98%); the
ARIMA-LSTM series model has a larger error (RMSE=4.92, MAE=4.35, MSE=24.24, MAPE=27.99%).

5. ARIMA-SVR series The performance of the ARIMA-SVR series combined models is uneven. Among
them, the ARIMA-SVR series model shows significant improvement compared to the single ARIMA model
(RMSE=3.40, MAE=2.85, MSE=11.54, MAPE=21.91%); the ARIMA-SVR parallel model with the
reciprocal of root mean square error (RMSE=4.87, MAE=4.03, MSE=23.67, MAPE=27.48%) and the
ARIMA-SVR equal weight parallel model (RMSE=5.13, MAE=4.19, MSE=26.29, MAPE=28.00%) have
error levels similar to the single ARIMA model, indicating limited improvement in prediction performance.

6. Prediction results: The parallel model of ARIMA-LSTM root mean square error reciprocal predicts that
the incidence rate ranges for each month in 2025, 2026, and 2027 will be 7.084/100,000 to 10.185/100,000,
7.235/100,000 to 8.493/100,000, and 8.551/100,000 to 9.954/100,000, respectively. The overall incidence
rate for the three years is expected to decrease compared to 2024, but there will be a slight upward trend in
2027.

Conclusion:

1. The reported incidence rate of hepatitis B in this region has generally shown a downward trend from
2005 to 2024, but there has been a certain resurgence in recent years. Therefore, prevention and control
measures should be continuously strengthened.

2. Males aged 30-59, workers, retired personnel, and urban residents have a relatively high incidence of
hepatitis B, and should be the key focus groups for hepatitis B prevention and control in this region;
meanwhile, there is still a certain proportion of hepatitis B susceptible individuals in the population of this
region, and vaccination and screening of key groups should be further strengthened.

3. In terms of prediction model comparison, among single models, LSTM exhibits the best prediction
performance, followed by ARIMA, and SVR performs the worst; among combined models, the
ARIMA-LSTM series outperforms the ARIMA-SVR series overall. Upon comprehensive comparison of all

models, the parallel model with the reciprocal of the root mean square error of ARIMA-LSTM



demonstrates the best prediction performance, exhibiting significant advantages in capturing the nonlinear
characteristics of hepatitis B incidence. This provides a reference basis for dynamic monitoring and
prevention and control decision-making of hepatitis B epidemic in a city of the Xinjiang Production and
Construction Corps.

4. The prediction of the ARIMA-LSTM parallel model with reciprocal root mean square error shows that
the monthly incidence rate of hepatitis B in this region from 2025 to 2026 will generally decrease compared
to 2024, but the incidence level in 2027 will slightly increase compared to 2026, indicating that the
prevention and control pressure has not been completely eliminated, and measures for preventing and
controlling hepatitis B should be continuously strengthened.

Key words: Hepatitis B; Epidemic characteristics; ARIMA model; Long Short-Term Memory network;

Support Vector Regression
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LAV BRI % (Hepatitis B, HB) , & H OB 2208 (Hepatitis B Virus, HBV)
G B — M DU IE SRR A0, IR ASLE 4 5 2 a8 B IO R dem, 20
ML VEARFE AN BRE SR B R R NS RE, Hoh 2T 835 A HBV #5717 2
S T EAR GRS, [ BT O QAR A BRI B B R A 38 AR A AR 57 AR
A2 (World Health Organization, WHO) fiif, #(% 2022 4, 2IKUENE 2.54 LA
11k QRS A 120 THURERGE, 2022 FF AT NBUSH] 110 A, £
HER N RE AL AT PR g, G rp D R XN A X S e e B 2 4. o AR DG
KPFFHEXIBAORZHEKZ —, 32O R E RS, R4 E bR iE s 78y
(International Agency for Research on Cancer, IARC) 1F{liiAE, HBV &-tFh I A%
BUERIREE L —, 1SRG R 5 FEU AL, BET K R v 4n e T IRk,
JH- 4 g 1) S0 %2 B B TR, R ERVEEIA B HBV RGeS 200 A 5 45%08, 1)
I v [ [ SO e S0 B dE 4 83.2% M 4 M AR o B H R T AT R &=,
77.7%-88.0% A K T HBV /54 714 JHF ¢ I 3 J Gl

