- 1484 - PR TR 2= 2% 2025 4255 52 55 8 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 8
- B TR -
IO 148 B 255 Ak i PO T e X TP

GATIE BAR  SHh 2mp
L DUNIRAEAEPE A S T2 AT 5 TAEGET 3 2, U1 B#p 61004152, PUJII48 s B # l o o

WE BB TGI8 45 XTI U B 0 KU, by il G2 B 27 5 AiF S L3R (HFRS ) 114 By 8 R - S48 it 42 146 R
SEARYE VAL T IR R IR . iR AR ST R 1 o B @ v R AT AT, URAE HFRS
RSB , R FE G A 6 27 ik T SRR A7 IR L 25 (B) 43 A5, ) a2 DL i30T ik 2 AR 18 43+ B s () 07 2 TR 3KC
N 28 28 BN, LA B R A ST M 7 DA S5 R R 45 b KRB i w2, 8558 2015—2021 4F U )i 4
HFRS 4 & 3 SRR ) A8 4k H AT 2700, $h IR R B S i 2 o 28 RO 40 BT 7, KA 43 IX B KU (B 5 °F- 35 7K 7
FE-, AR X 2 ZEAE TP R R D ARG AR A A8 5 s [R50 43 A7 % B ,2015—2020 4F HFRS A X XU 24K 7F [% , 2020 4F
RIRERIE 2015 4F T2 41. 7% (H 2021 4ER8A EFH(0. 22/10 J7) s b2 32 T AR 25 5 7, £5 T -EL (4 AE Xk RS i 5 e
(RR=2.66,95%CI:1.64 ~4.57) , HAth X XUBS: 55 DU 1| 48 F 5K — 3, 3T fb 2 W2 B2 XF HFRS & HA 111 [ 5%
Wi, Bk HERS & B IR M52 s Y B B2, 458 pUJII4 HFRS 3R L0 R B, UGB  X B & m, B
KB FAERENZES . IR A SE U ETT DA R Z B B U . [k, N 5 W AR DG 8 bR AR b, I S st
T LA B 1k N RS T

KHIA ELAAAE M DLk e 23 A8 AR  RURS: DA 5 10 )11 48

HmE4EER373.32 TEMREMA X EHE:1003 -8507(2025)08 — 1484 - 07

DOI .. 10. 20043/j. cnki. MPM. 202410430

Risk assessment of hemorrhagic fever with renal syndrome, Sichuan
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Sichuan, Chengdu 610041, China

Abstract: Objective To assess Hantaan virus infection risk across districts in Sichuan Province, providing a scientific basis
for prevention and intervention measures for Hemorrhagic Fever with Renal Syndrome ( HFRS) and data for evaluating their
effectiveness. Methods ~ This study utilized open — source databases and mathematical modeling. HFRS case report data were
collected to analyze epidemic status and spatial distribution using traditional epidemiological methods, while a Bayesian
spatiotemporal model examined temporal effects, spatial effects, spatiotemporal interactions, and the impact of meteorological,
socioeconomic, and healthcare factors on regional risk levels. Results  From 2015 to 2021, HFRS incidence in Sichuan
showed temporal variation and seasonality, with Yanyuan County reporting the highest cases. Spatial analysis indicated that
most districts had risk values consistent with the provincial average, with high — risk areas in the southern, northeastern and
central regions. Relative risk declined overall from 2015 to 2020, with a 41.7% decrease in 2020 compared to 2015, although
a slight increase occurred in 2021 (0.22 per 100 000). Yanyuan County had the highest relative risk (2.66 [1.64,4.57]),
while other regions aligned with the provincial average. Urbanization rate and humidity affected HFRS incidence negatively,
and precipitation affected HFRS incidence positively. Conclusion ~ HFRS incidence in Sichuan Province is generally low,
with higher rates in specific districts, highlighting spatial risk variability. Meteorological, socioeconomic, and healthcare factors
influence infection risk. Monitoring relevant indicators and implementing timely interventions are essential to prevent increased
human infection risk.
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Fig.1 The number of HFRS cases in Sichuan province and high

- incidence counties from 2015 to 2021 by year and

month
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Fig.2 HFRS cumulative cases and the annual average incidence
in each district of Sichuan province ( Source; National
Platform for Common GeoSpatial Informatiion Services
(Map Approval No. ; GS(2024)0650). The base map is

unmodified. )
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Table 2  Correlation coefficient between influencing factors in Sichuan Province from 2015 to 2021
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Table 4 Sichuan province HFRS space effect relative risk value
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Table 5 Time — effect relative risk of HFRS in Sichuan province,

