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Prediction and analysis of HPV infection in Toli county, Xinjiang based

on a transmission dynamics model
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Abstract: Objective To investigate the epidemiological trends of high-risk human papillomavirus (HR=HPV) in Toli county,
Xinjiang, using a transmission dynamics model, and to quantitatively assess the impact of bivalent vaccine interventions, to
provide a reference for the prevention of HR-HPV infections and vaccination strategies. Methods A transmission dynamics
model was established based on the natural history of HPV infection. Data on cervical cancer screening in Toli county were
collected, and simulations were conducted under scenarios of no intervention and bivalent vaccine coverage rates of 50%,
60%, and 70% to predict the infection rates, peak infection values, and the number of cancer patients. The future trends of
infections and cervical cancer patients over the next 20 years were also forecasted. Results A total of 12 549 women under-
went cervical cancer screening, with 1 744 cases of HR-HPV infection, resulting in a cumulative infection rate of 13.9%. In
the absence of intervention, the predicted infection rate at the end of the study was 16.33%, with an estimated 1 914 infec-
tions and 294 cancer patients in a total population of 11 666. With bivalent vaccine coverage rates of 50%, 60%, and 70%,
the predicted final infection rates were 15.31%, 15.07%, and 14.82%, respectively, with corresponding numbers of cervical
cancer patients being 185, 164, and 142, and total populations of 11 949, 12 005, and 12 061, respectively. Sensitivity anal-
ysis of key parameters indicated that a higher clearance rate was more effective in reducing the number of infections, and a
lower rate of recovered individuals becoming susceptible again led to fewer infections. Conclusion Implementing vaccination
and increasing coverage rates can reduce the number of HR-HPV infections and cervical cancer patients in Toli county,
which may help mitigate the decline in the total population. Emphasis should be placed on measures to improve clearance
rates when preventing HR-HPV infections, as the effectiveness of further increasing clearance rates on infection control will
gradually diminish.
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Figure 1 Schematic representation of the epidemiological

transmission of HPV infection
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Table 1 Parameter values used in the model simulation
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Table 2 Cervical cancer screening for HPV infection
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Figure 2 Model validation using HPV incidence data of 2010—
2019
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Figure 3 Prediction of the annual population of women in each

chamber in the HPV transmission model from 2025 to 2045
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Figure 4  Prediction of HPV infection trends from 2025 to 2045

2.4 TFIAAEEEE MR LA HPV16/18
RUGREIRYY | W] B 8 70% 0 E HiRE . AHFSE %
A2 — A HPV PRI 5558 0 50%, fRAP%EH
97.7%"9, B 2022—2024 AF-FE HL L 20008 i A5 5 T
A1 HPV BAPE 8 4t 1 744 £, e 2% 0.139, Hrp
HPV16/18 JB& 4 % 322 4], i BH M £ 3 He i ok
18.5% , SCHR AT FER YL U S M AE ()52 0 0.025, %
ETHN RS BUEN T .

TG G T E = F I8 R e 3 i

ALI#(x10%)
e R
[(o] o —

-
-
©

118

116 |

0.00]: . | . L1
2025 2030 2035 2040 2045
F1
5 2025—2045 4F HPV {LHEARAL fr ApAF S 1 4 Fi
Figure 5 Prediction of the number of total populations in HPV
transmission from 2025 to 2045

FHRER A 6 Fin, Bon T 1T XA
W R T % B N B B R AR, Tl
AR 0 ~ 5 47 Z [A] g YL SR AE T T HT LA S — A0
i 50% 60% \70% % w5 &1 W5 73 5 4 17.44% |
16.38% .16.14% .15.89% . &4« NE R 2 193.2 058,
2027 11995 A 5T 45 R AT RL R 535124 16.33%
15.31% .15.07% 14.82% , &4« N B 57 5 k1 914
1801.1 774 F1 1746 A, WL 3. TEREUEN 5
SRR NG, I8 3] B e 3R UG I () B IT , % 1 7
BRI AN

WE 7 FiRs , S5AREBCE RS AH H, PR
W1, By S 8 N VBCRE g i /b, BN e
G218 , 50%FE T E 2 R 2045 45 E SRR H
M 294 A/ % 185 N ,60% \70% 7 55 %% T 5 4l
I ERE B ) R 164 T 142 A5 BN TV ECA R
11 666,11 949 12 005 F1 12 061 A, W2 ViAE =4
N [P P 7 25 3R RS 20 4F5 #0s FR B0 s
109,130 A1 142 A, S E50504%k 283,339 il 395
A PE P TR RO, IR 3,
2.5 BAMBMSI PRI IR W
5 R 2y [ 3, SRR YL 52, X
ARV oty ELFEAT I



PARTRBT R~ 2024 4E55 51 455 23 ] Modern Preventive Medicine, 2024, Vol. 51, NO. 23 + 4383 -
A 2200 18.0 B 2100 16.5
2150 175 2050
S 16.0
17.9 2000
2050
165 135
1950
2000 A 3
F 160 ¥ ®
-11950 w -1 1900 15.0 1
j o
=< 155 si < =
1900 # 1850 #
15.0 14.5
1850
45 1800
1800 ’ {140
1750 -
1750 14.0
0 , ; s J 00 0 : ‘ : 00
2025 2030 2035 2040 2045 2025 2030 2035 2040 2045
4 b
C 2050 165 ) 2000
2000
16.0 1950
1950
155 1900
1900 2
F s
jm 15.0 3 1 1850
¥
< 2 <
1850 ﬁj
14.5 1800
1800
1750 114.0 1750
" | ‘ ‘ : 00 0 - : 0.00
2025 2030 2035 2040 2045 2025 2030 2035 2040 2045
G o
TE A AR T B s B 2 S0%KE T 7555 C H60% B M 35235 D T0%PE i 5 3¢
6 20252045 4 HPV UL AL HSRY L0 %8 i A e T
Figure 6 Prediction of the population in the infected warehouse of HPV infection transmission model from 2025 to 2045
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Table 3 Predicted results without intervention and under different vaccine coverage rates
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