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Spatiotemporal heterogeneity of meteorological factors on the incidence of

hand-foot-and-mouth disease in the mainland of China

CHEN Geng', ZHANG Huiguo', HUANG Rui fang® (1. College of Mathematics and System
Science , Xinjiang University , Urumqi 830017, China; 2. Xinjiang Uygur Autonomous Region
Center for Disease Control and Prevention , Urumqi 830002, China)

[Abstract] Objective To explore the regional differences and seasonal evolution characteristics of the impact of
meteorological factors on the incidence of hand-foot-and-mouth disease (HFMD) in the mainland of China, and pro-
vide theoretical support for different provinces to develop HFMD prevention and control measures in response to
seasonal changes. Methods HFMD incidence data and corresponding meteorological data across 31 provinces in the
mainland of China (excluding Hong Kong, Macao, and Taiwan) from January 2011 to December 2020 were collec-
ted. The geographically and temporally weighted regression (GTWR) model was employed to quantitatively analyze
the regional differences and seasonality of meteorological impacts on HFMD incidence. Results From 2011 to 2020,

the average annual incidence of HFMD in the mainland of China displayed periodicity with even years a higher inci-
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dence than odd years, and an initial increase followed by a decreasing trend. The incidence in different provinces
showed significant seasonal characteristics, peaking from May to July and September to October. High-incidence
provinces of HFMD were predominantly located in the southern region, and exhibiting significant spatial clustering
characteristics of HFMD in each province. GTWR model analysis results indicated that the average wind speed pro-
moted the incidence of HFMD in Inner Mongolia, Beijing, and the northeastern region, but inhibited the incidence
in other provinces. In addition, the regional evolution characteristics of the average wind speed were divergent and
weakened from southwest China, showing a “parabolic” changing trend in seasonality. Except for Heilongjiang and
Jilin, the average temperature and cumulative precipitation generally promoted HFMD incidence of each province,
presenting regional changing characteristics of weakening gradually from south to north, as well as “M”-shaped sea-
sonal effects of wind speed and “W”-shaped effects of cumulative precipitation. Cumulative sunlight exposure had an
inhibitory effect on HFMD incidence of each province, presenting regional characteristics of weakening gradually
{from southeast to northwest and a “U”-shaped seasonal pattern. Conclusion The impact of meteorological factors
on HFMD incidence in the mainland of China exhibits significant spatiotemporal heterogeneity. It is recommended

that different provinces formulate distinct HFMD prevention and control measures in response to seasonal changes,

so as to reduce the incidence of HFMD effectively.
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Figure 1 Annual incidence of HFMD in the mainland of China and each province, 2011 — 2020
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Table 1 Seasonal concentration of HFMD incidence in the mainland of China, 2011 — 2020
A L Ay b A A b
2011 0.337 2014 0.394 2017 0.341
2018 0. 404
2012 0. 356 2015 0. 345
2019 0. 415
2013 0. 340 2016 0.329 2020 0.721




e 162 - [ YL P 2% R 2025 4F 2 F A5 24 %5 2 W] Chin J Infect Control Vol 24 No 2 Feb 2025

90 r

80

70

60

AFERFH (10 T7)

2 20112020 4F P [ Kbl B & 48 iy HEMD J P85 K 95 %
Figure 2 The average monthly incidence of HFMD in the mainland of China and each province, 2011 — 2020

2.1.3 REHAHLE MNEAEH HFMD 2011, TG I R AR b b X 4 ) R S U AT M X
2014,2017,2020 4 1 K% % F . HEMD 15 kK 4 CHNE R T 7R A EER PG 55) % 4F Oy HEMD 1 5
W FREERAEMEEE DX, KRR EME AR REG. T4k HEMD /8 &4 G 530
JCB WA A5 B A3 A A Jry . R X R R X RS RY as Il fh e F . WLIE 3.

2011 4E &5 % (/10 : 2014 4 K Hi % (/110 J7)

9.069~50.251 e -, 32.906~74.565 e
9 50.252~84.973 s P NE PP 74.566~122.246 s i
1184.974~100.112 / 1122.247~176.311

100.113~160.129 \: 1 ! 176.312-267.843 N o

= 160.130~584.858 o 067.844-709.873 i

0 390 780 1560 2340 J gl b 0 390 780 1560 2340 TR 2
I A e R ¢ 0 390 780 1560 2340, o

N N

A A

-

S
2017 4 KR (/10 J7) . 2020 4 % %5 % (/10 7%{)

mg.750~42.014 | & / 90.339~7.242 U 4 y
5942.015~75.520 . ¢ S ey m7.243~19.131 N
975.521~108.489 % ; J 7919.132~52.377 7
9108.490~143.737 N Faw 52.378~76.606 W P »/
143.738~541.919 i "l““/ 76 .607~165.356 R
0_390780 1560 2340, D g = 0390780 1560 2340, P ! -

3 2011.,2014.2017.2020 4F o FH Kl 4 45y HEMD % %% 25 [8) 43 A R 4E
Figure 3 Spatial distribution characteristics of HFMD incidence in each province of the mainland of China in 2011, 2014, 2017
and 2020
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Table 2 Global spatial autocorrelation analysis results of

HFMD incidence in the mainland of China, 2011 —
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Figure 4 Spatial clustering characteristics of HFMD incidence in each province of the mainland of China in 2011, 2014, 2017

and 2022
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Table 3  Collinearity diagnosis results for meteorological
factors
REHFE VIF
- K Rk 3.327
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FitH M 1. 089
ESHT 3.282
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Table 4 Comparison of model fitting results
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Figure 5 Spatial variation characteristics of estimated average regression coefficients for meteorological factors of each province

of the mainland of China, 2011 — 2020
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Figure 6 Monthly variation characteristics of estimated average coefficients for meteorological factors of each province of the

mainland of China, 2011 — 2020
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