2015—2021
i} ] RR(95% CI)
2015 2.33(1.41 ~3.95)
2016 2.05(1.39 ~3.04)
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Fig.3 Relative risk of spatial — temporal interaction of HFRS in Sichuan province, 2015—2021 ( Source: National Platform for Common
GeoSpatial Informatiion Services ( Map Approval No. : GS(2024)0650). The base map is unmodified. )
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Table 6 Model parameter estimates
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Fig.4 Action mechanism diagram of influencing factors



PRACTH B B 2% 2025 4757 52 4545 8 #]1  Modern Preventive Medicine, 2025, Vol. 52, NO. 8

- 1489 -

ARG P R B 12 MR 35 2 AR B T R

Zi LPRIA, PO A HFRS % 8 1R AR AT 8
S AR XU A7 2 (] 22 55, 370 vt AU b IX 4T3 7
St HH I, WA S SR A X XU 5 e A K il
JUAF- 0 R 550 v 114 M DX, o e 3 1 M4, b T ik
M DX, 7 R s A R R VR A O AR R DX TR
CEEXT R A I . A, TERR K B2 BB X, 4 5
Je R RN, i K DR AR A B B 5 T3kl A R
BARAIHLIX, 0 2 3 T AR B 8 i A 1, 4 T4
TRBTAERE ST o TEAFXS KUK 1 A B A 3B X, 17 £
T LAY R MR B A AR, IR T A SRR i 41
AR, k2 T 5 T AR A BRI AR BT 4
(RIS, B 57 25 5 G R | S B A i i &
S TR, SR B M AR A A BRI e gl
POEI RN vei XRG4 il A A PV B, ol o B )
BB, A0 AL o MK R AT 3l nl LA R
BN AR Aty o i B 0 R XU . AS IS 1) Sy PR A
TE TR 2 1 32 A2 2 45 L W 42 i 25 T3 W 2
B, VAL XS] 47 1 0 i 7 S, G35 # 57 42 1 52 ) [N
RO R T S SO IR R AL, T A
HFRS J i 5B, AP AR 2 2, n] BER A R T
IR 2E . R, S5 ZEE T RO AR id T shWrns
TR ) By B 0 T 7R i 2 1) B A% 4 e a1 O, LA
B NG S 12 A XU RS2 ), LA S8 38 AT XU 3T
fiti
PSR AW AR 45 o

Sk

(1] fefe WURM, BRRAL, 45, 2017—2022 4F e VD4R B ZR B 1k

MR GRATRAE Je 25 (8] A4 [ T] . S T B 5 %, 2024 , 31
(6) :667 -671.
Hua H, Hu QB, Chen SH, et al. Epidemic characteristics and
spatial aggregation of hemorrhagic fever with renal syndrome in
Heilongjiang Province, 2017 - 2022 [ J].
Medicine, 2024, 31(6) ;: 667 —671. (In Chinese)

[2] Milholland MT, Castro — Arellano I, Suzan G, et al. Global
diversity and distribution of hantaviruses and their hosts [ J ].
EcoHealth, 2018, 15(1): 163 —208.

[3] B, AR, RS, 5. 2004 - 2021 4F o |5 B Z5 A AIE H If
PR BIRATITFRHAE 234 [T ] SR Wi, 2023,38 (1) =70
-74.
Deng XF, Du SS, Huang XX, et al
characteristics of hemorrhagic fever of renal syndrome in China,
2004 -2021[ J]. Disease Surveillance, 2023, 38(1): 70 - 74.
(In Chinese)

[4]  Sehgal A, Mehta S, Sahay K, et al. Hemorrhagic fever with renal

Practical Preventive

Epidemiological

syndrome in Asia: history, pathogenesis, diagnosis, treatment, and
prevention[ J]. Viruses, 2023, 15(2) ; 561.

(5]  XEWI%Y, 34855, RE0, %5, 2009—2018 48yt 1l M 598 5 A7 1k
AT A 2T [T ] b 55 f B, 2020, 36 (23) 03252 —
3254, 3259.
Deng MJ, Bian SY, Song Y, et al. Epidemiological analysis of

[10]

[12]

[14]

epidemic hemorrhagic fever in Yanyuan County of Liangshan
Prefecture from 2009 — 2018 [ J]. Occupation and Health, 2020,
36(23) . 3252 -3254, 3259. (In Chinese)

A B AT A A TR AR A R AR R G AT LD ]
SEHIBEZY,2022,17(17) 1182 - 184.

He YY. Epidemiological characteristics and preventive and control
measures of epidemic hemorrhagic fever [ J ]. China Practical
Medical,, 2022, 17(17) ; 182 —184. (In Chinese)

BEE/INGE XU BN IR BEES , 4. 2018 4F B 47 1k ) 1 PR AT 9%
2 R RARFAE S5 [ . 5 151 B 7 11 3 12 , 2020, 35 (4) 36 ~
39.