H3E A 1992 FEIT UK SR N THRI e e B 3, 1B Seil O e s i, 3K
H OB S RAT AR T — e iEhl, S8 mEERAT R B TR R BT 1, (]
AT 3R E ) O N DERECR, OB BN R . ARG, MELla i, RE
DA HBV &G E B A%, HBV BQG OURA By ™ B2, I Fe &, 2
EIROF TR EREZ, HELHA 7500 5 NEE M, BGRB G 2R 2R
Bl = 7> 2 — 3, ARy SR O™ IR AEZ —, 2022 SERFRATH 86.5 /1
B B A0, 75.8 JIBIAET- RG], Ferb AR AR T A AR PR R X, i E
29 5RO RE R0, RE ORI, R B HBV et e o il
WPk e —, k2 2030 4, IE K S HRATIRGURZE 4 BRI B £ H bR 2Bt
FEA ORI IRBER I B 15T, AL, AT PRSI, o [ R R A7 AR B Y X3
ZFMTEREIR, SR XIR RPN . HPEEE. FilmHRNEE 0)E
TORRRKEL, TR R S TR MK, BT R, 2007-2023 G
ORI SRR T EESS, (HXIEZERRARIIE, FHAgrsEh X 5m 3 H 2007 41
118.3/10 J3 FFEZ 2023 ££1) 89.4/10 73, i TaEFHKF (64.3/10 J3) 17,



$1% 315 FAFAETLFRT
1.2 &N E AR IR

XTI S, AT AR B o0 . A BT Re N SR P R
PEEE SCHE, SO TR NS ] S IRAT , IR S HRAT I TR 2R F . O SR
RPN BT AE E, DL BT AN ] 0 H 08T, 2 R T A 2 3 e
ST BRI AT S, P Rt e RS0, H Rl WAL Gem T s 4
(R EAFRAL RIS (R P51 o3 At . BILES 7 =) SRE DL AN A 2H A5 A 45

AR GRS 8] PP 510 70 B A28 2 2 B30 A R T R SR A Fe a4 K — M7 i . | B2
IR (Autoregressive Integrated Moving Average model, ARIMA #&74) & —F [N
FH#: 2 (128 LR I (8] 7 210 40 A A 2, B Box A Jenkins BXEHEH, 1A UASORs 7y 52 080
EAE AT G, AN &AM AN BRI Z AR A, DA Ta] R B A& 5 i DR 3 ) 2545 R0
201, ARIMA BRI ZH00E BONTEE,  IF HReS i DR B B I et 14, =2 1) 2 571
T B A S AR R 2 —, T2 N A G i 21221,

TSR, MlLEs22>) (Machine Learning, ML) SyEFEAR Lips 9 T A3 52 21) ik >k
B VT . H AT, SN FH RIALES 7 S A4S BP #4 M 4% (Back Propagation
Neural Network, BP) . KJEHCZM 4% (Long Short-Term Memory, LSTM) . {3
22 4% (Recurrent Neural Network, RNN) F15Z #¢ [ &AL (Support Vector Machine, SVM)
SRR G5 K A0 27 =) 07 sUI AN [R], AL #8552 = D710 5 AT LAy A Gl as 7 S AR
SVM. BP #1545 AR IR (4 RNNL LSTM) # k31, LSTM 4 RNN [
— MR 0, BB BN TN SO T RNN HR 8D BE Y 2% AN B AR 27 =)
v R, A HLAE S AT N 18] S0 B O T R I o 2 BT, CAf = F ALy il
JTTHISRAE T LSTM A A 25, 12458 REA8 A i M gk AT I 18] o 91 (1 FE 2 P 34
BA B S TINRRERS 26, SVM & M FAZ T 7 RAR 4E 2 18] e 1 AN AT 73 B REAS S 21 sy
Yrs (8], SEIPEARZNMER] 70 1 —MLES 7 SRR . FURAEAE IREAS . JEZRME DL S s A
AR ) R I, 2B ESRE 2 ALE I E AR, SVM BRI H & ] 43 A S
FrIAI & 412501 (Support Vector Classification, SVC) FISZ# A &AL (Support Vector
Regression, SVR) W25, Horp SVR AR -3 S 20 00 [ A 7, 76 AR T/ NREAR
RSt A a4 H A RN 1) 20 TNAE: 55 Hh B — s A 34128 29,

