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[Abstract] Objective To construct time-series by adopting autoregressive integrated moving average ( ARIMA)
model for analyzing the trend and genotype characteristics of single-center human papillomavirus (HPV) infection in
Tianjin area. Methods A total of 7 236 female patients who underwent HPV testing in a hospital from January
2018 to December 2022 were selected. HPV infection status and genotype distribution in Tianjin area from 2018 to
2022 were compared. ARIMA model time-series was constructed, and model fitting was analyzed. The number of
HPYV infections in 2023 was predicted and compared with the actual occurrence, the predictive performance of the
model was evaluated. Results HPYV infection rate in Tianjin area from 2018 to 2022 was 14. 41% , with the highest
rate (15.47%) in the age group of 31 — 40 years. Among the positive specimens, the proportion of single type HPV
infection was the highest, accounting for 73. 54% (767/1 043), with high-risk HPV being the main type. The
highest infection rates of low-risk and high-risk types were type HPV-6 (2.59%) and type HPV-16 (16. 06%) , re-
spectively, ARIMA model was constructed, and the optimal model was ARIMA (0,1,2)(0,1,1),,, with akaike in-
formation criterion (AIC) and bayesian information criterion (BIC) values of 3. 877 and 4. 005, respectively. There
was no statistical significance in Ljung-Box Q= 8. 828 showed by white noise test (P>>0. 05). The number of HPV

infection in 2023 was predicted by the model. The overall trend of the actual value and the predicted value was basi-
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cally consistent, RMSE, MAPE and MAE of the model were 6. 289, 34, 149 and 4. 706, respectively, suggesting

that the model had a good prediction effect. Conclusion Among the female population in Tianjin area, HPV infec-

tion is mainly caused by single, high-risk type, with HPV-16 having the highest infection rate. There is seasonal

variation in HPV infection in Tianjin. ARIMA model has good prediction effect on the prevalence trend of HPV in-

fection, which is suitable for short-term prediction.

[Key words| autoregressive integrated moving average model; human papillomavirus; genotype distribution; infec-

tion trend; HPV
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1.2.3 Mgz ARIMA # & M 2018 4F 1 A — R 11043 4] HPV YL 3 25 W B3 A 1 L L) (o)
2022 4F 12 H B [a] fh il /E HPV 8 4L 1) %% 5% %) & . Table 1 Distribution of subtypes in 1 043 cases of HPV in-
PP S0 I0F R » i F HPV R (] bt A 30 fection (No. of eases LJ6 1)

VRS AL 77 A TR B 91, % A S b A %n B R TSR
PR 2 MRS L S LA ARIMA R F) HPV-16 229(16. 06) 148(10. 38) 81(5.68)
H 1 2 4> #1 Cautocorrelation function, ACF) 11 HPV-52 186(13. 04) 100(7. 01) 86(6.03)
B M % 4> #F (partial autocorrelation function. HPV-58 178(12. 48) 97(6. 80) 81(5. 68)
PACF) Jy BFREVIERr. S50 d.D MR 2540 k¥ HPV-66 129(9. 05) 78(5. 47) 51(3.58)
WE 28 pog. P Q4 BIEL 01,2, 7 vk 7k HPV-51 103(7.22) 54(3.79) 49(3.43)
A5 B UE N (akaike information criterion, AIC) I HPV-IS 101¢7. 08) 48(3.36) 2, 72)
1 7 {3 8 T (bayesian information criterion, HPV-31 76(5.33) 36(2.53) 40(2. 80)
BIC) £ /ME B9 R . FF Ljung-Box Q % i (i % HPV-56 70(4.91) 36(2.53) 34(2.38)
HR 2 A UEAT 9 MR OK BG . F) O ok 2 B R Xt HPV-39 60(4.21) 27(1.89) 33(2.32)
2018—2022 4F HPV Jg ¥ Ky H B8R 47 [l f¢ A 4 HPV-45 51(3.58) 25(1.75) 26(1.83)
FEXF 2023 4F 1B AT T HPV-33 50(3.51) 26(1.83) 24(1.68)
1.3 %3t o4 F SPSS 22. 0 % {4 3 47 K4 HPV-59 49(3. 44) 23(1.61) 26(1.83)
SMH7. 20182022 4F HPV B s (k LECR o 46 HPV-35 41(2.88) 15(1. 05) 26(1.83)
W 7l 2018 2022 4F Fe it 4 X HPV K 4 ARI- HPV-68 39(2.73) 21(1. 47) 18(1.26)
MA #5585 H B AIC il BIC §5 36 15 7, i il HPV-6 37(2.59) 19(1.33) 18(1. 26)

. . =) HPV-11 27(1. 89 140. 98 13(0.91
Ljung-Box Q # % i W J¥ 51l J&& 75 M [ MR /i, 25 4.5 (.98 ©.o0

Ljung-Box Q K% P =>0. 05, U & A 11 W 7 1§31 .
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25 4 PRI HPV-52 B (13, 04%) . HPV-58 PH R 19 1.82 0.26
(12, 48%)  HPV-66 %1 (9. 05%), HPV-51 %! LRI S L E 2 0.19 0.03
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2.3 REF#FH HPV WL ¥4 7 236 Bilgh
PRASFE A EAT o0 4L - 45 ARG DU 45 2R WL 3% 4. HPV
TRYLFTE 31~40 B AE R B i R O 15, 4700,
HU®E AR HPV A 3F. Fifd =01 i HPV H