Yin XJ, Liu YC, Wen XL, et al. Epidemiological and clinical
characteristics of epidemic hemorrhagic fever in a certain county in
2018[J]. Endemic Diseases Bulletin( China) , 2020, 35(4) : 36
—39. (In Chinese)

SAE AR A UL B E 7 B A B A5 3 1 A6 v f) 1 AT 5
[J]. EPR#EST,2024 ,23(4) .54 -57, 60.

Xia H, Cui HZ. Research on the application of bayesian theory in
the localization of existing Masonry damage [ J ]. Chongqing
Architecture, 2024, 23(4) : 54 =57, 60. (In Chinese)

Guo K, Yuan SJ, Wang H, et al. Species distribution models for
predicting the habitat suitability of Chinese fire — bellied newt
Cynops orientalis under climate change [ J ].
Evolution, 2021, 11(15) ; 10147 - 10154.

R, AN, A1 [, 4. 2011—2019 4F 1L 7R 4 B 254 Ak ) o %
A2 43 A B2 i R 3 (] I A R A2 24 ik B2 4 i, 2023, 61
(11).:104 - 110.

Zheng L, Sun MH, Shi Y, et al. Spatio — temporal Distribution

Ecology and

and Influencing Factors of Hantavirus Hemorrhagic Fever with Renal
Syndrome in Shandong Province, 2011 — 2019 [ J]. Journal of
Shandong University ( Health Science), 2023, 61 (11). 104 -
110. (In Chinese)

X B /M, BTk, 2018—2021 AE# N 7 B 25 A4 M il 3R i
FRAIE S BRZE I 3 A [ ] YL BBy B 2%, 2024 ,35(2) 253 -
255.

Liu X, Ge XW, Huang LY. Epidemic characteristics and rodent
surveillance analysis of hemorrhagic fever with renal syndrome in
xuzhou from 2018 to 2021 [ J]. Jiangsu Journal of Preventive
Medicine, 2024, 35(2) : 253 —=255. (In Chinese)

BBERE, S, BT, 45 INARAR ML 17 2013—2020 4R 15 433
BAE T LB AT R R K R AT (] AR R R A,
2023,50(14) :2651 —2655, 2682.

Zhao WY, Guo XY, Wang HY, et al

characteristics and influencing factors of hemorrhagic fever with

Epidemiological

renal syndrome in Weifang City, Shandong Province, 2013 -2020
[J]. Modern Preventive Medicine, 2023, 50(14) . 2651 —2655,
2682. (In Chinese)

AL, XUHES, 2% 4%. 2014—2018 AR PO 4 i 70 i PR 0t
ATRFEZM BT[] 254 B 5 e P , 2020, 18 (1) <1 - 4.
Gu YL, Liu YQ, Zhou XY. Epidemiological characteristics of
epidemic hemorrhagic fever in Sichuan province from 2014 to 2018
[J]. Parasitoses and Infectious Diseases, 2020, 18 (1): 1 —4.
(In Chinese)

DU I 4E Y 4t S AR %8 [ EB/OL]. [2025 = 03 — 16 ). hitps://
www. sc. gov. cn/10462/10778/10876,/2021/1/4/
741873 ad3a544ed799d11a73be3{7€05. shiml.

Sichuan Yearbook. Climatic resources [ EB/OL]. [2025 - 03 -
16]. https://www. sc. gov. cn/10462/10778/10876,/2021/1/4/
74873ad3a544ed799d11a73be3f7e05. shtml. (In Chinese)

(F#:% 1508 ®)



- 1508 -

PR TR 2= 2% 2025 4255 52 55 8 ] Modern Preventive Medicine, 2025, Vol. 52, NO. 8

[15]

[16]

[17]

[18]

[21]

[23]

[24]

Li F, Morgan KL, Zaslavsky AM. Balancing covariates via
propensity score weighting[ J]. Journal of the American Statistical
Association, 2018, 113(521) ; 390 —400.

Chen TQ, Guestrin C. 2016. XGBoost: Ascalable tree boosting
system [ C ]//Proceedings of the 22nd acm sigkdd international
conference on knowledge
Francisco, California, USA, New York, NY, USA . Association for
Computing Machinery; 785 —794.

discovery and data mining. San

Bentéjac C,Csorgo A, Martinez — Mufioz G. A comparative analysis
of gradient boosting algorithms[ J]. Artificial Intelligence Review,
2021, 54(3): 1937 - 1967.

Sahin EK. Comparative analysis of gradient boosting algorithms for
landslide susceptibility mapping[ J]. Geocarto International , 2020,
37. 2441 -2465.

Zhang ZH,Kim HJ, Lonjon G, et al. Balance diagnostics after
propensity score matching[ J]. Annals of Translational Medicine,
2019, 7(1): 8.