B R A R R A R BEAE TR PR AN B A DA — TSR, s R R E D700
PAGE G, ARt — A B B RS E MR S TS FE BT AL, DI HR T HAS R () F000) 24 SR 130- 31,
ZHE RN, SEMENHSEYREAE —ERE RS R -BA KRS, WnEE
BEAR TN R 22 I F S R RO 2 31, HAT, BOVHE LA S H 55 ARIMA-LSTM 41
HAAUR ARIMA-SVR A RMSE . ARIMA B FE $E 46 1 Ea 34 0 T B B A e
P, T LSTM Fil SVR 73 e A4 M o0 RAIZHR AV AR S 4R 5R d 7 i - 2R %% . @
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AR SR ()7 A AL 5 A R SR B (L3R 22 IR BL AT 4 &, T DAE— B RR A B SIlZg
PR S AR AR R AR ST IR BLAN, D s M -5 T L B vl SE A R R SCHRE

AN () A% G AL A AN (B B TNASE Y, [ P A1 A R B 1) Tt S 2 P SR F30l 22 Fof
T RIR N R pia s . Zhao S BALE TN A= BRI e il 28 37 K il I, ARIMA FE 2 1) il
M FAR T MLR 1 Prophet #5281 . 7855 25550 H 5 &R 5511 2012 4£ % 2021 £ &
JH R e 57 LSTM AU AT ARIMA FINAEAL, G550, LSTM AR Fi i 8 AR
T ARIMA . GUO £33 5k 7 SVM.ARIMA A1 LSTM, 45 5 & I AE LR A (SVML
LSTM) L F2ktEAis (ARIMA) , LSTM K TS 5 56 iy, s & T AL AT 46 1 B
RIFFEAFE % . Zhang Z5BTELE T ARIMA 5 LSTM R AR AN [&] i [8) ROEE R %o o [
I AR T R, R BAS RIS 3 A AN [ B a) )OBE ) 7t R ARIMA 75 ) B
iR ZCT LSTM.

AR, AR ALE AR Gy s TR AU S H 28702, EF R TR 300 Bl
T il 45 A% DL R it Ik A 22 A G 1R FI0I Hh 355 0 R 38401, ] 4 24U B ARIMA-BP
PREE I 28 2H G AU AT ARIMA-LSTM ZH -G 45 AL 0T B 48 T A2 119 PR AR08 17 0L a2 A7 Ll
23T LUK I ARIMA-LSTM ZH A #8000 /2 05 R P O R BE 4 . Chen S512IR 2 T
ARIMA AT LSTM K¢ F 240 G A5 78 FH - F0 2 S b [X 0800 A FIE T 3, FLaH A iy
TR BT #— ARIMA F1 LSTM #8481 o T £E — 50 0 45 ZEARK EL IV 45 7% i %
T 7, 4 ARIMA. LSTM & ARIMA-LSTM = FR R Fi 2R, 45 5
NHL— LSTM R S MR I AR, 53—t 7tic H SARIMA #4, LSTM #iA1 DL e —
A BRG] P I B it 5 A% 93 9 EAT T, I R TR IR 2R DA R A R
TIEAFRERK, H— LSTM B0 AR T SARIM AU AIZH S AR A4, SR, 20
RN T B R T 7 b, TN E i AR

1.3 FEE 2w EFAZHFRITS TUNRE IR

Hroi A e @I S B AL PR AL A B, AR X AU SR SR E R EOR, S RIRAETE TS
KETHIBIARME, FEOZMX ZHFRATRAE 2 2. Brasd @i i
BIE IR E SR E R X, R 2 A m T IR E A RO K. 2010-2021 4F, B ai
Az P W e ] R R B B0E 40675 1, SRR 119.4/10 J31451, i [F] # Hh [ 3
i35 B 295 900 2 i (2010-2018 ) , AEIYRIRHE 75.93/10 F31401, it B S [4]
X 2 R0 S 4 8 3 i T A P K
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