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Time series analysis and forecasting of four hepatitis epidemic trends in China from 2012 to
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[Abstract] Objective: To analyze the seasonal patterns and long-term trends of the 10 year epidemic characteristics of four types of
viral hepatitis in China from 2012 to 2021, and explore a time series model suitable for forecasting predicting hepatitis incidence
providing reference and suggestions for scientific hepatitis prevention and control. Methods: Seasonal decomposition of the time series
was conducted on the monthly incidence of hepatitis A, B, C, and E in China from January 2012 to December 2021. A seasonal
autoregressive integrated moving average model (ARIMA ) and a seasonal index smoothing model (ES) were established to predict the
incidence of four types of hepatitis from January to August 2022, and the predictive effects were compared. Results: March of each year
is the peak period for the incidence of all types of hepatitis. Over the 10 year period, the hepatitis A showed an overall decreasing
trend , hepatitis B had fluctuating trends with recent years showing an increasing trend , hepatitis C showed an overall increasing trend ,
and hepatitis E remained stable overall. The monthly average incidence of hepatitis B, C, and E were 57.06 times, 11.5 times, and
1.35 times higher than that of hepatitis A, respectively. The prediction performance of the seasonal ES model was better than that of the
seasonal ARIMA model. Conclusion: There are a large number of patients with hepatitis B and C in China, and key prevention and
control efforts need to be strengthened. The seasonal decomposition of time series can be used to analyze the seasonal patterns and
long-term trends of hepatitis prevalance. The seasonal ES model includes three parameters: level, trend, and seasonality, which can
reflect the epidemic pattern of hepatitis. In the prediction of hepatitis incidence, it has the advantages of being simple, easy to
calculate, and high prediction accuracy.
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Table 1 Descriptive statistics of the number of monthly incidents of four types of hepatitis in China from 2012 to 2021

. Maximum number of Minimum number of . Average numbers of .
Hepatitis type o o Max/Min o Multiple
monthly incidents(year) monthly incidents(year) monthly incidents
A 2733(2014) 745(2021) 3.67 1705 1.00
B 12 489(2012) 51 506(2020) 2.43 97 296 57.06
C 24 666(2018) 9 068(2020) 1.26 19 637 11.50
E 3972(2013) 1.045(2020) 1.72 2306 1.35
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Figure 1 Number of monthly incidents of four types of hepatitis from 2012 to 2021
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Figure 2 Seasonal factors of four hepatitis types from January to December
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A':long term trend of the number of cases of hepatitis A. B:long term trend of the number of cases of hepatitis B. C:long term trend of the number

of cases of hepatitis C. D:long term trend of the number of cases of hepatitis E.
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Figure 3 Long term trend of the number of cases of four types of hepatitis
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Table 2 Optimal ARIMA models and evaluation indicators for four types of hepatitis

(s=12)

Hepatitis type (p.d,q)(P,D,Q) Stationary R R MAPE(%) BIC
A (2,1,2)(2,1,1) 0.336 0.788 8.615 10.912
B (2,1,2)(2,1,2) 0.391 0.225 5.501 18.584
C (2,1,2)(2,1,2) 0.410 0.377 6.522 15.559
E (2,1,2)(2,1,2) 0.259 0.728 7.579 11.505

R3 AMBFREZET ESEERITMEIR
Table 3 Seasonal exponential smoothing models and evaluation indicators for four types of hepatitis

Hepatitis type Model Stationary R’ R MAPE(%) BIC
A Additive 0.548 0.850 7.177 10.315
Multiplicative 0.492 0.836 7.674 10.403
B Additive 0.698 0.550 4.509 17.792
Multiplicative 0.638 0.519 4.767 17.858
C Additive 0.662 0.578 5.649 14.830
Multiplicative 0.613 0.554 5.983 14.885
E Additive 0.466 0.768 7.570 11.070
Multiplicative 0.420 0.772 7.974 11.052
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Table 4 Comparison of model predictions for the number of incidents in 2022
[tems Jan Feb Mar Apr May Jun Jul Aug
Hepatitis A
Incidents(n) 956 830 1 050 896 960 1038 1 069 1116
ES model
Predicted values 858 729 1128 953 907 903 1073 1093
MAPE(%) 10.3 12.2 7.4 6.4 5.5 13.0 0.4 2.1
ARIMA model
Predicted values 835 704 1114 915 875 890 995 1022
MAPE(%) 12.7 15.2 6.1 2.1 8.9 14.3 6.9 8.4
Hepatitis B
Incidents(n) 109 531 96 787 114 003 95933 102912 106 846 112 648 115375
ES model
Predicted values 104 907 93 989 118 260 110 120 109 624 104 029 110 693 109 375
MAPE(%) 10.3 12.2 7.4 6.4 5.5 13.0 0.4 2.1
ARIMA model
Predicted values 110 630 95175 124 340 115 508 114 616 110 927 115110 115 847
MAPE(%) 1.0 1.7 9.1 20.4 11.4 3.8 22 0.4
Hepatitis C
Incidents(n) 18 704 16 733 21722 17712 18 720 20925 21867 21891
ES model
Predicted values 19 885 16 850 23 642 22 147 21953 20 818 22 075 21112
MAPE(%) 6.3 0.7 8.8 25.0 17.3 0.5 1.0 3.6
ARIMA model
Predicted values 18 321 13384 21263 21394 20787 20410 22123 20308
MAPE(%) 2.0 20.0 2.1 20.8 11.0 25 1.2 7.2
Hepatitis E
Incidents(n) 2530 2443 3131 2525 2503 2411 2225 2255
ES model
Predicted values 2453 2 460 3319 2 874 2518 2223 2257 2260
MAPE(%) 3.0 0.7 6.0 13.8 0.6 7.8 1.4 0.2
ARIMA model
Predicted values 2421 2 351 3402 3113 2901 2634 2 486 2 549
MAPE(%) 4.3 3.8 8.7 23.3 15.9 9.2 11.7 13.0
AF AT ViR
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