Allan V,Ramagopalan SV, Mardekian J, et al. Propensity score
matching and inverse probability of treatment weighting to address
confounding by indication in comparative effectiveness research of
oral anticoagulants [ J ]. Journal of Comparative Effectiveness
Research, 2020, 9(9) . 603 —614.

Yin TC, Chen PJ, Yeh YS, et al. Efficacyof concurrent
radiotherapy in patients with locally advanced rectal cancer and
synchronous metastasis receiving systemic therapy[ J|. Frontiers in
Oncology, 2023, 13 1099168.

Kasi A,Abbasi S, Handa S, et al. Total neoadjuvant therapy vs
standard therapy in locally advanced rectal cancer: a systematic
review and meta — analysis[ J]. JAMA Network Open, 2020, 3
(12) : €2030097.

Oronsky B, Reid T, Larson C, et al. Locally advanced rectal
cancer; The past, present, and future[ J]. Seminars in Oncology,
2020, 47(1) : 85 -92.

LiY, Wang J, Ma XW, et al. A review of neoadjuvant

chemoradiotherapy for locally advanced rectal cancer [ J ].

[25]

[26]

[27]

[28]

[32]

International Journal of Biological Sciences, 2016, 12(8) : 1022 —
1031.
Li JY,Huang XZ, Gao P, et al. Postoperativeadjuvant treatment
strategy for locally advanced rectal cancer after neoadjuvant
treatment [ J ]. BioMed Research International, 2021, 2021 .
8852699.
Badesha JK, Zhou M, Arif AA, et al. Treatment patterns and
outcomes of preoperative neoadjuvant radiotherapy in patients with
early — onset rectal cancer[ J]. Cancer Research Communication,
2023, 3(4): 548 -557.
Kim JH. Chemotherapy for colorectal cancer in the elderly [ J].
World Journal of Gastroenterology, 2015, 21(17) ; 5158 —5166.
Khullar K, Patel NM, Anderson C, et al. The evolving role of
radiotherapy in locally advanced rectal cancer and the potential for
nonoperative management [ J ]. Oncology & Hematology Review,
2020, 16(1): 43 -51.
Yin WB,Pei WJ, Yu T, et al. Construction and validation of a
nomogram for predicting overall survival of patients with stage III/IV
early — onset colorectal cancer[J]. Frontiers in Oncology, 2024,
14 1332499.
Lin YF. A prognostic nomogram for stage II/IIl rectal cancer
patients treated with neoadjuvant chemoradiotherapy followed by
surgical resection[ J]. BMC Surgery, 2022, 22(1) ; 256.
Hu RB,Li XL, Zhou XM, et al. Development and validation of a
competitive risk model in patients with rectal cancer; based on
SEER database[ J]. European Journal of Medical Research, 2023,
28(1): 362.
Hu D,Pan Y, Chen G. Colorectal cancer liver metastases: An
update of treatment strategy and future perspectives[ J]. Surgery in
Practice and Science, 2021, 7. 100042.
Liu S,Jiang T, Xiao L, et al. Total neoadjuvant therapy (TNT)
versus standard neoadjuvant chemoradiotherapy for locally advanced
rectal cancer; a systematic review and Meta — Analysis [ J].
Oncologist, 2021, 26(9) : el555 — el566.

I F5 H 7. 2024-12-12

(L34 1489 1)

[15]

[16]

TEIR I BT, JH 244, 45, 2018—2022 4F U )11 45 i 47 ) i #4
WATHRME T 1], TR B~ i Ak, 2024 ,40(8) 1923 - 931.
Wang J, Feng YL, Zhou XY, et al. Epidemic characteristics of
epidemic hemorrhagic fever in Sichuan Province from 2018 to 2022
[J]. Journal of Preventive Medicine Information, 2024, 40(8) :
923 —931. (In Chinese)

Sun W, Liu X, Li W, et al. Effects and interaction of
meteorological factors on hemorrhagic fever with renal syndrome
incidence in Huludao City, northeastern China, 2007 —2018[ J].
PLoS Neglected Tropical Diseases, 2021, 15(3) : €0009217.

[17]

[18]

Zhang R, Zhang N, Sun WW, et al. Analysis of the effect of
meteorological factors on hemorrhagic fever with renal syndrome in
Taizhou City, China, 2008 — 2020 [ J]. BMC Public Health,
2022, 22(1) ; 1097.

Xiao H, Tong X, Gao LD, et al. Spatial heterogeneity of
hemorrhagic fever with renal syndrome is driven by environmental
factors and rodent community composition [ J ]. PLOS Neglected
Tropical Diseases, 2018, 12(10) : e0006881.

I FE B #7:2024-10-28