— Y LR A R BB 91, 67 % Hr

41~50 ZFB B EH HPV Z 8B R s,
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Table 4 Distribution of infection status and infection types of HPV in tested persons of different ages
R AR PR 5 16 ) B — R EX T
e SR g RO UE S v E SO UL & SO g SRR
<30 2 188 336 15. 36 329 15. 04 245 11. 20 91 4.16
31~40 2 696 417 15. 47 409 15.17 312 11.57 105 3.89
41~50 1 890 246 13.02 231 12.22 172 9.10 74 3.92
51~60 268 32 11.94 30 11.19 27 10. 07 5 1.87
=61 194 12 6.19 9 4. 64 11 5.67 1 3.81
2.4 2018—2022 # kX Z ¥ R HPV B % H HPV BILEIEAE T E, B4 9—12 A N KA X

20182022 4F KM [X 5 4F 8] HPV R YL 3R [y 24 fk
ZRAHA G 8 X (5 =0.853, P=0.837),

HPV Ji& iy (16, 01%) .

W5,
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Table 5 HPV infection status in Tianjin area in different months, 20

18 — 2022 (Cases)

At 2018 4E 2019 4F 2020 4F 2021 4 2022 4F &t A 2018 4F 2019 4F 2020 4F 2021 4 2022 4F F el

(n=229) (n=222) (n=205) (n=194) (n=193) [HiC%)] (n=229) (n=222) (n=205) (n=194) (n=193) [Hl(%)]
1 12 13 8 16 10 59(5. 66) 7 13 13 16 15 10 67(6.42)
2 9 16 13 10 14 62(5.94) 8 21 16 10 19 13 79(7.57)
3 13 10 8 12 10 53(5.08) 9 29 16 23 13 18 99(9. 49)
4 16 13 10 7 16 62(5.94) 10 31 36 31 28 26 152(14.57)
5 8 16 10 12 13 59(5. 66) 11 33 34 39 26 35 167(16.01)
6 18 21 8 13 7 67(6.42) 12 26 18 29 23 21 117(11.22)
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MACp 1) (Po1,Q) o s X Hah 1758 25 M K MEAG 5
BB (S AVEFE OS N EEIRN . Xt pog P QW
B AT 220, P A& BB ATC {5 F0 BIC {i . 0 1%&
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Figure 2 Time-series of HPV-positive cases in Tianjin area, 2018 — 2022
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Figure 4 Autocorrelation of residual HPV positive sequences
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Table 6 Comparison of AIC value and BIC value of each ARIMA multiplicative model
(P,D,Q
AIC/BIC (pdsq)
0,1,0) 0,1,1) 0,1,2) 1,1,0) 1,1, (1,1,2) (2,1,0) 2,1,1) (2,1,2)
AIC 0,1,0) 4.211 3.979 3.988 3.934 3.961 4. 151 4.213 4. 191 4,042
0,1.1) 3.927 3.938 4.197 4. 206 4.174 4. 001 4. 181 3.902 4.104
0,1,2) 4. 025 3.877 3. 941 4. 021 4.169 4. 081 3.952 3.944 3.930
1,1,0) 4.199 3.914 4. 081 3. 891 3.903 3. 988 4. 054 4. 071 4. 085
1,1, 3. 888 4.168 3.903 3.948 4.019 4.118 3.903 4,142 3.982
(1,1,2) 4. 009 4. 036 4.188 4.224 4. 001 4. 099 3.915 4.023 4. 065
(2,1,0) 4. 110 3. 898 4.173 3. 966 4. 051 4.128 3.997 4,082 3.984
(2,1,1) 3. 949 3. 980 3. 966 4.043 4. 056 4.097 4. 047 4,228 4,014
(2,1,2) 4. 083 4.111 4.179 3.897 4.213 4.112 3. 941 4.159 4.121
BIC 0,1,0) 4. 351 4. 109 4.112 4. 063 4. 088 4. 286 4. 345 4.331 4. 168
0,1,1) 4. 056 4. 070 4. 330 4,342 4.312 4.133 4.315 4. 024 4,232
0,1,2) 4. 154 4. 005 4. 068 4.153 4. 299 4.213 4. 084 4. 070 4. 056
1,1,0) 4.339 4. 041 4.215 4.016 4. 028 4. 115 4.184 4. 201 4.214
(1,1,1) 4.016 4.299 4. 026 4. 075 4. 145 4. 254 4.033 4. 280 4.109
(1,1,2) 4. 140 4.163 4.327 4.364 4.128 4.232 4. 046 4.153 4. 199
(2,1,0) 4.242 4.028 4.303 4. 091 4.182 4.262 4.127 4.215 4.112
(2,1,1) 4.078 4.108 4. 091 4.169 4.191 4,227 4.177 4. 366 4. 144
(2,1,2) 4.220 4. 248 4.312 4.026 4. 345 4. 240 4.072 4.296 4.252
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Table 7 ARIMA model fitting and white noise test

S5 ARIMAC(0,1,2)(0,1,1) 1o 551
PRI Ffa R? 0.879
RMSE 6. 289
MAPE 34,149
MAE 4.706
AIC 3.877
BIC 4,005
Ljung-Box Q A6 U] L 8. 828
P 0. 886
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DA PEAT L85 5 L 3R B S B A s B34 Ak 1 100 D0 4B
14995 Y6 A DX 18] P 5 S s {01 3000 1D 079 5 14 i 4 3
AARFF—EL W 6, fA RMSE,MAPE ,MAE 4}
Bk 6. 289,34, 149 4. 706 , $2 7% A5 T80 fi T I 2 S8 4%
U AT T HPV RS i A7 #a 35 i J 30 10 00 5l 25
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Figure 6 Fitting and predicting of HPV infection number in Tianjin area, 2018 — 2022
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